
857

0
CLINCH RIVER

BREEDER REACTOR PROJECT/f

PRELI MI NA R Y '

SAFETY ANA LYSIS'.
REPORT

VOLUME, 8

PROJECT MANAGEMENT CORPORATION'

6428

I....

....................................
..............................~.

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



TABLE OF CONTENTS

SectIon

1.0 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT 1.1-1

1.1 INTRODUCTION 1.1-1

1.1.1 General Information 1.1-2
V.1.2 Overview of Safety Design Approach 1.1-3
1.1.3 Applicability of Regulatory Guides 1.1-5

1.2 GENERAL PLANT DESCRIPTION 1.2-1

1.2.1 Site 1.2-1
1.2.2 Engineered Safety Features 1.2-2
1.2.3 Reactor, Heat Transport and Related Systems 1.2-2
1.2.4 Steam Generator - Turbine and Related Systems 1.2-3
1,2.5 Offsite and Onsite Power 1.2-5
1.2.6 Instrumentation, Control and Protection 1.2-6
1.2.7 Auxiliary Systems 1.2-7
1.2.8 Refueling System 1.2-8
1.2.9 Radwaste Disposal System 1.2-9
1.2.10 Reactor Confinement/Containment System 1.2-9
1.2.11 Major Structures 1.2-10

1.3 COMPARISON TABLES 1.3-1

1.3.1 Comparisons with Similar Designs 1.3-1
1.3.2 Detailed Comparison with Fast Flux Test Facility 1.3-2

1.4 IDENTIFICATION OF PROJECT PARTICIPANTS 1.4-1

1.4.1 Functions, Responsibilities and Authorities of
Project Participants 1.4-2

1.4.2 Description of Organizations 1.4-3
1.4.3 Interrelationships with Contractors and Suppliers 1.4-21a
1.4.4 General Qualification Requirement of CRBRP

Project Participants 1.4-22

1.5 REQU IREMENTS FOR FURTHER TECHNICAL INFORMATION 1.5-1

1.5.1 Information Concerning the-Adequacy of a New
Design 1.5-2

1.5.2 Information Concerning Margin of Conservatism of
Proven Design 1.5-28

1.5.3 References 1.5-47

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

1.6 MATERIAL INCORPORATED BY REFERENCE 1.6-1

1.6.1 introduction 1.6-1
1.6.2 References 1.6-1

Appendix 1-A Flow Diagram Symbols 1.A-I

2.0 SITE CHARACTERISTICS 2.1-1

2.1 GEOGRAPHY AND DEMOGRAPHY 2.1-1

2.1.1 Site Location and Layout 2.1-1
2.1.2 Site Description 2.1- 2
2.1.3 Population and Populatlon Distribution 2.1-4
2.1.4 Uses of Adjacent Lands and Waters 2.1-8

2.2 NEARBY INDUSTRIAL. TRANSPORTATION AND MILITARY
FACLITIES 2.2-1

2.2.1 Locations, Routes, and Descriptions 2.2-1
2.2.2 Evaluations 2.2-3
2.2.3 New Facility/Land Use Requirements 2.2-4c

2.3 MEIEOROLO•Y 2.3-1

2.3.1 Regional CI-matology 2.3-1
2.3.2 Local Meteorology 2.3-4
2.3.3 On-site Meteorological Monitoring Program 2.3-9
2.3.4 Short-Term (Accident) Diffusion Estimates 2.3-9
2.3.5 Long-Term (Average) Diffusion Estimates 2.3-13

2.4 HYDROLOGIC ENGINEERING 2.4-1

2.4.1 Hydrologic Description 2.4-1
2.4.2 Floods 2.4-6
2.4.3 Probable Maximum Flood (PMF) on Streams and

Rivers 2.4-10
2.4.4 Potential Dam Failures (Seismically and

Otherwise Induced) 2.4-21
2;4.7 ice Flooding 2.4-31
2.4.8 Cooling Water Canals and Reservoirs 2.4-31a
2.4.9 Channel Diversions 2.4-32
2.4.10 Flooding Protection Requirements 2.4-32
2.4.11 Low Water Considerations 2.4-:33
2.4.12 Environmental Acceptance of Effluents 2.4-42
2.4.13 Groundwater 2.4-44
2.4.14 Technical SpecifIcat ion and Emergency Operation

Requ I rement 2.4-55

ii
Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Sect i on Eag

2.5 GEOLOGY AND SEISMOLOGY 2.5-1

2.5.1 Basic Geologic and Seismic Information 2.5-1
2.5.2 Vibratory Ground Motion 2.5-20
2.5.3 Surface Faulting 2.5-27
2.5.4 Stability of Subsurface Materials 2.5-32
2.5.5 Slope Stability 2.5-48a

Appendix 2-A Field Investigative Procedures 2A-1
Appendix 2-B Laboratory Test Procedures 2B-1
Appendix 2-C Report of Test Grouting Program 2C-1
Appendix 2-D Report of Engineering Properties
for Crushed Stone Materials from Commercial
Suppliers 2D-1
Appendix 2-E Extracts from U.S. Atomic
Energy Commission AEC Manual 2E-1

Supplement 1 to Chapter 2 Deleted

Supplement 2 to Chapter 2 Questlon and Responses
Related to Chapter Two Information and Critical
For NRC Docketing of CRBRP Environmental Report 1

3.0 DESIGN CRITERIA - STRUCTURES, COMPONENTS EQUIPMENT

AND SYSEMS 3.1-1

3.1 CONFORMANCE WITH GENERAL DESIGN CRITERIA 3.1-1

3.1.1 Introduction and Scope 3.1-1
3.1.2 Definitions and Explanations 3.1-2
3.1.3 Conformance with CRBRP General Design Criteria 3.1-8

3.2 CLASSIFICATIONS OF STRUCTURES. SYSTEMS.
AND COMPONENTS 3.2-1

3.2.1 Seismic Classifications 3.2-1

3.2.2 Safety ClassIfIcations 3.2-2

3.3 WIND AND TORNADO LOADINGS 3.3-1

3.3.1 Wind Loadings 3.3-1
3.3.2 Tornado Loadings 3.3-2

3.4 WATER LEVEL (FLOOD) DESIGN 3.4-1

3.4.1 Flood Protection 3.4-1
3.4.2 Analysis Procedures 3.4-la

Iii Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Sect Ion.PA

3.5 MISSILE PROTECTION 3.5-1

3.5.1 Missile Barrier and Loadings 3.5-4
.3.5.2 Missile Selection 3.5-4a
3.5.3 Selected Missiles 3.5-7
3.5.4 Barrier Design Procedures 3.5-10
3.5.5 Missile Barrier Features 3.5-13c

3.6 PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED
WITH THE POSTULATED RUPTURE OF PIPING 3.6-1

3.6.1 Systems in Which Pipe Breaks are Postulated 3.6-1
3.6.2 Pipe Break Criteria 3.6-2
3.6.3 Design Loading Combinations 3.6-2
3.6.4 Dynamic Analysis 3.6-3
3.6.5 Protective Measures 3.6-8

3.7 SEISMIC DESIGN 3.7-1

3.7.1 Seismic Input 3.7-1
3.7.2 Seismic System Analysis 3.7-4a
3.7.3 Seismic Subsystem Analysis 3.7-1.1
3.7.4 Seismic Instrumentation Program 3.7-16
3.7.5 Seismic Design Control 3.7-20

Appendix to Section 3.7 Seismic Design Criteria 3.7-A.1

3.8 DESIGN OF CATEGORY I STRUCTURES 3.8-1

3.8.1 Concrete Containment (Not Applicable) 3.8-1
3.8.2 Steel Containment System 3.8-1
3.8.3 Concrete and Structural Steel Internal

Structures of Steel Containment 3.8-8
3.8.4 Other Seismic Category I Structures 3.8-22a
3.8.5 Foundation and Concrete Supports 3.8-35

Appendix 3.8A Buckling Stress Criteria 3.8A-1
Appendix 3.8-B Cell Liner Design Criteria 3.8-B.1
Appendix 3.8-C Catch Pan and Fire Suppression
Deck Design Criteria 3.8-C.1

3.9 MECHANICAL SYSTEMS AND COMPONENTS 3.9-1

3.9.1 Dynamic System Analysis and Testing 3.9-1
3.9.2 ASME Code Class 2 and 3 Components 3.9-3a
3.9.3 Components Not Covered by ASME Code 3.9-5

3.10 SEISMIC DESIGN OF CATEGORY I INSTRUMENTATION
AND ELECTRICAL EOUIPMENT 3.10-1

3.10.1 Seismic Design Criteria 3.10-1

Iv Amend. 68

May 1982

•-•]< <'-'gT--Z. > ' >:':••< • •}5-• •6•ZZ<7:• • • - ; /• • • +- / •* i-'-J•i..-7 *'•.l ••:.• :.i':6./ 3_•••5•*•i• •:)l.'•7rp >i{: p~a-i :1• }Jg-;Ii/'•al;'- ½ -< A? i> .. a,;i.:.r•1"J3J> -,



TABLE OF CONTENTS (Conttd.)

Sec± I on

3.10.2

3.11

3.11.1
3.11.2
3.11.3
3.11.4
3.11.5

3A. 0

Analysis, Testing Procedures and Restraint
Measures

ENVIRONMENTAL DESIGN OF MECHANICAL AND
ELECTRICAL EQUIPMENT

Equipment Identification
Qualification Test and Analysis
Qualification Test Results
Loss of Ventilation
Special Considerations

SUPPLEMENTARY INFORMATION ON SEISMIC CATEGORY I
STRUCTURES

Inner Cell System
Head Access Area
Control Building
Reactor Service Building (RSB)
Steam Generator Building
Diesel Generator Building
Deleted
Cell Liner Systems

REACTOR

SUMMARY DESCRIPTION

3A. 1
3A. 2
3A. 3
3A. 4
3A. 5
3A. 6
3A. 7
3A. 8

4.0

4.1

3.10-3

3.11-1

3.11-1
3.11-1
3.11-1
3.11-2
3.11-2

3A. 1-1

3A. 1-1
3A. 2-1
3A. 3-1
3A.4-1
3A. 5-1
3A. 6-1

3A.8-1

4.1-1

4.1-1

4.1-1
4.1-3
4.1-4
4.1-4
4.1-9
4.1-9
4.1-10

I

4.1.1
4.1.2
4.1.3
4.1.4
4.1.5
4.1.6
4.1.7

4-.2

Lower Internals
Upper Internals
Core Restraint
Fuel Blanket and Removable Radial Shield Regions
Design and Performance Characteristics
Loading Conditions and Analysis Techniques
Computer Codes

MECHANICAL DESIGN

Fuel and Blanket Design
Reactor Vessels Internals
Reactivity Control Systems

4.2-1

:

4.2.1
4.2.2
4.2.3

4.2-1
4.2-118
4.2-228

4.3 NUCLEAR DESIGN 4.3-1

4.3.1
4.3.2
4.3.3
4.3.4

Design Bases
Description
.Analytical Methods
Changes

4.3-1
4.3-3
4.3-69t

/

V Amend. 68

May 1982



TABLE OF CONTENTS (Cont'd.)

"•'/ Sect I an

4.4 THERMAL AND HYDRAULIC DESIGN 4.4-1

4.4.1 Design Bases 4.4-1
4.4.2 Description 4.4-4
4.4.3 Evaluation 4.4-45
4.4.4 Testing and Verification 4.4-75
4.4.5 Core Instrumentation 4.4-80

5.0 HEAT TRANSPORT AND CONNECTED SYSTEMS 5.1-1

5.1 SUMMARY DESCRIPTION 5.1-1a

5.1.1 Reactor Vessel, Closure Head, and Guard Vessel 5.1-la
5.1.2 Primary Heat Transport System 5.1-2
5.1.3 Intermediate Heat Transport System 5.1-5
5.1.4 Steam Generator System 5.1-7
5.1.5 Residual Heat Removal System 5.1-8
5.1.6 Auxiliary Liquid Metal System 5.1-9
5.1.7 Features for Heat Transport System Safety 5.1-10
5.1.8 Physical Arrangement 5.1-11

5.2 REACTOR VESSEL. CLOSURE HEAD. AND GUARD VESSEL 5.2-1

5.2.1 Design Basis 5.2-1
5.2.2 Design Parameters 5.2-4b
5.2.3 Special Processes for Fabrication and Inspection 5.2-7
5.2.4 Features for Improved Reliability 5.2-8
5.2.5 Quality Assurance Surveillance 5.2-10d
5.2.6 Materials and Inspections 5.2-11
5.2.7 Packing, Packaging, and Storage 5.2-11a

Appendix 5.2.A Modifications to the High Temp-

erature Design Rules for Austenitic Stainless Steel 5.2A-1

5.3 PRIMARY HEAT TRANSPORT SYSTEM (PHTS) 5.3-1

5.3.1 Design Bases 5.3-1
5.3.2 Design Description 5.3-9
5.3.3 Design Evaluation 5.3-33
5.3.4 Tests and Inspections 5.3-72

5.4 INTERMEDIATE HEAT TRANSPORT SYSTEM (IHTS) 5.4-1

5.4.1 Design Basis 5.4-1
5.4.2 Design DescrIption 5.4-6
5.4.3 Design Evaluation 5.4-12

Amend. 68

May 1982

•.• v .•• ;`'•: ` `:••::.T •`••::>•r:) :•/ `•:7• • •/ •. • •- ; :•: 'T• t• •<• 7• • :•:•••!. :i":" " ,----"--.---- :' -" i'•-•. ?- T



TABLE OF CONTENTS (Cont'd.)

5.5 STEAM GENERATOR SYSTEM (SGS) 5.5-1

5.5.1 Design Bases 5.5-1
5.5.2 Design Description 5.5-5
5.5.3 Design Evaluation 5.5-17

5.6 RESIDUAL HEAT REMOVAL SYSTEMS 5.6-1

5.6.1 Steam Generator Auxiliary Heat Removal
System (SGAHRS) 5.6-lb

5.6.2 Direct Heat Removal Service (DHRS) 5.6-20

5.7 OVERALL HEAT TRANSPORT SYSTEM EVALUATION 5.7-1

5.7.1 Startup and Shutdown 5.7-1
5.7.2 Load Following Characteristics 5.7-2
5.7.3 Transient Effects 5.7-2a
5.7.4 Evaluation of Thermal Hydraulic Characteristics

and Plant Design Heat Transport System Design 5.7-6
Transient Summary

6.0 ENGINEERED SAFETY FEATURES 6.1-1

6.1 GENERAL 6.1-1

6.2 CONTAINMENT SYSTEMS 6.2-1

6.2.1 Confinement/Containment Functional Design 6.2-1
6.2.2 Containment Heat Removal 6.2-9
6.2.3 Containment Air Purification and Cleanup System 6.2-9
6.2.4 Containment Isolation Systems 6.2-10
6.2.5 Annulus Filtration System 6.2-14
6.2.6 Reactor Service Building (RSB) Fillration System 6.2-16
6.2.7 Steam Generator Building Aerosol Release

Mitigation System Functlonal Design 6.2-17

6.3 HABITABILITY SYSTEMS 6.3-1

6.3.1 Habitability System Functional Design 6.3-1

6.4 CELL LINER SYSTEM 6.4-1

6.4.1 Design Base 6.4-1
6.4.2 System Design 6.4-1
6.4.3 Design Evaluation 6.4-1
6.4.4 Tests and Inspections 6.4-1
6.4.5 instrumentatIon Requirements 6.4-1

vii

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

6.5 CATCH PAN 6.5-1

6.5.1 Design Base 6.5-1
6.5.2 System Design Description and Evaluation 6.5-1
6.5.3 Tests and Inspections 6.5-1
6.5.4 Instrumentation Requirements 6.5-1

7.0 INSTRUMENTATION AND CONTROLS 7.1-1

7.1 INTRODUCT I ON 7.1-1

7.1.1 Identification of Safety Related Instrumentation
and Control Systems 7.1-1

7.1.2 Identification of Safety Criteria 7.1-1

7.2 REACTOR SHUTDOWN SYSTEM 7.2-1'

7.2.1 Description 7.2-1
7.2.2 Analysis 7.2-13

7.3 ENGINEERED SAFETY FEATURE INSTRUMENTATION AND
CONTROL 7.3-1

7.3.1 Containment Isolation System 7.3-1
7.3.2 Analysis 7.3-3

7.4 INSTRUMENTATION AND CONTROL SYSTEMS REQUIRED FOR
SAFE SHUTDOWN 7.4-1

7.4.1 Steam Generator Auxiliary Heat Removal
Instrumentation and Control Systems 7.4-1

7.4.2 Outlet Steam Isolation Instrumentation and
Control System 7.4-6

7.4.3 Remote Shutdown System 7.4-8a

7.5 INSTRUMENTATION AND MONITORING SYSTEM 7.5-I

7.5.1 Flux Monitoring System 7.5-1
7.5.2 Heat Transport Instrumentation System 7.5-5
7.5.3 Reactor and Vessel Instrumentation 7.5-13
7.5.4 Fuel Failure Monitoring System 7.5-14
7.5.5 Leak Detection Systems 7.5-18
7.5.6 Sodium-Water Reaction Pressure Relief System

(SWRPRS) Instrumentation and Controls 7.5-30
7.5.7 Containment Hydrogen Monitoring 7.5-33b
7.5.8 Containment Vessel Temperature Monitoring 7.5-33b
7.5.9 Containment Pressure Monitoring 7.5-33b
7.5.10 Containment Atmosphere Temperature 7.5-33c
7.5.11 Post Accident Monitoring 7.5-33c

Villl

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

7.6

7.6.1

7.6.2
7.6.3

7.6.4

7.6.5

OTHER INSTRUMENTATION AND CONTROL SYSTEMS REQUIRED
FOR SAETY.

Plant Service Water and Chilled Water
Instrumentation and Control Systems
Deleted
Direct Heat Removal Service (DHRS)
Instrumentation and Control System
Heating, Ventilating, and Air Conditioning
Instrumentation and Control System

S;GB Flooding Protection Subsystem

INSTRUMENTATION AND CONTROL SYSTEMS NOT REQUIRED
FQRSAFE

Plant Control System Description
Design Analysis

PLANT DATA HANDLING AND DISPLAY SYSTEM

7.6-1

7.7

7.7.1
7.7.2

7.8

7.8.1
7.8.2

7.9

7.9.1
7.9.2
7.9.3
7.9.4
7.9.5

8.0

Design Description
Design Analysis

OPERATING CONTROL STATIONS

7.6-1

7.6-3

7.6-3e
7.6-3f

7.7-1

7.7-1
7.7-16

7.8-1

7.8-1
7.8-2

7.9-1

7.9-1
7.9-1
7.9-6
7.9-6
7.9-6

8.1-1

8.1-1

8.1-1
8.1-1
8.1-3

8.2-1

8.2-1
8.2-4

Design Basis
Control Room
Local Control Stations

,CommunIcatlons
Design Evaluation

ELECTRIC POWER

INTRODUCTION

Utility Grid and Interconnections
Plant Electrical Power System
Criteria and Standards

OFFSITE POWER SYSTEM

8.1

8.1.1
8.1.2
8.1.3

8.2

8.2.1
8.2.2

8.3

8.3.1
8.3.2

Description
Analysis

ON-SITE POWER SYSTEMS 8.3-1

AC Power Systems
DC Power SystemI

8.3-1
8.3-44

Amend. 68
May 1982

Ix



TABLE OF CONTENTS (Cont'd.)

Section

9.0

9.1

9.1 .1
9.1.2
9.1.3
9.1.4

AUXILIARY SYSTEMS

FUEL STORAGE AND HANDLING

I 9.2

9.2.1
9.2.2
9.2.3
9.2-4
9.2-5

9.3

9.3.1
9.3.2
9.3.3
9.3.4
9.3.5

9.4

9.4.1
9.4.2
9.4.3
9.4.4
9.4.5

9.5

New Fuel Storage
Spent Fuel Storage
Spent Fuel Cooling and Cleanup System
Fuel Handling System

NUCLEAR ISLAND GENERAL PURPOSE
MAINTENANCE SYSTEM

Design Basis
System Description
Safety Evaluation
Tests and Inspections
Instrumentation Applications

AUXILIARY LIQUID METAL SYSTEM

Sodium and NaK Receiving System
Primary Na Storage and Processing
EVS Sodium Processing
Primary Cold Trap NaK Cooling System
Intermediate Na Processing System

PIPING AND EQUIPMENT ELECTRICAL HEATING

Design Bases
Systems Description
Safety Evaluation
Tests and Inspections
Instrumentation ApplIcation

INERT GAS RECEIVING AND PROCESSING SYSTEM

Argon Distribution Subsystem
Nitrogen Distribution System
Safety Evaluation
Tests and Inspections
Instrumentation Requirements

HFATING. VENTILATING AND AIR CONDITIONING SYSTEM

Page

9.1-1

9.1-1

9.1-3
9.1-5
9.1-20
9.1-33

9.2--I

9.2-i
9.2--I
9.2--3
9.2--3
9.2--4

9.3-1

9.3-1 a
9.3-2
9.3-9a
9.3-10
9.3-12

9.4-1

9.4-1
9.4-2
9.4-3
9.4-3 b
9.4--3b

9.5*-1

9.5.1
9.5.2
9.5.3
9.5.4
9.5.5

9.6

9.6.1
9.6.2
9.6.3
9.6.4
9.6.5
9.6.6

Control Building HVAC System
Reactor Containment Building
Reactor Service Building HVAC System
Turbine Generator Building HVAC System
Diesel Generator Building HVAC System
Steam Generator Building HVAC System

x

9.5-2
9.5--6
9.5-10
9.5-12
9.5-12

9.6-1

9.6-1
9.6-12
9.6-25
9.6-37
9.6-40
9.6-45

Amend. 68
May 1982



TABLE OF CONTENTS (Cont-'d.)

Sect I on

9.7 CHILLED WATER SYSTEMS 9.7-1

9.7.1 Normal Chilled Water System 9.7-1
9.7.2 Emergency Chilled Water System 9.7-4
9.7.3 Prevention of Sodium or NaK/Water Interactions 9.7-9
9.7.4 Secondary Coolant Loops (SCL) 9.7-12

9.8 IMPURITY MONITORING AND ANALYSIS SYSTEM 9.8-I

9.8.1 Design Basis 9.8-1
9.8.2 Design Description 9.8-2
9.8.3 Design Evaluation 9.8-5
9.8.4 Tests and Inspection 9.8-7
9.8.5 Instrumentation Requirements 9.8-8

9.9 SERVICE WATER SYSTEMS 9.9-1

9.9.1 Normal Plant Service Water System 9.9-1
9.9.2 Emergency Plant Service Water System 9.9-2
9.9.3 Secondary Service Closed Cooling Water System 9.9-4
9.9.5 River Water Service 9.9-11

9.10 COMPRESSED GAS SYSTEM 9.10-1

9.10.1 Service Air and Instrument Air Systems 9.10-1
9.10.2 Hydrogen System 9.10-3a
.9.10.3 Carbon Dioxide System 9.10-4

9.11 COMMUNICATIONS SYSTEM 9.11-1

9.11.1 Design Bases 9.11-1
9.11.2 Description 9.11-3

9.12 LIGHTING SYSTEMS 9.12-1

9.12.1 Normal Lighting System 9.12-1
9.12.2 Standby Lighting Systems 9.12-2
9.12.3 Emergency Lighting System 9.12-3
9.12.4 Design Evaluation 9.12-4

9.13 PLANT FIRE PROTECTION SYSTEM 9.13-1

9.13.1 Non-Sodium Fire Protection System 9.13-1
9.13.2 Sodium Fire Protection System (SFPS) 9.13-13
9.13A Overall Fire Protection Requirements -- CRBRP

Design Compared with APCSB 9.5-1 & ASB 9.5-1 9.13A-1

9.14 DIESEL GENERATOR AUXILIARY SYSTEM 9.14-1

9.14.1 Fuel Oil Storage and Transfer System 9.14-1

xi Amend. 68

May 1982



TABLE OF CONTENTS (Cont'd.)

9.14.2 Cooling Water System 9.14-2
9.14.3 Starting Air Systems 9.14-4
9.14.4 Lubrication System 9.14-5

9.15 EQUIPMENT AND FLOOR DRAINAGE SYSTEM 9.15-1

9.15.1 Design Bases 9.15-1
9.15.2 System Description 9.15-1
9.15.3 Safety Evaluation 9.15-2
9.15.4 Tests and Inspections 9.15-2
9.15.5 instrumentation Application 9.15-2

9.16 RECIRCULATION GAS COOLING SYSTEM 9.16-1

9.16.1 Design Basis 9.16-1
9.16.2 System Description 9.16-1
9.16.3 Safety Evaluation 9.16-6
9.16.4 Tests and Inspection 9.16-7
9.16.5 Instrumentation and Control 9.16-7

10.0 STEAM AND POWER CONVERSION SYSTEM 10.1-1

10.1 SUMMARY DESCRIPTION 10.1-1

10.2 TURBINE GENERATOR 10.2-1

10.2.1 Design Bases 10.2-1
10.2.2 Description 10.2-1a
10.2.3 Turbine Missiles 10.2-5
10.2.4 Evaluation 10.2-9

10.3 MAIN STEAM SUPPLY SYSTEM 10.3-1

10.3.1 Design Bases 10.3-1
10.3.2 Description 10.3-1
10.3.3 Evaluation 10.3-2
10.3.4 Inspection and Testing Requirements 10.3-2
10.3.5 Water Chemistry 10.3-3

10.4 OTHER FEATURES OF STEAM AND POWER CONVERSION
SYSTEM 10.4-1

10.4.1 Condenser 10.4-1
10.4.2 Condenser Air Removal System 10.4-2
10.4.3 Turbine Gland Sealing System 10.4.3
10.4.4 Turbine Bypass System 10.4-4
10.4.5 Circulating Water System 10.4-5
10.4.6 Condensate Cleanup System 10.4-7

xii
/hiend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Section

10.4.7 Condensate and Feedwater Systems 10.4-9
10.4.8 Steam Generator Blowdown System 10.4-14

11.0 RADIOACTIVE WASTE MANAGEMENT 11.1-1

11.1 SOURCETERMS 11.1-1

11.1.1 Modes of Radioactive Waste Production 11.1-1
11.1.2 Activation Product Source Strength Models 11.1-2
11.1.3 Fission Product and Plutonium Release Models 11.1-5
11.1.4 Tritium Production Sources 11.1-7
11.1.5 ,Summary of Design Bases for Deposition of

Radioactivity In Primary Sodium on Reactor and
Primary Heat Transfer Surfaces and Within
Reactor Auxiliary Systems 11.1-7

11.1.6 Leakage Rates 11.1-10

11.2 LIOUID WASTE SYSTEM 11.2-1

11.2.1 Design ObJectives 11.2-1
11.2.2 System Description 11.2-2
11.2.3 System Design 11.2-4
11.2.4 Operating Procedures and Performance Tests 11.2-5
11.2.5 Estimated Releases 11.2-6
11.2.6 Release Points 11.2-6
11.2.7 Dilution Factors 11.2-7
11.2.8 Estimated Doses 11.2-8

Appendix 11.2A Dose Models: Liquid Effluents 11.2A-1

11.3 GASEOUS WASTE SYSTEM 11.3-1

11.3.1 Design Base 11.3-1
11.3.2 System Description 11.3-1
11.3.3 System Design 11.3-10
11.3.4 Operating Procedures and Performance Tests 11.3-11a
11.3.5 Estimated Releases 11.3-14
11.3.6 Release Points 11.3-15
11.3.7 Dilution Factors 11.3-17
11.3.8 Dose Estimates 11.3-17

Appendix 11.3A Dose Models: Gaseous Effluents 11.3A-1

11.4 PROCESS AND EFFLUENT RADIOLOGICAL MONITORING SYSTEM 11.4-1

11.4.1 Design Objectives 11.4-1
11.4.2 Continuous Monitoring/Sampling 11.4-2
11.4.3 Sampling 11.4-3

xil Amend. 68

May 1982



TABLE OF CONTENTS (Cont'd.)

SectIona

11.5 SOLID WASTE SYSTEM 11.5-1

11.5.1 Design Objectives 11.5-1
11.5.2 System Inputs 11.5--1
11.5.3 Equipment Description 11.5-1
11.5.4 Expected Volumes 11.5--3
11.5.5 Packaging 11.5-4
11.5.6 Storage Facilities 11.5--4
11.5.7 Shipment 11.5--4

11.6 OFFSITE RADIOLOGICAL MONITORING PROGRAM 11.6-1

11.6.1 Expected Background 11.6--1
11.6.2 Critical Pathways to Man 11.6--2
11.6.3 Sampling Media, Locations and Frequencies 11.6--4
11.6.4 Analytical Sensitivity 11.6--4
11.6.5 Data Analysis and Presentation 11.6--4
11.6.6 Program Statistical Sensitivity 11.6--5

12.0 RADIATION PROTECTION 12.1--1

12.1 SHELDING 12.1-1

12.1.1 Design Objectives 12.1-1
12.1.2 Design Description 12.1--3
12.1.3 Source Terms 12.1--13
12.1.4 Area Radiation Monitoring 12.1-.23
12.1.5 Estimates of Exposure 12.1-.24

Appendix to Section 12.1 12.1A-1

12.2 YENTILATIO 12.2-1

12.2.1 Design Objectives 12.2-1
12.2.2 Design Description 12.2-1
12.2.3 Source Terms 12.2-3
12.2.4 Airborne Radioactivity Monitoring 12.2-3
12.2.5 Inhalation Doses 12.2-5

12.3 HEALTH PHYSICS PROGRAM 12.3-i

12.3.1 Program Objectives 12.3-.1
12.3.2 Facilities and Equipment 12.3-3
12.3.3 Personnel Dosimetry 12.3-6
12.3.4 Estimated Occupancy Times 12.3-7

Appendix 12A - Information Related to ALARA for 12A-1
Occupational Radiation Exposures

xiv
Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

SectIon

13.0

13.1

13.1.1
13.1.2
13.1.3

13.2

13.2.1
13.2.2
13.2.3
13.2.4

13.3

CONDUCT OF OPERATIONS

ORGANIZATIONAL STRUCTURE OF THE APPLICANT

Project Organization
Operating Organization
Qualification Requirements for Nuclear Plant
Personnel

TRAINING PROGRAM

Program Description
Retraining Program
Replacement Training
Records

EMERGENCY PLANNING

13.3.1
13.3.2
13.3.3
13.3.4
13.3.5
13.3.6
13.3.7
13.3.8
13.3.9
13.3.10
13.3.11

13.4

13.4.1
13.4.2

13.5

13.5.1
13.5.2
13.5.3
13.5.4
13.5.5

General
Emergency Organization
Coordination with Offsite Groups
Emergency Action Levels
Protective Measures
Review and Updating
Medical Support
Exercises and Drills
Training
Recovery and Reentry
Impl ementation
Appendix 13.3A

REVIEW AND AUDIT

Review and Audit - Construction
Review and Audit - Test and Operation

PLANT PROCEDURES

General
Normal Operating Instructions
Abnormal Operating Instructions
Emergency Operating Instructions
Mai ntenance Instruct ions

13.1-1

13.1-1

13.1-1
13.1-5

13.1-12

13.2-1

13.2-1
13.2-6
13.2-6
13.2-6

13.3-1

13.3-1
13.3-2
13.3-5
13.3-6
13.3-7
13.3-7
13.3-7
13.3-8
13.3-8
13.3-9
13.3-9
13.3A-'I

13.4-1

13.4-1
13.4-1

13.5-1

13.5-1
13.5-1
13.5-2
13.5-2
13.5-3

Amend. 68
May 1982

xy



TABLE OF CONTENTS (Cont'd.)

SectIon PA

13.5.6 Surveillance Instructions 13.5-4
13.5.7 Technical Instructions 13.5-4
13.5.8 Sections Instruction Letters 13.5-4
13.5.9 Site Emergency Plans 13.5-4
13.5.10 Radiation Control Instructions 13.5-4

13.6 PLANT RECORDS 13.6-1

13.6.1 Plant History 13.6-1
13.6.2 Operating Records 13.6-1
13.6.3 Event Records 13.6-1

13.7 RADIOLOGICAL SECURITY 13.7-1

13.7.1 Organization and Personnel 13.7-1
13.7.2 Plant Design 13.7T3
13.7.3 Security Plan 13.7-6

14.0 INITIAL TESTS AND OPERATION 14.1-1

14.1 DESCRIPTION OF TEST PROGRAMS 14.1-1

14.1.1 Preoperational Test Programs 14.1-2
14.1.2 Startup Test Program 14.1-2
14.1.3 Administration of Test Program 14.1-3
14.1.4 Test Objectives of First-of-a-Kind Principal

Design Features 14.1-6

14.2 AUGMENTATION OF OPERATOR'S STAFF FOR INITIAL TESTS
AND OPERATION 14.2-1

15.0 ACCIDENT ANALYSES 15.1-1

15.1 INTRODUCTION 15.1-1

15.1.1 Design Approach to Safety 15.1-I
15.1.2 Requirements and Criteria for Assessment of Fuel

and Blanket Rod Transient Performance 15.1.-50
15.1.3 Control Rod Shutdown Rate and Plant Protection

System Trip Settings 15.1-93
15.1.4 Effect of Design Changes on Analyses of Accident

Events 15.1--105

15.2 REACTIVITY INSERTION DESIGN EVENTS - INTRODUCTION 15.2--1

15.2.1 Anticlpated Events 15.2-5
15.2.2 Unlikely Events 15.2--34
15.2.3 Extremely Unlikely Events 15.2-51

xvi
Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Sect Ion Ran•

15.3 UNDERCOOLING DESIGN EVENTS - INTRODUCTION 15.3-1

15.3.1 Anticipated Events 15.3-6
15.3.2 Unlikely Events 15.3-29
15.3.3 Extremely Unlikely Events 15.3-38

15.4 LOCAL FAILURE EVENTS - INTRODUCTION 15.4-1.

15.4.1 Fuel Assembly 15.4-2
15.4.2 Control Assemblies 15.4-42
15.4.3 Radial Blanket Assembly 15.4-51

15.5 FUEL HANDLING AND STORAGE EVENTS -INTRODUCTION 15.5-1

15.5.1 Anticipated Events (None) 15.5-4
15.5.2 Unlikely Events 15.5-4
15.5.3 Extremely Unlikely Events 15.5-23

15.6 SODIUM SPILLS - INTRODUCTION -15.6-1

15.6.1 Extremely Unlikely Events 15.6-4

15.7 OTHER EVENTS - INTRODUCTION 15.7-1

15.7.1 Anticipated Events 15.7-3
15.7.2 Unlikely Events 15.7-9
15.7.3 Extremely Unlikely Events 15.7-18

15.A Appendix 15.A - Radiological Source Term for
Assessment of Site Suitability 15.A-1

16.0 TECHNICAL SPECIFICATIONS 16.1-1

16'.1 DEEINITIONS 16.1-1

16.1.1 Reactor Operating Condition 16.1-1
16.1.2 Reactor Core 16.1-2
16.1.3 Plant Protection System Instrumentation 16-.1-3
16.1.4 Safety Limit 16.1-5
16.1.5 Limiting Safety System Setting (LSSS) 16.1-5
16.1.6 Limiting Conditions for Operation (LCO) 16.1-6
16.1.7 Surveillance Requirements 16.1-6
16.1.8 ContaInment Integrity 16.1-6
16.1.9 Abnormal Occurrence 16.1-6

xvli
Amend. 68
May 1982



TABLE OF CONTFNTS (Cont'd.)

Sect I on

16.2

16.2.1
16.2.2

16.3

16.3.1
16.3.2
16.3.3
16.3.4
16.3.5
16.3.6
16.3.7
16.3.8
16.3.9
16.3.10
16.3.11
16.3.12
16.3.13

16.4

16.4.1
16.4.2
16.4.3
16.4.4
16.4.5
16.4.6
16.4.7
16.4.8

16.4.9

16.5

16.5.1
16.5.2
16.5.3
16.5.4
16.5.5

16.6

SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

Safety Limit, Reactor Core
Limiting Safety System Settings

LIMITING CONDITIONS FOR OPERATION

16.2-1

16.2-1
16.2-1

16.3-1

Reactor Operating Conditions
Primary Heat Transport System (PHTS)
Intermediate Heat Transport Coolant System
Steam Generation System (SGS)
Auxiliary Liquid Metal System
Inert Gas System Cover Gas Purification System
Auxiliary Cooling System
Containment Integrity
Auxiliary Electrical System
Refueling
Effluent Release
Reactivity and Control Rod Limits
Plant Protection System

SURVEILLANCE REQUIREMENTS

Operational Safety Review
Reactor Coolant System Surveillance
Containment Tests
HVAC and Radioactive Effluents
Emergency Power System Periodic Tests
Inert Gas System
Reactivity Anomalies
Pressure and Leakage Rate Test of RAPS Cold
Box Cell
Pressure and Leakage Rate Test of RAPS Noble
Gas Storage Vessel Cell

16.3-1
16.3-2
16.3-6
16.3-7
16.3-12
16.3-13
16.3-14
16.3-21
16.3.--21
16.3-24
16.3-27
16.3-31
16.3-34

16.4-1

16.4-1
16.4-1
16.4-3
16.4-6
16.4-10
16.4-13
16.4-13

16.4-15

16.4-15a

16.5-1DESIGN FEATURES

Site
Confinement/Containment
Reactor
Heat Transport System
Fuel Storage

ADMINISTRATIVE CONTROLS

16.5-1
16.5-1
16.5-2
16.5-5
16.5-7

16.6-1

16.6-1
16.6-1
16.6-4

16.6-6

16.6.1
16.6.2
16.6.3
16.6.4

I

Organization
Review and Audit
Instructions
Actions to be Taken In the Event of Reportable
Occurrence In Plant Operation

xvIll
Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Sect Ion

16.6.5

16.6.6
16.6.7
16.6.8

17.0

17.0.1
17.0.2
17.0.3
17.0.4
17.0.5

17.1

17.1.1
17.1.2
17.1.3
17.1.4

Action to be Taken In the Event a Safety Limit
Is Exceeded
Station Operating Records
Reporting Requirements
Minimum Staffing

QUALITY-ASSURANCE- INTRODUCTION

Scope
Quality Philosophy
Participants
Project Phase Approach
Applicability

QUALITY ASSURANCE DURING DESIGN AND CONSTRUCTION

Organization
Quality Assurance Program
References Referred to In the Text
Acronyms Used in Chapter 17 Text and Appendices

xIx

16.6--6
16.6--6
16.6--7
16.6--8

17.0-1

17.0--1
17.0--1
17.0--2
17.0--3
17.0--3

17.1--1

17.1--1
17.1--2
17.1--6
17.1--6a

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

SectIon

Appendix 17A

Appendix 17B

Appendix 17C

Appendix 17D

Appendix 17E

Appendix 17F

Appendix 17G

Appendix 17H

Appendix 171

Appendix 17J

A Description of the Owner Quality
Assurance Program

A Description of the Fuel Supplier Quality
Assurance Program

A Description of the Balance of Plant
Supply Quality Assurance Program

A Description of the ARD Lead Reactor
Manufacturer Quality AssuranceProgram

A Description of the Architect-Engineer
Quality Assurance Program

A Description of the Constructor Quality
Assurance Program

RDT Standard F2-2, 1973, Quality Assurance
Program Requirements

A Description of the ARD Reactor Manufacturer
Quality Assurance Program

.A Description of the GE-ARSD-RM Quality
Assurance Program

A Description of the ESG-RM Quality
Assurance Program

Computer Codes

General Plant Transient Data

Safety Related Reliability Program

Deleted

Deleted

Deleted

Plan for Inservice and Preservice Inspections

Post TMI Requirements

Page

17A-1

17B-1

17C-1

17D-1

17 E-1

17F-1

17G-1

17H-1

171-1

17J-1

A-1

B-i

C. 1-1

G-1

H-1

Appendix

Appendix

Appendix

Appendix

Appendix

Appendix

Appendix

Appendix

A

B

C

D

E

F

G

H

xx Amend. 68
May 1982



CLINCH RIVER

BREEDER REACTOR PROJECT

PRELIMINARY
SAFETY ANALYSIS

REPORT

CHAPTER 11

RADIOACTIVE WASTE MANAGEMENT

PROJECT MANAGEMENT CORPORATION



--------------

11.0

341 1.1

1 1.1.3

%1l. 1 .211].•1.3

1. 1.1 .5

* .1.6•

11.24

11.L2.

112.23

11.2.4.1
11. i .2.4.2

... . .....

11.2.6.1

11.2.162

S 11.2.7

• 11 .2.8

CHAPTER 11.0 - RADIOACTIVE WASTE. MANAGEMENT

TABLE OF CONTENTS,ý

RADIOACTIVE WASTE MANAGEMENT

SOURCE TERMS

Modes of Radioactive Waste Production

Activation Product Source Strength Models

Fission Product and Plutonium Release. Models

Tritium.Production Sources

Summary of Design Basis for Depofsiion of
Radioactivity in Primary Sodium1-u :on :-ý.Reactor
and Primary Heat Tra.nsfer..Su rf aces and
within Reactor Auxiliary:Systems

Leakage Rates

LIQUID WASTE SYSTEM

Design Objectives

System Description

System Design

Operating Procedures and Perf•formahce Tests

Operating Procedures

Performance Tests

Estimated Releases

Release Points

Nuclear Island

Balance of Plant

Dilution Factors

Estimated Doses

PAGE

11.2-2

11.1-1

11.1-2

11.1-5

.11. -76.

1 2. 1-7

11.21-60

11.2-1

11.2-2

11.2-4

11.2-5

11.2-5 .

11 .2-6

1.1.2-6

11.•2-6

11.2-7 :130

11.2-7

11.2-8•*

Amend. 34
Feb. 19771l-i



-':77 7 .C7  -7 PAGE

:: ;t: .PAGE

501 Appendix; v

11.3

'11 .3.12

11. 3. 2. 1,.

I 1 , . Z. 2

11.3.2.2

11.3.2.3

111. 3:.2.4

II 3.2.5

11.3.2.6

11.3.3

.11.3.-3:.1

11. 3.3.2

11. 3. 3.3

11.3.4

11. .3. 5

11.3.6 .

1 .3.6. 1

11.3.8

:1. 3. 8.1

Appendix

Doses from Exposureto. LiquidqEffluents

to Section 11.2A

GASEOUS WASTE SYSTEM.

Design Base

System Descri ption

Process Flow

Gaseous Radioactive Wa"s te.: JInpts to System

Activity Inventories and.Concenhtrations

Release Path Calculations

Activity Release Tabulati obns,.-

Radioactive :Gaseous S.iteBondary and
Restricted Area Concentratiions

System Design

General

Equipment

* Instrumentation

- Operating Procedures and Performance Tests

Estimated Rel eases

Release Points

Nuclear Island

Balance of Plant

Dilution -Factors

Dose Estimates

Dose Rate Estimates

to Section 11.3A

11.2-9

11.3-1

11.3-1

I. 3-1

.11.3-6

11.3-7

11. 3-8

11.3-10

.11.3-10

11.3-10

11.3.11

11.3-11

11.3-14

11.3-15

11. 3-15

11.3-16

11.3-17

11.3-17

11.3-18

C)

3z
1

Amend. 50
June 19791 1.it



i) PAGE

11 .4

11.4.1

PROCESS AND EFFLUENT RADIOLOGICAL MONITORING
SYSTEM.

501 11.4.2

11.4.2.1.2

11.4.2.2

1: -1.4.2.2.12

11.4.2.2.2

50 11.4.2.2.4

50 I
34

11.4.2.2.5

11 .4i.2.2.6

11.4.2.2.ý7

11 .4:,.2.3

11.4.2.3.1

11.4.2.4

11.4.3

11.4.3.1

11.4.3.1.1..

11.4. .. .21 .1.4..3. .T. 3

11.4.3.1.3

11.4..3.1. 5

Design. Objectives

Continuous Monitoring/Sampling

General Description

Gaseous. System Description

Post Accident Containment Atmosphere Monitors.

Reactor Containment Isolation Monitors

Building Ventilation Exhaust Monitors

Condenser Vacuum Pump Exhaust and Deaerator
Continuous Vents Tritium Sampler

Control Room Inlet Air Monitors

Inertedi Cell Atmosphere Monitors

RAPS and CAPS Monitoring

Liquid Systems Description

Radwaste Disposal System Liquid Effluent
Monitor

Maintenance and Calibration

Sampling

Process Sampling

Intermediate Level Activity Liquid Waste
Collection Tanks

Process Distillate Storage Tanks

Low Level.-Activity Liquid Waste Collection
Tanks

Low Level Activity Distillate Monitoring Tanks

Concentrated Waste Collection Tank

II. 4- 1:

1 1.4-2

11.4-2.

11.4-2

11 .4-2

10.4-3

11.4-4

11 .4-4
11.4-4

11.4-5

.11.4-5
11.4-5

11.4-5

11.4-6

I1,4-7

11.4-7

11.4-7

11.4-8

11.4-8

Amend. 50
June 1979

.501

ll-iii



- -, -~ -

C)
11. 4. 3.2

11 .5

11.5.1T

11.5.2

11I. 5.34

-11.5.4

11;5.56

11. 5.6

.11.6.

1111.62.1

11.6:2. 2

... . "":: .6Z . 2.l

1 1•.6. 2.

]ol 11.65I.3

11.6. 4

11 6. 5

11.6.6

PAGE

11.4-8Effluent Samp.ling

SLI W ST SYSTEM

Design Objecti'ves,

System inputs

Equipment Description

Expected Volumes

Packaging

Storage Faci I iti es

Shipment

OFFSITE RADIOLOGICAL MONITORING,P:ROGRAM .

Expected Background

Critical Pathways to Man:

.Doses from Gaseous Effluents

Internal Doses from Liquid Effluents

Sampling Media, Locations, and Frequencies

Analytical Sensitivity

Data Analysis and Presentation

Program Statistical Sensitivity

11.5-1

11.5-4

11.5-1

11.5-3

11. 5-4

11.5-4

.11.5-4

11.6-1

.11.6-2

11.6-3

11.6-4

11 .6-4

11.6-4

11.6-5

11.6-6

I l

C)

Amend. 50 1)
June 197911-iv



LI' ".ST OF TABLES

11. 1 -i4

11.1-2

:11.1-3

:•. 11.1-4.

l""- . 1I.-4A

:.;.:,.1.1...5

: 01 11 .1-6

11.1i-7

Activation Products in Primary Sodium Coolant

Activation Products •- Core Structural
Material (Stainless Steel 316)

Summary of Significant' Information Used in
CRBRP Corrosion Release Estimates

Fission Product Escape Fractions

Comparison of.Assumed Escape.Fraction from
Failed Fuel Rods with-Measured Escape.
Fractions in. B9D

Parameters Assumed for Plutonium Release to
Primary Coolant

Radioactive Argon Cover Gas Activation and
Fission Products Release'Rates and Resulting
Isotopic Release:Rate

Activation, Fission. Product and.Plutonium
Isotope Concentrations in the Primary Sodium
Coolant During .30:Year Plant Lifetime -

Design Values•

Significant Corrosion, Fission Product and,,
Released. Fuel Activities .on Wetted Surfaces
at Reactor Shutdown:

Radioisotope Inventory iin Primary Cold Traps
After 15 Years Opera.tion.

Design Annual Released:Activity Inventory"

Design Annual COncentration of Low and Inter-
mediate Activity: Level: I.nput Streams

Design Activity Inventory Stored After
Processing

Concentration of Radionuclides at Discharge
to Clinch River Design Values

Equipment Description of. Liquid .Radwaste
System

PAGE

11.1-12

11i.1-13

l1. 1-14

11.1-15

11.1-216

11.2-17

11 .2-18

I11.1-19

I1 .1-22

1. 1I-24

1. 2-12

11.2-14

11.2-16

11.2-18

11.2-20

11 .l.] !.1:-8

501

11.2-2

.1.2,-3

11. 2-

1 ve Amend. 50
June 1979



-- -~ - - '-----

111.2 5A

I11.2- 6'.

PAGE
0D

50 11. 2-7.

117..2-8•

501 11.2-9.

11 .2A-l

11. 2A-2.

11 2A3

.11..M 2A4

11 .2A-5.

11. 2A,6

1.3-2

Indoor Radioactive Wa~st~e Tanks - Provisions
to Prevent and:Control::Overflow Conditions

Liquid Radwaste Radioisotope Annual Inventory
- Design Va~lues

Design Effluent.Concentratiohns, Maximum
Permissible Effluent Concentrations (MPC)
.and Fraction of. MPC at:Discharge to River

Estimated Cleaning Process Data-Intermediate
Level System

Dose Rates Received By An Individual Via
Exposure to CRBRP Liquid Effluents (MREM/YR)

Water Body Width F.actors for Estimating Gamma
Exposure from Contaminated Sediment

Dose Conversion Factors For Total Body and
Skin Exposure Via. Immersion In Water and
Shoreline Deposits

Dose Conversion Factors for Exposure Via.
Ingestion of Wate ri.to Radioactive Materials
Released From The CRBRP Radwaste Systems

Bioaccumulation Factors for Freshwater
Aquatic Foods

Summary of Variables Used in Radiological,
Dose Evaluations Which Are Not Specific-
to the CRBRP

Maximum Permissible Concentration In Water,
MPCw, for Continuous Exposure to Radionuclides
Released from the CRBRP.:.Radwaste Systems

Radionuclide Input Rates to ReactorCover Gas

Gaseous Radionuclide Concentration in Reactor
Cover Gas

Activity Inventories in RAPS Process Vessels

Activity Concentrations in.RAPS Process
Gas Streams

11.2-20a

11.2-21

11. 2-23

1:. 2-25

11.2-26

11. 2A-8

11i.2A-9

125

0
()

11. 2A-12

11. 2A-75

I 7.2A-17

1 .2A-18

I1.3-19

11.3-20

11.3-21

11.3-22

Amend. 50
June 1979

I 1. 3-3

IY.3-450

0
011 -vi



11 3-5 RAPS Cryostill Performance Characteristics
11i.3-6 Activity Inventories 'in CAPS Process Vessels

1: 3-7 Activity Concentrations in CAPS Process: Streams

-11.3-8 -CAPS Decontamination Factors

11.3-9 Radionuclide Release Rates and Release.Paths
for the. Design Value Service Condition

1.1.3-10 Radionuclide Release Rates and Release Paths.for the Expected Service Condition

11.3-11 Annual Activity Release Rates for the Design
Service Condition

11.3-12 Annual Activity Release Rates for the Expected
Service Condition

11.3-13 . Radionuclide Concentrations in Head Access
Area

11.3-14. Radionuclide Concentrations at Site Boundary.• . from RSB Exhaust

11.3-15 Radionuclide Concentration at Site Boundary
S:from RCB Exhaust

11.3-16 Tritium Concentration at Site Boundary from*T.G. Building Exhaust

50 1l.:3416a: Tritium Concentration at Site Boundary
from IB Exhaust

11.3-i7 Design Parameters of RAPS and CAPS ProcessVessels
11.318. External Doses at Site Boundary to an

Individual via Gaseous Effluents from CRBRP

Design Release Points

5 11919' Release Point Description of Internal Whole
Body Doses Due to CRBRP Gaseous Effluents

31 11.3-20 Effluent Release Points Design Data

-PAGE

11.3-23

11. 3-24

11.3-25

11.3-26

11. 3-27

11. 3-29

11. 3-31

11. 3-32

11 .3;-33.

11.3-34,

11.A-35

1 ..3- .36 19

11.3-36 ,

11. 3-37

11.3-38

ll. 3-39

11.3-39a

6

lIl-vii
Amend. 50
June 1979



- -, 32>2->.. -

.)

PAGE

11 l.3A- I;

11. 3A-3

11. 3A-4
1i. 3A- 5

11 .3A-5I

1. 3A-6

1 1.4.-i"

11.5-1

11 .5-lA
11.5-

R~adioplgica ID a•ta For Isotopes Released
frojn CRPBRP Radwast-e. Systems

Dose C•nversion.Factors for Exposure to
Rad~ioa•c e, Materiaal s Released from
the CRBRP, Gaýseo ous IRadwaste System

Maximum*Permissible Concentration in Air (MPC,)
for ContinOus' Exposure to Radionuclides a
Releasedif.r'om the CRBRP Gaseous Radwaste
System

Whole Body Dose Conversion- Factors for
Tritium Release.d During Normal Operating
Conditions

Environmental Half-Lives of Radioisotopes
Released from CRBRP Radwaste Systems

Summary of Variables Used in .Radiological
Dose Evaluations which are not Specific
to the CRBRP

Process and Effluent Sampling and Monitoring

Design Objectives in Solid Radwaste System
Per Year in Terms of Annual Quantities

Conceptual Primary .Cold Trap Removal Sequence

Inventory of Design Annual Activity of
Shipped Waste

Solid Radwaste Shipments Per Year

11 .3A-1 2

11. 3A-15

11. 3A-16

11. 3A-17

11 .3A-18

I1. 3A-20

11.4-10

11.5-6

11. 5-6a -

11.5-7

11. 5-9

K)
501

1i
1_1.

.50

11.5-.3

441

Amend. 50
June 1979l-vi i



LIST OF FIGURES

PAGE
11.2-1 Liquid Radwaste System Flow Diagram 11.2-27

•1.2-2 IALL Collection and Neutralization
Liquid Radioactive Waste 11.2-28

11.2-3 IALL Evaporation Liquid:Radioactive Waste 11.2-29

12-4 IALL Demineralization and ,Discharge Liquid
Radioactive Waste 11.2 30

1.2-;5 LALL Collection and Neutralization Liquid
Radioactive Waste 11.2-31

11.2-6 LALL Evaporation Liquid• Radioactive Waste 11.2-32
50 11.2-7 LALL Demineralization andi Discharge Liquid

Radioactive Waste:. 1 g i2-33
*11.3-1 Radioactive Gas Flow Paths 11.3-40

11.3-2 Schematic Diagram of the Recycle Argon Circuit 11.3-41

50 11.3-3 Schematic Diagram of-CAPS Process Flow 11.3-42

11.3-4 Flow Diagram - RAPS.' 11 3-43

11.3-5 Flow Diagram - RAPS 1 -44

11.3-6 Flow Diagram - CAPS 11.3-45
11.3-7 Flow Diagram - CAPS 11.3-46

11.3-8 RCB Nitrogen Sampling and Analysis 11.3-47

11. 319. CRBRP Design-Radiological Release Points
to Atmosphere. 11.3-48

11.3-10 P&IlDiagram Radioactive Argon Processing System 11.3-49

11.3-11T. P&I Diagram Radioactive Argon Processing System 11.3-50

11.3-12 P&I Diagram Cell Atmosphere Processing System 11.3-51

1.3-13, P&I Diagram Cell Atmosphere Processing System 1i.3-52
11.5-1 Solid Radwaste Sstem Flow Diagram 11.5-10

H-i x Amend. 50
June 1979



CHAPTER 11.0 RADIOACTI:VE WASTE• ý.MANAGEMENT

,LIST OF REFERENCES

SECTIONNO.

150 1

*11.1

11.2

11.3

11.5

11.6

PAGE NO.

1i.i-11

11.2-11

11 .3-18c

11.5-5

11.6-7

()

11 -x
Amend. 50
June 1979



'CHAPTER 11.0 RADIOACTIVE WASTE MANAGEMENT.

The purpose of the information provided in this section is to
provide assurance that the CRBRP has sufficient installed capacity and
treatment equipment in the radwaste systems which will result in radio-
activity levels which will not.exceed the appropriate limits for the plant

491 personnel and general public and are as low as is reasonably achieyable.
Section 11.1 provides an assessment of source terms which serve as input
into the various radioactive waste systems. Sections 11.2, 11,3, and 11,5
provide descriptions and objectives of the liquid, gaseous and solid rad-
waste systems respectively. Section 11.4 provides a description of the
process and effluent radiological monitoring systems and Section l1.6
describes the offsite radiological monitoring program.

11 .1 SOURCE TERMS

11.1.1 Modes of Radioactive Waste Production

This section describes the principal modes.of radioactive isotope
production in, and/or release to the primary coolant and reactor cover gas.
The resulting radioactive concentrations.in the primary coolant and cover gas
are quantified.:.These isotopic concentrations form the predominant sources
ofradioactivity which the radioactive waste management systems are designed
to control.

The radioactivity concentrations in the primary coolant and cover

gas are produced from the following basic sources:

1. Neutron activation of:

(a) sodium primary coolant and its trace impurities,..
(.b). argon cover gas,
(c). metalli~c reactor components and subsequent release to the

primary coolant through wear and corrosion processes,

2. Production of fission products in the reactor core and blanket
assembly fuel rods and partial release to the primary coolant
through fuel rod cladding failures,

491 3.3 Plutonium and other actinide isotopes inventory and production in
49 core and blanket assembly fuel rods during operation and release

through fuel rod cladding failures,

4. The production (in order of importance) of tritium by the
following neutrorV-interactions:

49 I (a). The interaction of neutrons with Boron in the control
@4.1 assemblies,

Amend. 49
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3o
(b) H3 from ternary fission in the fuel,

(c) Interaction of neutrons with Lithium (Li) contam-
inant in theL sodium

11.1.2 Activation ProduCt Source.Strength Models

'A general method of analysis was employedto determineactiva-
tion rates for the primary sodium, the trace impurities in the sodium,
and the.various constituents of other non-fuel core components; This
method was as follows::'

1. Twenty-six group neutron fluxes were obtained throughout-
the volume within.the reactor vessel from a two dimensional
r,-z diffusion calculation using the. DOP III W computer
program.

2. Target atom (the isotopes being irradiated) activation
rates were then-calculated using the.TRIED computer code.
TRIED.calculates the activi:ties based'.on the 26 group
neutron fluxes calculated using DOp III W, the0correspon-

S 'ding 26 group activation cross sections from' .the ABBN
cross section library and the number density of the-target0
atoms in the material. Thelcal~culations areperformed
for portions (zones):of:the reactor volume with commonmaterial-characteristics.

A synopsis of the computer codes.used is given in Appendix A.,

Activation of the sodium and its trace impurities results in
radioactivity which is inherent to the primary coolant or directly re-
l-eased to the cover gas. Reactions of this type are shown on Table 11.1-1,
together With essential physical data..Direct activation of the Ar38 and
Ar40-constituents of the cover gas produces a negligible quantity of
Ar3 9 ,and less than 5% of-the Ar 1. The remaining Ar 9and Ar41 is pro-
duced from potassium impurity activation.*

Other activation products are released from the fuel cladding
and core structural members by corrosion. The principal activation
reactions which occur in stainless steel (Type 316) structural members
are shown on Table 11.1-2.

49

*Ar39 + Ar41 production was based on 1000 ppm potassium impurity, when,
in fact, all reactor grade sodium procurement experience indicates
typical K impurity levels less than or equal to 400 ppm.

1.-Amend. 4911.1-2 .. April 1979 - .



Analysis of core structures activation and corrosion release
is derived from a model containing 153 activation zones to approximate
temperature and-activation rate variation. The fuel assemblies were
divided into seven radial zones, each containing 14 axial regions. The
blanket assemblies were described in three (3) radial zones and 12 axial
regions. Additional zones-were used to describe the control assemblies,
removable and fixed radial shield, core barrel and reactor vessel.- The

.axial regions extended from a lower elevation of the inlet modules to
the outlet nozzle elevations..

The saturation value of the radioactivity for each of the
twelve reactions shown on Table 11.1-2 was calculated. usinq a TRIED 42
group-R-Z edit of DOT.IlI W two dimensional neutron flux distributions.
These neutron flux distributions and activation rates were developed
from the use of evaluated nuclear data files (ENDF/B-III).

The nominal corrosion rates for each of the zones were calcu-
lated using corrosion.rate expressions recommended for use in Reference 4.

:Two corrosion rate expressions are developed in Reference 4, one for flow
rates.above 10.feet/second and a second for flow rates below 10 feet/.
second. These expressions are:

.... 7 -18120'I .. R = (6.685 x lO7) exp -- 1k ](

for flow rates >10 feet/second, and

R ( (1.1704 x l07 + 3.496 x 106V) exp. .--20-

for flow rates 10 feet/second. The quantities in the above equations

are defined as follows:

R = mils/year

oxygen content of Na (ppm)

T = temperature (OK)

V = velocity (feet/second)

The release of radioactive isotopes to the primary sodium from
isothermal regions of the fuel assemblies, blanket assemblies, control
assemblies, fixed and removable shield assemblies, core barrel, and reactor

49 vessel, is as follows:

S .Amend. 49
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A SA F(i (R)

i 3.7 x io

(i-et) (Pi) (R) (t) (e-t

0

I

where: A the activity of I sotope I released to the primary sodium due to

- corrosion from a given component with a useful reactor-life of
T, (curies)

SA = surface area of zone (cm2 )

I= equi-IriHum rate of production and decay of .isotope I (dis/

R corrosion rate (cm/sec)

Al = decay constant (sec- 1 )

t time (sec)

The temperatured prof) Ies used to evaluate the corrosion release are based on
"plant expected" operating conditions. Parameters associated with this
evaluationare shown on Table 11.1-3. The corrosion release models discussed
above were modIf I.ed to account. for the.JfollowIng factors:

1. The, temperature varlation of +he fuel and blanket assemblies as a
function of. operating cycle were Included in the model. Fuel assembly
outlet temperatures decrease during their residence in the core while
blanket assembly temperatures increase during their residence in the
core.

2. The temperature variation of the fuel and blanket assemblies from
Inlet to outlet were considered as described in Table 11.1-3.

3. The radioactive Isotope release from high heat flux regions (fuel
regions) were increased by a factor of two. This factor accounts for
increased corrosion rates experimentally observed in high heat flux
areas (Reference 5).

4. The release of Mn54 and Cr 5 1 are multILled by additional factor of
two in all regions of the reactor. Mn- and Cr are preferentially
released from steel surfaces.

The oxygen concentration In sodium was set at two ppm. .This oxygen level Is
conslderýed to be a factor of three higher than'the nominal oxygen operating
levels.

0

0
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I
-; .... The corrosion releases were estimated for each component based

on the total number of cycles the component would be in the reactor. The
total release was then estimated based on the-following equation:

T.. ...
A~~~~ie X A (le• i t30 ) .•.

1. le- it
where: AT = the activity release for 30 years from a component

49 . i having a useful life of t.

11.1.3 Fission Product and Plutonium Release Models

During normal plant.operation, it is assumed that fission
products and fuel materials are released to the primary coolant as the
result of fuel rod cladding defects.. The model for release of fission

•491 products assumes continuous operation of the reactor with defects in
fuel rods-generating 1% of the core power. For additional discussion of
fuel failure and burnup experience, see Section 4.2.1.3.

Fission product isotopes are included in this evaluation on
the basis of their having the following:

1. A cumulative yield fraction greater than 0.1 percent
based on the fast fission data for Pu-239, as reported
in Reference 1.

,2. An isotopic release resulting in approximately 10 or
more cuiu'ies of activity at ten days after shutdown for
one.ofmthe following sources:

a. The cold trap,

b. The reactor plant primary coolant system surfaces,

c. The primary coolant.

This corresponds to a-lower ýimit deposition of 10 curies
in the cold traps, 0.1 Ci/cm on primary coolant system

- surfaces and 0.01 Ci/gm of primary sodium.

3. -All noble gas fission products with half lives in excess
of ten minutes.

The above criteria leads to fission product source terms which
provide a conservative design basis for shielding, ventilation system,
and waste processing system design. It should be noted that the 15. hour
half life Na-24 activity source-term is approximately 3 decades greater
than the activity of other isotopes. Na-24 completely dominates operating

11.1-5 Amend. 49)11.1-5 April 1979



primary sodium sources. Therefore, non-gaseous isotopes with half lives *

shorter than, or comparable.-to, the Na-24 do not: have design significance
unless they are daughter: products,:of longer half life parents. Daughter
products of this type are retained in the model. No significant fission
product activities have been deleted because of.: this criteria.

0

.Ii
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IThe released fission product inventory was calIculated using the
equation:,

1.I P x K x EF-x FF x YLD(I-e _t )/3.7 X j(10

where,

I =released inventory in (Ci)

ýP reactor power 975 MWT

D .T.

K fissions/sec-MW j .09 x 10l

EF escape fraction from a fainled rod using the release fraction

for the various escape classes (see Table 11.1-4)

YLD isotope yield fraction

I-decay constant (secFe

t =time (secd)

FF = fraction of failed fuel =0.01

The fission product escape fractions shown on Table 11.1-4 were
developed from a model similar to that used for the Phenix and FFTF. The
fission products are grouped into five escape classes:

Class 1 Noble gases (Kr, Xe) & Cs-136

Class 2e Csay 134 and Cs-137

Class 3 lodinos, Antimony, Tellurium

Class 4 Strontium

Class 5 All other fission products

The release of noble gases from failed fuel during actual operation
will be a function of half life. The escape fraction model used accounts for
only the decay during release from the oxide fuel and conservatively assumed
no subsequent delay in transit through the fuel to the clad gap, the fission
gas plenums, or the sodium mass.

The cesium release fraction assumed is 1.0 for both Cs-137 and Cs-134
..because of the known high mobility of these isotopes. The nobIle gas release
fraction equation was conservatively used to estimate the release'of Cs-136
because of its relatively short half life (13.days). The high release factor.
for cesium isotopes is demonstrated by data in Reference 3 and Table 11.1-4A.

11.1-6



The halogen, antimony and tellurium isotopic. re.leases were treated
. as one class and modeled after the release fraction equation -used in Phenix

for halogen isotopes.. Other isotopes such as palladium behave in a similar
fashion but have been neglected because of their relatively short half life
and low yields. Antimony and tellurium were treated as the same class as
halogens because of their similar release behavior as documented in Refer-
ence 2 and Table ll.l-4A.

11.1.4 Tritium Production Sources

The major source of tritium results from the B10 (n, 2a)H3 reaction
which occurs in the boron carbide used in the control assemblies. The'H 3

production from this source is a function of .rod insertion, and therefore,
.a function of life. One hundred percent release of tritium.from. the control
rods is conservatively assumed. Other reactions with boron, the Bll(n, H3 )
Be9 and BlO (n, a) LiM, were investigated and found 'to be significantly
smaller contributors. The production of H3 in the B4 C control rods as a

.function of rod position was calculated using a computer code CRSSA (control
Rod Steady State Analysis). The production rate of H3 varies from 37 to
92 Ci/day depending on the reactivity control requirements. The average
value during a fuel cycle from this source is approximately 62 Ci/day.

A second significant source of H3 is ternary fission.. This occurs.
When plutonium or uranium fission produces a third light-mass fission
fragment as well as the normal fission products. Tritium yield rates from
this source are 1.7 x 10-4 and 2.2 x 10-4 H3 atoms per fission of plutonium
and uranium respectively. The estimated H3 production rate from this source
is 22 Ci/day.

The third significant source of H3 is from neutron interaction
with the li~hium contiminant ig the primay coolant. Two reactions are
present, Liu (n, a) H , and Li' (n, na) H3 . The first of the reactions
dominates this source.. The estimated production rate for this source is
5 Ci/day.

The average production of tritium from all sources over one fuel
cycle is approximately 89 Ci/day.

11.1.5 Summary of DesignBasis for Deposition of Radioactivity in Primary
Sodium on Reactor and Primary Heat Transfer Surfaces and Within
Reactor Auxiliary Systems

... Section 11.1.1 through 11.1.4 have discussed the modes of producing
and releasing radioactive isotopes. This section describes the design-basis
*for their distribution in the primary sodium, on reactor and-primary heat
transfer surfaces, in the primary cold traps, and within the reactor cover
gas system.

11.1-7



The radioactive gases produced by the activation reactions shown in
Table 11.1-1 together with the Kr and Xe fission products released from
failed fuel form the major portion of activities' to the cover gas. 'The
production rate of radioactive isotopes discharged to the cover gas together
with the maximum concentration in the cover gas is shown on Table 11.1-6.

The principal non-gaseous activation, fission product and plutonium
radioactive isotope depositions are shown on Table 11.1-7 and Table 11.1-8:.,
Table 11.1-7 shows the concentration of these isotopes in the primary sodium,'
while Table 11.1-8 shows the estimated isotopic surface deposits on the
wetted surfaces in the reactor and primary heat transfer system.

Cesium, iodide and antimony isotopes are known to be highly soluble
in liquid sodium. All three of these elements can be effectively cold
trapped. The degree of cold trapping is dependent on a'wide range of
variables. The soluble long half life isotopes (Cs-137, Cs-134, and Sb-125)
are effectively cold trapped as shown on Table 11.1-7. The soluble, short half-
life isotopes, iodines, remain in solution because of the relatively small
proportion of the plant volume processed through the cold traps prior to their
decay.

The "best estimate" cold trap removal of Cs-137 is 91 percent
while this estimate for CS-134 is 60 percent.' The fraction of Cs-137 and
Cs-134 removed per cold trap pass is the same for both isotopes. The
differences.in cold trap efficiencies are due to their variation in half
life (30'Ysand 2yrs•; resPectively). The proportion of Cs-137 estimated
in-the coolant was increased to 20 percent to allow for processing
uncertainty. Evaluation of cold trap performance for removing long half
life isotopes as a function of hydride and oxide content of the primary
system is continuing.

Tellurium, strontium and all other fission product'isotopes are
known to'concentrate on reactor and primary heat transfer surfaces together
with the activation products released from stainless steel. Therefore,
100 percent of these isotopes have been shown to be deposited on the wetted
surfaces. In addition, 10 percent of the fission products released from
these isotopes are included in both the cold traps and primary sodium
sources. Additional details of the deposition estimates are shown on
Table 11.1-7 and 12.1-7.

All other isotopes, except for strontium, were treated as a single
class (5).. The release of-these isotopes is due to fission recoil and fuel
erosion. Strontium is released at a slightly increased rate. It has been
postulated that this is due to the mobile nature of its Kr and Rb parents
and its relatively high solubility in sodium. The'relative release factors
of 0.001 and 0.005 for other fission products and strontium is based on the
release data shown in Reference 2.

11.I-8 L



The constants used for escape classes 1 and 3 are the same as those
ii) established for the Phenix design. The key parameters which establish these

constants; diameter of fuel rods, centerline fuel temperature and fraction of
the fuel cross section undergoing grain growth, are similar for CRBRP and
Phen ix.

Cs-134 Is largely an activation product daughter from Cs-133 and Its release
rate Is estimated as a fraction of the Cs-137 release rate according to the
equation.:

R X13.7 (0.1Y

134 137 ( -34T (

where

R13 4 and R13 7  = the release rates of Cs-134 and Cs-137, respectively
(atoms/sec)

134 and .137 *the decay constants (sec-1)

The design basis limit for plutonium released to the primary coolant is 100
ppb (part per billion) over a 30 year plant lifetime. The quantities of
plutonium and related actinides are based on the presence of 100ppb of
plutonium being in the sodium after 30 years.

Using an escape rate coefficient of 9.71 x 1014 atoms/cm2 -sec, this limit
corresponds to continuous operation for 30 years with approximately 43 fuel
pins having defects In the fueled region in which plutonium Is assumed to
escape. This escape coefficient Is based on data reported In Reference (2)
and obtained from an Irradiation test of a purposely defected (0.030 inch
hole) fuel rod In a forced convection sodium GETR capsule.

The design parameters for the release of plutonium to the primary coolant are
shown in Table 11.1-5.

The estimates of plutonium deposition wlthin the primary sodium and on the
wetted primary surfaces are based on a distribution coefftclen~tK which was
derived from data tabulated In Reference 2. The distribution coefficient Is
defined as follows:

K concentration per unit area
concentration per unit volume

This coefficient has been determined to be K = 0.65 cm for plutonium.

I
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The release of. other actinides (Np, Am, CM) has been estimated
based on the following formula:

t

N Ni.(!-eT PuAi4
(Npu) (3.7 x 104)

where: A. =actinide isotope release.for isotope i (ilCi)

N..= actinide isotope I in the equilibrium cycle reactor
core assemblies (atoms)

= decay constant (sec- 1

RPu = release rate of Pu, associated with the building of 100
ppb of Pu over 30 years (atoms/second)

• Npu Pu isotope inventory in the reactor core (atoms)

The deposition of the actinides within the reactor system is
49 treated in the same manner .as that of Pu.

Table 11.1-9 shows the radioisotope inventory in the primary
cold traps after 15 years of operation. Ten percent of the corrosion and
insoluble fission products are shown •deposited on the traps. This is
considered to be an upper limit for this type' of activity. The cold
trap efficiency for the plutonium isotopes is assumed to be 100 percent.
The tritium inventory is based on 47 percent of the tritium release being
removed by the primary cold traps. Approximately 51 percent of tritium
-release is removed by the intermediate cold traps.

Calculations show that about 98% of the tritium generated in

the plant will be trapped, about 1.5% transferred to the steamnin the
steam generators, and the balance to decay and loss through sodium pipes

Variations in the distribution of tritiumrin the primary and-intermediate
heat transfer systems have been studied as part of the system design,
using an analytical tritium transport model. The study shows that the
reference cold trap designs for the PHTS and IHTS are sufficiently large
that uncrtainties in cold trap efficiency will have little effect on
tritium distribution. 20
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ANL is currently conducting tests on model cold traps under
the LMFBR Base Technology Program. The simultaneous precipitation rates';

of sodium hydride (NaH) and sodium titride (NaT) relative to their con-
centrations in the sodium is part of the objectives of the test program. .
The tests are being conducted o0 tr~ps packed with wire mesh with a

specific surface area of 260 ftc/ft as planned in-the design of-the CRBRP
cold traps. The specific surface is the significant wire mesh character-.
istic because it prov~i.des sites for the initiation,"retention and growth
of crystalline dendrites of NaH and NaT, which coprecipitate from the

• cooled sodium. The first test reports are expected about the end of this
fiscal year (June 1976). Some preliminary data on efficiency for tritium
removal by coprecipitation and isotopic exchange with hydrogen have been
obtained'verbally from test personnel. These results indicate that the
efficiency for tritium removal by coprecipitation may be lower than for
hydrogen. However, the tests also indicate that the lower efficiency for
tritium is >70% for the design residence times of the sodium in the indi-
vidual cold-traps. The test data show tritium removal efficiency varying
from a minimum of 37% at 2.2 minutes residence time and approaching 100%
at 9.5 minutes. Thus, at the 7.2 minutes residence time for the PHTS cold
traps, the minimum efficiency is 70% while the 12.5 minutes residence time
of the IHTS cold traps would give practically 100% removal efficiency. The
tests of tritium removal by isotopic exchange indicate that this process is
relatively ineffective for tritium removal for the primary as well as the
intermediate cold trapby coprecipitation is indicated to be <70% and
since no credit has been taken for removal by isotopic exchange, the assumed

:) values in the tritium transport model calculations (51% and 47%, in PSAR
Section 11.1) are believed to be conservative.

Additional data resulting from the tests will be reviewed to
establish that the cold trap efficiencies are indeed conservative. Should
revised cold trap efficiency assumptions be necessary, the tritium trans-
port calculations will be revised. 20

11.1.6 Leakage Rates

Liquid and gaseous radwaste and control are discussed and
quantified in Sections 11.2, 11.3, and 12.2.

I
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TABLE 11.1-1

ACTIVATION PRODUCTS IN PRIMARY SODIUM COOLANT*

Material ..Natural
Activation Weight Density** Abundance Atomic** 'Atom - Density

Reaction (%) in Na (gm/cc) (%) Weight (atoms/cm3 )

-Na2 3 (n,y)Na 24  99.9. 0.817 to 0.852 100 (Na2 3 ) 22.997 (2.144 to 2.234) x 1022

Na23 (n,2n)Na 2 2

Na2 3 (n,p)Ne 2 3

.K41 (n,.p)Ar 4 1 0' 23 ~ 6.91 (K01) 068.90 x 1017

K3 9 (n,p)Ar 3 9  93.08 (K3 9 ) 1.20 x 1019

Li 6 (n,H 3 )He4 0.002 4.18 x 10-6 7.42 (Li 6 ) 6.939 1.08 x1017

*Activation due to sodium and any coolant impurities.
**Based on natural abundances of isotopes.



TABLE 11.1-2

ACTIVATION PRODUCTS -CORE STRUCTURAL MATERIAL (STAINLESS STEEL-316)

Activation
Reaction

49:[ Cr5 0 (n,y)Cr
51

Fe54 (n,cK) Cr51

41 Fe 54(n,p) Mn54

Mn55(N,2n)Mnn
5 4

49[ Fe58 (n,y),Fe 59..

Go (n,p) Fe59

14 * Ni6 2 (n.,) Fe5 9

Ni5 8 (n,p) C558

191 Co5 9 (ii,2n). Co5 9 .

Co5 9 (n,y) Co60

Ni60(n,p) Co60

9 Ta181(n,y)Ta
1 8 2

-(p Stainless Steel

Nominal
Material
Weight-%

18.00 (Cr)

65.17(Fe)

65.17 (fe)

2.0 (Mn)

65.17 .(Fe)

0.05 (Co)

14.00 (Ni)

14.00 (Ni)

0.05 (Co)

0.05 (Co)

14.00 (Ni)

0.02*(Ta)

- 316 = 7.98 gm/cc)

Nominal
Density
gm/cc

1,436 (Cr)

5.201 (Fe)

5.201. (Fe)

0.160 (Mn)

5.201 (Fe)

0.004 (Co)

1.117 (Ni)

1.117 4Ni)

0.O04 (Co)

0.004 (Co)

1.117 (Ni)

0.0016 (Ta)

Natural
Abundance (%)

5 0
4.31 (Cr

5.82 (Fe5 4 )

5.82 (Fe 5 4 )

100.0 (M5 5 )

0.33 (Fe 5 8 )

59
100.0 (Co

3.66 (Ni 6 2 )

67.88 (Ni 5 8 )

100.0 (Co59)ý

100.0 (Co59)

26.16 (Ni 6 0)

99.99 (Ta 1 8 1)

(AW)
Atomic
Weight

52.0569 (Cr)

55.9121 (Fe)

55.9121 (Fe)

54.9380 (Mn)

55.9121 (Fe)

59.0000 (Co)

58.7947 (Ni)

58.7947 (Ni)

59.0000 (Co)

59.0000 (Co)

58.7947 (Ni):.

181.0000 (Ta)

Atom-Density
Atoms
cmJ

7.162 x 1O2 0 (Cr 50 )

3.261 x 1O21 (Fe 5 4 )

3.261 x 1O21 (Fe54

1.753 x .1021 (Mn5 5 )

1.849.x 1020 (Fe 5 4 )

4.08 x 1019 (€o 5 9 )

4.186 x 102 0 (Ni 6 2 )

7.769 x 102 1 (Ni58)

4.08 x 1O19 (Co59 )

4.08 x 1019 (Co59)

2.992 x 1021 (Ni6 0 )

5.32x 1019 (Ta 1 8 1 )

11

*The nominal •tantalum-columbium material
component.

weight of 0.02 is assumed to be 100% tantalum - the.more significant

Amend. 49
April 1979
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TABLE 11.1-

SUMMARY OF SIGNIFICANT INFORMATION
USED IN CRBRP CORROSION RELEASE ESTIMATES

I. Plant Expected
Thermal and Hydraulic
Conditions

II. Fuel Assemblies

Ill. Inner Blanket Assemblies

IV. Radial Blanket Assemblies

)

1. Nominal Plant Temperatures -

Inlet 711 F
Outlet 965 0

2. Nominal Total Reactor - 44.044 x T06

Ibm/hr Flow

1. Average Initial Duct Outlet.
Temperature -1036

0 F

2. Average Duct Outlet Temperature After

2 Cycles - 980 0F

3. Inlet Temperature - 711 F

4. Flow Rate >10 feet/second

5. Residence Time - 2 reactor cycles

1. Average Initial Duct Outlet
Temperature - 819 0 F

2. Average Duct Outlet Temperature
After 2 cycles - 9890 F

3. Inlet Temperature - 711 0F

4. Flow Rate - >10 feet/second

5. Residence Time - 2 Reactor Cycles

1. Average Initial Duet Outlet
Temperature - 783 0F

2. Average Duct Outlet Temperature

After 4 or 5 Cycles - 9351F

3. Inlet Temperature - 711 0 F

4. Flow Rate - Various, both less
than and greater than, 10 ft./sec.

5. Residence Time - 4 and 5 cycles

11 .1-14
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TABLE

FISSION PRODUCT

Element

Kr+, Xe+, Cs136

Class

2

3

11.1-4

ESCAPE FRACTIONS

Escape Fractions

1 (l1e-(lsE5)X)
EF -=5 .E5 X

EF = 1.0

EF = 0(.52E( (

cs 13 4 , 137

Sb, Te, I

Sr

All other
Fission
Products

4

5

EF

EF

= 0. 005

= 0. 001

*x in (sec- 1 ) decay constant of ith isotope.
+Assumed to be released to cover gas.

*EX• 1 x lox

1)
11.1-15



!) COMPARISON

TABLE 11.1-4A

OF ASSUMED ESCAPE FRACTION FROM FAILED FUEL RODS
WITH MEASURED ESCAPE FRACTIONS IN B9D

Escape Fraction
Design Observed in B9D

Fission Product Escape Fraction Capsule (Reference 2)

Cs 137 1.0 0.27

Sb 125 0.20 0.046

Te 129m 0.168 0.013

I 131 0.1039 0.052

Sr 89 0.005 0.00045

Sr 90 0.005 0.0012

Y 91 0.001 0.00049

Zr 95 0.001 0.00021

Nb 95 0.001 0.00051

•Ru 103 0.001 0.00013

Ru 106 0.001 0.00035

Ce 141 0.001 0.00025

Ce 144 0.001 0.00013

Pm 147 0.001 0.00077

)•

)
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TABLE 11.1-5

PARAMETERS ASSUMED FOR PLUTONIUM RELEASE TO PRIMARY COOLANT C)

Parameter

1. Equil ibrium core (MOL)*
Pu composition

2. Total number of fuel rods

3. Failed fuel rods contain-
ing a postulated 0.03 In.
dia. hole in the fuel
zone

4. Plutonlum escape rate
coefficient

Isotope

Pu2 3 9

Pu2 40

pu241

Pu2 42

pu2 3 8

42966

43

Data

Weight Fraction

.65

.23

.083

.029

.009

9.71 X 1014 atoms

cm2 - sec

*MOL = Middle of Life

U
11.1-17
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Tab I e 11 .1-6,

RADIOACTIVE ARGON COVER GAS ACTIVATION AND FISSION PRODUCTS
RELEASE RATES AND RESULTING ISOTOPIC RELEASE RATE

Argon Cover Gas

Release Rate to Cor
.Isotope atoms/sec

Xe-131m 7.16 x 1013

-133m 4.54 x 101 4

-133 1.84 x 1016

-135m 5.56 x io13

-135 6.82 x 1015

-138 8.94 x 1013

Kr-83m 6.74 x 1013

-85m 2.94 x 1014

-85 4.28 x 1014

-87 1.47 x 101 4

-88 4.00 x 1014

Ar-39 6.81 x '1014

-41 2.13 x 1012

Ne-23 3.34 x 1.16

H-3 8.13 x 108

SCC = Standard Cubic Centimeter (700F,

ncentration In

0.883

28.5

502

-,111

2250

180

70.5

175

0.016

186

325

0.789

2.25

7.71 x 104

2.62x 10-4

1 atm).

Inventory
In Fuel GAPS

and Gas Plenum (Ci)

1.,94 x 105
1.23 x 106

4.97 x 107

1.50 x 106

1.84 x 107

2.42 x 105

1.82 x 105

7.95 x 105

1.19 x 105

3.97 x 105

1.04 x 106

I

11.1-18
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a., '' - -

Na'

Na22

Rb8 6

Cs1
3 7

Cs1
3 6

Cs 13 4

Sb1 2 5

131

Te13 2

1132•

Te 1 29m

Tel 2 9

Sr 8 9

Sr 9 0

Y9 0

Y9 1

TABLE 11.1-7

ACTIVATION, FISSION PRODUCT AND PLUTONIUM ISOTOPE
CONCENTRATIONS. IN. THE PRIMARY SODIUM COOLANT DURING

30 YEAR PLANT LIFETIME - DESIGN VALUES

Percentage**
pCi/gm*, + of Isotope Inventory Source for
of:Sodlum In Sodium Coolant Isotope.
2.94 x 104  100 Na Activation

3.49 100 Na Activation

2.00 95 Failed Fuel-

Fission Product Release

84.2 20 Failed Fuel-

Fission Product Release

17.4 95 Failed Fuel-

Fission Product Release

10.7 40 Failed Fuel-

Fission Product Release

0.483 10 Failed Fuel-

Fission Product Release

49.7 95 Failed Fuel-

Fission Product Release

3.53 10 Failed Fuel-

Fission Product Release

33.5 95 Failed Fuel-

Fission Product Release

0.718 10 Failed Fuel-

Fission Product Release

0.718 I0 Failed Fuel-

Fission Product Release

0.110 10 Failed Fuel-

Fission Product Release

0.068 10 Failed Fuel-

Fission Product Release

0.068 .10 Failed Fuel-

Fission Product Release

0.0313 10 Failed Fuel-

Fission Product Release

()

K)

0
(3

11.1-19
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TABLE 11.1-7 (continued)

ACTIVATION, FISSION PRODUCT AND PLUTONIUM ISOTOPE
CONCENTRATIONS IN THE PRIMARY SODIUM COOLANT DURING

30 YEAR PLANT LIFETIME - DESIGN VALUES

Percentage**
pCi/gm*, + of Isotope Inventory Source for

ISOTOPE of SodIu In Sodium Cool ant Isotope

Zr 9 5  0.0583 10 Failed Fuel-
Fission Product Release

Nb9 5  0.0583 10 Failed Fuel-
Fission Product Release

Ru 1 0 3  0.0831 10 Failed Fuel-
Fission Product Release

Ru 1 0 6  0.0575 10 Failed Fuel-

Fission Product Release

Rh1 0 6  0.0575 10 Failed Fuel-
Fission Product Release

Sb1 2 7  3.65 95 Failed Fuel-
Fission Product Release

Te12 7 m 0.208 10 Failed Fuel-

Fission Product Release

* 0.248 10 Failed Fuel-
Fission Product Release

Ba1 4 0  0.0654 10 Failed Fuel-

Fission Product Release

La1 4 0  0.0654 10 Failed Fuel-
Fission Product Release

Ce 1 4 1 0.0775 10 Failed Fuel-
Fission Product Release

Ce1 4 4  0.0459 10 Failed Fuel.-

Fission Product Release

p1 44
Pr 0.0459 10. Failed Fuel-

Fission Product Release

Ce' 4 3  0.0549 10 Failed Fuel-
Fission Product Release

• The above concentrations are based on a primary sodium mass of 6A4 x 108 grams.

t Zero decay time
** Percentage based on isotopic solubility in sodium, cold trap efficiency for

isotope and tendency for plating out.



Pr 1
4 3

Nd1
4 7

Pm1
4 7

Pu
2 3 8

Pu
2 3 9

Pu
2 4 0

Pu
2 4 1

Pu
2 4 2

Np
2 3 8

Np
2 3 9

Am241

Am242m

Am242

Am243

Cm242

Om243

Cm244

pCi/gm*, +
o-f Sod Ilum

0.0549

0.0257

0.0257

1.6 x 10-2

4.24 x 10-3

5.54 x 10-3

0.46

1 .18 x 10-5

4.91 x 10-6

1.58 x 10-2

1.64 x 10-3

6.46 x 10-5

7.39 x 10-5

2.64 x 10-5

1 .20 x 10-3

1.59 x 10-5

3.32x 10-4

2.34

TABLE 11.1-7 (CONTINUED)

Percent-age**

of Isotope Inventory
In Sodium Coolant

10

10

10

95

95

95

95

95

95

95

95

95

95

95

95

95

95

-2

11.1-21

Source for
Isotope

Failed Fuel-
Fission Product Release

Falled Fuel-
Fission Product Release

Failed Fuel-
Fission Product Release

Released Fuel

Released Fuel

Released Fuel

Released Fuel

Released Fuel

Released Fuel
Byproduct

Released Fuel
Byproduct

Released Fuel
Byproduct

Released Fuel
Byproduct

Released Fuel
Byproduct

.Released Fuel
Byproduct

Released Fuel
Byproduct

Released Fuel
Byproduct

Released Fuel.
Byproduct

B and K Activation
Ternary Fission II)
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TABLE 11.1-8

SIGNIFICANT CORROSION, FISSION PRODUCT AND RELEASED
FUEL ACTIVITIES. ON WETTED SURFACES

AT REACTOR SHUTDOWN

Fission
Products

Sr
8 9

Sr
90

Y90

y91

Zr
9 5

Nb9 5

Mo9 9

Ru1
03

Ru1
0 6

Rh10 6

Ag111

Te 1 27

Tel127m

Te 132

Te 1 29m

Te`129

Bal
40

La1 40

Ce1
41

Ce1
43

Pr 143

Surface*
Activity

7.35

4.6

4.6

2.12

3.94

3.94

4.82

5.61

3.88

3.88

0.32

14.0

14.0

238

48.4

Corros I on
Products

Co60

Co5 8

Mn5
4

Fe5 9

Cr51

Ta1
8 2

Surface
Activity

1 .20

4.70

5.6

0.039

.97

.25

Released
Fuel

Pu 2 3 8

Pu 2 3 9

Pu2 4 0

Pu 2 4 1

Pu 2 4 2

Np2 3 8

Np2 3 9

Am241

Am242

A242

Am243

Cm2 4 2

Cm2 4 3

Cm244

Surf ace
Act I v Ity

9.66 x 10-3

2.68 x 10-3

3.51 x 10-3

0.316

7.71 x 10-6

3.18x 10-6

1.02 x 10-2

1.06 x 10-3

4.119 x 10-5

4.19 x 10-5

1.71 x 10-5

7.78 x 10-4

1.03 x 10-5

2.15 x 10-4

48.4

4.42

4.42

5.23

3.70

3.70

i)
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TABLE 11.1-8

SIGNIGICANT CORROSION, FISSION PRODUCE AND RELEASED
FUEL ACTIVITIES ON WETTED SURFACES

AT REACTOR SHUTDOWN

Surface*
Fission ActiviTy
Products pci/cm

Surface
Corrosion Activity -
Products pci/cm2 .

Released
Fuel

Surface
Activipy
Pci/cm

Ce14 4

Pr144

Nd1
4 7

pm14 7

Pm149

Eu1 55

Eu15 6

3.10

3.10

1.74

1.74

1.14

0.17

0.1349

Some isotopes shown in Table 11.1-7 are soluble in sodium and are not considered
as surface sources. A residual film of sodium on a drained component will
remain and act as a residual source for these isotopes. Analysis to calculate
doses include a source due to a 1 mil sodium film on components prior to
cleaning.

Amend. 49
April 1979
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TABLE 11.1-9

RADIOISOTOPE INVENTORY IN PRIMARY COLD TRAPS AFTER

15 YEARS OPERATION

Activated

Corrosion

Products

Co
6 0

Co 5 8

Mn
5 4

Ta 1 8 2

Cr
51

Fe
5 9

Percentage

Of Isotope

Released In

CoI d TraL

10

10

50

10

10

10

Shutdown

10.0

44.7

307

2.4

9.2

0.37

10 Days After Shutdown

Activitv in Primarv Cold Tran (CI)

10.0

40.6

300

2.3

7.2

0.32

)
Fission

Products

Rb
8 6

Sr
89

Sr
90

y91
95

Zr
Nb9 5

Ru'
0 3

Ru1
0 6

Rh1 06

Sb 12 5

Sb1 2 7

Te 1 27m
Te 1 27

Te1 29m

5

10

10

10

10

10

10

10

10

90

5

5

5

10

64

70

25.9

20.1

37.3

37.3

53.2

38.0

38.0

2710

123

133

1 46

460

44.2

60

25.9

17.8

33.5

33.5

44.6

37.2

37.2

2680

20.5

125

125

376

V.

11.1-24
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0
TABLE 11.1-9 (contInued)

Percentage
Of Isotope
Released In
-CldTrap-

Activity In Primary Cold Trap (Ci)

Shutd 10 Days After Shutdown

Fission
Products

Te1 29

1131

Te1 3 2

1132

Cs13 4

Scs13e•

10

5

5

5

60

5

460

1675

1110

1110

10340

583

376

750

132

132

10340

342 0
)

0
1)

11 .1-25
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TABLE. 11.1-9 (CONTINUED)

Fission
Products.

Cs1
3 7

Ba1 40

140

Ce1 41

Ce1 44

Pr143

pr 1 44

Pm 147

Released*
Fuel

pu 2 3 8

pu 2 3 9

Pu 2 4 0

pu2 4 1

Pu2 4 2

Am241

Am242m

Am2 4 2

S243

m242

Cm243

C244

Np
2 3 8

Np
2 3 9

Percentage
Of Isotope
Released'in
Cold Trap-

80

5

5

10

10

10

10

10

Activity In Primary Cold Trap (CI)

Shutdown 10 Days After Shutdown

1.24 x 105 1.24 x 105

20.9 12.2

20.9 12.2

49.6 40.0

29.7 28.9

35.1 21.0

29.4 28.6

21.9 2.1.7

1 00

100

100

1 00

100

100

1 00

1 00

100

100

1 00

100

5

5

5.85

1 .46

1.88

218

0.004

.525

.021

.021

.0084

.768

.0059

.136

.0002

.506

11 . 1-26

5.85

1.46

1.88

218

0.004

.525

.021

.021

.0084

.736

.0059

.136

.0000

.028

Amend. 65



TABLE 11.1-9 (CONTINUED)

Activlv In Primar, Cold TraD (Ci)

(7

.Shutdown 1i nlvq After Shutdnwn

Activated
SodIumB

Na
2 2

.3.5

66,543

3.5

1.0Na
2 4

ILritu

185,000 185,000

II
RADIOISOTOPE INVENTORY IN INTERMEDIATE
COLD TRAPS AFTER 3.25 YEARS OPERATION**

ritum
42,600 42,600

Estimates of uranium release to the primary sodium are based on the release of
plutonium and applying a scalIng factor based on U-235 and Pu data In Table
5.6 of Reference 2.

* See Page 11.1-25
**Intermedlate Cold Trap Life 3.25 Years.

3?
11 *.1-27

Amend. 65
V..L 4 e%01'



Table 11.1-9 (Continued)

The resulting uranium concentrations In the Primary coolant for t = 30 years
will be:

U-235 9.5 x 10-8 Ci/gm

U-238 5.6 x 10-8 Ci/gm

Comparison with the Pu values of PSAR Table 11.1-7 shows a 5 order of
magnitude lower value for uranium than the longer lived Pu Isotopes (239, 240,
242) and a seven order magnitude reduction relative to Pu-238 and Pu-241.
Even allowing for the lower MPC's for Pu isotopes, the release of uranium In
sodium in terms of curies Is at least 3 orders of magnitude lower than the
relative plutonlum release.

Assuming 100% cold trapping of both Pu and U, and curie contents for t = 15
years, the preceding comparisons also apply to uranium curie content in the
primary cold traps.

* Plutonium Isotopes are the predominent radiological source associated with
releases of fuel material from Fast Breeder Reactor fuel rods. Based on
available data (Ref. 2), the distribution coefficients for uranium and
plutonium In the reactor coolant Indicate a higher release coefficient for
plutonium than for uranium.' However, even if It is conservatively assumed
that the uranium and plutonium release coefficients are equal, the maximum
calculated reactor coolant and cold trap uranium activities are several
orders of magnitude lower than the corresponding plutonium activities as
shown below. In addition, the permissible 1OCFR20 concentrations for
plutonium are lower than those for uranium, therefore, the overall
consequences of accidents evolving fuel releases from cold traps are
controlled by the plutonium releases.

Isotope Reactor Coolant Activity Cold Trlp ActivitY

uCi/gm CI

Pu-238 2.92 x 10-3 5.85

Pu-239 7r. 05 x 10-4 1.46

Pu-240 9.18 x 1-4 1.88

Pu-241 1.34 x 10-1 2.18 x 102

Pu-242 1.96 x 10-6 4.0 x 10-3

Total Pu 1.38 x 10-1 2.27 x 102

U-235 5.29 x 10-8 1.1 x 10-5

U-238 1.19 X I0- 6  2.4 x103

Total U 1.24 x 10- 6  2.41 x 10-3

11.1-28
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11.2 LIOUID WASTE SYSTEM

11.2.1 Design Objectives

The Liquid Radwaste System Is designed to process contaminated liquids from
the Clinch River Breeder Reactor Plant prior to reuse or release. into the
environment. The design objectlves are to purify andreuse waste liquids
where possible and to minimize the total activity In I~qui.d effluents and the
total volume of concentrates that will require drumming.: Thebasic approach
is to process liquid radwaste so that virtually all of the radioactive
material is contained In solid material, to load all sol-id..fadloactive
material into containers that meet Department of Transportation regulations,
and to transfer the containers to a licensed contractor -for processing or
disposal. The design objective Is, under normal operating conditions, that
the radioactivity released will be as low as Is reasonably achievable and less
than the limits set by 10CFR20.

Table 11.2-1 shows the estimated design annual Inventory of radioactivity, by
nuclide which may be discharged after dilution into the Clinch. River. The
first column lists the Isotopes, the second column gives the half-lives. The
thiFrd column lists-the design annual activit.les released from the monitor.ing.
tanks of the Low Activity Level Liquid (LALL) System.: The fourth column Ilists
the annual activities which may be released from thestorage tank of the
Intermediate Activity/Level Liquid (IALL) System. The fifth col:umn lists the::
sum of the discharged activities per Isotope. The two systems ,are descr, Ibedd

* in detail I-n the following. Secti-on 11.2.2. Activity In the LALL System comes
from floor and equipment drains, laboratory drains, personnel :.decontamination
shower drains, and maintenance shop drains.. Listed activites i•n the IAL,

System come from fission products, plutonium, and corrosion :products thai-t h aie
plated out or deposited on components washed In the Large Component Cleaning.i
Vessel (LCCV) and the small component autoclave (SCA). Activity levels of the
fUisslon products are based on an assumption of 1.0% failed fuel, 30. year
Irradiation and 10 day decay time. Corrosion product activity is based on 30
year Irradiation and 10 day-decay. The activities listed In the column
represent a reduction of 10 by decontamination procedures of all Isotopes
entering the liquid radwaste syste• except for iodine and tritium for which
the decontamination factors are 10 and 1 respectively. A plutonium limit of
100 ppb In the primary sodium is assumed.,

The estimates of the released radioactivity levels shown in Table 11.2-1 are
conservative. The decontamination factors (DF)are conservatively estimated
from operating experience of Light Water Reactors. Collection of activity In
the LALL System Is based cogservatively on the assumption of a 850 gallons per
day drainage containing 10 pCi/cc.

D-
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Itt should be noted that no planned release of activity from the IALL System is
contemplated under normal operating procedures. It may also be noted that the . .

actlivity associated with the; IALL System accounts for the major fraction of
the total activity listed In -Table 11.2-1.*

The decontaminated water In the IALL System will be recycled-for use in,
washing components in the LCCV. Processed water in the LALL System monitor
tanks will not be reused, since to reuse It would mean injecting radioactivity.
into the laboratories and showers-used by plant personnel. In addition., reuse
would requ.ire control of the water being supplied to many areas which is both
complex and costly. Instead, the liquid radwaste, after monitoring to assure
compliance with all appropriate Federal and State regulations,.wil.I be,
released into a diluti:ng stream or used as makeup water for the IALL system.

11.2.2 System Description

Figure 11.2-1 shows-the schematic for the liquid radwaste system. The system
consists of two subsystems. The f:irst Is designed to process liquids with
intermediate levels, of radioactivity that are reused; the second is designed

..to process liquids with low levels of rad~i.oactivity that are diluted .by water
from personnel decontamination showers and other sources and then released
Into the common plant discharge header with the Cooling Tower Blowdown Stream
(CTBS). The decontamination of Ilquid radwastes In both systems Is carried
out i~n the following sequence: the liquids are collected, neutralized if
.necessary, and then treated in batches to one or more cycles of- filtration'...
evaporation, and demineral ization.• Normal ly, the stream-.in .the LALL -and IALL.
of utilizing either evaporator as a backup for the other. The Radwaste System.

provides a gross decontamination factor"(:DF) of p05 except-for Iodine and
tritium where the decontamination factors are 10. and 1 respectively. These
DFs are based on operating data compiled in WASH-1258. The concentrated
liquid radwaste is collected from the bottom of the evaporator and, transferred
to a solid radwaste system for solidification and disposal by burial off-site.
The contaminated resins in the demineralizer and the contaminated fil ters are
also transferred to the solid radwaste system for packaging and disposal.,

Table 11.2-2 shows the design annual concentration of activities.by Isotope
flowing Into the LALL .and IALL systems.- The fission. product activities are.
.calculated on the basis of 1.0% failed-fuel1, 30 year irradliation, and 10

• ... 0
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days decay. Thý concentrations in the LALL System (column 3) are based on an
estimate of 10 jCI/cc. The concentrations and volumes are based upon
extrapolation of typical experience from light water reactors. This
combination would result In processing an equlval nt value of 3.5 lbs. of
primary sodium. The estimated volume of 3.1 x 10 gal Ions of water per year
comes from personnel decontamination showers and other sources (floor drains,
laboratory drains). The levels for the IALL System come from sodium removal
from components in the LCCV and the SCA.

The cleaning process, described in Section 9.2.2, is briefly summarized as
follows:

A component Is removed and transferred to an Inerted cleaning cell. Moist
nitrogen is added to the cell and the sodium coating on the component Is.
converted to sodium hydroxide. The component is immersed in water and after a
suitable time the water Is pumped to the Liquid Radwaste System. A small
fraction of processed components will require acid etching following the molst
nitrogen reaction. Decontamination of a Primary Heat Transport Pump is the
principal anticipated use of the acid etch with a design frequency of. six.
times In the plant life. The acid etch process is also followed by a rinse.
Expected activity concentration levels In the LCCV outflow have been made by
utilizing models which compute the fission and corrosion, tritium and
transuranlum specific activities in the sodium that Is deposited on the
exposed surfaces in the primary system. Expected concentrations have been
estimated from the number of components to be cleaned, their surface areas,
the quantity of sodium on each component and the volume of fluid used to clean
each component.

Column 4 of Table 11.2-2 shows the average activities in the first water rinse
of the cleaning process. The calculation Is based on the removal of 100% of
the average annual activity in the sodium and 10% of the average annual
fission and corrosion products plated on the components in a total of 100,000
gallons of water per year. The last column shows the activity concentration
in the acid etch solutions collected in the IALL System. This calculation is
based on removal of the remaining 90% of the deposited activity in an acid
etch batch volume of 16,000 gallons.

Figures 11.2-2 to 1.1.2-4 provide a piping and Instrumentation diagram of the
IALL System. Figures 11.2-5 to 11.2-7 provide a piping and instrumentation
diagram of the LALL System.

Note that liquid radwaste can leave the system in only two ways: concentrated
radwaste from the evaporators are transferred to the solid radwaste system for
solidification and disposal: decontaminated liquids can be discharged Into
the common plant discharge header with the cooling tower blowdown stream at a
single discharge point that is connected to the monitoring tanks of the LALL
System. If a portion of the IALL System liquids Is to be released, liquids

will be diverted to the LALL System monitoring tanks for analysis before
discharge. IALL System release will be an abnormal occurrence.

11.2-3
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Table 11.2-3 shows the design annual stored Inventory of. radioactivity by
nuclide. The first column lists the isotopes, the second column gives the
half-lives. The third column lists the activities~collected in the monitoring
tanks of the LALL System. The fourth column lists the activities collected In
the storage tanks of the IALL System. One cycle of evaporation and,
deminerallzatlon has been assumed.

The processed IALL liquid Is reused after decontamination..For this report
the 40,000 gallon total stored inventory of Intermediate System Liquid
Radwaste Is conservatively assumed to contain 16,000 gal lons of acid etch
solution and 24,000 gallons of sodium cleaning solution.

Table 11.2-4 shows the concentrations of radioactivity by isotope at the
discharge point shown onFigure 2.1-5.' (See footnotes at end of Table for
assumptions.)

11.2.3 System Design

Table 11.2-5 lists the components In the liquid radwaste system. The types of
components are similar to those normally used In light water reactor plants.
The capacity or flow rate, the size, weight, design code, and seismic
classi~fications are shown for each item of equipment. All collection and
storage tanks are designed for Qual ity Group-D based on classifications In
Section 3.2. The plpes are standard schedule. The seismilc classification of
the building is discussed In Section 3,A,4 - Reactor Service Building. Design
Inventories for shielding are the same as ,those reported in Section 11.2.2.

Table 11.2-5A lists those tanks located in the radwaste area which contain
potentially radioactive materials, and provisions for monitoring tank liquid.
levels, for annunciating potential overflow conditions, and for collecting and
processing liquids In the event of an overflow.

Process Instrumentation and radiation instrumentation are shown in each
diagram. Standard symbols are used to designate sensors for flow, pressure,
temperature, liquid level, radiation level, and pH. The diagrams utilize the
symbology of reference 1. Discharge from the LALL monitoring tanks is
monitored by a radiation detector that will automatically stop the discharge
when a preset radiation level is exceeded.

Radiation level of the discharge Is continuously displayed to the operator In
the control area. High radiation will Initiate an alarm and terminate the
discharge. A holdup volume Is provided between the radiation monitor and the
Isolation valves to ensure that fluid inititating the alarm will not be
discharged. Discharge from the monitoring tanks flows through two (2) key
operated fall closed valves which provide double valve protection. An
Interlock Is provided to ensure that a flow rate of at least a 1000 gpm Is
present in the blowdown path in order to permit discharge.

11.2-4
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The.liquid radwaste system Is designed to maintain safe operating, conditions
by.minimlzing radlation'hazards-to plant personnel. Equipment will-be
selected, arranged, and shlelded to permit operation,.Inspectilon, and
maintenance with minimal exposure to personnel; th.e radiation levels will be
within the limits set by IOCFR20. Pumps,-valves, and Instruments will be
located in accessible areas. Tanks and processing equipment which may contain
significant quantities of radioactivity will be appropriately shielded from
personnel access areas and controls or equipment requirling regular
maintenance. The activity levels In the various discharges and potential
discharges as presented In Table 11.2-7 do not pose any hazard to operating
personnel.

Section 15.7.2.5 has analyzed an assumed intermediate system storage tank
failure, an occurrence involving the largest inventory of'radioactivity in the
liquid waste system. The resulting doses at the site.boundary are decades
below 1OCFR20 limits.

11.2.4 Operating Procedures and Performance Tests

Operating procedures which will be used for the liquid radwaste system are
analogous to those currently being used In light water reactor plants. The
basic unit operatlons used In this system are evaporation and lon-exchange.
These operations coupled with the ancillary collection, storage and fluid
transport equipment make up the unit process for. separation of activity from
the li6quid wastes. Detailed procedures are part of the light water reactor
tec"hnology.and can be found in reference safety analysisreports for
standardized light water reactor plants and In plant procedures for operating
reactors.

11."2.4.1 Operating. Procedures

Before there Is any release of liquid radwastes from the. LALL monitoring tanks
into the discharge line, a sample will.be removed and analyzed in the.
laboratory. Sampling and analysis procedures will be consistent with the
reporting required by Reg.-Guide 1.21. On the basis of the.signed laboratory
report and a standard operating procedure, the operator will manuallylset a
discharge flow rate. His supervisor will check the laboratory report and,
verify the discharge flow rate setting. The key operated discharge valves
wl.l1. then be unlocked by-the operator. A flow rate meter and radlfati:on .. "

detector will monitor the flow rate and radiation levels of the discharge
streamo When the radiation levels exceed a preset level, the radiation
detection system will automatically stop the discharge.

11.2-5
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The standard operating procedure manual will provi~de Instructions for the
operator on setting the discharge flow rate on the basis of the laboratory.
analysis of the liqu~id in the monitoring tank. The, Instructions wil Ibe based C
on the known flow rate. of the diluti~ng stream .and~on. the design criterion that
the discharge of radioactivity into the environment will be as l-ow as
reasonably achievable..

11.2.4.2 Performance Tests

Tests by the equipment suppl iers prior to shipment as wellI as tests at the
time of Installati~on to c~heck out structural and performance requirements will
be performed on each compone nt and subsystem before acceptance. Standard
operating procedures will include routine performance tests. The procedures
will serve to assure that releases will be below the required limits.

The decontaminatlon~factors (DF) will be periodically checked on the basis of
the routine in-line monitoring of radioactivity levels throughout the system
coupled with supporting radlochemnistry laboratory, analysis for contributing
nucl ides. OF assumptions used In all calculations are from AEC WASH-1258.
Reference (6).

11.2.5 Estimated Releases

Table 11.2-16 shows the estlimated acti~vity inventory.,due to the liquid
radwaste. Colu mn (1' lists the Isotopes; column (2) is the h al f -li.fe; colu6mn.
(3) Is the amount each year solidifi~ed for disposal;- column (4). Is the amount
released in the common plant discharge header; and column (5) shows the amount
stored In the [ALL System. Under design operating conditions, the amount of <
radioactivity listed In column (4) of Table 11.2-6 will be released to the
environment at concentrations shown In Table 11.2-4. The released
concentrations and q~uant:ities are in accordance with the design objective of
releasing activities as low as reasonably achievable and well below the
requirements of Federal, and State Regulations.

11.2.6 Release Points

11.2.6.1 Nuclear Island

The release location for the liquid radwaste Is provided on the site location
.drawing, Figure 2.1-5. The release station Is identified In the process and
instrumentation diagram and In the flow diagram, Figure 11.2-7.

There Is another route by which the liquid radwaste-can be removed from the
plant and that Is by transfer to the solid radwaste system for solidification
and disposal. The transfer point Is also Indicated In Figures 11.2-3 and
11 .2-6.

11 .2-6
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11.2.6.2 Balance of Plant

Descriptions, design bases 4nd evaluation of the Balance of Plant
(BOP) are.provided in Section 1.0. Under normal conditions, no radioactive
releases other than tritium will be. associated with BOP releases., The
tritium is present due to diffusion from the secondary sodium loop.
Pressures on the water/steam side of thesteam-generator'will be greater
than those on the sodium side and prevent leakages into the water side.

Tritium which enters the main steam in the steam generator
becomes chemically bonded to form triti ated water vapor. The steam is
condensed and the water contains tritium. Any outflow from the steam
water system contains tritiated water which cannot be separated from the
non-tritiated water. A radioactivity input (100% Reactor Power) to the

4 steam-water system of 0.016 Curies/Day is expected. Balance of Plant491 release assessments are.based on a plant capacity factor of 0.68.

CRBRP operation will utilize discharge into the cooling tower
blowdown from the steam water cycle via the waste water treatment system
to maintain equilibrium-tritium concentrations in the steani/feedwater
cycle. Waste water treatment plant discharges include all steam cycle
equipment drains, overflow from the mechanical vacuum pump reservoir
as well as secondary plant sampling blowdown of approximately 5 GPM.
The discharge from the steam-water cycle based on end of plant life con-

1 didtions will result in a design curie release rate of 8.45xlO' Ci per
day into the cooling tower blowdown. Discharge point to the Cl-inch 28
River is the same location identified for liquid radwaste system releases..

This tritium source has been included in the calculation of
estimated doses and the results presented in Section 11.2.8.'

Condenser cooling tower blowdown will be monitored and sampled
to assure release of radioactivity to the environment is in accordance
with Federal and State regulations.

11.2.7 Dilution Factors

The dilution factor in dischargin.g the liquid radwiste and BOP
flow of 3.0 x 10 cc per year (3.2 x 10 gallons per day) h-as been used

on the basis of the cooling tower design i.'n calculating the final concen-
tration of the released radioactivity.

Section 11.2.2 has previously described internal dilution
processes.including the component cleaning process (ILS).and plant drain
water sources (LLS).

301* The concentration of radioactivity in the evaporator and demi-

3 neraltzers has been discussed in Section 11.2.2. The'decQntamination factor
of 10 for the radwaste system is a conservattve estimate.- based on
operating experience listed in AEC Docket RM-50-2.
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11.2.8 Estimated Doses

Performance of the liquid waste processing system and compliance
with license limits.will be established.by plant operators utilizing moni-
toring equipment which measure radioactive:liquid concent~rations. Consistent
with the means provided for demonstrati-ng operations within licensed limits,
Table 11.2-7 presents the fraction of the IOCFR20 MPC limits.(on an isotopic.
basis) for release of radioactivity in liquid effluents to unrestricted
areas. The discharge concentrations listed inTable 11.2-7 were established
using the plant design parameters and assumptions discussed in Sec-
tion 11.2.2 and 11.2.7. Total concentration:as presented in Table 11.2-7
is well within 10CFR20 limits.

The pathways whereby the public will be exposed..to the radioactivity.
released to the Clinch River are determined by the various.public uses made
of the river water. In Section 2.1.4.2 the public water supplies and
industrial water supplies that could possibly be impacted by CRBRP operation
were discussed. As discussed in Section 2.4.1.3, the area-of the Clinch
River encompassing the point of the CRBRP liquid discharge acts as a ground-
water sink. Therefore, exposure 'to liquid contaminants through seepage into
aquifers used as sources of drinking water is very unlikely.

Recreational uses of the Clinch River include fishing, boating,
and swimming.. Public exposure to radioactivity in the Clinch River during

.fishing~and boating.activities would generally.be restricted to the small.,
amounts of rad.i:ation escapi~ng from a small area of.the-river surface. The

.,closest swimming area is located approximately one mile-upstream of the
pIoint of liquideffluent discharge. Uptake of radioactivity from a contami-
nated aquatic environment is also possible thr.ough increasing tropic levels
beginning with phytoplankton (such as algae) which in turn are assimilated
by zooplankton, small fish and larger fish.

Since there is no usage-of the Clinch River water for irrigation
of crops, the only pathway for radiation exposure of the public through
the aquatic food chain is the consumption of fish caught by fishermen. No

•.other:biota is considered .edible in this area. The Corbicula clam, used
for human consumption in some parts of the world, can be found in the
Clinch River. However, it is used primarily as bait-and is not generally
partof the local diet (Ref. 2). No quantitative data is currently'

.available on the amount of fish caught from this region by sport fishermen
for human.consumption (Ref. 3). Although Watts Bar Reservoir produced a
commercial fish harvest of 95,000'lbs. in 1973, catches within a 10 mile
radius of the site amounted to only 1% of. this total.'(Ref. 4).

Doses are calculatedcfor those liquid exposure pathways that may
possibly exist. These include external doses received while-swi.mming,
boating and fishing and internal doses'from ingestion of fish and potable..
water.
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j •11.2.8.1 Doses from Exposures to Liquid Effluents

Doses received from exposure to the liquid effluents released
from the CRBRP were calculated using release rates provided, in Table,
11.2-4 (including BOP tritium) and equations 1 to 10 found in the
Appendix to Section 11.2. Conservative flow conditions of the Clinch
River (typical summer flow) were assumed to exist for 11 months of the
year. In addition, an extended period (30 days) of zero flow was assumed
to occur during the year. Such an extended period of zero flow as dis-
cussed in Section 2.4.11 has occurred in the past but is not expected-to
occur in the future.

As discussed in the revised plume analysis in the CR9RP Environ-,
mental Report (section 14.6), an assumed dilution factor of 1.0 in the

41' immediate area of the CRBRP discharge will provide an uppermost estimate
of impact. Such a conservative assumption has been utilized in the
calculation of individual external doses associated with CRBRP liquid

8 effluents.

Assuming a dilution factor of 1.0 existing at the CRBRP dis-
41 charge, the plume analysis results can be extrapolated to establish

that assuming a dilution factor of 0.11 at the nearest intake point for
1 ,'the drinking of water downstream of the CRBRP discharge is a conservative

estimate. Such a conservatism was assumed for the 30 day extended period.
Dilution factors (DF) assumed for the remaining 11 month low flow con-
dition 5.5 x 1O- is the result of a conservative extrapolation of typical

)• 30 summer flows. This set of dilution factors has been utilized in the con-
servative assessment 6f individual doses due to ingestion.of potable

8 water.

411 . Doses due to ingestion of aquatic food conservatively assumed aI dilution factor of 1,0 associated with an extended (30 day) period of
I 8 zero flow. A DF of 5.5 ka..1l0-3 as discussed before, was assumed for the
301 other 11 months of the year.

..In the dose assessments, no credit is taken for removal of
activity from the water through absorption on solids and sedimentation,
by deposition in the biomass or by processing within water treatment
systems. Dose rates via the various exposure pathways to liquid ef-
fluents are presented in Table 11.2-9.

Evaluation of dose via exposure to shoreline deposits (river
sediment) assumes an exposure time of 500 hr. per year. Times of exposure
for swimming (immersion) of 100 hrs/yr and above-water activities (boating

41) and fishing) of 600 hr/yr were assumed. The exposures involved are
conservatively postulated to occur during the assumed 30 day no flow period.STime between release of the isotope and exposure is assumed to Lie 0.5 days.

i Conservative total body gamma and total shin doses to an individual are

S41 calculated to be 2.0 x.l0, and 2.6 x 10- mrem/yr, respectively. Such
3 8 doses are less than one-millionth of natural background
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radiation. A breakdown of the dose contribution from each pathway is
presented in TableW11.2-9.

Population doses for exposure from immersion in water and from
above-water activities were calculated assuming:*

a. The maximum dilution factor (1.0) of the zero flow con-
dition is assumed to exist for the area of the CRBR dis-
charge.

b. 90 persons (Section 2.1 and Table 2.1-14 for the year 2010)
are immersed for 1O0 hrs/year in the immediate area of the
plant discharge.

c.. 45 persons spend' 600 hrs/yr in above-water activities
(100 hrs/yr boating and 500 hrs/yr fishing etc.) in the
immediate area of the plant discharge.

Total population dose from all aquatic activities is1.1 x 10-6
man rem/yr.

Individual annual dose from ingestion of.aquaticjfoods:(50 g of
'per, day) was evaluated using:thebioaccumulation factors :li sted in Table
1l12A-4 of the Appendix ll.2A and are tabulated in*Table 11.2-9. Es-
,sentially the entire whole body internal dose results fromingestion of
tritium.

8
III'l3 1

fish

1130o
8

30.1

I. 8

301 8

The population dose from aquatic foods based on a conservatively
large annual catch of 9.500 pounds of fish within a 10 mile radius of the
plant site is 4.1 x.107 man-rem/yr. It is assumed that fifty percent of
the catch is edible and the equivalent of 1200 persons (5 g of fish per
person per day) would be supplied by the harvest. An additional pathway
to humans is the ingestion of small game such as'a raccoon or duck which
may have fed on fish from the Clinch River. In view of the low doses
resulting from ingestion of. aquatic foods, no significant exposure via
this pathway can be expected.

Essentially the entire whole body dose due to ingestion re-
sults from tritium. The whole:body dose is a factor of less than 3 x l0-4
of IOCFR20 annual dose limits for unrestricted areas.

Population dose associated with ingestion of drinking water isbased on the impacting of the Clinch River water supplies as discussed
.in Section 2.1.4."2 (and Tables'2.1-19 and 20). The plume .associated withthe 30 day no flow condition is conservatively assumed. to impact the water
supply at the nearest downstream intake with a dilution factor of 0. 1l
In addition, the other downstream intakes for a distance of 20 miles are
assumed to be impacted by a 12 month low flow condition of 4777 CFS river
flow. The population dose calculation accounts for both the general

Amend. 41
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'41 public and industrial workers .(1100 cc intake per 8 hr day) at gearby
industrial facilities. Associated population dose is 8.1 x 10' man-rem
per year. Even allowing for water usage increases during plant lifetime,

301. based on an average annual internal dose due to natural radiation of
18 mrem per individual (Ref. 5), the Internal dose due to ingestion
of water is a factor of less than 10" of that which the population would be

8 receiving due to natural sources of radiation.

I(
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TABLE 11.2-1
\)

DESIGN ANNUAL RELEASED ACTIVITY INVENTORY" 1 )

Is.Q±Qp (4 H61f-I ifeý5 )
Low Level (2)
Activity (Cl)

I ntermedlate( 3 )
Level Activity (Ci)

Total
Activity. (CO)

)

H+-3(6)
Na-22
Na-24
Cr-51
Mn-54
Co-58
Co-60
Fe-59
Sr-89
Sr-90
Y-90
Y-91

Nb-95
Zr-95
Mo-99
Ru-103
Ru-106
Rh- 106
Ag-i 11
Sb-1 25
Te-127m
Te- 127
Te- 129m
Te- 129
Te-132

1-131
1-132

Cs-134
Cs-136
Cs-.137
Ba- 140
La- 140
Ce- 141
Ce-143
Pr- 143
Ce- 144
Pr-144
Nd-1 47
Pm- 147
Eu-155
Ta- 182
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242

12.3Y
2.6Y

15H
28D

312D
71D

5.2Y
45D
51D

28.8Y
64.1H

58D
35D
64D
67D
401D

1Y
2.-2H
7.5D
2.7Y
109D

9.35H
34D
70M
78H

8.1D
2.3H
2.1D

13D
30Y

12.8D
40 H

32.5D
33.7D
13.7D
285 D

17M
11 .1D
2.7D
1 .8Y
115D

86Y
2..0(4)Y
6.7(3)Y

13Y
3.8(5)Y

2.86 (-3)*
5.34(-8)
6.65(-9)

1 .48(-9)
1.04(-9)
1.04(-9)
1.47(-9)
2.28(-9)
2.28("9)

3.36(-9)
.4.23(-9)
4.23(-9)

7.40(-9)
3.00(-9)
3.00(-9)
1.20(-8)
1-.20(-8)

6.41 (-9)
3.23(-6)
6.09(-7)
1 .63(-7)
1 .96 (-7).

1 .30(-6)
5.86(-10)
5.86(-I0)
1 .55(-9)
5.08(-10)
5.08(-10)
6.90(-10)
6.90(-10)
2.97(-10)
3.93(-10)

2.46(-10)
6.54(-II.)
8.54( -11)
7.08(-9)
1.81 (-13)

4.28(-2)
6.24(-7)
7.76(-8)
8. 70(-7)
6.27(-6)
5.34(-5)
1.50(-5)
3.91(-7)
6.58(-7)
4.73(-7)
4.73(-7)
1 .93(-7)
3.92(-5)
3.92 (-5)
4.01(-8)
5.20,(-5)
4.21 (-5)

1 .30(-8)

8.63(-8)
1.35(-6)
1.35(-6)
4.05 (-6)
4.05(-6)
2.91 (-6)
1.28(-5)
7.12(-6)
2.28(-6)
2.26(-6)
1 .80 ( -5)
2.84 (-5)
2.84.(-5)
4.35(-7)
7.61 (-7)
7.61 (-7)
3.1 1(-7)
3.11(-7)
9.58(-8)
9.31 (-8)
1 .70(-8)
2.54(-6)
3.86(-9)
1.03(-9)
1 .34(-9)
1 .141(-7)
2.89(-12.)

4.56(-2)
6.78 ( -7)
8.42(-8)
8.70(,-7)
6.27("6)
5.34 (-5),
1.50(-5)
3.91(-7)
6.60(-7)
4.74(-7).
4.74 (-7)
1 .95(-7)
3.92 (7-5)
3.92 ( -5)
4. 01 (-8)
5.20('5)

4.214(-5)
4.:21 (-5:)

1.30(-8)
9M37(-8)
1.35(-6),
1.35(-6)

4.06(-6)
4.06.(-6)
2.92(-6)
1.60(-5)
7.73(-6)
2.444(-6)
2.46(-6)
1.93 ( -5)
2.84('5)
2.84(-5)
4.37(-7)
7.61 (-7)
7.61 (-7)
3.11 (-7)
3.11 (-7)
9.60(-8)
9.35(-8)
1.70(-8)
2.54(-6)
4.11 (-9)
1 .09(-9)
1 .42(-9)
I .21 (-7)
3.07(-12):K1')
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TABLE 11.2-1 (Continued)

:I

Isotope -Hal f-llfe(5)
Np238 2D
Np239 2.4D
Am-241 433Y
Am-242m 152Y
Am-242 16H
Am-243 7.4(3)Y
Cm-242 163D
Cm-243 30Y
Cm-244 18Y

Low LOevel (2)
Act;!vity: ('Ci)

2.77(.-1 5)
1i.27(-11)
2.52(-1 1)
9.95(-13)
9.95(-13)
4.07(-113)
1 .77(-1 1)
2..45(-15)
5.12(-12)

I ntermedi ate-.
Level Activity (Ci)

4.23(-14)
2.05(-40)
4.01.(-10)
1.58(-1 1)
1.58(-1 1)

2.84(-10)
3.89(-12)
8.14(-11)

Tota I
Acthivty (Ci)

4.51i(-14)
2.17(-10)
4.26 (- 10)
1 .68(.-1 1)
1 ..68(-11 )
1 .89(-1 1)
3.02(-1 0)
3.89(-1 2)
8.65(-1 1)

(1) .1.0% failed fuel for fission products and 100ppb Pu in the primary
sodium. 30 year Irradiations and 10 day decay for fission and
activated corrosion products.

-4.(2) Total discharge of .lO.Q iCi/cc at 850 gallons per day.

(3) 10% of the annual stored Inventory is released.

(4) All released actiity has been decontaminated by a
for Iodine (DF=10 ) and tritium (DF=1).

factor of 105 except

AC
(5) Y=years, D=days, H=hours, M=minutes.

(6) The trltiui values do.not include Balance of Plant tritium release of
8.45 x 10-' Ci/day. See Section 11.2.6.2.

* 2.86(-3) = 2.86 x 10-3

11.2-13
Amand- A9



- ~ -

TABLE 11.2-2
*.-1

DESIGN ANNUAL CONCENTRATION OF LOW AND
INTERMEDI ATE ACTIVITY LEVEL INPUT: STREAMS :(uC i/cc) (1)

I I NPUT .SIR EAMS (uCi/cc)(1)

I ntermed late
SodiumtCi ean I nS.,1 s- 10122n( Intermediate

IsýOtope HalfLtzft

N

)

H-3
Na-22
Na-24
Cr-51
Mn-54
Co-58
Co-60
Fe-59
Sr-89
Sr-90
Y-90
Y-91

Nb-95
Zr-95
Mo-99
RU-1.03
Ru-106
Rh- 106
Ag-il 1
Sb-125
Te- 1.27m
Te- 127
Te-1 29m
Te-129
Te-132
1-131
1-132

Cs-134
Cs-136
Cs-.137
Ba- 140
L-a- 140
Ce-141
Ce--143
Pr- 143
Ce- 144
Pr-144
Nd-1 47
Pm- 147
Eu-155
Ta- 182
Pu-238
Pu-23 9

12.3Y
2.6Y

15H
28D

3112D
71.D'

5.2Y
45D
51D

28.8Y
64.1H

58D
35D
35D
67D
40D
lY

2.2H
7 .SD

2.7Y
109D

9.35H
34D
70M

78H
8.1 D
2.3H
21 Y
13D
30Y

12.8D
40 H

32,5D
33.7D
13.7D
285 D

1 7M
11 '1D

2.7D
1 .8Y
115D
86Y

2.0(4)Y

2.44(-6)
4.55(.-6)
5.67 (-7)

1.26(-7)
8.93 (-8)
8.93(-8)
3.65(-8)
6.88(--8)
6,88(-8)

9. 17 ( -8)
7.41 (-8)7.41 (-8)

6.31 7(7)
2.56(-7)
2.56(-7)
7.70.(-7)
7.70C(-7)
5.46(-7)
.2.75(-5)
5.19 (7-6)
1.39(-5)
1 .38(-5)
1.11 (-4)
4 .99(-8)
4099(-8)
8.22(-8)

4.33 (-8)
4,33(-8)
5.88(-8)
5.88(-8)
1 .81(-8)
3.35(-8)

2.10(-8)
5.57 (-9)

1.13 (-3)
1 ..65 ( -3)Y.
2.05(-4)
2.01 (-4)
1 .45(-3)
1. 13(-3)
3.117(-4)
8.72(-6)
1 :74(--3)
1 .25 (-"3)Y
1 .25(-3)
5.11 ("4)

8.7,8(-4)
8.78(-4)
1 06(C-4)
•1 29,(-3)

1 .06(-3)
1 ..06(-3)
3.43 (-5)
2.28(-4)
3.56(-3)
3.56(-3)
1 .07(.-2)
1 .07(-2)
7.70(73)
9.99"(-4)
1.88(-3)
5.04(-3)
4.99(-3)
4.00(.-2)
6.97(-4)
66.,97.(C-4)
1.151 C-3)
2.011(-3)
2.01 (-3)
8.22(-4)
8.*22 (-4)
2.531-4)
2.46(-4)
41.49(-5)
6.08(-5)

1.02(-5)
2.73(-6)

1.31(-2)
9.45 (-2)

8.75(-.1)
2.45(-l)
6.40(-3)

6.42(.I)
6.42(-l)

8.50(-1)
6.88(-l )
6.88("1)

1 .49( -2)Y

6. 1 0C-3)
6.20 (-3).

.4.76(-2,)-
4.'.64(-l)
4.64(-1)

4.1 5 C(-2)
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TABLE 11.2-2 (Continued)

C)
I soto

Inntermedi ate
Sodium Clean [g

SoIutionHa I f L I f Lo ILeve(2)
Intermed F
AcJIEt~h

Pu-240
Pu-241
Pu-242
Np-238
.Np-239
Am- 2241
Am-242m
Amn-242
Am-243
Cm-242
Cm-243
Cm- 244

6.7(3)Y
13Y

3.8(5)Y
2D

2.4D
433Y
152Y
16H

7.4(3)Y
163D
30Y
18Y

7.28(-9)
6,03(-7)
1.55(-11)
2.36(-13)
1.08(-9)
2.15(-9)
8.48(-11)
8.48(-11)
3.47(-11)
1.51(-9)
2.09(-11)
4.36(-10)

3.55(-6)
3.01 (-4)
7.65(-9)
1.12(-10)
5.41 (-7)
1.06(-6)
4.18(-8)
4.18(-8)
4.90(-8)
7.52(-7)
1.03(-8)
2.15(-7)

(1) 1.0% failed fuel for fission products and lOOppb Pu In the primary
sodium. 30 year Irradiation and 10 days decay of fission and activated
corrosion products. Decay times during collection, processing and
holdups are neglected.

(2) Low activity concentrations are computed by assuming that the listed -

Isotopes are present in 3.5 lbs of primary sodium per year diluted by
3.1 x 10 gallons of water per year.:

(3) Intermediate activity concentrations for the sodium cleaning solution
are computed assuming 10% of plated out activity and 100% of sodium
activity adhering to the processed componentslrs dissolved in 100,000
gallons of water per year. The solution is present in the Input streams

to the collection tanks.

(4) The average annual acid etch solution consists of the remainIng 90% of
the plated out activity from the processed components in an average
annual volume of 3200 gallons. Cell sodium activity is assumed to have
been removed in the first water rinse. This Input is based upon six (6)
acid etches during the plant life.

0

0

11.2-15
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TABLE 11.2-3

DESIGN ACTIVITY INVENTORY STORED AFTER PROCESSING(")

Low Level Activity(2).
Monitor Tank (CI)

Intermediate Act-ivity( 3 )
Storage Tank (Cl)

H-3
Na-22
Na-24
Cr-51
Mn-54
Co-58
Co-60
Fe-59
Sr-89
Sr-90
Y-90
Y-91
Nb-95
Zr-95
Mo-99
Ru-l103
Ru- 106
Rh-106
Ag-i 11
Sb-1 25
Te-127m
Te- 127
Te-129m
Te-1 29
Te-132
1-131
1-132
Cs-134
Cs-136
Cs-137
Ba-1 40
La-.140

Ho I f L t-

12.3Y
2.6Y
15H
28D
312D
71D
5.2Y
45D
51 D
28.8Y
64.1 H
58D
35D
64D
67D
40D
1Y
2.2H
7.50
2.7Y
109D
9.35D
34D
70M
78H
8.10
2.3H
2.1D
13D
30Y
12.8D
40H

2.31 ( -5)
4.31 (-10)
5.36 (-11)

1.19
8.45
8.45
3.45
6.51
6.51

(-11 )
(-12)
(-12)
(-12)
(-12)
(-12)

8.68 (-12)
7.01 (-12)
7.01 (-12)

1.01 4
1.50 I
1.86
8.16
5.85 .
5.31
1.49
3.88
1 .58
1.14
1.14
4.64
3.90
3.90
9.63
•5. 16
7.84
7.84
3.12
2.07
3.23
3.23
9.72
9.72

6.99
1 .81
1.71
8.26
8.29
3.25
2.82
2.82

-1.)
S-6)
-7)
-6)
-5)
-4)
-4)
-6)
-6)
"6)
-6)
-7)

•-4)
-4)
-8)
-4)
-6)
-6)
-8)
-7)
-6)
-6)
-6)
-6)

• -6)
-4)

{-5)
c-6)
-6)
-4)
-4).

*-4)

5.97
2.42
2.42
7.28
7.-28
5.16
2.60
4.91
1.26
1.31
1.05
4.72
4.72

(-11 )
(-11)
(-11)
(-11)
(-1•1 )
(,11)
( -8).

(-9)
(-10).
(.-9)
( -8)

(-12):
(-12)

)
11.2-16
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TABLE 11.2-3 (continued)

Low Level Activity
Monitor Tank(Ci)

7)
I ntermed iate Act ivity

Storaae Tank (C•i.I1sotope

Ce- 141
Ce-1 43
Pr-1 43
Ce-1 44
Pr-1 44
Nd- 147
Pm- 147
Eu-1 55
Ta-i 82
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-247m
Am-242
Am- 243

Cm-242
Cm-243
Cm-244

Ha I f -L

32.5D
33.7D
13.7D
285D

17M
11 .ID
2.7D
1 .8Y
115D
86Y

2.0(4)Y
6.7 (-3) Y

13Y
3.8(5)Y

2D
2.4D
433Y
152Y

16H
7'.4(3)Y

163D
30Y
18Y

7.78(-12)
4.09(-12)
4.09(-12)
5.56(-12)
5.56(-12)
1..71(-12)
3.17(-12)

2.01 (-12)
5.27 (-13)
6.89(-13)
5.71(-11)
6.89 (-13):
2.23(-17)
1 .03(-13)
2.03(-13)
8.02(-15)
8.02(-15)
3.28(-15)
1 .43(-13)
1 .98(-15)
4.13(-14)

1.04(-6)
1.83(-6)
1.83(-6)
7.47(-7)
7.47(-7)
2.30(-7)
2.23(-7)
4.08(-8)

2.52(-5)
9.26(-9)
2.48(-9)
3.24(-9)
2.74(-7)
6.96(-12)
1.01 (-13)
4.92(-10)
9.62(-10)
3.80(-41 )
3.80(-11)
4.46(-11)
6.84(-10)
9.44(-12)
1.96(-10)

(1) 1.0% failed fuel for fission products and 100ppb in the primary sodium.
30 year Irradiation and 10 days decay of fission and activated corrosion
products. Decay due to collection, processing and holdup are neglected.

(2) Low activity is basel on Table 11.2-1 wIth a DF=10 5 for all Isotopes
except Iodine (DF=10) and tritium (DF=I) 2400 gallon monitoring tank

vol ume.

(3) Intermediate Activity is based on 40,000 gallon storage capacity
containing the activity inventory In 16,000 gal. of acid etch solution
and In 24,009 gal. of sodium cleaning solution. A decontamination
factor of 10 is applled to all isotopes except iodine (DF=10 ) and

tritium (DF=I).
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TABLE 11.2-4

CONCENTRATION OF RADIONUCLIDES AT :DISCHARGE
TO CLINCH RIVER DESIGN VALUES

Low Activity(liCi/cc) (1)
Isotope Hailf-L~if

Intermediate
Activity (pCi/cc)(2)

~2

H-3
4

Na-22
Na-24
Cr-51
Mn-54
Co-58
Co-6 0
Fe-59
Sr-89
Sr-90
Y-90
Y-91

Nb-95
Zr-95
Mo-99
Ru-1 03
Ru-1 06
Rh-1 06
Ag-i 11
Sb-1i25
Te-i127m
Te-1 27
Te- I 29m
Te-129
Te-1 32

1-131
1-132

Cs-134
Cs-136
CS-1 37
Ba-i140
La-1 40
Ce- 141
Ce- 143
Pr-1 43
Ce-144
Pr-i 44
Nd-i47
Pmr- 147
Eu-1i55
Ta- 182
Pu-238
Pu-239

12.3Y
2.6Y

15H
28D

312D
71D

5.2Y
45D
51D

28.8Y
64.1 H

58D
35D
64D
67D
40D

IY
2.2H
7.5D
2.7Y
109D

9.35H
34D
70M
78H

8.1D
2.3H
2.1D

13D
30Y

12.8D
40H

32.5D
32.50
13.70
2850

17M
11.1D
2.70
1 .8Y
1150

86Y
2.0(4)Y

9.53(-1.0)
1 .95(-14)
2.22(-15)

4.93.(-I 6)
3.47(-16)
3.47(-16)
4.90(-i6)
7.60(-1:6)
7.60(-16)

1 .12(-15)
1.41 (-15)
1.41(-15)

2.47 (-15)
1.00(-15)
1 .00(-15)
4.00(-15)
4.00(-15)
2.14(-15)
1 .08(-12)
2.03(-13)
5.26 (-14)
6.53(-14)
4.33(-13)
1 .95(-16).
1 .95(-16)
5.16(-16)
1 .69(-16)
1 .69(-16)
2.30(-16)
2.30(-16)
9.90(-17)
1 .31 (-16)

8.20(-17)
2.18(-17)

3.26(-8)
4.84(-14)
6.00(-14)
2.63(-12)
1.89(-11 )
1.71(-10)
4.81(-11)
1 .25(-1:2)
5.1.0(-13)
3.68(-13)
3.68(-13)
1.50(-13)
1 .26(-10)
1 .26(-10)
3.1 (-14)
1 .66(-10)
2.53(-12)
2.53(-12)
1.01(-14)
6.71 (-14)
1.04(-12)
1.04(-12)
3.14(-12)
3.14(-12)
2.25(-12)
5.84(411)
5.52(-12)
2.66(-12)
2.67(-12)
1.05(.-10)
9.10(-11)
9.10 (-10:)

3.35(-13)
5.90(-13)
5.90(-13)
2.41 (-13)
2.41 (-13)
7.42(-14)
7.42(-14)
1.32(-14)
8.13(-12)

2 *98(-15)
8.00(-16)

Total Activity
(Pfi/cc) (3).

3.36(-8)
6.79(-14),
6.22(-1 4)
2.63(-12)
1 .89(-11 )

1.71 (-10)
4.81 (-11)
1 .25(-12)
5.1 0(-13).
3.68(-13)
3.68(-13)
1.50(-13)
1 .26(-10)
1 .26(-10)
3.11 (-14)
1 .66(-10)
2.53(-12)
2.53(-12)
1 .01 (-14)
6.96(-14)
1 .04(-1.2)
1 .04(-12)
3.14(-12)
3.14(-12).
2.25(-12)
5.95(-11 )

5.72(-.1•2).
2.71(-12)
2.73(-1.2)
1 .05(-10)
9.10(-I I1)9.10(-111)-

3.53(-13)
5.90(-13)
5.90(-13)
2.41(-13)
2.41 (-133)
7.42(-14)

•7.42(-14)
1.32(-14)
8.13(-12)
3.06(-15)
8.22(-16)
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TABLE 11.2-4 (Continued)

CONCENTRATION OF RADIONUCL IDES AT DISCHARGE
TO CLINCH RIVER DESIGN VALUES

.Isotope. Half-Lif

Pu-240
Pu-241
Pu-242
Np-238

Np-239
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cm-243
Cm-244

6.7(3)Y
13Y

3.8(5)Y
2D
2.4D
433Y
152Y
16H
7.4(3)Y
163D
30Y
18Y

Low. Activity
(Gci/cc)(1)

2.85(-17)
2.36(-15)
6.03(-20)
9.23(-22)

4.23(-18)
8.40(-18)
3.32(-19)
3.32(-19)

••1.36(-1.9)
5.90 (-18)
8.16 (-22)
1.71 (-18)

Intermedliate
Actlvlty(Gqi/cC) (2)

Total Activity
OiCi/cc)(3)

1.05(-15)
8.84(-14)
2.24(-18)
3.28(-20)
1.59(-16)
3.10(-1.6)
1.23(-17)
1.23(-17)
1.44(-17)
2.20(-16)
3.04(-18)
6.32(-17)

1 .09(-1 5)
9.08(-14)
2.30(-18)
3.38(-20)
1.63(-16)
3.18(-16)
1.26(-17)
1 .26(-17)
1.45(-17)
2.26(-16)
3.04(-18)
8.04(-17)

Notes of Table 11.2-4

(1) Low Activ'ty Liquid Waste Assumptions

a) 1.0% failed fuel and 100 ppb Pu in the primary sodium 30 years
Irradiation and 10 days decay of fission and activated corrosion
products. Decay times in collecting processing and holdup are
Ignored.

b) 850 gallons Der day containing %lO4 ji/cc Is decontaminated by a
factor of 10 except Iodine (DF=10 ) and tritium ?DF=1) and released
to the common plant discharge header of 3.1 x 101 cc/year.

c) The activity level of 10-4pci/cc comes from spillage of 3.5 lbs per
year of primary sodium Into the drainage stream of 850 gallons per
day.

(2) Intermediate Activity Liquid Waste Assumptions

a) 1.0% failed fuel and 100 ppb Pu In the primary sodium 30 years
irradiation and 10 days decay of fission. and activated corrosion
products. Decay time In collecting processing and holdup are
Ignored.

b) .40,000 gallIons per year discharged to the common plapt discharge
header through the LALL monitoring tanks. A DF =•10 is used for all
isotopes except iodine (DF = 10 ) and tritium (DF=1). ..This IALL
activity Is based'on the inventory In 16000 gal. of acid etch and In
24,000 gal. of sodium cleaning solution In the IALL monitoring tanks.

11 .2-19.
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(3) Sum of columns 3 and 4

(4) BOP discharge concentration of 7.0 (-7) jiCi/cc is not included.

11 .2-1 9a
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TABLE 1 1..2-5

EQUIPMENT DEScRIPTION OF LIQUID RADWASTE SYSTEM

Equipment
Description

Piping and Valves

IALL/LALL Filters

IALL Collection Tank

LALL Collection Tank

Evaporator Prefliters

Evaporators

Distillate
Den Ineral Izer

Resin Traps

IALL Distillate
Storage Tank

LALL Monitoring Tank

Quality Seismic
Capacity Number of Throughput Class Category

(gal) Components Rate (gpm) (RG 1-26)* (RG 1-29)*

24700

2400

24700

2400

2/2

2

2

4

2

4

4

2

2

1-125

125/50

10

10

10

10

1-125

D

D

D

D

0

D

D

D.

D

D

D

D

Ill

iii

lii

ill

Ill

Ill

ill

ill

III

ill

ill

At

Al

A]

Ai

A:

AS

A•

Design
Temper-

Codes Material ature OF

NS B31.1 SS 200

SME ViII SS 200

1I 650 SS 200

PI 650 SS 200

SME VIii SS 200

SME VIII S 200

SME VIII SS 200

Des I gn
Pressure

150 PSI

150 PSI

Aimos.

Atmos.

150 PSI

150 PSI

150 PSI

150 PSI

Atmos.

Atmos.

Atmos.

ASME V III

API 650

API 650

Manufactu-
ers Std.

SS

SS

SS

SS

200

200

200

200pumps -

Caustic Neutralizing/ .2500
Storage Tank

Caustic Feed Tank 150
Antifoam Tank,
Resin Feed Tank

Acid Feed Tank 700

' RG - Regulatory Guide

I III API 650

III API 650

SS 200 Atmos.

1 0 HNA 200 Atmos.



TABLE 11.2-5A (
INDOOR RADIOACTIVE WASTE TANKS - PROVISIONS TO

PREVENT AND CONTROL OVERFLOW CONDITIONS

TProv is ions

1. Intermediate Activity Level (a) Liquid Level Indicator in Radwaste
Liquid (IALL) Collection Control Room.

(b) High and Low Liquid Level Annunciator
Alarms in Radwaste Control Room.

(c) IALL Collection.Tanks sized so that the
"two of them can hold the entire system

inventory overflow for both tanks Is
connected to the radwaste sump.

(d) Cell walIs are capable of containing
any leakage. The contained liquid is
returned to the radwaste sump via floor
drains.

(e) A common Main Control Room alarm from
the Radwaste Control Room to annunciate
abnormal system conditions in the
Radwaste Area.

2. Low Activity Level Liquid (a) Liquid Level Indicator in Radwaste
(LALL) Collection Tank A & B Control Room.

(b) High and Low Liquid Level Annunciator/
Alarms in Radwaste Control Room.

(c) Overflow for both tanks is connected
to the radwaste sump.

(d) Floor drains are provided to collect
and return any leakage to the radwaste
sump.

.:0
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TABLE 11.2-5A (cont.)

Provisions

I

Low Activity Level Liquld (LALL)
Collection Tank A&B (cont.)

3. Concentrated Waste;Collection
Tank

(e) A common Main Control Room alarm
from the Radwaste Control Room to
annunciate abnormal system conditions
in the Radwaste area.

(a) Liqui.d Level Indicator on Solid
Radwaste Control Console In Radwaste
Control Room.

Cb) High and Low Liquid Level Annunciator/
.Alarms on Solid Radwaste Control Panel

In Radwaste Control Room.

(c) A 2500 gallon capacity tank provides.
sufficient volume for several weeks of
concentrated waste discharge from both
evaporators.

(d) A floor drain Is provided to collect
and return any leakage to the radwaste
sump.

Ce) Overflow Is piped directly to the
radwaste sump.

(a) Liquid Level Indicator in Radwaste
Control Room.

(b) High and Low Liquid Level Annunciator
Alarms In Radwaste Control Room.

(c) IALL Distillate Storage Tanks sized so
that two of them can, hold the entire
system Inventory, overflow for both
tanks is connected to the radwaste
sump.

Cd) Floor drains are provided to collect
and return any leakage to the radwaste
sump.

N

i)

4. IALL Distillate Storage
Tank A & B

1)
11 .2-20b
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TABLE 11.2-5A (cont.)

ProvisionsTanks

ALL Distillate Storage Tank A&B (e)
(cont.)

5. LALL Distillate Monitoring (a)
TankLA&a

.A commonMaln Control.Room alarm
from the RadwasteControl Room to
annunciate abnormal system conditions
In the Radwaste area.

Liquid Level Indicator in Radwaste
Control Room.

High and Low Liquid Level Annunciator/
Alarms in Radwaste Control Room.

Overflow for both tanks Is connected to
the radwaste sump.

Floor drains are provided to collect
and return any leakage to the radwaste
sump.

A common Main Control Room alarm from
the Radwaste Control Room to annunciate
abnormal system conditions in the
Radwaste Area.
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TABLE 11.2-6

LIQUID RADWASTE RADIOISOTOPE ANNUAL INVENTORY-

DESIGN.VALUES

Isotope Solldifledl(Cl)
Intermediate
Stored (C'l)Released (Ci)

)2"

H-3
Na.22
Na-24
Crý-51
Mn-54
Co-58
Co-60
Fe-59
Sr-89
Sr-90
Y-90
Y-91

Nd-95
Zr-95
Mo-99
Ru-103
Ru-106
Rh- 106
Ag-i111

Sb-1 25
Te-127m
Te- 127
Te-129m
Te- 129
Te-132
1-131
1-132
Cs-134
Cs- 136
Cs-137
Ba- 140
La-140
Ce- 141
Ce- 143
Pr- 143
Ce-144
Pr-144
Nd-147
Pm- 147
Eu-155

1 2.3Y++
2.6Y

15H
28D
31 2D
71 D
5.2Y
45D
51D
28.8Y
64.iH
58D
35D
64D
67D
40D
ly
2.2H
7.5D
2.7Y
109D
9.35H
34D
70M
78H
8.1D
2. .3H
2.1D
13D
30Y
12.8D
40 H
32.5D
33.7D
13.70
285D

.17M.
11.. 1D
2.70
1 .8Y

4.35(-1)
6.24 (-1)
7.76 (-2)
2.35 (-1)
1.70 (0)
1.10 ( 1)
3.09 (0)
8.08 (-2)
6.58 (-1)
4.73 (-1)
4.73 (-1)
1.93 (-1)
8.09 (0)
8.09 (0)
4.01 (-2)
1.08 ( 1)
8.73 (0)
8.73 (0)
.1,30 (-2)
8.63 (-2)
1.35 (0)
1.35 (0)
4.05 (0)
4.05 C0)
2.91 0)
9.70 (-1)
1.92 (0)
2.0 0 (0)
1.98 (0)
1.58 .1)
5.88 (0)
2.55 0()
4.35 (-1)
7.60 (-1)
7.60 (-1)
3.11 (-l)
3.11 (-l.)
7.57 (-2)
9.31 (-2)
1.70 ("-2)

4.56
6.78
8.42
8.70
6.27
5.34
1.50
3.91
6.60

4.74
4.74
1.95
3.92
3.92
4.01
5.20
4.21

•4.21

1.30
9.37
1.35
1.35
4.06
4.06
2.92
1.60
7.73
2.44
2.46
1.93
2.84
2.55
4.32
7.61
7.61
3.11
3.11
9.60
9.35
1 .70

(-2) +
(-7)
(-8)'

(-7)
(-6)
(-5)
(-5)
(-7)
(-7)
(-7)
(-7)
(-7)

(-5)
(-5)
(-8)
(-5)
(-5)
(-5)
(-8)
(-8)
(-6)
(-6)
(-6)
(-6)
(-6)
(-5)
(-6)
(-6)
(-6)
(-5)
(.-5)
(-6)
(-7)
(-7)
(-7)
(-7)
(-7)
(-8)
(-8)
(-8)

1.01 (-11)1
1.50 (-6)
1.86 (-7)
8.16 (-6)
5.85 (-5)
5.30 (-4)
1.49 (-4)
3.88 (-6)
1.58 (-.6)
1.14 (-6)
1.14 (-6)
4.64 (-7)
3.90 (-4)
3.90 (-4)
9.63 (-8)
5.16 (-4)
7.84 (-6)
7.84 (-6)
3.12 (-8)
2.07 (-7)
3.23 (-6)
3.23 (-6)
9.27 (-6)
9.72 (-6)
6.99 (-6)
1.81 (-4)
1 .71 (-5)
8.26 (-6)
8.29 (-6)
3.25 (-4)
2.82 (-4)
9.88 (-5)
1.04 (-6)
1.83 (-6)
1.83 (-6)
7.47. (-7)
7.47 (-7)
2.30 (-7)
2.23 (-7)
4.08 (-8)

11M-2-21
Am&nr A



TABLE 11.2-6 (Continued)

I sotope

Ta- 182
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cm-243
cm-'24 4.

Ha!f-LItfe

115D
86Y
2.0(4)Y
2.7(3)Y
13Y
3.8(5)Y
2D
2.414
433Y
152Y
16H
7.3(3)Y
163D
30Y
18Y

SolIdIfiedl (CI)
Intermediate
Stored (Ci)Released (CI)

5.26
3.86
1 .03
1.34
1.14
2.89
4.23
2.05
4.01
1.58
1 .58

1 .85
2.85
3.90
8.14

(-1 )
(-3)
(-3)(-3)
(-1)

(-6)
(-8).

(-4)
(-4)
(-5)
(-5)
(-5)
.(-4)
(-6)
(-5)

2.54
4.11
1.09
1.42
1.21

.3.07
4.51
2.17
4.26
1 .68
1 .68
1 .89
3.02
3.89
8.65

(-6)
(-9)

(.-9)

(-7)
(-12)
(-14)
(-10)
(-10)
(-11)
(-11)
(-11)
(-10)
(.~12)
(-11 )

2.52
9.26
2.48
3.24
2.74
6.96
1 .01
4.92
9.62
3.80
3.80
4.46
6.84
9.44
1 .96

(-5)
(-9).
(,9)
(-9)
(-7)

(-12)
(-13)
(-10)
( -10.)

(-1:)
(-11)
(-11)

(-10)
(-12)
(-10)

1 Solidified Activity Includes contributions from all sodium cleaning
solutions and acid etches of the component cleaning process.

+ Does not include BOP design release rate of 8.45x10- 3 Cl/day aQ
++ Y=years, D=days, H=hours

0
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TABLE 11.2-7

DESIGN EFFLUENT CONCENTRATIONS, MAXIMUM PERMISSIBLE EFFLUENT
CONCENTRATIONS (MPC)(1) AND FRACTION OF MPC:AT DISCHARGE TO RIVER

Effluent (3) MPC IOCFR20 Fraction
Isotope Half-Lif Concentratlon (Pci/cc)_ (.icicc) -1.) MPC

H-3(2) 12.3Y 3.36 (-8) 3 (-3) 1 (-5)
Na-22 2.6Y 6.79 (-14) 3 (-5) 2 (-9)
Na-24 15H 6.22 (-14) 3 (.-5) 2 (-9)
Cr-51 28D 2.63 (-12) 2 (-3) 1 (-9)
Mn-54 312D 1.89 (-11) 1 (-4:) 2 (-7)
Co-58 71D 1.71 (-10) 9 (-5) 2 (-6)
Co-60 5.2Y 4.81 (-11) 3 (-5). 2 (-6)
Fe-59 45D 1.25 (-12) 5 (-5) 3 (-8)
Sr-89 51D 5.10 (-13) 3 (-5) 2 (-8)i.
Sr-90 28.8Y 3.68 (-13) 3 (-7) 1 (-6)
Y-90 64.1H 3.68 (-13) 2 (-5) 2 (-8)
Y-91 58D 1.50 (-13) 3 (-5) 5 (-9)
Nb-95 35D 1.26 (-10) 6 (-5) 2 (-6)
Zr-95 64D 1.26 (-10) 1 (-4) 1 (-6.)
MQ-99 67D 3.11 (-13). 4 (-5) 8 (-10)
Ru-103 40D 1.66 (-10.) 8 (-5) 2 (-6)
Ru-106 lY 2.53 (-12) 3 (.-6) 8 (-7)
Rh-106 2.2H 2.53 (-12) 1 (-5) 3 (-7.)J Ag-Ill 7.5D .1.01 (-14) 4.(-5) 3 (-10)

Sb-125 2.7Y 6.96 (-14) 1 (-4). 7 (-10)
Te-127m 109D 1.04 (-12) 3 (-4•) 4 (-9)
Te-127 9.35H 1.04 (-12) 3 (-5) 4 (-8)
Te-129m 34D. 3.14 (-12) 2 (-5) 2 (-7)
Te-129 70M 3.14 (-12) 8 (-4) 4 (-9)
Te-132 78H 2.25 (-12) 2 (-5) 1 (-7)
1-131 8.1D 5.95 (-11) 3 (-7), 2 (,4)
1-132 2.3H 5.72 (-12) 8 (-6) 7 (-7)
Cs-134 2.1D .2.71 (-12) 3 (-6) 9 (-7)
Cs-136 13D 2.73 (-12) 6 (-5), 5 (-8)
Cs-137 30Y 1.05 (-10) 2 (-5) 5 (-6)
Ba-140 12.8D 9.10 (-11) 2 (-5) 5 (-6)
La-140 40H' 9.10 (-11) 2 (-5) 5 (-6)
Ce-141 32.5D 3.53 (-13) 9 (-5) 4 (-9)
Ce-143 32.5D 5.90 (-13) 4 (-5) 2 (-8)
Pr-143 13.7D 5.90 (-13) 5 (-5) 1 (-8)
Ce-144 285D 2.41 (-13) 1 (-5) 2 (-8)
Pr-144 17M 2.41 (-13) 3 (-6) 8 (-8)
Nd-147 11.1D 7.42 (-14) 6 (-5) 1 (-9)
Pm-147 2.7D 7.42 (-14) 2 (-5) 4 (-9)
Eu-155 1.8Y 1.32 (-14) 2 (-4) 7 (-11)
Ta-182 115D 8.13 (-12) 4.(-5) 2 (-7)

111 .2-23
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TABLE 11.2-7 (Continued)

Isotope

Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-239
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cm-243.
Cm-244

-Ha I f-LIf

86Y
2.0(4)Y*
6.7(3)Y
13Y
3.8(5)Y
2.4D
433Y
152Y
16H
7.4.(3) Y
163D
30Y
18Y

Effluent (3)
Concentration

MPC 1OCFR2O
(u~icc) .iM

Fraction
MPC(11r/ Ier)

3.06
8.22
1.09
9.08
2.30
1 .59

3.10
1. 23
1.23
1 .44
2.20
3.04
6.32

(-15)
(-16)
(-15)
(-14)
(-18)
(-16)
(-16)
(-17)
(-1.7)
(-17)
(-16)
(-18)
(-17)

5
5
5
2
5
1
4
4
1

.4
2
5
7

(
,(
(
(.
(
(

(.

(
(
(
(
(

-6)
--6).
-6)
-4)
-6)
-4)
-6.)
-6.)
-4)
-6)
-5)
-6)

.- 6)

6
2
.2

4
5
2
8
3
1
4
1
6
9

(-10)
(-10)
(-10)
(-10).
(-13)
(-12)
(-11)
(-12)
(-13)
(-12)
('11)
(-13)
(-12)

(1) OCFR20, Appendix B, Table II, Column 2

(2) Does not Include BOP releases of 7.0E" 7

(3) See-Table 11.2-4

* 2.0 (4)Y = 2.0 x 104 Years

K)
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TABLE 11.2-9

DOSE RATES RECEIVED BY AN INDIVIDUAL VIA
EXPOSURE TO CRBRP LIQUID EFFLUENTSt (MREM/YR)

Contami nated I ngesti on
River Above- of Aquatic Ingestion

Doses Sediment Immersion Water Activities Food of Water

Total Body 1.6 x 10- 6  .4.6 X :'0-6 1.4 x 10-5
Gamma

Beta Total 1.9 x 10-6 6.0 x 10-6 1.8 x 10- 5

Skin 2
hole Body ----------- 3.4 x 10-2 13 0-

Internal

Bone ----------- ----------- ----------- 2.4 x 10-4 3.3 x 10-

I1 Tract ----------- ----------- 1.8 x 0-3 4.. x 1o

Thyroid ----------- ----------- ----------- 1.9 x 10- 5.3 x 10-
(Adult)

Kidney --------------------- ----------- 5.4 x 10 4 1,.5 x 1049

K,h1 o
tBased on 1.0% Failed Fuel for fission
primary sodium.

productS and 100 ppb plutonium in

8

Amend. 49
Apr. 1979
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APPENDIX 11.2A DOSE MODELS: LIQUID EFFLUENTS

EXTERNAL WHOLE BODY DOSE TO MAN FROM SHORELINE DEPOSITS -

Gamma dose rate to an individual above a uniformly contaminated
plane is calculated by the following equation:

DSED 102 (TS) (WW) • (TRN)i (CW)i (DSD)i

[( -0.693 TTS2  F 0.693_TIM]()
x -exp\ (TRNi j](DFS) [xp\,(R• / I

(DF) LXN (TRN)i

where,

DSED = Whole body dose rate from contaminated shoreline, mrem/yr

TS = Time of exposure to sediment, hrs/yr

WW = Water body width fact6r, no units. Values are tabulated
in Tableill.2A-l.

(TRN)i = Radioactive half-life of isotope, i, days. Values aretabulated in Table ll.3A-1

(CW)i = Concentration in water of isotope, i, pCi/cc

(DSD)i = Dose conversion factor for shoreline sediment, mrem/hr
per pCi/m 2 . Values are tabulated in Table ll.2A-2.

TTS Total time of immersion of sediment in contaminated
receiving water (normally taken to be the operating
lifetime of the facility), days

DFS = Dilution factor for isotope concentration at sediment

location, <1.0

TIM = Elapsed time between isotope release and exposure, days

102 = Constant derived from water and sediment sample data
collected from the Columbia River and Tillamook Bay and
compared with data from other aquatic systems. (Ref. 1)

11 .2A-1



C)
EXTERNAL DOSES TO MAN FROM IMMERSION IN .CONTAMINATED WATER

The whole body gamma dose rate from immersion in effluent waters is
calculated as:

DGIM= (CW). (DFGAM)i (TI)(FAC) .p 3 TRN)IM x. (2)

.where,

DGIM = Gamma dose rate, mrem/yr

(CW). = Concentration in discharge water of isotope, i, pCi/cc

(DFGAM)i = Whole body dose conversion factor for immersion in water-
containing isotope, i, mrem/hr per pCi/l. Values are
tabulated in Table ll.2A-2.

TI = Time of exposure, hrs/yr

DFAC = Dilution factor of isotopes in receiving water, <,1.0

._TIM= Elapsed time between isotope release and ..exposure, days

(T.RN) =Radioactive half-life of isotope, i, days. Values are
1 tabulated in Table ll..3A-l.

109 Factor to convert i'Ci-/cc to pCi/l.

411 The total skin dose rate from immersionin effluent waters is calcu-
lated as:

0

DBIM = . (CW). (DFBETA)i (TI) (DFAC) xp 0.693 TIM x lO9
iL (3)

where,
411

411

DB

(CW

(DFBETA

IM = Dose rate to the skin, mrem/yr

)i= Concentration in discharge water of isotope, i, pCi/cc

)i Skin dose conversion factor for immersion in watercontaining isotope, i, mrem/hr per pCi/l. Values are

tabulated in Table ll.2A-2.

TI.= Time of immersion, hrs/yr

Amend. 41

11.2A-2 Oct. 1977

0
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DFAC = Dilution factor of isotopes in receiving water, •1.0

TIM = Elapsed time. between isotope release and exposure, days

(TRN). = Radioactive half-life of isotope, i, days. Values are
tabulated in Table l1.3A-l.

10= Factor to convert PCi/cc to pCi/l.

The population dose from water immersion is:

DPIM (DGIM) (PIM) x 10-3 (4)

where,

DPIM = The population dose from water immersion, man-rem/yr

10-3 = Factor to convert mrem to rem

PIM = Population engaged in immersion in effluent discharge waters

DGIM= Gamma dose rate, mrem/yr.

* EXTERNAL DOSES TO MAN FROM ABOVE-WATER ACTIVITIES

External gamma exposure from above-water activities is calculated
by the following method:

DGAW - .(DGIM) TA

where,

DGAW = Gamma dose rate for above-water activities (boating, water-
skiing, fishing, swimming), mrem/yr

DGIM - Gamma dose rate received from immersion in effluent water,
mrem/yr,

TAW = Number of hours spent in above-water activities, hr/yr.
Data are presented in Table 11.2A-5.

TI =-Number of hours spent in immersion, hr/yr. Data are
presented in Table 11.2A-5.

1 Geometry factor for above-water activities, no units.
2

411 Total exposure to the skin from above-water activities is calculated as:

DBAW =1(DBIM) ~TAWI (6)

) Amend. 41

Oct. 1977
II.-2A-3



w h e r e , ". !....

...DBA.W =Beta dose rate to the skin from:above-water activities,
.,mrem/yr

'DBIM =Beta-dose rate to.the skinlreceived from immersion in
effluent water, mrem/yr

TAW =Number of hours spent in above-wate r activities, hr/yr.
Data are presented in Table 11.2A-5.

TI =Number of hours spent in immersion, hr/yr. Data are
presented in Table 11.2A-5.

l=Geometry factor for above-water activities, no units.

Population dose from above-water activities is:

-DPAW = (DGAW) (PAW) x 10-3 (7)

where,

DPAW =Population dose, man-rem/yr

DGAW =:Whole~body gamma~dose to an individual from a~bove-w'ater'
activi~tiesl, mrem/yr0

PAW =Population engaged in above-water activities on the effluent
discharge waters

10-3 Factor. to convert mrem to rem.

•INTERNAL DOSES TO MAN FROM INGESTION OF POTABLE WATER

The dose to whole body and various organs received by ingestion of
potable water contaminated by liquid effluents can be calculated using the
following equation:.

. . - .(MPD (cw)i (Gw I
DwP: GW eM--wi ixp (DF) (8)

• :: GWA(TRN)i

11l2AD4



where,

DWP = The dose rate from ingestion of isotope, i, mrem/yr
(MPD wi = Dose conversion factor, mrem/yr per pCi/cc, which is the
\MPCw i maximum permissible dose (MPD) per year-divided by the

maximum permissible concentration in water (MPC w) for
isotope, i. Dose conversion.factors for calculatinginternal doses are tabulated in Table ll.2A-3.

(CW)i = The concentration in discharge water of.isotope, i,PCi/cc

GW The amount of water ingested, g/day

GWA Amount of water ingested by an adult, g/day (a value of

2,200 g/day is assumed)

TIM Elapsed time between isotope release and ingestion, days

(TRN)i = Radioactive half-life for isotope, i, days.tabulated in: Table ll.3A-l.

DF = Dilution factor in receiving water, :l.O.

INTERNAL DOSES TO MAN FROM INGESTION OF AQUATIC FOODS

Values are

The dose to whole body and various organs received from ingestion
of aquatic food contaminated with radioactive material is calculated as:

DOSE= M
i \ MP_1w~i

(BCF)i 6WA) (Cw)i xp-.693 TIM'; 1

exp (TRN) i
(DF) (HF) (9)

where,

DOSE = The dose rate from ingestion of isotope, i, mrem/yr

MP D )
= Dose conversion factor, mrem/yr per pCi/cc, which is the

maximum permissible dose (MPD) per year divided by the
maximum permissible concentration in water (MPC ) for
isotope, i. Dose conversion factors for calculating
internal doses are tabulated in Table 11.2A-3.

(BCF)i = Bioaccumulation factor for isotope, i. Values aretabulated in Table ll.2A-4.

GF = Amount of food ingested, g/day

11 .2A-5



GWA Amount of water ingested by an adult, g/day (2,200 g/day

assumed)

(CW)i =Concentration in discharge water of isotope, i, pCi/cc

TIM Elapsed time between isotope release and ingestion, days

(TRN)i = Radioactive half-life, of isotope, i, days. Values are
tabulated in Table ll.3A-l.

DF = Dilution factor in receiving waters,.<l.0

HF = Fraction of year water is ingested, <l.0.

Doses should be calculated separately for each kind of aquatic food
ingested and then summed to obtain a total dose from ingestion of aquatic
foods.

The population dose from ingestion of aquatic foods is calculated
in the following manner:

(W)J (WF). (DOSE)j

PODA= 1.0- L (10)j ~(G.j

where,

PODA = Whole body gamma dose from ingestion of all aquatic
foods, man-rem/yr

(W). = Respective total-weights of fish, crustacea and mollusk
taken from the vicin.ity'of the effluent discharge, g/day

(WF). = Fractional weight of each of the species which is
edi~bl e, <I.O0

41(DOSE). = Dose rate to an individual from food, j, calculated

411 above in equation (9), mrem/yr

(G.)j= Amount of food, j, ingested by an individual, g/day-
person. Data are presented in Table l1.2A-5.

10 = Factor to convert mrem to rem.

Amend. 41 9
Oct. 1977
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TABLE I1.2A-I

WATER BODY WIDTH FACTORS FOR ESTIMATING GAMMA EXPOSURE
FROM CONTAMINATED SEDIMENT (REF. 1)

Width Factor

0.1
0.2
0.3
0.5
1.0
2,0

Exposure Situation

Discharge canal bank
Riverbank
Lakeshore
Nominal ocean site
Tidal basin
Crustacea or shellfish

11 .2A- 8



TABLE 11.2A-2

DOSE CONVERSION FACTORS FOR TOTAL BODY AND SKIN EXPOSURE
VIA IMMERSION IN WATER AND SHORELINE DEPOSITS (REF. 1)

Immersion in
Total Body

(mrem/hr Der

Water
Skin

DCi/l )

Shoreline Deposits
Total Body Skin.

(mrem/hr per pCi/m 2 )Isotope

- H-3

Na-22

Na-24

Ne-23.

Ar-39

Ar-41

Cr-51

- Mn-54

Fe-59

Co-58

Co-60

Kr-83m

Kr-85

Kr-85m

Kr-87

Kr-88

-Sr-89

Sr-90

Y-89m

Y-90

Y-91

Zr-95

..Nb-95

Mo-99*

Ru-103*

Ru-106*

• - & I • _f

0

4.0 x 10-6

7.8 x 1O" 6

NA

6.2 x lO-lO

2.4 x 10-6

5.2 x 10-8

1.5 x lo-6

2.2 x lo-6

1.8 x 1O-6

4.6 x 1O-6

•3.1 x 10-9

4.7 x 10-9

2.8 x. lO-7

2.7 x lo-6

3.3 x 10-6

4.6 x 1O-9

5.4 x 10'-lO

NA

1.3 x 10-8

9.1 x 10-9

0

4.8 x 10-6

9.3 x 10-6

NA

1.3 x 10-7

3.2 x 10-6

6.4 x 10-8

1.8 x 10-6

2.9 x 10-6

2.3 x 10-6

5.4 x 10-6

7.9 x 10-9

1.8 x 10-7

5.1 x 10-7

4.6 x• 10-6

4.1 x 10-6

5.4 x Io-7

1.5 x 10-7

0

1.6 x 10-8

2.5 x 10-8

NA

0

0
2.2 x I0-10

5.8 x 10-9

8.0 x 1O-9

7.0 x 10-9

1.7 x 1O-8

0

0

0

0

0

5.6 x 10-13

0
NA

2.2 x 10-12

0

1.8 x 10-8

2.9 x 10-8

NA

0
0

2.6 x 10-10

6.8 x 10-9

9.4 x 10-9

8.2 x 10-9

2.0 x 10-8

0

0

0

0

0

6.5 x 10- 13

0

NA

2.6 x 10-12

0

1.5

1.4

4.7

8.9

3.8

x

x

x

x
x

lO-6

10-6

i0-7

9.6

5.6
1.8

1.6

9.1

1.1
1.9

NA

x

x

x

x

x

x

x

lO-7

I0-7

10-
6

10-6

10-7

10-6
1I0- 6

2.4 x

5.0 x

5.1 x

1.9 x

4.2 x

1.8 x

10-9

10-9

10-9

10-9
10- 9

2.7

5.8

6.0

2.2

3.6

1.5

x 10-11

x l0-

x 10-9

x l0-9

x 10-9

x 10-9

0
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C

TABLE 11.2A-2 (Continued)

Immersion in
Total Body

(mrem/hr per

Water
. Skin

pCi/I )

Shoreline Deposits
Total Body Skin

(mrem/hr per pCi/m 2 )Isotope

Rh-106

Ag-ill

Sb-125

Te-129

Te-129m*

Te-132

1-131

1-132

Xe-131m

Xe-133

Xe-133m

Xe-135

Xe-1i35m

Xe-138

Cs-134

Cs-136

Cs-137

Ba-1.40

La-140

Ce-141

Ce-144*

Pr-143

Pr-144

Nd-147

Pm-147

Eu-155

Ta-182

NA NA

4.8

7.8

1.9

2.1

4.0

6.8

4.4

6.2

5.7

6.0

4.5
7.6

2.6

2.9

5.6

1.0

4.9

4.1

1.3

8.6

1.6

5.6

2.8

7.5

x 10-8

x 10-7

x 10-7

x 10-7

x 10 -7

x i0o6

x 10-9

x lo- 8
x lo- 8

x 10 -7

x 10 -7

x 10 -6

x lo- 6

x 10-6

x 10-6

x 10-7
x lo- 6

x 1 -

x 10-7

x I0-il

NA

NA

3.8

9.5
7.0

7.4

4.8

9.3

5.5

5.6

1.1

1.0

7.9

1.0
3.4

3.5

4.9

1.4

7.6

5.3

2.4

1.4

2.8

1.3

5.0

1.3

x 10-7

x 10-7

x 10-7
x IO_.7
x 10-7

x 10-7

x 10-6

x 10-8

x lo- 7

x lo- 7

x 10O-7

x lo- 6

x 10 -6

x lo- 6

x 10-6

x lo- 6

x 10-7

x lo- 6
x 10-6

x 10-7

x 10-8

NA

NA

2.1

3.1

7.1

NA

x

x

x

II

110 -O9
O_10

0 -9

0-8

7./ X I1

1.7 x 1

2.8 x 1

1.7 x 1

0

0

0

0

0

0

1.2 x 1

1.5 x 1

4.2 x i

2.1 x 1

1.5 x 1

5.5 x 1

3.2 x.I

0

2.0 x 1

1.0 x 1

0

NA

NA

1.8
3.5

8.4

9.0

2.0

3.4

2.0

NA
x

x

x

x

x

x

x

0

0

0

0
0

0

x
x

x

o-8
0-8

0-9
,9

b-8

oi0-I0o-10

i0-10

Oi0-0

1.4

1.7

4.9

19
-Io0

10 -10

10-9

i0 9

1 O-8

lOi9

10-110.-8

i0-I9
i0- 8

10- 10

i0- 10

10

A

A

Z.4 X

1.7 x

6.2 x

3.7 x

0

2.3 x

1.2 x

0
N

N
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TABLE 11.2A-2 (Continued) S

Isotope

Pu-238

Pu-239

Pu-240

Pu-241*

Pu-242

Immersion in
Total Body

(mrem/hr per

1.5 x 10-10

1.2 x 10-10

1.4 x 10-10

6.1 x 10-11

1.1 x 10-10

Water
Skin

pCi/. )

4.0 x 10-9

1.7 x 10-9

4.0 x 10-9

9.5 x 10-11

3.6 x 10-9

Shoreline Deposists
Total Body Skin

(mrem/hr per pCi/m2:),

1.3 x 10-12 1.8 x 10-

7.9 x 10-13 7.7 x 107-12

1.3 *x 10-I 2 1.8 x 10

4.6 x 10-12 6.8 x 10-12

1.1 x 10- 12 1.6 x 10-11

K)

*Includes contribution from daughter products.
NA - Not available.

0

S

0
11 .2A-1 1



TABLE II.2A-3

DOSE CONVERSION :FACTORS* FOR EXPOSURE VIA INGESTION OF WATER
TO RADIOACTIVE MATERIALS RELEASED FROM THE CRBRP RADWATE SYSTEMS

mrem/yr per pCi/cc

~1

r'3

f'3
411

Isotope

H-3

Na-22

Na-24

Cr-51

Mn-54

Fe-59

Co-58

Co-60

Sr-89

Sr-90

Y-89m

Y-90

Y-91

Zr-95

Nb-95

Mo-99

Ru-103

Ru-1i06

Rh-106

Ag-ill

Whole Body

1.0 x 105

1.3 x 107

1.3 x 106

2.5 x 104

6.3 x 105

2.5 x 1O
6

1.3 x 106

5.0 x 10o6

7.1 x 106

1.3 x 109

NA

Bone

3.0 x 106

1.7 x 108

1.7 x 109

5.0

7.5

7.5

1.5
3.0

1.7

5.0

5.0

3.8

7.5

5.0

2.5

1.5

3.8

1.9

1.5

X.

x

x

x

x.

x

x

x

x

x

x

x

x

x

x

x

106

10
6

105
107

10
7

10
7

10
7

107

10 7

107

107

1O7

107

1O7

108

GI Tract**

3.0 x 104

Thyroid
(adult) Kidney

7.5 x 10

2.1 x 105

5.0 x 105

1.7

2.5

5.0

1.3

6.3

6.3

2.5

x

x

x

x

x

x

x

10
10 3

10

103

104

7.5

1.0

1.5

4.3

xi10 3

x10 5

x 1 4

x 103
7.5 x

2,.5 x

7.5 x

5.0 x

3.8 x

10 3

103
106
I05
106

1.5 x 105

3.0 x 106

5.0 x 104
NA

1.0 x 104 3.8 x 107 7.5 x 104



TABLE 11.2A-3 (Continued)

(A

Isotope

Sb-125

Te-129

Te- 1 29m

Te-132

1-131

1-132

Cs-134

Cs-136

Cs-137

Ba-140

La-140

Ce-1 4•1

Ce-144

Pr-143

Pr-144

Nd-147

Pm-147

Eu-1 55

Ta-182

Pu-238

Whole Body

2.5 x 105

1.0 x 104

2.5 x 106

1.0x 106

2.5 x 106

1.3.x 105

5.6 x 107

5.6X 1 o6

2.5 x 107

1.0 x O6

2.5 x iO2

5.0 x 1O
2

1.7 x 104

5.0 x 102

NA

5.0 x 1O2

2.5 x 103

5.0 x lO3

7..l xlO3

1.3 x 1o7

4.3

3.0

6.0

1.5

1.5

6.0

3.8

7.5

5.0

6.0

3.8

1.5

6.0

x

x

x
-x

x

x.

x

x

x
x
x
x

X

107

106

107

107

103

103

105

103

10
104

104

104

108

Bone

1.5 x 106

3.0 x 1O4

1.0 x lO7

1.5 x 1O6

GI .Tract**

1.5 .x 107.

1.9 x 106

7.5:x 107

7.5 x lO7

1.5 x 106

3.8 x 1O6

3.0 x 1O6

1 .9 x lo6

.1 .9 x 106

7.5:x 107

7.5 x 1O7

1.7.x 107.

1. 5 x 10 8

3-.0 x 1O7:

Thyroid
(adult)

1.5 x 103

3.0 x 104

3..8 x 1O6

.1.5 x 1O6

1.5 x 19

5.0 x 107

1.5

3.8

7.5

Kidney•

x

x
x

3.8x

3.0x

5.0 x

2.1 x

7.5x

1.7 x

105
107

106

107

106

107

1O3

103

1O
4

103

103

10
3

104
10O4

10O7

2.5

7.5

7.5

3.8

5.0

x 107
x-106

x 10 6

x 107
x 107

3.0

7.5

2.1

2.1

5.0

x

.x

x
x
X

0e 0@
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TABLE 11.2A-3 (Continued)

Isotope

Pu-239

Pu-240

Pu-241

Pu-242

Whole Body

1.7 x 107

1.7 x 107

2.5 x l05

1.3 x 1O
7

Bone

6.0 x 108

6.0 x 108

1.5 x 107

6.0 x 108

GI Tract**

5.0 x 107

5.0 x 107

1.5 x 106

5.0 x 107

Thyroid
(adul t) Kidney

7.5 x 107

7.5 x 107

1.5 x 106

5.0 x 107

*Calculated from data tabulated in Table 11.2A-6 maximum permissible dose - maximum permissible

concentration in water, PMD

**MPC for insoluble compounds used for all elements except 12, Cs and Na. CRBRP releases of 129

Cs and Na will be in soluble form only.
NA - Not available.

I"3
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TABLE 11.2A-4

BIOACCUMULATION FACTORS FOR FRESHWATER AQUATIC FOODS (REF. 1)

Isotope

H-3
Na-22
Na-24
Ne-23
Ar-39
Ar-41
Cr-51
Mn- 5 'j
Fe-59
Co-58
Co-60
Kr-83m
Kr-85
Kr-85m
Kr-87
Kr-88
Sr-89
Sr-90
Y-.89m
Y -90
Y-91
Zr-95
Nb-95
Mo-99
Ru-103
Ru-106
Rh-106
Ag-11
Sb-125
Te-129
Te-129m
Te-132
1-131
1-132
Xe-l 31m
Xe-133
Xe-i 33m
Xe-1 35
Xe-1.35m
Xe-I 38
Cs-134
Cs-136
Cs-137

Fish

1
100
100
NA

1
1
20

400
100
50
50

1
1
1
1

30
30
25
25
25

330
30,000

10
10
10
10

2
1-

400
400
400

15
15

1
1
1
1
1
1

2,000
2,000
2,000

Crustacea-
Mollusks

200
200
NA
1
1

2,000
90,000
3,200

200
200

1
1
1
1
1

100
100

1,000
13000
1,000

7
100
10

.300
300
300
770

10
75
75
75

5
5

I1
1
1

1
1

100
100
100

Alga~e

1
500
500

NA
1

1,
4,000
10,000
1 ,000

200
200

1

1
1

15
500
500

5,000
5,000
5,000

1 ,000
800

1,000
2,000
2,000.

200
200

1,500
100
100
100

40
40
1
1
1

.1

500
500
500

Plants*

1
50
50
NA

1
1

400
1,000

100
20
20

1
1
1

50
50

500
500.
500
100

80
100
200
200

20
20

150
10
10
10

4
4
1
1
1
1
1
1
50
50
50
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TABLE 1I.2A-4 (Continued)

Isotope

Ba-140
La-140
Ce-141
Ce-144
Pr-143
Pr-144
Nd-147
Pm-147
Eu-155
Ta-182
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242

Fish

4
25

1
1

25
25
25
25
25
NA
4
4
4
4
4

Crustacea-
Mollusks

200
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

NA
100
100
100
100
100

Algae. Plants*

500
5,000
4,000
4,000
5,000
5,000
5,000
5,000
5,000

NA
350
350
350
350
350

50
500
400
400
500
500
500
500
500
NA
35
35
35
35
35

*Plants are assumed to contain I/I0 as much radioactivity as would be
predicted using bioaccumulation factors for algae.

11,.2A-1 6



TABLE 11.2A-5

SUMMARY OF VARIABLES USED IN RADIOLOGICAL DOSE EVALUATIONS
WHICH ARE NOT SPECIFIC TO THE CRBRP

Exposure Via
Above-Water
Activities

TI Time spent immersed
in effluent water

Time spent in above
water activities

TAW

100 hr/yr (Ref. 1)

Boating - 100 hr/yr (Ref. I)

Shoreline activities
500 hr/yr (Ref. 1)

'2
11 .2A-1 7
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TABLE 11.2A-6

MAXIMUM PERMISSIBLE
TO RADIONUCLIDES

CONCENTRATION IN WATER, MPCw, FOR CONTINUOUS EXPOSURE
RELEASED FROM THE CRBRP RADWASTE SYSTEMS (REF. 2)

liCi/cc

'00

Isotope

H-3

Na-22

Na-24

Cr-51

Mn-54

Fe-59

Co-58

Co-60

Sr-89

41 Sr-90

Y-89m

Y-90

Y-91

Zr-95

Nb-95

Mo-99

Ru-103

Ru-106

Whole Body

5 x lo.2

4 x 10

4 x 10-3

2 x 10-1

8 x 10-3

2 x 10-3

4 x 10-3

1 x lo-3

7 x 10-4

4 x i0- 6

Bone GI Tract**

1. x 10-2

1.8 x 10-4++

1.8 5++

3

2

2

1

5

9

3

3

4

2

3

6

1

4

8

1

lo-

10-4

lo- 4

10

Thyroid.
(adult)

7

7

3

Kidny

2 x 100

io2
x Q2

1 x 100

3

2

1

4

8

8

2

NA

x 101

x I00

x 100

x I00

-.x lo0-3

x 10-2

x i0- 2

4
3

2

7

2
1

x I00

x 10-1

x 100

x I00

x lo-1

x 10-2

2 x 1 00

6 x 100

2 x 10-3

3 x 10o 2

4 x 10T3



TABLE 1I.2A-6 (Continued)

-l

IN)

Isotope

Rh-1i06

Ag-ill

Sb-125

Te-129

Te-129m

Te-132

1-131

1-1.32

Cs-i 34

Cs-136

Cs-137

Ba-140

La-140

Ce-141

Ce-144

Pr-143

Pr-144

Nd-147

Pm-147

Eu-i 55

Ta-182

Whole Body Bone G.I.Tract**

NA

10-i1
1 O-2
10 l.-I

* 10-3

" 3

10- 2
* 10'3* 10-5+

10 0-4+

<10-4+

To 1

10-1.
10 1

6

2

1

3

2

x

x

x

7

1

5

2

2

5

8

4

6

5

8

2

x101

1-2

x 100

ic2
x lO-4

x 10-1

x i0-4

x i10O3

x .01

x 10

X lo-O2

x 10-i

x 10-I

x lO-0

I. 0+
io-3+

104

4+
107

lO"2

1,04+

lo-4+

1i.0-4+

10-4+

10-4+

l.o- 4+
10-4+

1.0-4+

i 0-4+

2

1

8

2

2

6

x 101

x 10 0

x 10-3

x 1O-
2

x lo- 5v
x 10"4v

4

3

5

3

7

2

9

5
2

7
7

Thyroid
(adult)

1

4

2

..Kidney

2 x 10-i

x I0CI
x 10-4

x 10- 3

x i0-4

x 1io-3
x. 10-4

x 100

x 100

x. .10-1

x Io0

x 100

x 100

x 10-i

x 101

t.

~. :2
~*,.*

NA

x 101

x I00

x to-0

x 10-1

6

2

2

4

0@ 00 (ID
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TABLE 11.2A-6 (Continued)

Isotope

Pu-238

Pu-239

Pu-240

Pu-241

Pu-242

Whole Body

4 x l0-4

3 x 10-4

3 x lo-4

2 x 10-2

4 x 10-4

5

5

5

2

5

Bone
x0l- 5+

x 10-5+

- -5+

x lO- 3+
x 10-5+

GI :.Tract**

3 x 10-4

3 x 10-4

3 x 10-4

1 x 1O-2

3 x 10-4

Thyroid
(adul t) * Kidney

3 x 10-4

2 x i0-4

2

1

X 1 -

X 1-2

3 x 10-

TIN

0~

*MPCw for soluble compounds.
**MPC for insoluble compounds used for all elements except 12, Cs and Na.

CRBRP releases of 12, Cs and Na will be in soluble form only.
+MPCw in IOCFR20, Table II, column 2 is based upon a maximum permissible dose 1/10 of the
occupational exposure levels reported in ICRP-2 (Ref. 2).

vMPCw presented in IOCFR20, Table II, column 2 is based upon a maximum permissible dose of
1,500 mrem to a child thyroid. MPCw in above table is from ICRP-2.
NA - Not available.

++Calculated from data presented in Statement on the Selection of as Low as Practicable
Design Objectives and Technical Specifications for the Operation of Light-Water Cooled
Power Reactors, i~n Testimony of C. .C. Gamertsfelder from Hearings, DOCKET RM50-2,
Washington, D. C., 1972.



11.3 GASEOUS WASTE SYSTEM

11.3.1DeinBs

The design objective of the Gaseous Waste System is that the levels of
radioactive materials In the plant effluents to the environment shall be kept
as low as reasonably achievable. Extensive efforts shall be directed toward
the development of system designs that will result In minimizing or -

elIminating planned releases of radioactive material to the environment during
normal plant operation. Plant design objectives Include conformance with the
requirements of 10 CFR.20.

The design base and the expected values of the annual activity release for
each gaseous radionuclide are listed In Tables 11.3-11 and 11.3-1:2,
respectively. The summed annual dose at the site boundary from gaseous
radioactive effluent for the design base conditions Is approximately 7.1 mrem
total skin dose (which Includes both y and a ), and 2.1 mrem whole body
gamma dose (see Table 11.3-18). The doses are based on a plant capacity
factor of 1.0 except for tritium exhausted from the T-G building which Is
based on a plant capacity factor of 0.68. This annual-dose Is well below the
requirements of 10 CFR 20 for unrestricted areas. Dose rates within
accessible restricted areas are below the requirements of 10 CFR 20.

The Radioactive Argon Processing Subsystem (RAPS) shall maintain the primary
sodium system cover gas at an acceptable level of radloactivity and shall
provide a source of low-radioactivity gas for use in reactor seals and cover
gas pressure control. The cover gas Is to be contained within the RAPS
circuit during Its radioactive decontamination and reuse, except for leakages
and cover gas samples taken for failed-fuel and impurity monitoring.

The Cell Atmosphere Processing Subsystem (CAPS) shall process plant eff luents
that contain or might potentially contain radioactivity, in order to reduce.
the radioactivity to levels that are as low as reasonably achievable during
the normal range of routine plant operations. During off-normal operations,
the CAPS function Is to continue to prevent, to as great an extent as Is
practicable, the release of radioactivity.

11.3.2 SYstem Description

11.3.2.1 Process Flow

The origin, flow paths, and release points of the gaseous radioactive waste
system are shown schematically in Figure 11.3-1. The radioactive gases
generated In the reactor (see Sections 11.3.2.2 and J1.3.2.3 for composition,
flow rates, and concentrations) consist of tritium and noble gas isotopes.
The latter, and some of the tritium, migrate to the reactor and Primary Heat
Transport System (PHTS) cover-gas spaces. The Radioactive Argon Processing
Subsystem is an essentially, closed Internal system which continuously
processes the cover gas to reduce Its activity and then returns the "recycle"
argon to the seals and cover-gas spaces. An expanded schematic diagram of the
RAPS is shown In Figure 11.3-2.

11.3-1
Ampnd. AA



No significant quantities of Iodine nor particulate forms of radioactive
Isotopes, excluding those daughter products associated with noble gas decay,
are expected to be present In the Gaseous Radwaste System. Although some
vaporization of nongaseous Isotopes from the liquid sodium Into the reactor
cover gas may occur, all cover gas entering the system Is processed through
two vapor traps, which are expected to remove essentially all nongaseous
Isotopes, Including trace quantities of sodium Iodide. Continuous radiation
monitoring of the gases Is provided by the process monitoring of RAPS and CAPS
and monitoring of the CAPS exhaust.

Radioactive gas leakages Into the Inerted cells of the Reactor Containment
Building (RCS), and Reactor Service Building (RSB) are normally collected and
processed through the CAPS and the RSB H&V systems, respectively, before
release to the environment. An expanded schematic diagram of the CAPS Is
shown In Figure 11.3-3.

Most (99.8%) of the tritium generated forms a hydride In the sodium; It is
then partially removed from solution In the sodium by cold trapplng.. A very
small portion diffuses into the cells of the Intermediate Bay of the Steam
Generator'Building. A detailed description of all the identifiable leakage
and discharge paths Is given In the following paragraph.

In Figure 11.3-1, certain paths have been assigned "numbers"that correspond
with the following discussion:

Path la. Reactor cover gas Is conservatively estimated to diffuse through the
reactor head seals at the rate of 0.0044 scc/min. This leakage
diffuses Into the head access area and is discharged to the
atmosphere through the RCB heating and ventilating-exhaust duct.

Path lb. The buffered head seals are expected to leak (to the head access
area) a maximum of 7 scc/mmn of recycle argon cover gas.

Path 2. Although the cover gas lines connected to the reactor and other
components In the Primary Heat Transport System are not expected to
leak, a leakage of 1 scc/min has been assumed, for the purpose of
conservatism, In the design basis evaluation. Also, tritium
dissolved in the sodium In this system will diffuse through the hot
pipe walls Into the RCB cells. These two leakages are considered to
diffuse Into the RCB cell atmospheres, which are collected and
processed by CAPS and are discharged to the CAPS heating and
ventilation exhaust.

Path 3. Although the RAPS and CAPS piping and components are also not
expected to leak significantly, a leakage equivalent to 1 scc/min of
RAPS Cold Box Influent gas has been assumed, for the purposes of
conservatism, In the design basis evaluation. This assumed leakage
diffuses into the RAPS. RCB cell atmospheres, and Is ultimately
discharged to the atmosphere through the RCB heating and ventilating
exhaust duct.

C)
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Path 4. Ar3 9 and Kr 8 5 collected and stored In RAPS (see further below) are
bled Into CAPS; these'also are discharged to the CAPS heating and
ventilation exhaust.

Path 5. The Failed Fuel Monitoring System discharges reactor cover gas
samples to CAPS. After processing, this gas also Is discharged to
the CAPS heating and ventilation exhaust.

Path 6. Other plant systems, specifically Refueling, Impurity Monitoring,
Maintenance and Auxiliary Liquid Metal, intermittently discharge.
radioactive or potentlally radioactive gases through CAPS to the CAPS
heating and ventilation exhaust.

Path 7. Tritium dissolved in the sodium of the PHTS will transfer to the
Intermediate Heat Transport System (IHTS) sodium by diffusing through
the Intermediate heat exchanger (IHX) tube walls. A very small but
finite amount will then diffuse through the hot leg piping in the
cells of the Intermediate bay (IB) and steam generator bay of the
Steam Generator Building and will mix with the ventilation streams in
that building.

Radioactive gases are thus released to the Heating and Ventilation Systems of
the IB, the RCB, and the RSB (Paths 7, 8, and 9 on Figure 11.3-1). The
dlscharge of these streams to the environment is discussed In Section
11.3.2.6.

Balance of Plant (BOP) tritium release (Path 10, Figure 11.3-1) Is discussed
2 In Section 11.3.6.2.

A schematic diagram of the process flow In the cover-gas recycle system, which
Includes the reactor, the overflow vessel, and the PHTS pump cover-gas spaces,
the oil traps for the pumps, the Failed Fuel Monitoring System, the recycle
argon vessels, and RAPS equipment, Is shown In Figure 11.3-2. The recycle
system components, distinguished by solid-line blocks, constitute the
collection, control, and principal processing portion of the system, although
isotope decay occurs In all parts of the system. The function of this system
Is to continuously draw radioactive gases from the cover-gas spaces, so that
noble gas isotopes, both stable and radioactive, are extracted from the cover-
gas spaces by condensation in a cryostill, and then to return7 the purified
argon to the cover-gas spaces as a "recycle" argon purge. The activity In the
cover gas is thus dependent on the production rate in the reactor, the purge
rate, the. holdup time, the half-life of each isotope, and the cryostill
efficiency, and gas removal rates mainly due to periodic draining of the
cryostlll to the noble gas storage vessel.

Argon flows from the recycle vessels nominally at 5.15 scfm: 0.5 scfm to each
of the PHTS pumps and 3.65 scfm to the reactor cover gas space. The PHTS
pumps gas effluent Is divided equally (by design), so that 0.75 scfm (total)
passes through the three shaft seal spaces and the three oil traps and enters
the RAPS Input (vacuum vessel); the other 0.75 scfm bleeds to the common
pressure-equalization line that joins the reactor, the reactor overflow

)
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vessel, and the PHTS pumps' cover gas spaces. From this pressure-equalization
line, 1.0 scfm of the gas passes through a sodium vapor trap and through the
Failed Fuel Monitoring System before entering the RAPS Input; the remaining
3.4 scfm goes through the overflow vessel cover gas space, then through a
sodium vapor trap to RAPS.

RAPS continuously processes a flow of 10.0 scfm which Is made up of the
5.15 scfm Input and 4.85 scfm of recirculated throughput. The output of RAPS,
5.15 scfm, Is delivered to the recycle argon vessels. The RAPS cryogenic
distillation column operates with liquid argon as the still bottom. This
liquid absorbs the krypton and xenon Isotopes and permits their separation by
draining, evaporating, and transferring them to the noble gas storage vessel.
The transfer to the noble gas storage vessel is to be an annual procedure.
During the subsequent year, the transferred gas will be bled at a controlled,
low rate from the noble gas storage vessel Into CAPS, and through CAPS to the
RSB H&V exhaust. The release process will occur over a period of several
months.

The Cell Atmosphere Processing Subsystem process flow circuit is shown in
detail in Figure 11.3-3. The individual Inputs to CAPS, grouped as shown In
the five upper boxes in the diagram, are as follows:

1) Cells and Pipeways - During normal operation, there will be a small
but flnlte dlffusion and leakage of radioactive gases through the
piping and components. This source of activity will be accumulated in
the atmospheres of respective RCB and RSB cells~and when the cells are
purged to CAPS, the contained radioactivity will be collected and
processed in CAPS. It is conservatively assumed for calculational
purposes that an average 1 scc/min of reactor cover gas will be leaked
Into the cells; further, they will be exhausted to CAPS without delay,
except that Ne23 Is assigned a delay of 8 minutes. The RSB Inerted
cell atmosphere will divert from HVAC to CAPS for processing when any
activity concentrations exceed a predetermined setpoint value. For
RCB cells, normal cell-atmosphere nitrogen passes directly to CAPS.

2) Failed Fuel Monitoring System - This equipment periodically samples

reactor cover gas and discharges portions of the samples into CAPS.

11.3-4
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3) Gas Services Exhausts- :Intermittently, CAPS will receive exhausted•
) nitrogen, argon, or air from vessel cover gases, cooling gases,

cleaning, bagging, and fuel. handling operation, and other services.

4) RAPS.Cold.Box-- These CAPS inputs potentially include purge of the
RAPS cold box for component maintenance, RAPS cold box effluent
diversion, and RAPS noble gas bleed from the noble gas storage.vessel.
The noble gas bleed Is normally continuous; the others will be used
only in case of a malfunction In the RAPS circuit, and-oniy for short
periods of time, as for a repair or correction. With the exception of
the noble gas bleed, these sources will not normally contribute a
significant amount. of radioactivity relative to sources (1), (2), and
(3).

The nominal .volume input of gases to CAPS is the time-averaged sum of the
Inputs listed whl:ch is 38 scfm.

A recirculation loop, shown by a broken-line In Figure 11.3-3, will return the
CAPS output to the vacuum vessel If radioactivity above an acceptable level. Is
detected by the radiation monitoring system. Also, If the effluent
radioactivity Is high, the CAPS compressors will be shut down.

The triltium-water and alcohol removal process uses an oxidizer and a freeze-
out, dryer; it oxidizes tritium, collects tritlated water and alcohol and
pass es them to the Radioactive Liquid Waste System, where they are prepared
for off-site disposal.

The decontamination of rad-waste gas Is performed in two cryogenilcally-cooled
charcoal delay beds. In the beds, the short-lived gaseous radioactive species
are:adsorbed and then decay; they are thus removed from the process gas
stream..

RAPS:and.CAPS have different process methods, I.e., the di.stillation-process
removal of noble gases in RAPS rather than the delay beds and the oxidation-
process removal of tritium In CAPS. In each subsystem, however, the input is
collected in a vacuum vessel, from which It is transferred to a surge vessel.
It is then treated in the respective cold box. The recirculation-loop feature
in RAPS permits maintaining a steady throughput under conditions of changing
output demand requirements.

1 -.3-5
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11.3.2.2 Gaseous Radioactive Waste Inputs'to System

The radioactive waste gasesiconsist of noble gas radionucl ides and tritium
that are generated by fission and/or neutron activation. The noble gas
radionuclides migrate to the reactor cover-gas space, although a time lag
occurs In the leakage from ruptured fuel and In the movement to the cover gas.
The tritium remains prlmarily, in the sodium, from which It Is removed by cold
trapping. The tritium concentration In the cover gas will be affected by the
sodium temperature, the cover gas temperature and pressure, the-cold trapping
efficiency, and the concentration of hydrogen In the sodium. The latter
factor, In turn, dependsbon the diffusion rate of hydrogen from the steam-
generator tubes Into the intermediate sodium and the subsequent diffusion of-
the hydrogen into the primary sodium system through the IHX tube walls.

Table 11.3-1 lists the radionuclides of concern, their half-lives, decay
constants, and design base Input rates to the cover-gas space at normal
reactor power level (975 MWt). The noble gas input rates to the cover gas are
adjusted for decay during their release from failed fuel (modeling described
In Section 11.1). The assumed condition of 1% failed fuel Is the design base
point for RAPS.

11.3.2.3 Activity Inventories and Concentrations

a. Reactor Cover-Gas Space - The steady-state inventory of. a specif ic
radionuclide in the bulk volume of the reactor cover gas can be calculated
from the following formula:

A + .F/V

Where I = Inventory (Ci),I = Input rate (Cl/min),A = decay constant
(min-) (0.693÷ half-life), = processing efficiency factor (typically
taken as unity), F = purge rate (3.65 scfm), and V = cover-gas-space
volume (410 scf). F/V Is the "purge factor". The concentration of a
radionuclide In the cover-gas space Is Its inventory divided by the total
gas volume adjusted to standard conditions (68°F, 14.7 psia).

Table 11.3-2 lists, for each isotope of concern, the Inventory,
concentration in the reactor cover gas for the design-base condition of 1%
falled fuel.

b. RAPS Process Stream- Table 11.3-3 lists the inventories in the principal
RAPS vessels, and Table 11.3-4 lists the concentrations of activity at
selected points In the RAPS process stream. The values listed under
"design" correspond to the design base condition of 1% failed fuel. The
values listed under "expected" correspond to operation with 0.1% failed
fuel. The effective decontamination factors of the RAPS cryostill are
given in Table 11.3-5.

0
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c. CAPS Process Stream- Tables 11.3-6 and 1.1.3-7 list, respectively, the
isotope InventoriJes and concentrations of activity at selected points In
the CAPS process. stream. The effective decontamination factors of CAPS
are given In Table 11.3-8.

For all tables in Secton 11.3 Involving the CAPS inputs, CAPS processes, and
radloactive releases through CAPS, the terms "Design" and "'Expected" are
furter defined and limited as follows:

"Design":

"Expected":

D

The CAPS input activities correspond to the design base
condition of reactor operation with 1% falled fuel (350 failed
fuel pins), after one year.; In addition, the Failed Fuel
Monitoring System input corresponds to operation with 0.17%
failed fuel (60 failed fuel pins) and, eight samples per day
being processed. (The Failed Fuel Monitorl:ng System Is not
required to operate when there are more than 60 failed fuel
pins.) The Reactor Refueling System Inputs are the sum of those
for normal and anticipated events.

The CAPS input activities correspond to the expected condition
of reactor operation with 0.1% -falled fuel, (35 failed fuel•
pins) after one year; the Falled Fuel Monitoring Input also
corresponds to 0.1% failed fuel with two samples per day being
processed. The reactor refueling system inputs are the sum of
those for normal and anticipated events. Both the design and
expected CAPS inputs used In Section 11.3 are the yearly
averages. This Is more conservative than using 30 year averages
since some Inputs included In the yearly average have an actual
frequency which is less than'pnce per year, and no adjustment is
made for the lower frequency.' The yearly averages are used to,
calculate the annual site boundary doses since the CAPS
decontamination factors listed In Table 11.3-8 are not
significantly sensitive to design and expected Input rate
fluctations. However,' It is not appropriate to use them to
calculate the CAPS inventories for accidents. Those Inventories
should be based on short term maximum Inputs not yearly
averages. Therefore, the CAPS average Inventories listed in
Section 11.3 are not Identical to those in Section 15. The
Inventories for shielding requirements are the same as those
described above for the "Design" condition except the Failed
Fuel Monitoring System input corresponds to 1.0% failed fuel.
The accident source terms and the shielding source terms are
different for the CAPS cold box accident In order to be most
conservative for each application.

11.3.2.4 Release Path Calculations

The various release paths listed In Section 11.3.2.1, Paths 1 through 10, and
shown in Figure 11.3-1, were evaluated to obtain the activity release rates,
as follows:
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Path Ia. Reactor Cover Gas Leakage - The leakage of 0.0044 scc/min was
multiplied by the data In Table 11.3-2 ("Concentration" column) and
was converted to give daily leakage. Dgay during transit through
seals was not considered, except for Ne, (5 minute delay).

Path lb. Buffered Head Seals Leakage - The leakage of 7 scc/min from the seals
was multiplied by the data in Table 11.3-4 ("Recycle Argon Vessels
Effluent" column) and was converted to give daily leakage.

Path 2. Primary Piping Leakage - The leakage of 1 scc/mln of reactor cover
gas from the equalization line and hot primary gas piping was
multiplied by the data In Table 11.3-2 ("Concentration" column) and
was divided by the CAPS decontamination factors (Table 11.3-8).
Diffusion of tritium is also included.

Path 3. RAPS Cold Box Component Leakage- The leakage of 1 scc/min was
multiplied by the data In Table 11.3-4 ("RAPS Surge Vessel Effluent"
column) and was converted to give dally leakage.

Path 4. RAPS Noble Gas Bleed to CAPS - Based on a bleed period of one year,
an averagegaily 3 adloactivlty release rge to CAE Rwas calculated
for the Kr , Ar , and tritium. The Kr and Ar pass through CAPS
with no attenuation. The three long-lived isotopes are the only ones
present since all of the Isotopes are held until the short-lived
isotopes are, essential ly gone.

Path 5. Impurity and Failed Fuel Monitoring - These contributions to the CAPS,
input were divided by the CAPS decontamination factors (Table
11.3-8).

Path 6. Gas Services Exhaust - For each of the four interfacing plant
systems, the respective radioactive isotopic Inputs to CAPS were
divided by the CAPS decontamination factors (Table 11.3-8).

Path 7. Intermediate Bay Cel-is Leakage - The diffusion of tritium is
calculated from an analysis, as Indicated In Section 11.3.2.1,
Involving the evaluation of both tritium and hydrogen fluxes In the
Primary and Intermediate Sodium Systems, and using appropriate
assumptions of cold-trapping efficiency, and the hydrogen-tritium
permeability of components and piping.

Path 8. RCB H&V Exhaust - The sum of Paths la, Ib, and 3.

Path 9. CAPS H&V Exhaust - The sum of Paths 2, 4, 5, and 6.

Path 10. T-G Building H&V Exhaust BOP tritium release Is discussed in
Section 11.3.6.2.

a
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11.3.2.5 Activity Release Tabulations

Tables 11.3-9 and 11.3-10 tabulate for each radionuclide the design and
expected dally releases, respectively; the first six data columns represent
Release Paths la, Ib, and 2 through 5 in the order given in Section 11.3.2.4;
the next four columns represent Path 6; and the following column represents
Path 7.

Table 11.3-11 gives annual releases for the design service condition. The
first three data columns correspond to Release Paths 8, 9, and 7, in that-.
order; the last column gives the total plant release through the H&V system.
Table 11.3-12 gives the annual releases for the expected service condition.

11.3.2.6 Radioactive Gaseous Site Boundary and Restricted Area Concentrations

Radioactive gaseous concentrations In the head access area, and at site
boundary (based on the annual average XIQ ),have been calculated when
applicable for the following sources; these are compared to 10 CFR 20
unrestricted area MPC limits. The sources are:

a. The radioisotope leakages to the head access area given In Section
11.3.2.1, Paths la and lb. The calculated head access area concentrations
and MPC comparisons are shown in Table 11.3-13.

b.,- The main RCB H&V radioisotope exhaust rates given In column 1 of Tables
11.3-11, and -12. The radioisotopes are discharged through release point
#5a of Table 11.3-20. The calculated site boundary concentrations and MPC
comparisons are shown In Table 11.3-15.

c. The RSB H&V radioisotope exhaust rates given in column 2 of Tables
11.3-11, and -12. The radioisotopes are discharged through release point
#21 of Table 11.3-20. Site boundary concentrations and MPC comparisons
are shown in Table 11.3-14.

d. The Intermediate bay tritium leakage rate given In Tables 11.3-11, or -12.
The tritium is discharged through release point #I of Table 11.3-20. the
site boundary concentration and the MCP comparison are shown In Table
11.3-16a.

e. The BOP tritium release rate quoted at the bottom of Table 11.3-11, or
-12. The tritium is discharged through release point #7 of Table 11.3-20.
The site boundary concentration and the MPC comparison are shown In Table
11.3-16.
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The two restricted-area locations that present potential occupational exposure
to airborne radionuclides are the IHTS piping cells and the head access_ rea. )
The estimated leakage of tritium Into the IHTS piping cells Is 1.6 x 10
This Is diluted In 1000 cfW of venltlating air, resulting in an expected
concentration of 3.9 x 18 '-Ci/sm less than 0.1% of the MPC (occupational)
concentration of 5 x 10 "iCi/cm

The normally accessible area with the largest potential atmospheric
radionuclide concentrations is the head access area (HAA). As shown in Table
11.3-13, the concentrations In this region for operation with 1% failed fuel
will be approximately 1.3 x 109-, Ci/cm3 , which results In a sum of the
fractional MPC's (occupational) of 0.05. Also shown on Table 11.3-13 are the
expected concentrations for operation with 0.1% failed fuel, which results In
a sum of the fractional MPC (occupational) value of 0.007.

Particulates are not expected to be discharged from the design release points
of the CRBRP. However, as discussed in Section 11.4, monitors will be
provided, as appropriate, to ensure the capability of detection.

11.3.3 System Deslgn

11.3.3.1 General

The RAPS and CAPS System designs emphasize all-welded construction, wherever
59 practicable, and bellows-sealed process valves throughout, so that leak-

tightness is enhanced. There will be no field-routed piping In either system.

11.3.3.2 Equipment,

RAPS and CAPS flow diagrams are shown in Figures 11.3-4 through 11.3-7. The
design parameters of the major equipment components shown In the diagrams are
listed in Table 11.3-17; this table summarizes the design codes, the seismic
categories, the operating pressures and temperatures, the actual volumes of

591 the components, and their capacities under normal operating conditions.
These components are all located within the RCB and RSB, which are Seismic
Category I structures, and are tornado-protected by the building.
Consequences of equipment failures by rupture of leakage are discussed in
Section 15.7.

0
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•, 11.3.3.3 Instrumentation

3Process lnstrumentation Is to be Installed In RAPS, CAPS, and the Inert gas

distribution systems In order to effect the control, generally in the

automatic mode, of pressures, temperatures, radioactivity concentrations, and

flow rates (see Section 9.5.5). RAPS and CAOS process and instrumentation
diagrams are shown In Figures 11.3-10 through 11.3-13. The normal pressures
and temperatures for the vessels are listed in Table 11.3-17. Radioactivity

concentrations and flow rates have been discussed in previous sections of

Section 11.3.

Radiation monitoring for the nitrogen-inerted cells In the RCB and RSB Is

provided by two separate multi-channel sampling and analysis units, typically

piped as shown In Figure 11.3-8. The Individual cell atmospheres are
continuously withdrawn but are sequentially subjected to analysis for
detection of radioactivity, water vapor, and oxygen. Detection of oxygen

concentration in excess of the high set point will automatically Initiate
purging of the violated cell with fresh nitrogen to reduce the concentration
to the low set point. Initiation for automatic purging to reduce water vapor

concentration rather than oxygen is an operator option, selectable by a hand

switch. Detection of radioactivity In the cell atmosphere automatically
directs the cell effluent to vent to CAPS If the radioactivity Is above the
set point; otherwise, It Is vented to HVAC for direct release. This option Is' provided for all the Inerted cells In the RSB, but not for the Inerted cells

In the RCB. The effluents from the RCB cells are always vented to CAPS during
normal plant operation.

Two radiation monitors In series are provided In a common RSB Inerted-cell-

vent header before the cell gases are discharged Into the HVAC ducting. This
provides continuous monitoring of the vented gases, and a high-radiation

signal provides automatic closure of a common header-isolation valve located

downstream of the radiation monitor. The signal also closes all the HVAC vent

valves to the Individual loop cells, to prevent release of radioactive gases.

The question of whether or not available RSB radiation-monitoring equipment
provides adequate discrimination to guard against excessive releases, Is
addressed in the following sample calculation:

If a 100,000 ft 3 cell Is at, but not above, the threshold of radioactivity

detection (1 E-6 pCi/cm3 ) and is then purged within one day to correct its
oxygen concentration, the purge flow will ester the H&V eff uenj duct.
Under these conditions, a nominal (1 E+5 ftA) (2.832 E+4 cm /ft-) (1 E-6

or 0.0028 Ci, will be In the cell. In the worst case, all of it (0.0028
Cl/day) could be released In the H&V effluent. This Is only 0.16% of the

normally expected daily plant release rate.
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11.3.4 Operating Procedures and Performance Tests

The gas Inputs to CAPS (listed in Section 11.3.2.1) are drawn into a vacuumtank by one or more of four 25-scfm compressors, depending on input flow rate,which are Instrumented to automatically maintain a 7.7 to 12.7 psla pressure
In the tank. The compressors are arranged In parallel and their controls aresuch that one starts when the vacuum pressure reaches 12.7 psla, and others
start in sequence if the pressure is not held below 12.7 psla. The
compressors stop when the vacuum reaches 7.7 psia In the vacuum tank. If the

59 1

0
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setpoint vacuum pressure exceeds 13.7 psla, a high alarm Is triggered. If the
.. temperature of the effluent from the compressors exceeds the high setpoint,

Indicating Inadequate cooling, a high alarm will be triggered to alert the
operator to the abnormal condition.

RAPS and CAPS are Independently operated, with process control being automatic
and with control-room as well as local provisions for overriding automatic
controls If conditions so dictate. Both subsystems have control and alarm
instrumentation and instant data retrieval available in the control room; this
provides the operator with Information that ensures proper system operation.
The effectiveness of operating procedures has been demonstrated as part of the
FFTF development and, to a limited extent, analogous systems used In light-
water reactors.

The receiver (surge vessel) of the CAPS compressor(s) normally operates at
59 about 40 psig but can be operated up to 135 psig. The outlet flow from the

surge vessel Is regulated by a flow control valve. When the surge vessel
pressure reaches the nominal 40 psig, the flow valve will permit gas to flow
to the processing equipment at a flow rate that increases with surge-vessel,

59 pressure differential above 40 psig.

If there Is a high gas Inflow to the surge vessel and the pressure rises above
the nominal setpoint, the outflow from the vessel Is Increased to accommodate
to the Increased inflow rate. If the Inflow exceeds the-maximum processing
capability, the surge vessel will act as an accumulator and Its pressure can
increase to 135 psig, at which pressure the compressors are automatically shut

) down and a high alarm Is triggered. In the event of a compressor diaphragm
failure, the failed compressor can be isolated and repairs can be made without
shutting down the remainder of CAPS. Similarly, Individual radioactive gas
filters, upstream of each compressor, can be Isolated and replaced when a high
pressure-drop alarm is triggered from excessive particulate buildup.

One of two parallel tritium-water removal trains Is always on line while the
other is being regenerated, with the switchover being automatically controlled
by a sequencing timer. In the regeneration cycle, any CO. which has been
frozen out of the process gas is subllmed off between -20 F and OF and is
released through the CAPS effluent to H&V. Then, ice formed from tritiated
water vapor is melted and, between 40°F and 70 0 F, It Is drained to the CAPS
rad-water holding vessel. From this vessel, It is periodically transferred to
the Radioactive Waste System by manual actuation of the transfer valve. The

591 waste Is then converted to non-compactible solid form for ultimate offsite
disposal.
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The dried, essentially tritium-free gas from the on-line unit is passed
through two charcoal delay beds at cryogenic temperatures; this adsorbs the
radioactive xenon and krypton and permits their decay on the beds. The
effluent gas from the second bed Is normally released to the H&V, but if It
contains radioactivity greater than the preset limit, the gas stream is
automatically diverted back to the CAPS vacuum vessel, the CAPS compressors
are shutdown, and an alarm Is sounded. When the radioactivity concentration
in the effluent gas is reduced to a value below the preset value, as observed
In the effluent gas radiation monitor, the operator may return the three-way
valve to its normal position to divert'the gases to H&V. The alarm signal
must be manual.ly reset.

RAPS is designed to process highly radioactive cover gas from the Primary
Sodium System. Under normal operation, RAPS does not discharge gas to the
environment. Any unacceptable'leakages from RAPS will be detected and the
cell In which they originate W'Ill be Isolated. Action will then be taken to
repair the leak. RAPS is divided Into an Inlet complex and a processing
section. The RAPS inlet complex, consisting of a vacuum vessel, filters, and
compressors, operates In the same manner and serves the same function as that
In8 9APS. A cryogenic still is used to remove stable xenons and kryptons, and
Kr , as wel~l as the short-lived noble gas Isotopes.

RAPS automatically processes argon reactor cover gas, which, when purified, Is
normally delivered to the recycle vessels. If the radioactivity level of the
RAPS effluent gas exceeds a preset level, an alarm Is sounded. This alerts
the operator, who then switches RAPS to the cold-box bypass mode of operation.
He then drains the cryostill and takes corrective action. After corrective
action has been completed, normal flow willl be resumed to the recycle argon
storage vessels.

The RAPS cryogenic still removesxenon and krypton Isotopes by solution In the
liquid-argon that collects at the bottom of the column. This liqui.d. is
periodically drained, evaporated, and transferred as gas to the noble gas
storage vessel, from which the gas Is bled into CAPS at a controlled rate.
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Off-normal operation of the cryogenic still will be detected and an alarm
* • sounded on the basis of off-normal process temperature, pressure, or LN flow.

The first operator action would be to attempt to correct the condition Ey

adjusting the out-of-limit parameter. If this could not be accomplished, the
RAPS cold box would be bypassed as described above, while the source of the
off-normal condition Is corrected.

Although under normal conditions RAPS Is a closed system, the following are
three conditions under which gas may be bled from the circuit: (1) In the
event the RAPS system pressure rises above a preset limit, the operator can
manually discharge some of the RAPS gas Inventory to CAPS as a corrective
measure; and (2) prior to required maintenance, the-gas inventory in RAPS
components can be discharged to CAPS. In all cases, the diverted RAPS gas Is
taken to CAPS for additional treatment.

Performance tests, to be conducted prior to plant operation, will verify the
operability of the system. Selected system performance data are to be
recorded during plant operation; these are to be continually reviewed to
ascertain that critical components are performing within specifications. in
addition, the process gas streams are to be continuously monitored for
radioactivity level, in order to provide surveillance of the process system's
decontamination effectiveness. The calibrations of all Instrumentation
sensors, and checkout of alarm circuits and controls, are to be performed
during reactor downtime, In order to assure that they are functioning
properly. Selected tests are to be repeated during scheduled plant
maintenance periods in order to ensure that critical components, such as the
delay beds, are performing within specifications.

11.3.5 Estimated Releases

The Cell Atmosphere Processing Subsystem removes fission product gases from
nitrogen cell atmospheres, and those air cell atmospheres that normally or
potentially contain radioactivity, prior to the discharge of these gases to
the environment. The direct discharge of unprocessed radioactive gases to the
environment is limited to the radioactive cover gas and buffer-gas leakages
through various reactor closure head seals, RAPS and CAPS component leakages,
and to the tritium that diffuses through the piping and components in the
Intermediate Bay cells which vent directly into the SGB-IB H&V exhaust system.
Unprocessed tritium is also released from the T-G building H&V exhaust due to
tritium flux to steam.

'\
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The RAPS design Is based on operation with 1% failed fuel. Normal operation
and the expected releases are based on operation with 0.1% failed fuel. The 7)
estimated radioactivity release rate from the gaseous waste and the H&V
systems after a 1-year period under average operating conditions are shown In
Table 11.3-12. The release rates based on the design condition of 1.0% failed
fuel are presented In Table 11.3-11.

11.3.6 Release Points

11.3.6.1 Nuclear Island

There are a total of 16 design release points for the Nuclear Island
Buildings. The location, height, discharge flow rate, discharge velocity,
discharge air temperature, and size and shape of the discharge orifice for
each release point are presented in Table 11.3-20.

Ventilation from the Steam Generator Building Intermediate Bay cells is ducted
to a single exhaust point located In the Steam Generator Building Intermediate
Bay. (Release Point 1 of Figure 11.3-9).

There is a separate exhaust point for each of the Steam Generator Loop cells.
Ventilation from each of the three Steam Generator Loop cells Is ducted to its
respective exhaust point located in the Steam Generator Building Auxiliary Bay
(release Points 2, 3, and 4 of Figure 11.3-9). Levels of radioactivity in
these areas will make no significant contribution to offsite dose rates.

There are three design release points provided for the RSB/RWB. One design Q
release point exhausts the Radwaste Area. This area Involves decontamination
of non-volatile Isotopes and Is not expected to result In the release of
activity to the exhaust. However, as described in Section 11.4, monitoring of
this release point will be provided. Two release points for the RSB are
provided for the exhaust from a) the RCB downstream of the containment
Isolation valves, and b) the RSB Clean-up Filtration System.

Per Section 11.4, monitors will be provided for these exhausts. The locations
of the two RSB exhausts and the Radwaste Area exhaust are Release Points 23,
22, and 6, respectively, on Figure 11.3-9.
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Eight (8) release points (points 20A thru 20H In Fig. 11.3-9) are associated
with Thermal Margins Beyond Design Basis (TMB'IB) design features which receive
exhausts from the Annul us Air Cool Ing System (this system Is described in
Section 9.6.2). ThIs system is not required to operate during normal
operations or to mitIgate the consequences of any design basis accidents.
ActivIty would only be released from these points In the event of very low
probabil ity accidents beyond the design basis, such as a hypothetical core
disruptive accident. If required these exhausts would be initiated no sooner
than twenty-four (24) to-thirty-six (36) hours after the TIVDBI scenario. On
I1ne mon itoring:for particulate, iodine and radiogas will be provided for
these exhausts in the event of such an accident.
The Containment Cleanup System/Annul us Pressure Maintenance and Filtration

System have a common exhaust (release point 21 In Fig. 11.3-9). Durihg normal
operation, the Annul us Pressure Maintenance and Filtration System exhausts
fthru release point 21 on top of the'RkB dome. In the event of very low
probabil ity accidents beyond the design basis (TMN[l) the Containment Cleanup
System would exhaust thru the same release point, and the Annul us Pressure
Maintenance and Filtration System would no longer be in. use. Particulates,
radiolodines, radiogases, and plutonium are monitored cOntinuously In the
effluent stream.

11.3.6.2 Balance of Plant

A ýsnal I fraction of trItlum produced in the fuel and control rods passes into
the steam-water system by diffusion through stainless steel in the IHX and
through the steam generator tubes. Tritium Is expected to be in:the
steam-water system in the form of tritiated water. The condenser air removal
system removes nonh-condensible gases (vapors) from the condensing steam.
Tritiate I 'water vapor, present in the off-gas flow, constitutes the only
expected gaseous rel ea'se contr IbutIon from the balance of the pl ant.

Mechanical vacuum pumps wIll remove the vapors together*with the
n6ncondens I be gases and will discharge them to the'exhaust plenum of the
Turbine Generator BuiIdiUng (which corresponds to release point 7 on Figure
11.3-9). The vapors will mix with the exhaust air. The resulting gaseous
tritium release from the TGB Is provided in Table 11.3-16.

The Deaerator Exhaust and Steam Packing Exhauster exhaust are tndependentlyvented to atmosphere from the Turbine Generator Building (release points 24
and 25 on Figure 11.3-9). The BOP tritium contribution is included In the
dose calculations presented In Section 11.3-8. Balanceof Plant tritium
release Is based on the following assumptions: (1) Plant Capacity Factor of
0.68, (2) Vacuum Pump Operating)Factor of 0.85, (3) Radioactivity Input to
Steam-Water System 0.016 Cl/day, and (4) Condenser off-gas removal 7 sgfm.
The design value release of tritlated water vapor amounts to 6.3.x 10"
Cl/day.

Description, design bases, and evaluation of the BOP design are provided In
Section 10.
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Thirteen other release points associated with the balance of plant could
contain some radioactivity. These points are:

1) Plant. Service Buildlng (PSB) exhausts from the hot laboratory and

59I decontamination area, Identifled as Point 19,on Figure 11.3-9. Levels of
radloactivity Inn'these areas will make no significant contribution to off-
slte, dose rates.

2), Turbine Generator Bulldlng exhausts recelving ventilation exclusively from
the Turbine Generator Building atmosphere are identifiled as Points 7 tlhru
18 on Figure 11.3-9. Levels of radioactivity in these areas are expected
to make no significant contribution to off-site dose rates. However, as

.per Section 11.4.2.2.3,. samples of the TGB atmosphere will periodically be
analyzed.

The ilocati'io, height,. discharge flow rate, discharge velocity, discharge air
temperature, and size and shape of the discharge orifice, for each BOP release
point, are presented In Table 11.3-20.'

11-.3r.7 D lution Factors-

Thi maximum dose at the site boundary due to normal releases from the gaseous
waste system will occur at a point on the boundary that has the highest
average annual x/Q as determined from meteorological data the CRBRP
site, the average annual x/Q for this point is 5.10 x 10- s/

11.3.ý8 Dose Estimates

The release of radioactive noble gases in the gaseous effluent from the CRBRP

durlng normal operation 1w:ll create. a slIghtly radloactive plume downwind of

59 I the site; this wilil expose the public located In the downwind di rection to
small doses of external gamma and beta radiation. An external beta dose to
body tissue will be recelved from the relatively small amount of tritlum
discharged to the atmosphere. It should be noted that these exposure pathways
ImpIy a pubi Ic completpel.y exposed to the environment, whereas, in real I ty,
most persons spend a significant portion of the lives within structures that
reduce the exposure of these types of radiation. The reduction In external
dose could range from a factor of two. to 1,000 depending on the type of
structure and the location of the person within (Ref. 1).

Exposure to tritium In the form of tritiated water vapor (HTO) can occur
through several pathways including:

1) Inhalation and skin absorption

2) Ingestion of mIlk contaminated by the fallout of HTO to the cow's forage
and by Inhalation by the cow
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.3) Ingestion of vegetables contaminated by HTO fallout

4) Ingestion of meat (beef) through fallout to forage and Inhalation of
grazing cattle

5) Ingestion of drinking water contaminated by HTO fallout.

11.3.8.1 Dose Rate Estimates

Doses received from exposure to gaseous effluents from the CRBRP were
evaluated, using equations I through 12 presented In the Appendix to Section
11.3 and releases as described in Table 11.3-11 (design conditions). Maximum
external gamma and beta doses are expected, assuming continuous exposure at
the site boundary location associated with the largest value of average annual
x/Q. The associated distance_ýs 2590 feet In the NW direction, and the
average annual x/Q = 5.1 x 10 s/m . Although activity Is released from
rooftop vents, analyses assume ground releases. External gamma dose Is
2.1 mrem/yr and total skin dose is 7.1 mrem/yr at this point, assuming no
protection from clothing. This annual dose is well below the requirements of
10 CFR 50 Appendix I. Release point contributions to the dose are tabulated
In Table 11.3-18.

Based on the population distribution for the year 2010 within 50 miles of the
site, as presented in Table 2.1-12, the annual population dose associated with
the external gamma dose Is 3.4 man-rem/yr. Assuming a conservative value of

-> 100 mrem as the average annual dose from naturally occurring external sources
of radiation (Section 11.6), the associated population dose due to naturally
occurring radioactivity Is estimated to be 98,700 man-rem/yr. The calculated
contribution from the CRBRP is less than 0.004 percent of the population dose
from naturally occurring radioactivity.

Internal doses via the various exposure pathways to gaseous effluents
(inhalation and ingestion of milk, water, vegetables, and meat) will be due
almost exclusively to the presence of tritium. The noble gases are relatively
Inert and result in practically no Internal exposure. Internal doses are
reported in Table 11.3-19 on a release point basis. All dose calculations
have included the BOP tritium contribution.

The growing season for leafy vegetables in the Eastern Tennessee Region is
assumed to be 90 days. All other variables used in the calculation of dose
from Ingestion of leafy vegetables, such as total dally Intake of leafy
vegetables and yield per unit area of cultivated land, are provided In Table
11.3A-6 of the Appendix to Section 11.3.

11.3-18
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Average effective grazing area of beef cattle and dairy cows is assumed to be o
45 m . Assuming that 100% of the tritium ingested is evenly distributed
within the meat and the average weight of a steer is 500 kg, the cumulative
fraction of tritium transferred per kg of beef Is 1.0/500 kg or 0.002/kg.
Although some grains produced outside of the immediate area are used to
supplement their diet, dairy cows on the farm nearest the CRBRP site are
allowed to graze outside all- year. It Is therefore assumed that 100% of the
diet of both cows and cattle comes from the fields. All other variables, such
as total intake of beef or milk and elapsed time between butchering and
Ingestion, are provided In Table 11.3A-6 to the Appendix of Section 11.3.

Maximum total annual whole body Internal dose from exposure to gaseous
effluents to the hypothetical Individual who eats only leafy vegetables grown
in the closest home garden to the siteR eats only the meat from beef cattle
grazing in the closest field to the site, drinks one Iliter of milk per day
taken only from the closest known cow to the site, drinks water from the

501 nearest reservoir, and lives In the closest house to the site, Is 0.021
mrem/yr. The estimated annual Internal dose from natural radiation to an
Individual Is 18 mrem/yr (ref. 2). Therefore, the maximum Internal dose to an

501- Individual from exposure to CRBRP gaseous effluents is approximately 0.12
percent of his Internal dose from naturally occurring radiation. The maximum

501 internal dose is .a factor of 4 x 10 of the 10 CFR 20 annual dose limits for
unrestricted areas. External and Internal doses resulting from exposure to

ýdaughter products of gaseous effluents have been Included In the dose
evaluations.

Analysis of doses due to gaseous fallout on the Clinch River assumes an annual
mean depth of a reservoir from which water Is taken for drinking supplies

501 downstream of the plant site to be 4.8 m. Approximately 0.5 days are required
for processing the Clinch River water into potable water. Internal whole body
doses to persons drinking water Is 3calculated with the assumption that total
Intake during 24 hours is 2,200 cm and 1100 cm for an 8 hour working day
(Ref. 3). Period of exposure Is assumed to be 260 days for workers and 365
days for public consumption of water. A conservative dilution factor for
gaseous deposition into the river, due to flow of fresh water Into a
reservoir, is derived as flow out flow In. An additional dilution factor
(0.16) results from the ratio of the river flow relative to the deposition
velocity of the gaseous release. Maximum whole 4body Internal dose to an

501 Individual from ingestion of water Is 2.0 x 10 mrem/yr from the gaseous
fallout. The analysis conservatively assumes, on an annual basis, one month
of zero flow condition of the Clinch River at the plant site and 11 months of
summer average flow (4777CFS).

0
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Population dose assessments for the area within the fifty mile radius of the

plant site have been performed. The pathways assessed considered all those

previously discussed in this section. Population dose assessments via the

Ingestion of milk'containing fallout utilized the Impact for milk cow

populations from the counties: within a 50 mile radius of the CRBRP as provided
In Ref. 4. The same general approach was applied to the population dose

associated with the Ingestion of beef containing fallout, i.e., a survey of
the beef cattle (Ref. 4) was Incorporated. The population dose associated

with the ingestion of leafy vegetables utilized an extrapolation of nearby

land usage from the plant site to the 50 mile radius area. Ingestion of water
containing fallout effluent considered nearby reservoirs. Inhalation dose

5cI assessments were also included. The man-rem Internal dose values from all the

pathways considered sum to a value of 0.017 man-rem per year. The assessments
utilized the model specifics of section 11.3A and 50 mile radius population
figures associated with the year 2010.

I"
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i TABLE 11.3-1

INPUT RATES TO REACTOR COVER GAS*RADIONU.CLIDE

Decay Constant
(day )

Input Rate
(Ci/day)Isotope

Xe1
3 1m

Xe! 3 3 m

Xe1 3 3

Xe13 5m

Xe13 5

Xe1 38

Kr8 3 m

Kr8 5m

Kr8
5

Kr
87

Kr
8 8

Ar3
9

Ar4 1

Hal f-Life

11.96 day

2.26 day

5.27 day

15.7 min

-9.16 hr

14.2 min

1.86 hr

4.4 h r

10.76 years

76 min

2.79 hr

269 years

110 min

38 sec

12.5 years

0.058

0.306

0.131

63.6

1 .81

70.2

112

3,760

65,100

95,600

334,000

170,000

8.98

3.78

1 .77E-4

13.1

5.96

7.OE-6

9.07

1576

1 .52E-4

TOTAL:

16,400

30,000

2.05

52,000

64,400

0.129

523

Ne2 3
1 .42E+9

1 .95E-7***

832,000 **

*For-the design .ndition
**Exclusive of Ne

***The rate at which tritium diffuses Into the cover gas to replace

losses and maintain equilibrium concentrations at the liquid
metal-to-gas interface.
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TABLE 11.3-2

GASEOUS RADIONUCL IDE CONCENTRATION IN
REACTOR COVER GAS*

Inventory Concentration
Isotope (Ci) ICi/scc

Xel 3 1m 8.6 0.74

Xel 3 3 m 2.8E+2 24.

Xe1 3 3  5.OE+3 4.3E+2

Xe135m 1.2E+3 1.1E+2

Xe1 3 5  2.3E+4 1.9E+3

Xe1 3 8  2.OE+3 1.8E+2

Kr8 3 m 7.5E+2 64

Kr85m 1.8E+3 1.5E+2
\; Kr85

Kr 0.16 1.4E-2

Kr 8 7  2.0E+3 1.7E+2

Kr 8 8  3.4E+3 2.9E+2

Ar3 9  9.09** 0.783**

Ar4 1 24. 2.0

Ne2 3  8.9E+5 7.7E+4

H3  1.7E-4 1.5E-5

*For the design condition
**After 30 years' operation
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TABLE 11.3-3

ACTIVITY INVENTORIES IN RAPS .PROCESS VESSELS

C-.

RAPS Vacuum
Vessel

Isotope Design Expected
(CI) (Ci)

Xe131m 1.2 0.12

Xe133m 38 3.8

Xe133 6.9E2 69'

Xe135m 24 2.4

Xe135 2.5E3 2.5E2

Xe138 35 3.5

Kr83m 501 5.0

Kr85m 1.7E2 17

Kr85 2.2E-2 2.2E-3

Kr87 1.1E2 11

Kr88 2.7E2 27

Ar39 3.5 3,05

Ar41 1 .8 1.8

Ne23  17 17

H3  6.7E-5

Total 3.9E3 4.1E2

RAPS Surge.
Vessel

Design Expected
(CI) (Ci)

28 2.8

8.2E2 82

1.6E4 1.6E3

32 3.2

4.0E4 4.0E3

44 4.4

3.6E2 36

2.0E3 2.0E2

0.52 5.2E-2

6.0E2 60

2.50 2.5E2

81 81

13. 13

0.97 0.97

6.2E4 6.3E3

0@•

RAPS Cryosti I I

Design Expected
(CI) (Cl)

1.9E3 1.9E2

1.1E4 1.10

4.7E5 4.7E4

2.0 0.20

8.8E4 8.8E3

2.5 0.25

1,6E2 16

2.1E3 2.1E2

7.2E2 72

1.8E2. 18

1.70 1.7E2

28 28

2.5 2.5

3.4E-4 3.4E-4

5.4E-4 5.4E-4

5.8E5 5.8E4

Recycle Argon
Vessel s

Design Expected
(Ci) (Ci)

1.1E-3 1.1E-4

3.1E-2 3.1E-3

0.61 6.1E-2

6.6E-5 6.6E-6

1.1 0.11

8.2E-5 8.2E-6

3.9E-3 3.9E-4

3.8E-2 3.8E-3

2.1E-5 2.1E-6

5.OE-3 5.OE-4

3.7E-2 3.7E-3

49 49

2.2 2.2

1.3E-3 1.3E-3

9.54 95E-4

53 51

00at

I

W ter
30 years' operation



TABLE 11.3-4

IONS IN RAPS PROCESSACTIVITY CONCENTRAT GAS STREAMS*

RAPS Vacuum Vessel
Effluent

(uCI/scc)

Isotope Design Expected

RAPS Surge Vessel Recycle Argon Vessels
Effluent Effluent

(DgC x/scc) (DCi/scc)
Design Expected Design Expected

Xe131m

Xe1 33m

Xe1 3 3

Xe1 35m

Xe13 5

Xe1
3 8

Kr 83 m

I Kr85m

Kr 85

Krr8
7

Kr8 8

Ar3 9 *

Ar4 1

Ne2
3

Tota I

0.27

8.6

1 .6E+2

5.4

5.7 E+2

8.0

11

38

5.0E-3

25

61

0.78

0.42

3.8

1 .5E-5

8.9 E+2

2.7E-2

0.86

16

0.54

57

0.80

1.1

3.8

5.0E-4

2.5

6.1

0.78

0.42

3.8

1 .5E-5

94

0.27

8.0

1 .5E+2

0.31

3.9E+2

0.42

3.4

19

5.OE-3

5.8

24

0.78

0.13

9.4E-3

1 .5E-5

6.0 E+2

2.7E-2

0.80

15

3.1 E-2

39

4.2E-2

0.34

1.9

5.OE-4

0.58

2.4

0.78

0.13

9.4E-3

I .5E-5

61

1 .8E-5

4.9E-4

9.6E-3

I .I E-6

1 .7E-2

1 .3E-6

6.3E-5

6.OE-4

3.4E-7

7.9E-5

5.8E-4

0.78

3.5E-2

2.0E-5

1 .5E-5

0.84

1 .8E-6

4.9E-5

9.6E-4

1 .IE-7

1 .7E-3

1 .3E-7

6.3E-6

6.0E-5

3.4E-8

7.9E-6

5.8E-5

0.78

3.5E-2

2.0E-5

1 .5E-5

0.82

*After 30 years' operation

K,)
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TABLE 11.3-5

RAPS CRYOSTILL PERFORMANCE
CHARACTERISTICS.

I p "Decontamination*ISotope Factor

Xe131m >>1.50E+4

Xe 3 3m >>1.50E+4

Xe1 33  >>1.50E+4

Xe135m >>1.50E+4

Xe135  >>1.50E+4

Xe1 38  >>1.50E+4

Kr8 3m >1.50E+4

Kr8 5m >1.50r+4

Kr8 5  >i.50E+4

Kr8 7  >1.50E+4
Kr8 8  

>1.50E+4

Ar39  1.0

Ar41  1.8

Ne2 3  1.2

H3  1.0

*Decontamination Factor = Ratio of input
activity.to output activity.

**This quantity experimentally determined
by CVI corporation

0

49

Amend. 49+
April 1979
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TABLE 11.3-6'

ACTIVITY. INVENTORIES IN CAPS PROCESSVESSELS

CAPS Vacuum Vessel CAPS Surge Vessel

(CI) (CI)

Isotope Design Expected Design Expected

Xe1 31 m

Xe1 33m

Xe1 3 3

Xe135m

Xe1
3 5

Xe13 8

Kr83m

Kr8 5 m

Kr85

Kr
87

Kr8 8

Ar3 9 *

Ar
4 1

Ne2
3

Tota I

1 .1 E-3

7.4E-3

0.27

1 .4E-3

0.23

1 .2E-3

4.5E-3

1 .5E-2

9.4E-3

9.1 E-3

2.5E-2

1 .1 E-3

5.3E-4

8.8E-6

8.3E-6

0.57

6.8E-4

4.6E-3

0.2i

6.8E-4

3.4E-2

1 .5E-4

6.4E-4

2.2E-3

4.6E-3

1 .3E-3

3.6E-3

6.6E-4

2.3E-4

8.8E-6

0.27

1 .7E-2

0.11

4.0

5.8E-3

3.2

4.5E.3

4.9E-2

0.20

0.14

8.8E-2

0.30.

1 .6E-2

5.8E-3

I .9E-6

I.3EA

8.2

1 .OE-2

6.8E-2

3.2

2.7E-3

0.48

5.4E-4

7.OE-3

2.9E-2

6.9E-2

1 .3E-2

4.4E-2

9.9E-3

2.5E-3

1 .9E-6

.03E-4

4.0

*After 30 years' operation
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TABLE 11.3-7

ACTIVITY CONCENTRATIONS IN CAPS PROCESS STREAM

Influent to Vacuum
Vessel

(uCI/scc)Isotope

Xe1 3m

Xe1 33m

Xe1
3 3

Xe135m

Xe1
3 5

Xe138

Kr8 3 m

Kr8 5m

Kr
8 5

Kr
8 7

Kr
8 8

At3 9**

Ar
4 1

Ne
2 3

H3

Total

*<<E-1O

Des I gn

2.6E-4

1 .7E-3

6.1E-2

3.8E-4

5.2E-2

3.2E-4

1.OE-3

3.5E-3

2.1E-3

2.1 E-3

5.7E-3

2.4E-4

I .2E-4

1 .1E-5

0.13

Expected

1 .5E-4

1 .OE-3

4.8E-2

1 .8E-4

7.7E-3

3.9E-5

1 .5E-4

5.11E-4

1 .OE-3

3.0E-4

8.4E-4

1 .5E-4

5.4E-5

1 .1E-5

1,9E-6

6.1 E-2

Effluent from the
Second Charcoal Bed

(,uCI/scc)

Design Expected

1.1E-10 *

*

*

*

*

*

*

3.3E- 10

5.5E-6

1 .7E-3

2.6E-7

1 .9E-4

3.7E-5

1 .9E-3

8.1 E-7

8.2E-4 U

I

3.8E-8

1 .2E"-4

1 .6E-5

1.5 E-8

9.6E-4

**After 30 years' operation
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TABLE 11.3-8

CAPS DECONTAMINATION FACTORS

Isotope Decontamination Factors

Xe1 3 1m 1.8E+6

Xe 133m,

Xe1 33  *

Xe135m ,

Xe13 5  ,

Xe1 38  ,

Kr8 3m 2.5E+6

Kr85m 5.OE+2

Kr85  1.0

Kr8 7  2.2E+9

Kr88  1.8E+4

Ar39  1.0

Ar41  2.6

Ne2 3  *

H 1.OE+2

*>>E + 10

49
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Amend. 49
April 1979



TABLE 11.3-9

RADIONUCLIDE RELEASE RATES AND RELEASE
DESIGN VALUE SERVICE CONDITION

(Sheet 1 of 2)

PATHS FOR THE

9-4
I-.
(.

1 sotope

X.131m

Xe1
3 3 m

Xe133

Xe
13 5m

Xe
13 5

Xe138

Kr83m

Kr
85 m

Kr85

Kr
87

Kr
8 8

Ar
3 9

Ar
41

Ne
2 3

H3++

Tote I

Cover Gas Buffer
Leakage Seal
RCB H&V Leakage-
Exhaust RCB H&V
(CI/day) Exhaust

(Ci/day)

4.7E-6 1.8E-7

1.5E-4 4.9E-6

2.7E-3 9.7E-5.

7.OE-4 I.1E-8

1.2E-2 1.7E-4

1.1E-3 1.3E-8

4.1E-4 6.4E-7

9.5E-4 6.OE-6

+ +

1.1E-3 8.OE-7

1.8E-3 5.8E-6

5.0E-6 7.9E-3

1.3E-5 3.5E-4

Primary Piping
Leakage-RC
Cells to CAPS to
RSB H&V Exhaust
(Cl/day)

5.9E-10

**

3.7E-8

4.3E-4

+

1 .1E-i0

2.3E-5

1.1E-3

1.1E-3

RAPS ++. Com-
ponents LeakageRCB Cells to
RCB H&V Exhaust
(CI/day)

3.9E-4

1 .2E-2

2.2E-1

4.5E-4

5.6E-1

6.0E-4

4. 9E-3

2.7E-2

+

8.4E-3

.3.5E-2

1.1E-3

1.8E-4

Noble Gas
Effluent
to CAPS to
RSB H&V Exhaust
(Ci/day)

*

*

*

Fuel Failure
Monitoring System
Effluent to
CAPS to RSB H&V
Exhaust
(Cl/day)

2.OE-8

1 .9

7.8E-2

2.0

6.0E-7

I .OE-2

+

1 .4E-9

4.7 E-4

0.18

0.12

I,

L .. F

K

N I *

I .BE-2 8.5E-3 2.7E-'3 8.7E-1 0.31
,A

*Less than E-48
**Less than. E-12

+Leakage of Kr85 is
Effluent Column

not Included since If Is removed by the cryostill *and, therefore, accounted for In the Noble Gas

++BOP Tritium Release (6.3E-5 Cl/day for a plant capacity factor of 0.68) from T-G Building Exhaust not Included.
Also, allowance for 2 weeks per year bypass of the oxidizer unit (amounts to 0.04 curies of trltium exhausted to the
RSB H&V exhaust) Is not Included;.

+++CAPS components leakage Is negl Igible.

0@VA,

I

©0



TABLE 11. 9'

RADION4UCLIDE RELEASE RATES AND RELEASE PATHS FOR THE
DESIGN VALUE SERVICE CONDITION

(Sheet 2 of 2)

Isotope

Xe131m

Xe
1 33m

Xe
13 3

Xe13
5m.

Xe1
3 5

Xe1
3 8

KrB
3m

Kr
8 5m

Kr
8 5

Kr
8 7

Kr
8 8

Ar
39

Ar
41

NeTt

H3++

Tote I

Refueling
Effluent to
CAPS to RSB
H&V Exhaust
(Cl/day)

1.2E-7

**

Maintenance
Effluent to
CAPS to RSB
H&V Exhaust
(Cl/day)

*1

Aux. Liquid Metal
Effluent to
CAPS to RSB
H&V Exhaust
(Cl/day)

7.8E-8

,impurity Monitoring
&.Analysis Effluent
to CAPS to RSB
H&V Exhaust
(Ci/day)

2.9E-11

Interme-
diate Bay
Leakage
(Cl/day)

0

0

*11 ** **

ft

ft ft

ftft

ft

1.4

.11

ft

1 .5

ft

ft

ft

ft

ftt

ft

ft

ft

ft

ft

ft

ft

I .8E-9

2.2E-5

9.7E-7

5.5E- 12

I .2E-6

5.6E-5

3.4E-5

1.1E-4

0

0

0

0

0.

0

0

0

0

0

0

0

Tota I s
(Sheets
1 and 2)
(Cl/day)

3.9E-4

1 .2E-2

0.22

1,1E-3

0.57

1 .7E-3

5.3E-3

3.7E-2

3.3

9.4E-3

3.7E-2

0.38

0.12

19

4.67.8E-8

1 .E-4

1 .6E-4

*Less than E-50
**Less than E-13
++BOP Tritlum Release (6.3E-5 Cl/day for a plant capacity factor of 0.68) from T-G Building Exhaust not Included.

Also, allowance for 2 weeks per year bypass of the oxidizer unit (amounts to 0.04 curies of tritium exhausted to the
RSB H&V exhaust) is not Included.



TABLE 11.3-10

RADIONUCLIDE RELEASE RATES AND RELEASE PATHS FOR THE
EXPECTED SERVICE CONDITION

(Sheet 1 of 2)

Cover Gas
Leakage

Isotope RC H&V
Exhaust
(Cl/day)

000
r'.)0 ý:

Xe1
3 1m

Xe
1 33m

Xe
1 33

Xe
13 5 m

Xe1
3 5

Xe
13 8

Kr
83 m

Kr
85 m.

Kr
85

Kr
87

Kr
88

Ar
3 9

Ar41

Ne
23

Tote I

4.7E-7

I .5E-5

2.7E-4

7.OE-5

I .2E-3

I .IE-4

4.1E-5

9.5E-5

Buffer
Seal
Leakage-
RCB H&V
Exhaust
(Cl/day)

1.8E-8

4.9E-7

9.7E-6

I.1E-9

1.7E-5

I .3E-9

6.4E-8

6.OE-7

Primary Piping
Leakage-RCB
Cells to CAPS to
RSB H&V Exhaust
(Cl/day)

5.9E-11

**

3.7E-9

4.3E-5

RAPS ++.+.Con-
ponents Leakage

RCLB Cells to
RCB H&Y Exhaust
(Cl/day)

3.9E-5

1 .2E-3

2.2E-2

4.5E-5

5.6E-2

6.0OE-5

4.9E-4

2.7E-3

*

*

*

N

*

*

*

*

Noble Gas
Effluent
to CAPS to
RSB HAY Exhaust
(Cl/day)

Fuel Failure
MonItoring
Sy stem
Effluent to
CAPS to RSB HUY
Exhaust
(Cl/day)

2.9E-9

NI

8.9E-8

1 .5E-3

+

2.OE-10

7.OE-5

4.4E-2

3.OE-2

7.6E-2

K
+ + + +

1 .1E-4

1 .8E-4

5.OE-6

I .3E-5

2.1

8.OE-8

5.8E-7

7.9E-3

3.5E-4

8.1 E-3

I .IE-11

2.3E-6

1 .11 E-3

I JI E-3

I .1E-5

2.29-3

8.4E-4

3.5E-3

1 .1E-3

I .8E-4

8.8E-2

I .9E-1

7.8E-2

0.27

*Less than E-50
**Less than E-14
++BOP Tritlum Release (6.3E-5 Cl/day for a plant

Also, allowance for 2 weeks per year bypass of
RSB H&V exhaust) Is not Included.

+++CAPS componentsleakage Is negligible.

capacity factor of 0.68) from T-G Building Exhaust not Included.
the oxidizer unit (amounts to 0.04 curies of tritlum exhausted to the I

0 0@
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TABLE 11.3-10

RADIONUCLIDE RELEASE RATES AND RELEASE PATHS FOR THE
EXPECTED SERVICE CONDITION

(Sheet 2 of 2)

I sotooe

Xel 31 m

X.1 33m

Xel 
33

Xel 3
5 m'

Xe3

U)Xe138 ,

CD Kr83"'

Refueling
Effluent to
CAPS to RSB
H&V Exhaust
(Cl/day)

1.2E-7

Maintenance
Effluent to
CAPS to'RSB
H&V Exhaust
(CI/day)

Aux. Liquid Metal
Effluent to
CAPS to RSB
H&V Exhaust
(Cl/day)

7.8E-9

Impurity Monitoring
& Analysis Effluent
to CAPS to RSB
H&V Exhaust
(Cl/day)

2.9E-12

Interme-
diate Bay
Leakage
(Cl/day)

0

0

0

**

**4.8E-13 'ft

1 .4

0.11

*K
ft 0

0

0ft

Tota I s
(Sheets
1 and 2)
(Cl/day)

3.9E-5

1 .2E-3

2.2E-2

I1IE-4

5.7E-2

1 .7E-4

5.3E-4

4.$E-3

1.6

9. 5'E-4

3.7E-3

0.24

3.2E-2

I

Kr
8 5

Kr
8 7

Kr
8 8

Ar
3 9

Ar
4 1

Ne
23

Hý3+*

= Total

Co 0')

ft

ft

ft

ft

ft

ft

ft.

ft

ft

ft

1 .8E-10

2.2E-6

9.7E-8

5.5E-13

1 .2E-7

5.6E-5

3.4E-5

9.2E-5

0 "

0

0

0

0

0

F'

f-F

'C

L

0

0

1 .5

*Less than E-50
**Less than E-14
++BOP Tritium Release

Also, allowance for
RSB H&V exhaust) Is

U

7.8E-8

I 6E-4

I .6E-4 1.9

(6.3E-5 Cl/day for a plant capacity factor of 0.68) from
2 weeks per year bypass of the oxidizer unit (amounts to
not Included.

T-G Building Exhaust not Included.
0.04 curles of tritium eXhausted to the



TABLE 11.3-11

ANNUAL ACTIVITY RELEASE RATES FOR THE
DESIGN SERVICE CONDITION

Radionucl ide

Xe131m

Xe133m

Xe13 3

Xe135m

Xe1
3 5

Xe1 3 8

Kr8
3 m

Kr85m

Kr
85

Kr
8 7

Kr8 8

Ar3 9

Ar41

Ne2
3

T3aI

TotalIs

Main RCB H&V
Exhaust
(Cl/year)

0.14

4.3

80

0.42

2.1E2

0.64

1.9

10

3.4

13

3.3

0.20

+

6.3E-5

3.3E2

RSB H&V
Exhaust
(Cl/year)

8.0E-5.

1.OE-30

2.3E-10

+

+

+

2.3E-4

4.0

1 .2E+3

5.4E-7

0.18

1.3E+2

45

+

1.4ER

Intermediate
Bay Leakage

(ClI/year)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

5.8E-2

Tota I
Re I ease
(Cl/year)

0.14

4.3

80

0.42

2.1E2

0.64

1 .9

14

1 .2E+3

3.4

13

1 .4E2

45

+

1 .7E3

+<E-45
++BOP Tritium Release (0.023 Cl/yr for a plant capacity factor of

0.68) from T-G Building Exhaust not Included.

Also, allowance for 2 weeks per year bypass of the oxidizer unit
(amounts to 0.04 curies of tritium exhausted to the RSB H&V
exhaust) is not Included.

+++Leakage of Kr85 Is not Included since it Is removed by the
cryostill and, therefore,.is accounted for In the RSB H&V Exhaust
Column.

0
0

11.3-31
Am~nI ~A
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TABLE 11.3-12

ANNUAL ACTIVITY RELEASE RATES FOR THE
.EXPECTED SERVICE CONDITION

Radlonuclide
Main RCB H&V

Exhaust
(CT/year)

RSB H&V
Exhaust
(Cl/year)

.Intermediate
Bay.Leakage

(Cl,/year)

Total
Release
(Cl/year)

Xe131m 1 .4E-2 4.9E-5 0 1 .4E-2

Xe1 3 3 m 0.43 6.2E-31 0 0.43

Xe13 3  8.0 1 .8E-1 b 0 8.0

xe135m 4.2E-2 + 0 4.2E-2

Xe1 3 5  21 + 0 21

Xe1 3 8  6.2E-2 + 0 6.4E-2

Kr8 3 m 0.19 3.4E-5 0 0.19

Kr8 m 1.0 0.58 0 1.6

Kr8 5  ** 5.8E2 0 5.8E2

Kr 8 7  0.34 7.8E-8 0 0.34

Kr 88  .1.3 2.6E-2 0 1.4

Ar3 9  3.3 85 0 89

Ar4 1  0.20 12 0 12

Ne2 3  + + 0 +

H3++ 6.E5 1.1 E-2 58- T9.E-2

Total s 37 6.7E2 5.8E-2 7.2E2

+.<E-45
++BOP Tritium Release (0.23 Cl/yr for a plant capacity factor of

0.68) fron T-G Building Exhaust not Included.

Also, allowance for 2 weeks per year bypass of the oxidizer unit
(amounts to 0.04 curies of tritium exhausted to the RSB H&V
exhaust) Is not Included.

**Leakage of Kr85 Is not Included since It is removed by the
cryostill and, therefore, Is accounted for in the RSB H&V Exhaust
col umn.

11.3-32
Amend. 64



RADIONUCLIDE CONCENTRATIONS IN HEAD ACCESS AREA

Design Expected

Isotope

Xe131m

Xe1 33m

Xe1
3 3

Xe1 35m

Xe13 5

Xe13 8

Kr8
3 m

Kr85

Kr8 5

Kr87

Kr88

Ar3 9

Ar4 1

Ne23**

H3

TotIal s

MPC*
(1CIl/cc)

2E-5

1E-5

1 E-5
1 E-6

4E76

1 E-6

6 E-6

6E-6

1E-5

1E-6

1 E-6

8E-6

2E-6

1 E-6

Concentration
(ilC/cc)

6.6E-12

2.1E-10

3.8E-9

9.5E-10

1 .7E-8

1 .5E-9

5.6E-1 0

1 .3E-9

1 .3E-13

1 .5E-9

2.5E-9

I .1E-8

5.0E-10

0

4.1E-8

Concentration
÷ MPC

3.3E-7

2.1E-5

3.8E-4

9.5E-4

4.1E-3

1 .5E-3

5.6E-4

2.2E-4

1 .3E-8

I .5E-3

2.5E-3

1 .3E-3

2.5E-4

0

1 .3E-2

Concentration
(ijCI/cc)

6.6E-13

2.1 E- 11

3.8 E- 10

9.5E- 11

1 .7E-9

1 .5E-10

5.6E-11

1.3E-10

1 .3E-14

I .5E-10

2.5E-10

1 .1 E-8

5.OE-10

0

1 .4E-8

Concentration
" MPC

3.3E-8

2.1E-6

3.8E-5

9.5E-5

4.1E-4

1 .5E-4

5.6E-5

2.2E-5

1 .3E-9

1 .5E-4

2.5E-4

1 .3E-3

2.5E-4

0

4.1E-8

2.1E-3

*10CFR20, Appendix B, Table I (restricted area), except for Ar39, which has been scaled to Kr85.

**Ne 23 Is not included becaug a minimum period of 5 minutes will occur for leakage from cover gas to
head access area. Thus Ne will not be present In the head access area. Decay during transit Is
not considered in evaluating any other Isotope.

. ss area flow. rate = 18,000 scfm Q 0 0



TABLE 1i.3-14

RADIONUCL IDE CONCENTRAT'IONS :AT SITE BOUNDARY FROM RSB EXHAUST+

Design Expected

Isotope MPC*
(1'C i/c

Xe1 3 1m 4E-7

Xe133m 3E-7

Xe' 3 3  3E-7

Xe 3E-8

Xe1 3 5  1E-7

138-,Xe13 3E-8

Kr83 m 3E-8

Kr85m 1E-7

Kr8 5  3E-7

Kr87  2E-8

Kr8 8  2E-8

Ar3 9  2E-7

Ar4' 4E-8

Ne2 3  3E-8

H3

Totals

*IOCFR20, Appendix

**<E-50
+Release point No.

c)
Concentration

(PCi/cc)

1.3E-16

1.6E-42

3.7E-22

Concentration
" MPC

3.3E-10

5.5E-36

1 .2E-15

**

**

**

**

Concentration
(PCi/cc)

7.8E-18

1.OE-42

3.OE-22

5 .;4E.;17 ..

9.3E-13

9.4E-10

1.3E-19

4.2E-1 4

1.4E-10

1.8E-11

**

Concentration
- MPC

2.0E-10

3.4E-36

9.9E-16

1.8E-9

9.3E-6

3.1 E-3

6.3 E- 12

2.1E-6

6.9E-4

4.7E-4

3.8 E- 16

6.4E- 12

1 .9E-9

8.8E-1 9

2.9E- 13

2.2E-1 0

1 .3E-1 1

1 .3 E-8

6.4E-5

6.5E-3

4.4E-11

1 .5E-5

I I E-3

1 .8E-3
I

I.8E-14

2.2E-9

B, Table II (unrestricted

5 on Figure 11.3-9.

8.9E-81.E4

9.5E-3 1..1E-9

area), except for Ar39, which

8.9E-8

4.3E-3

has been scaled to Kr85.



TABLE 11.3-15

RADIONUCL IDE CONCENTRATIONS AT SITE BOUNDARY FROM RCB EXHAUST

Design Expected

I sotope

xe131m

Xo133m

Xe1 33

Xe1 35m

Xe1 3 5

Xe1 3 8

Kr83 m

Kr8 5m

Kr8
5

Kr8
7

Kr8 8

Ar3 9

Ar
4 1

Ne23

H3

Totals

MPC*
(• Ci/cc)

41 E-71

3 E.7

.E-7

3E-8

1IE-7

3E-8

1 E-7

3E-7

2E-8

2E-8

2E-7

4E-8

3 E-8.

Concentration
(PCi/cc)

2.3E-13

6.9E-12

1.3E-10

6.7E-13

3.4E-10

1.OE-12

3.1 E-1 2

1.7E-11

4.3E-15

5.6E-12

2.1E-11

5.3E-12

3.2E-13

5E*

5.3 E- 1 0

Concentration
- MPC

5.8E-7

2.3E-5

4.3E-4

2.2E-5

3.4E-3

3.4E-5

1 OE-4

1.7E-4

1.4E-8

2.8E-4

1 .1E-3

2.7E-5

8.1E-6.

5.6E-3

Concentrati on
(jiC i/cc)

2.3E-14

6.9E-13

1 .3E-11

6.7 E-1 4

3.4E-11

1.OE-13

3.1 E-1 3

1.7E-12

4.3E-16

5.6E-13

2.1E-12

5. 3E- 12

3.2E-13

5.8E-1.1

Concentration
. MPC

5.8E-8

2.3E-6

4.3E-5

2.2E-6

3.4E-4

3.4E-6

1.OE-5

1.7E-5

1.4E-9

2.8E-5

1 1E-4.

2.7E-5

8.1E-6

5.OE-4

F.

F,

*1OCFR20, Appendix B, Table II (unrestricted .area), except for Ar39, wh'ich
**<E-50

has been scaled to Kr85.



TABLE 11.3-16

TRITIUM CONCENTRATION AT SITE BOUNDARY
FROM T. G. BUILDING EXHAUST

MPC*
(PCI/cc)

2E-7

Concentration
(PCI/cc)

3.7E-14

Concentration
MPC

1 .9E-7

TABLE 11.3-16a

TRITIUM CONCENTRATION AT SITE BOUNDARY
FROM IB EXHAUST

MpC*
(PCl/cc)

211-7

Concentration
(PCI/cc)

9.4E-14

Concentration
- MPC

4.7E-7

*10 CFR 20, Appendi B, Table II (unrestricted
area).

)

11.3-36
A- CA



TABLE 11,3-17
DESIGN PAP ERS OF RAPS AND CAPS PROCESS VESSELS

"'+, ** Design Normal Capacity at
Number Design Seismic Pressure Operating Design Operating Operating

Items Required Code Category (psig) Pressure Temperature Temperature Volume Pressure and Materials of
(psig) (OF) (OF) (scf) Temperature Construction

(scf).

Storage Vessels, 2 111-2 1 200 35 250 80 to 120 720 2200 Carbon Steel
Recycle Argon (total)

RAPS Cryogenic 111-3 I -14.7, 200 32 -320 -282 .3.6 58 Stainless Steel
Distillation net
Vessel

RAPS VacuUm 1 111-3 I -14.7, 200 -7 to -2 250 120 261 125 to 206 Carbon Steel
Vessel

RAPS Surge 1 111-3 I -14.7,.200 103 250 120 500 3600 Carbon Steel
Vessel

RAPS Storage 1 111-3 1 -14.7, 200 35 250 70 260 880 Carbon Steel.
Vessel, Noble
Gas

CAPS Charcoal 2 111-3 I -14.7, 200 34 -320 -134 64 DNA* Stainless Steel
Bed Vessels (total)

CAPS Vacuum 1 111-3 I -14.7, 200 -7 to -2 250 120 260 124 to 204 Carbon Steel
Vessel

CAPS Surge' 1 111-3 I -14.7, 200 35 to 135 250 70 to 120. 698 2360 Carbon Steel
Vessel

*Does not apply because of
**ASME Section III, Class. 3
+Design Code listed maybe

++Saturation Temperature at

adsorption variable
- 111-3
higher for reasons other than safety
normaloperating pressure

0@ 0@



) TABLE 11.3-1 8

EXTERNAL DOSES* AT SITE BOUNDARY TO AN INDIVIDUAL VIA
GASEOUS EFFLUENTS FROM CRBRP DESIGN RELEASE POINTS

Main RCB H&V Exhaust**

CAPS RSB H&V Exhaust***

Intermediate Bay Leakage

T-G Building Exhaust

Total (mrem/yr)

Total Skin
(mrem/yr)

2.5

4.6

4.1 E-6

I.6E-6

7.1

Whole Body Gamma
- (mrem/yr)

1.3

0.76

0

2.1

*Design condition

**Includes the contribution from the daughter product of Kr88
which Is Rb88.

***Contribution from Rb88 Is negligible

11.3-38
A- C A



TABLE 11.3-19

RELEASE POINT DESCRIPTION OF INTERNAL WHOLE BODY DOSES
DUE TO CF8RP GASEOUS EFFLUENTS

Ingestion
of Beef

Ingestion
of

Vegetables
Ingestion
of Milk

Ingestion
of WaterInhalation

A. Individual (mrem/yr)

Main RCB H&V Exhaust

CAPS RSB H&V Exhaust*

Intermedlate.Bay Leakage

T-G Building H&V Exhaust

Total

B. Population, 50-mile
radius (man-rem/yr)

1 .5E-6

I .2E-3

1 .4E-3

3.2E-3

2.4E-3

1 .7E-7

1 .4E-4

1 .6E-4

3.6E-4

44.2E-4

7.3E-7

5.8E-4

6.7 E- 4

1 .3E-3

4,4E-4

8.6E-6

6.9E-3

8.0 E-3

3.2E-3

1 .8E-2

I .5E-2.

1 1 E-7.

8.8 E- 5

1 .OE-4

2.3E- 4

1 .3E-3

*Includes two weeks oxidizer bypass.

QO p4' N
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TABLE 11.3-20

EFFLUENT RELEASE POINTS DESIGN DATA

Release
Point

Release Point
Elevation

Degree
From

Distance Plant
Frcm RCB N-S Axis

(Clockwise)

Steam Generator
BULL"U

11 Intermediate Bay

12 Steam Generator
Cells-Loop 1

13 Steam Generator
Cells-Loop 2

*4 Steam Generator
Cells-Loop 3

Reactor Service

BuIlding

16 Radwaste Area

:122 RSA Clean-Up

Filter Units
Exhaust

#23 RCB H&V Exhaust

Turbine Generator

West Bay Release
Pt. *7

Release Pt. 18

I

857'-0"

886'-0"

886'-0"

886 '-0"

884'-0"•

884 '-0"

884 '-0"

861'-1"l

861 '-1"1

125'

200'

200'

230'

260'

1251

150'

410'

398'

1050

3450

50

250

1750

1200

1450

Discharge
Flow Rate

(CFM)

64,000

81',000

74,000

91,000

46,000

18,000

14,000

Discharge
Velocity
(Ft/mn.)

1,780

1,690

1,550

1,900

600

1,800

1,750

345

425

Discharge
Temperature

(OF)

55-120

55-120

55-120

55-1 20

556140

55-1 20

55-120

55-120

55-120

Size & Shape
of Discharge
Ori f ice

6-0"1 x 69099(1)

8' x 611

8' x 611

8' x 691

7x0" x 71011(1)

3101 x 31-41"

2'-10" x 2'-10"

Annular Area

1.88 Ft
2

1.88 Ft
2

F

110 650

130 800

I;.
I.



TABLE 11.3-20

EFFLUENT RELEASE POINTS DESIGN DATA
(Continued)

Release
Point

Degree
From

Release Point Distance Plant
Elevation From RCB N-S Axis

(Clockwise)

Discharge
Flow Rate

(CFM)

Discharge
Velocity
(Ft/min.)

Discharge
Temperature

(OF)

Size & Shape
of Discharge
Orifice

Turbine Generator
BulJdiLng (Cont'd.)

Release Pt. 19

East Bay
Release Pt. 110:

Turbine Bay
Release Pt. 11

Re P 1Release Pt. 012

Release Pt. 114

Release Pt. #15

Deaerator Bay
Release Pt. #16

Release Pt. 017

Release Pt. #18

124 Denerator Exhaust

#25 Steam Packing
Exhauster Exhaust

'-- Plant Service

\ý-;: Release Pt. #19

861 '-1"

8791-0"

9051-6"

9051-6"

9050-6"

905'-6"

905'-6"

920'-6"

920'-6"

920 '-6"

931 '-0"

8681-0"

835,-0"

390'

262'

238'

270'

305'

3451

385'

3201

258'

278'

294'

304'

178'

120 8,000

3470 . 8,000

3590

3590

3590

3590

3590

100

130

110

110

140

2250

27,000

27,000

27,000

26,000

26,000

26,000

26,000

27,000

1 ,4001b/hr

573

19,200

1,380

1,380

1,155

1,155

1,155

1,110

1,110

1,110

1,110

675

TBD

1,650

2,000

55-120

55-120

55-120

55-1 20

55-120

55-120

55-120

55-1 20

55-120

55-120

150-310

177

70-75

5.8 Ft2

5.8 Ft
2

23.4 Ft 2

23.4 Ft2

23.4 Ft 2

23.4 Ft2

23.4 Ft 2

23.4 Ft2

23.4 Ft2

40 Ft 2

6" Dia.

8" Dia.

42" DIa.

0@ 0@
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TABLE 11.3-20

EFFLUENT RELEASE POINTS DESIGN DATA
(Continued)

0

Re Iease
Pot nt

Reactor Containment/
Confinement Building

20A Annulus Air
Cooling Exhaust

20B Annulus Air
.Cooling Exhaust

20CAnnulus Air
Cooling Exhaust

20D Annulus Air.
Cooling Exhaust

20E Annulus Air
Cooling Exhaust

20F Annulus Air
Cooling Exhaust

20G Annulus Air
Cooling Exhaust

20H Annulus Air
Cooling Exhaust

21 Containment
Cleanup System/
Annulus Pressure
Maintenance and
Filtration System
Exhaust

1 Rectangular

991 1-0"

991 1-0"

991 '-0"

991 '-O"

991 '-0"

991 '-0"

991 1-0"

991 '-0"

28'

28'

28'

28'

28'

28'

28'

2B'

Release Point Distance
Elevation From RCB

Degree
From
Plant
N-S Axis

(Clockwise)

150

150

150

10

150

150

150

150

Discharge
Flow Rate

(CFM)

50,000

50,000

50,000

50,000

50,000

50,000

50,000

50,000

Discharge
Ve I oci ty
(Ft/mmn.)

.174

174

174

174

174

174

174

174

Discharge
Temperature

(OF)

55-430

55-430

55-430

55-430

55-430

55-430

55-430

55-430

61

6'

61

6'

6'

.6'

61

61

6'

6'

6'

6'

6'

6'

6'

6'

Size & Shape
of Discharge
Orifice

987'-0" ý 52' 1150 21,770 3080/1980 55-200 3' diameter
pipe
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FRESH ARGON
1.5 5.15 MAKEUP

r T3.65

REACTOR _RECYCLE ARGON
VESSEL STORAGE

V E I VESSELS
L..-------------

1.0 No FUEL
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Figures 11.3-10 thru 11.3-13 have

been deleted.
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) APPENDIX l1.3A DOSE MODELS: GASEOUS EFFLUENTS

EXTERNAL DOSE TO MAN FROM RADIOACTIVE CLOUD

The external dose to the body of an individual (skin dose) from a
semi-infinite spherical cloud of noble gases and/or radioactive particulates
is given by:

D r 0.23 (xIQ) • (A)i (E )i (3.155 x 100) (1)

where,

D r = Beta-skin dose, mrem/yr, at distance r
.41 from source

x/Q =Annual average meteorological dispersion factor at
a downwind point of interest, sec/m3

(A)i = Activity release rate to the environment of isotope,1, Ci/sec

(E ). = Average beta energy of isotope, i, per disintegration,as obtained from Table 11.3A-1, MeV/disintegration

10* re ire3.155 x 10 Factor to convert rem tomrem
sec yr

The whole body gamma dose to an individual should be computed based
on a semi-infinite spherical cloudas given by:

10D r 0.25 (x/Q) E (A)i (E y)i (3.155 x 10I) (2)i

where,

411 D'r = reWhole body gamma dose, mrem/yr at distance r from
411 y~r release

(x/Q) = Annual average meteorological dispersion factor at
a downwind point of interest, sec/m3

(A). = Activity release rate to the environment of isotope,
1, Ci/sec

(E )i = Average gamma energy of isotope, i, per disintegration,
Y as obtained from Table 11.3A-1, MeV
100= rem mrem

3.155 xl10 Factor to convert r-e to yr
sec yr

The total skin dose is a sum of the beta (eq.l) and gamma (eq,.2)
41 contributors.

Amend. 41
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For normal conditions, the whole: body population dose should be
culated as:

50 16
DP = E Z

Y r.=0 k=l
3

D.Y (ri V ýk)ý P (ri, I X 1lO3 (3)

where,

DP = Population dose, man-remY

Y (rj, k) = The whole body gamma dose rate to an individual from a
semi-infinite spherical cloud of radioactive gases
and/or particulates in the radial increment r,
azimuthal increment 4 k" This dose rate will 9e calcu-
lated by Equation 2 with (x/Q) dependent on azimuthal
sector K

P (ri, ýk) = The population in radial sector rj, azimuthal sector k

lO-3 = Factor to convert mrem to rem.

A summation over all radial and azimuthal sectors will then provide
an estimate of the total-population exposure DP, from 0 to 50 miles in units
of man-rem.

INHALATION DOSE TO MAN

'For normal operating conditions, the inhalation dose to the whole
body and to various organs of an individual from inhalation of radio-
nuclides is given by the equation:

DInh = (x/Q) (A)i MpC i (CD)
(MP'a )

(4)

where,

DInh = The dose rate from inhalation of isotope, i, mremlyr

x/Q Annual average meteorological dispersion factor at a
downwind point of'interest, sec/im3

(A).i Activity'release rate to the environment of isotope, i,
Ci/sec

MPD(MPGa= Dose conversion factor, mrem/yr per •jCi/cc, which is the
maximum permissible dose (MPD) per year divided by the
maximum permissible concentration in air (MPCa) for iso-
tope, i. Dose conversion factors for calculating inter-
nal doses via the inhalation pathway are tabulated in

0
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) Table ll.3A-2. These factors assume an average breath-
ing rate for an adult "reference man" in a 24-hour period
of 2.32 x lO-4 m3/sec implicit in the (MPD/MPCa)i
evaluation based on continuous exposure.

(CD) = A factor to account for cloud depletion as a function of
the downwind distance (r) and the.height of the release
(h). R = 1.0 for all elements except iodine. (Ref.. 1)

INTERNAL DOSES TO MAN FROM DRINKING WATER CONTAMINATED BY GASEOUS FALLOUT

--- The concentration C(M) of airborne particulates with half-
lives >8 days from fallout to nearby waters (such as reservoirs) is calcu-
lated asfollows:

C1)i= (A)i x

where,

(x/Q) x (VDW)i x 0.693 x DEP - exp (-0.63TD)ji - 69- DP (TRN)iJ

C(1)i= Concentration of activity of isotope, i, in water,ý:
Ci/m 3 or pCi/cc'

(A)i = The activity release rate to the environment of iso-tope, i, Ci/sec

x/Q = Annual average meteorological dispersion factor at a
downwind point of interest, sec/m3

(VDW)i = Deposition velocity over water of isotope, i, m/sec.Values are tabulated in Table 11.3A-6

(5)

(TRN)i = Radioactive half-life of isotope, i, days.are tabulated in Table ll.3A-l. Values

DEPT = Depth of the water, m

TD = Duration of dry deposition, days

5
0.865 x 10 = Sec/day.

;The annual doses from drinking water from the reservoir with Concen-
tration C(M) as defined above are:

411

\ MPD
DWR L~CIkM~ i

i1

[exp (T) TT (HPF) (DF) (6)

Amend. 41
Oct. 1977
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where,

DWR = Dose rate from ingestion of isotope, i, mrem/yr

-CI) = Concentration of activity of isotope, i, pCi/cc

(MPD ='Dose conversion factor, mrem/yr per pCi/cc, which is the
MP•,) i maximum permissible dose (MPD) per year divided by the

maximum permissible concentration in water (MPC ) for
isotope, i. Dose conversion factors for calculting
internal doses are tabulated in Table ll.2A-5. These
factors assume an average intake of 2,200 cc/day.

TT = Elapsed time between removal of water from reservoir and
ingestion, days

(TRN)i Radioactive half-life of isotope, i, days. Values are
1 tabulated in Table 1l.3A-l.

HPF = Fraction of the year which water is ingested from the contaminated.
reservoir, < 1.0.

DF Dilution factor in receiving water, < 1.0.

41
INTERNAL DOSES TO MAN FROM INGESTING LEAFY VEGETABLES CONTAMINATED BY
GASEOUS FALLOUT

The concentration of radioactive materials on leafy vegetables is
calculated as:

[(TW)ij [1 (.0.693 TGS" x (W.x 10 6 (7)( YC L(6W931 e (TW) ] "

where,

(CLV)= The concentration of isotope, i, in leafy vegetables,
• Ci/kg

YC The yield per unit of cultivated land area for leafy
vegetable, kg/m 2 . Data is presented in Table ll.3A-6.

(TW)i Environmental half-life of isotope, i, days. Calculate
using the following relationship:

T T
41T PTW .(tabulated in Tabl~e ll.3A-5)T T+ Tb

p b

where,

T = Radioactive half-life of isotopeP
T Weathering half-life of isotope (time taken for half

the a ioactivity deposited on leaves of vegetation to be• removed by weather factors such as rain, wind, freezing,
41 thawing, etc.)

Amend. 41
Oct. 1977
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TGS Length of growing season for leafy vegetables, days. Data
is presented in Table 11.3A-6.

(W) = (A) /Q)(VD x 0.865 x 1Q5

where,

(W). = Deposition rate, Ci/m 2 -day

(A)i = Activity release rate to the environ-
ment of isotope, i, Ci/sec

x/Q = Annual average meteorological dispersion
factor at a downwind pointof interest,
sec/m3

(VDL)i .= Deposition velocity over land of iso-
1 tope, i, m/sec. Values are presented

in Table ll.3A-6.

0.865 x l05 = Factor to convert days to seconds

106 Factor to convert Ci to pCi.

Internal doses to an individual from eating leafy vegetables con-
taminated from gaseous fallout at a concentration (CLV) are:

DLV = z (CLV) (TLV) w1 (0.693 T (FL) (8)
i TV 2200 exp (TRN) (L(8

where,

DLV = Dose rate from ingestion of leafy vegetables, mrem/yr

(CLV) = Concentration of leafy vegetables of isotope, i, ICi/kg

TLV = Total daily intake of leafy vegetables, kg/day(MPD =Dose conversion factor, mrem/yr per pCi/cc, which is the
MPCw/i maximum.permissible dose (MPD) per year divided by the

maximum permissible concentration in water (MPCw) for
isotope, i. Dose conversion factors for calculating
internal doses are tabulated in Table 11.2A-5.

TDL = Elapsed time between harvest and ingestion, days. Data
is presented in Table 11.3A-6.

I
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(TRN-) = Radioactive half-life of isotope, i, days.
tabulated in Table l1.3A-l.

Values are

FL = Fraction of the year leafy vegetables are grown, <1.0O

2200 Assumed averageintake of water, cc/day.

Doses should be calculated separately for each kind of leafy vege-
table ingested and-summed to. obtain a total dose from ingestion of leafy
vegetables contaminated by gaseous effluents. For CRBRP, a single
category "leafy vegetables" is considered.

INTERNAL DOSES TO MAN FROM INGESTION OF CONTAMINATED MILK

The concentration of.radioisotopes in milk as a result of deposi-
tion of gaseous materials on pasture and subsequent ingestion by dairy
cows is calculated as:

I

C = (G) (W)i
[(TW)iLF.T- J (SUMFT) (GF) (9)

where,

C =-Concentration of isotope in milk, pCi/l

G =.Effective grazing.area of a cow, m2 . Data is presented in
Table 11.3A-6.

(W)i = (A)i ý /Q) (VDL)i x 0.865 x 105 x 106

where,

(W) i = Deposition rate, UCi/m -day

(A)i = Activity release rate to the environment
of isotope, i, Ci/sec.

x/Q = Annual average meteorological dispersion
factor at a downwind point of interest,
sec/m3

(VDL)i =Deposition velocity over land of isotope,
i,.m/sec. Data is presented in Table
ll.3A-6.

0.865 x lO5 = Factor to convert days to seconds

l06 = Factor to convert Ci to uCi

GF =Fraction of the year that a cow grazes on
contaminated pasture

l11.3A-6
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(TW)i = Environmental half-life of isotope, i, days.
using the following relationship:

Calculate
;)

T TTW: p
Tp + Tb

where,

Tp = .Radioactive half-life of isotope

Tb = Weathering half-life of isotope
Values of (TW)i are tabulated in Table ll.3A-5.

SUMFT - Accumulative fractional intake of isotope per liter which
is transferred to the milk each day, <1.O/liter. Data is
presented in Table ll.3A-6.

The resulting doses to an adult from ingestion of the contaminated is
calculated as follows:

(C) 6'WM MPDW
DTMA GWA I (10)

DTMA = Dose rate from ingestion of contaminated milk, mrem/yr

C= Concentration of isotope in milk, iCi/l

9

( MPD 'i
\MPCW iADose conversion factor, mrem/yr perg Ci/cc, which is the

maximum permissible dose (MPD) per year, divided by the
maximum permissible concentration in water (MPCw). for
isotope, i. Dose conversion factors for calculating
internal doses are tabulated in Table ll.2A-5. ,

GWA = Daily intake of water by an adult, cc/day. Assume a value of
2200 cc/day.

GWM = Daily intake of milk by an adult or child, liter per day.
Assumed to be 1 liter per day.

11) 11 .3A-7
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INTERNAL DOSES TO MAN FROM INGESTION OF BEEF CONTAMINATED BY GASEOUS FALLOUT

The concentration of radioactive materials in the meat of the beef
cattle at butchering is calculated as:

H I CCB ) (G) (W)i 0.6931 (SUMFT)B (11)

where,

(C B ) The-concentration of isotope, i,tin beef, Ci/kg

GT= Effective grazing area of cattle, m2. Data is presented
in Table ll.3A-6.

(W)i = (A)i (x/Q) (VDL)i x 0.865 x 105

where,

(W)i Deposition rate, Ci/m 2-day

(A)i Activity release rate to the environ-
ment of isotope, i, Ci/sec

x/Q Annual average meteorological dis-
persion factor at a downwind point of
interest, sec/m3

(VDL)i = Deposition velocity over land of
isotope, i, m/sec. Values are pre-
sented in Table ll.3A-6.

0

50.865 x 10 Sec/day

(TW). =.Environmental half-life of isotope, i, days.
using the following relationship:

TW T + T
p b

Calculate

where,

T = Radioactive half-life of isotopeP

Tb = Weathering half-life of isotope

Values of (TW)i are tabulated in Table ll.3A-5.

Amend. 41
ll.3A-8 .Oct. 1977
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(SUMFT)B = Total cumulative fraction of isotope, i, transferred per
kg of beef, 51.0/kg. Values are tabulated in
Table ll.3A-6.

FA Average fraction of the ground surface covered by

vegetation, 5 1.0. Data is presented in Table ll.3A-6.

Theinternal doses to humans from ingestion of contaminated beef are:

rMPD -

kMPW)ll (TB Fexp( -0.693 TDB\ x16 (2
DB = s (CB)i (GF)L 2200 B[ (TRN)x11

where,

DB = Dose rate from ingestion of contaminated beef, mrem/yr

(CB)i = Concentration in beef of isotope, i, Ci/kg.

GF = Fraction of the year in which beef cattle graze on con-
taminated pasture, <1.0

(Mw- = Dose conversion factor, mrem/yr per pCi/cc, which is the

MPG maximum permissible dose (MPD) per year divided by the

maximum permissible concentration in water (MPCw) for
isotope, i. Dose conversion factors for calculating

411 internal doses are tabulated in Table ll.2A-3.

TB = Total daily human intake of beef, kg/day. Data is pre-
sented in Table ll.3A-6.

TDB = Elapsed time between butchering and ingestion, days. Data
is presented in Table ll.3A-6.

(TRN)i = Radioactive half-life of-isotope i

2200 = Assumed average intake of water for an adult, cc/day

41 106 = Factor to convert Ci to uCi

Amend. 41
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'Population Dose to Man From Ingestion of Contaminated Milk (CRBRP)

The same formulation as given in Appendix A to Section 11.3, Equa-
tion 9, p. ll.3A-6 was utilized to calculate the concentration in
milk, C

Thus Cj (GE) (Wj) TWj (SUMFT)j GF

0.693

Where Wj Q x (-Q x (VDL)j x0.865 x l10 x l10'

with symbology being identical to equation 9 and

(X/Q) = the annual average dispersion factor, averaged by County for
the region 10 to 50 miles radius from the CRBRP. Within a
ten mile radius of the CRBRP, x/Q is taken for each farm
where cows are located (CRBRP Environmental Report, Table
2.7-23).

The population dose, DPMA, for the milk gaseous emission pathway was
calculated, for the population within a 50 mile radius of the plant,
by:

DPMA=•

all cows
within
10 miles

all counties
10-50 miles

C x NCF x (12.6) x PDPCW x 0.31

GMA

C x NCC x (12.6) x PDPCW x 0.31

GMA

where,
NCF = numbers of cows on a farm
NCC = numbers of cows in a county
12.6 = average daily milk production, liters per cow,

based on U.S. production rate of 10125 lb/year (Ref. 15)
PDPCw = dose rate (IOCF20) . MPC
0.31 = average daily intake of milk by an individual

(Ref.. 16), liters per day
GMA = daily intake of milk to develop maximum individual dose,

one liter per day

11. 3A-9a
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::J Population Doses to Man from Ingestion of Contaminated• •Beef (CRBRP)

DPBA = (D8 )max x ( V x 9.7
a (:ING)-' NBF x (XLQ3 i

max L max

+ (: NBCk x .XL.){k

max

Population Dose, within a 50 mile radius, man-rem per year
The maximu individual dose as presented in PSAR section 11.3:,
7.43 x 10- rem

Average ingestion of beef, 0.14 kg/day (Ref. 15).

where DPBA =

DBmax=

(ING) av =

9.7 = Number of persons supplied one full year from a 500 kg steer

(ING) = Ingestion Rate assumed for maximum individual dose, 0.4.0max kg/day.

NBF = Number of beef cattle at each farmi within the 10 mile
radius (ER, Table 2.7-23)

X/Qi = Annual Average Dispersion Factor at each farm

NBCK = The number of steers per countyK in the 10-50 mile.
range (Ref. 17).

x/QK = The Annual Average Dispersion Factor, averaged by
county, as previously defined.

Population Doses to Man from Ingestion of Contaminated Vegetables (CRBRP)

DPLV = (DLV) max x /.Q)}v x VTI

x/Q max (ING) av

where DPLV. = Population Dose due to leafy vegetables, man-rem per year

(DLV) max = Maximum Individual dose due to leafy vegetables (eq. 8)

(x/Q)av = Area Weightedm•verage of x/Q for the 50 mile radius,
6.6xosi sec/ r

(X/Q)max = Atmospheric Dispersion factor associated with (DLV)max.

41
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0
VTI = Estimated yield of veggtables withýthe 50 mile radius of

the plant site, 2.7x100 kg/year.

(ING)t "Average Ingestion Rate, 0.2 kg/day, of leafy, vegetables

Population Dose to Man From Inhalation

DPIH =1 (r.,) x p (r1x
r= INH j,kjk x 10

DPIH = Population Dose, man-rem per year

DINH = Inhalation Dose rate to an individual in radial incrementazimuthal increment K; as calculated 4y equation (4), mr p• year.

P(rjdk) = Population iq radial sector J and azimuthal sector K.

Population Doses to Man from Ingestion of Contaminated Water Due to Fallout

DPW (DWR) x . INGi (x/Qi ) x P.
IING (X/Qm

max max

DPW Population dose,, man-rem per year 0
DWR Maximum Individual Dose as calculated by equation (6) {j-)
INGi= Individual Ingestion Rate Assumed for Reservoiri, 2200 cc/day

ING = Ingestion Rate involved"ain developing equation (6), 2200 cc/daymax
(x/Q)i - Atmospheric dispersion factor ar reservoiri

(x/Q).max = Atmospheric dispersion factor used to develop DWR

41 P. = Population Served by Reservoiri

11 .3A-9c Amend. 41
Oct. 1977 )
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TABLE 11.3A-1

) RADIOLOGICAL DATA FOR ISOTOPES RELEASED FROM CRBRP:RADWASTE SYSTEMS

Isotope

H-3

Na-22

Na-24

Ne-23

Ar-39

Ar-41

Cr-51

Mn-54

Fe-59

Co-58

Co-60

Kr-83m

Kr-85

Kr-85m

Kr-87

Kr-88

Sr-89

Sr-90

Y-89m

Y-90

Y-91

Zr-95

Nb-95

Mo-99

Ru-1 03

Ru-1 06

Rh-106

Radioactive
Half-life

(Ref. 2)
(Days)

4.49 x 103

9.49 x 102

6.25 x 10-1

.4.40 x 10-4

9.80 x 104

7.60 x 10o2

2.78 x 101

3.03 x 102

4.56 x 10 1

7.13 x 101

1.92 x 103

7.80 x 10-2

3.93 x 103

1.82 x 10-1

5.30 x i0- 2

1.16 x 10-1

5.27 x 101

1.01 x 104

1.86 x 10-4

2.67 x 100

5.88 x 101

6.55 x 101

3.50 x 101

2.80 x 100

3.95 x 101

3.68 x 102

3.50 x 0 0-4

Total Gamma
Energy

(Refs. 2, 3)
(MeV/d is)

0.0

2.195

4.123

0.160

0.0

1.280

0.029

0.835

1.190

0.977

2.510

0.002

0.002

0.158

0.793

1 .950

8.2 x

0.0

0.910

0.0

0.004

0.725

0.765

0.137

0.474

0.0

0.200

Average BetaEnergy

(.Refs. 2, 4)
(MeV/dis)

0.006

0.182

0.463

1.460

0.188

0.406

0.105

0.276

0.116

0.024

0.105

0.036

0.230

0.277
1.324

0.376

0.488

0.182

0.'297

0.930

0.515

0.130

0.053

0.410

0.077

0.013

1.180

10-5
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TABLE 11.3A-1 (Continued)

Isotope

Ag-I 1l

Sb-125

Te-129

Te-129m

Te-I 32

1-131

1-132

Xe-i31m

Xe-133

Xe-1i33m

Xe-135

Xe-1 35m

Xe-i 38

Cs-134

Cs-136

Cs-137

Ba-140

La-140

Ce-i141

Ce-144

Pr-143

Pr-144

Nd-147

Pm-147

Eu-155

Ta-182

Pu-238*

Pu-239*

Radioactive
Half-life

(Ref. 2)
(Days).

7.50 x 100

9.90 x l 2

4.80 x 10,2

3.41 x 101

3.24 x 100

8.05 x 100

9.60 x O-2

1.18 x 101

5.27 x 100

2.26 x 1o0

0.38 x 1o0

1.08 x 107.2

1.21.x 1O-2

7.47 x lO2

1.37 x 101

1.10 x 104

1.28 x 101

1.70 x 10
0

3.25 x 101

2.84 x 102

1.36 x 101

1.19 x 1O-2

i.11 x 101

9.56 x 1O2

6.61 x 102

1.15 x 102

3.14 x 1O4

8.90 x 1O6

Total Gamma
Energy

(Refs. 2, 3)
(MeV/dis)

0.023

0.121

0.098

0.041

0.216

0.371

2.400

0.020

0.045

0.042

0.247

0.432

1 .i83

i .590

2.230

0.563

0.236

2.120

0.070
0.016

0.0

0.030

0.122

0.0

0.049

1.133

9.8 x 10-6

2.9 x 10-5

Average Beta
Energy

(Refs. 2, 4)
(MeV/dis)

0.350

0.335

0.499

0.621

0.100

0.197

0.448

0.143

0.135

0.]89

0.316

0.095

0.612

0.166

0.139

0.246

0.284

0.397

0.315

0.101

0.310

0.997

0.335

0.070

0.075

0.877

0.032

0.036

C)

0
'0

0
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TABLE 1l.3A-1 (Continued)

Isotope

Pu-240*

Pu-241

Pu-242*

Radioactive
Half-life

(Ref. 2)
(Dayss)

2.40 x TO6

4.80 x.10
3

1.38 x 10
8

Total Gamma
Energy

(Refs. 2, 3)
(MeV/dis).

1.3 x 10-7

2.3 x 10-7

0.0

Average Beta
Energy

(Refs. 2, 4)
(MeV/dis)-

0.022

0.007

0.0

*Decay is primarily by alpha emission. Total alpha energies, MeV/dis, for
the plutonium isotopes are as follows:

1. Pu-238 - 5.49

2. Pu-239 - 5.10

3. Pu-240 - 5.16

4. Pu-242 - 4.89

-j; ,,

9
11 .3A-1 4



TABLE ll .3A-2)

41 DOSE CONVERSION FACTORS* FOR EXPOSURE
TO.RADIOACTIVE MATERIALS RELEASED,

FROM THE CRBRP GASEOUS RADWASTE SYSTEM

Whole Body
Isotope (mrem/yr per 1jCi/cc).

H-3 1.7 x 1O0

Ne-23 1.7 x 101

Ar-39 5.0 x 10 12
10

Ar-41 1.7 x 10
10

Kr-83m 1.7 x 10

Kr-85 1.7 x 1O0
.Kr-85m, 5.0 x 109

Kr-87 2.5 x 101

Kr-88 2.5 x 101

Xe-131m 1.3 x 1O0

Xe-13 3 1.7 x 10O9

Xe-133m 1.7 x 10~

Xe-i 35 5.0 x 10~

Xe-i 35m 5.0 x 10l

Xe-138 1.7 x 101

*Calculated from data tabulated in
Table 11.3A-3, maximum permissible
dose - maximum permissible concentration

in air, (MP1D
**Except for tritium, -dose conversion factors ar cnidered

O for inhalation pathway. Such values are given to represent
&onstants used to calcualte an external submersion dose.

41

Amend. 41
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TABLE .11.3A-3

MAXIMUM PERMISSIBLE.CONCENTRATION IN AIR (MPCa)*
FOR CONTINUOUS EXPOSURE TO RADIONUCLIDES RELEASED
FROM THE CRBRP GASEOUS RADWASTE SYSTEM BASED ON'

(REF. 5)
Whole Body

251 Isotope .(1pci/cc) ++

H-3 3.xl.

Ne-23 3 x 10-7t

Ar-39 1 x 109 t

Ar-41 4 x 10- t
41Kr-83rn 3 x 10 t

Kr-85 3 x10-

Kr-85m 1 x10 *

Kr-87 2 x 1-*

Kr-88 2xl10 t
-6Xe-l3lm 4 x 10 *

Xe-l33 3 x 10-6-**

Xe-133m 3 x 10 t
Xe-ý135 1 x i06**

Xe-1.35m 1 x 10 t

Xe-138 3 x 1

*MPCa for soluble compounds
**MPCa in lOCFR2O, Table II, column 1

are based upon a maximum permissible
dose of 1/10 of the occupational expo-
sure levels reported in ICRP-2 (Ref. 5),~

tMPCa is calculated from data pre-
sented in lOCFR2O, Appendix B, Table II,
column 1

++Values only utilized for dose modelling

25 in: determinat-ion of dose conversion factors.
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TABLE 11.3A-471

WHOLE. BODY DOS.E CONVERSION FACTORS FOR TRITIUM
RELEASED DURING NORMAL OPERATING CONDITIONS (REF. 6)

Infant Adult

Pathway (mrern/yr per viCilcc)

Inhalation and abso rption 8.9.x 10 8 1.6 x 10O9

Vegetabl'es, ingestion 2.0 x 10 9 1.6 x 10O9

Milk, ingestion 3.4 x 10~ 5.7 x 10~

Meat, ingestion 3.0 x 108 7.2 x 108

11.3A-l 7



I
TABLE 11.3A-5

ENVIRONMENTAL HALF-LIVES OF RADIOISOTOPES
RELEASED FROM CRBRP RADWASTE SYSTEMS

Environmental Half-Life
Isotope (Days)

H-3 14.0

Na-22 13.4

Na-24 0.6

Ne-23 4.4 x 10-4

Ar-39 14.0

Ar-41 0.1

Cr-51 9.3

Mn-54 13.4

Fe-59 10.7
Co-58 11.7"

Co-60 13.9

Kr-83m O.1

Kr-85 14.0

Kr-85m 0.2

Kr-87 0.5

Kr-88 0.1

Sr-89 11.1

Sr-90 14.0

Y-89m 1.9 x 10-4

Y-90 2.2
Y-91 11.3

Zr-95 11.5

Nb-95 10.0

Mo-99 2.3

Ru-103 10.3

Ru-106 13.5

Rh-106 3.5 x 10-4

Ag-lll 4.9

11 .3A-1 8



TABLE 11.3A-5 (Continued)

Environmental Half-Life
Isotope .(Days)

Sb-125 13.8

Te-129 0.05

Te-129m 9.9

Te-132 2.6

1-131 5.1

1-132 0.1

Xe-131m 6.4

Xe-133 3.8

Xe-133m 1.9

Xe-135 5.6

Xe-135m 7.4

Xe-138 1.0 x 10-3

Cs-134 13.7

Cs-136 6.9

Cs-137 14.0

Ba-140 6.7

La-140 1.5

Ce-141 9.8

Ce-144 13.3

Pr-143 6.9

Pr-144 0.02

Nd-147 6.2

Pm-147 13.8

Eu-155 13.7

Ta-182 14.0

Pu-238 14.0

Pu-239 14.0

Pu-240 14.0

Pu-241 14.0

Pu-242 14.0,

1
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TABLE ll.3A-6

SUMMARY OF VARIABLES USED IN RADIOLOGICAL DOSE EVALUATIONS
WHICH ARE NOT SPECIFIC TO THE CRBRP

Variable" Description Measurement

Inqestion of Leafy Veqetables

VDW

YC

TGS

VDL

TLV

TDL

Deposition velocity of
isotope over water

Yield per unit of culti-
vatedl land area for leafy
vegetables

Growing season of leafy
vegetables

Deposition velocity of
isotope over land

Total daily intake of
I eafy vegetables

Elapsed time between
harvest and ingestion

Weathering half-life
of isotopes on leafy
vegetables

Noble gases, 0.5 x lO-7

cm/sec (Ref."7) H-3,
5 cm/sec (Refs. 8, 9)

1.5 kg/m2 (Ref. 10)

3,months (Ref. 1)

Noble gases, 0.5 x lO
cm/sec (.Ref. 7) H-3,
1.4 cm/sec (Ref. 6)

0.2 kg/day (Ref. 1)

7 days (Ref. 11)

14 days (Refs. 10, 12)

D
Tb

FLI Fractional
isotope on
leaves

retention of
vegetation

0.1 (Ref. 11)

411

Ingestion of Beef

G
41B
41 I SUMFTB

Effective grazing area
of cattle

Total cumulative fraction
of isotope transferred per
kg of beef

2O-80em2 /day (Ref.
(45 m utilized)

13)

2-x 10.3 /kg for H-3 (ref. 10)
0.2/kg.for Cs (<ef. 14)
0.05/kg for Sr (Ref. 14)

11 .3A-20
Amend. 41
Oct. 1977



~-~y -~

TABLE 11.3A-6 (Continued)

Variable Description Measurement

Ingestion of Beef (Continued

TBI411 Total daily human intake of
beef, (maximum)

Elapsed time between
butchering and ingestion

0...4 kg/day (Ref. 10)2

20 days (Ref. 10)411 TDB

Ingestion of Aquatic Foods*

GF Rate of ingestion of aquatic
food for man

50 g/day-freshwater
fish
(max, for adult)
(Ref. 1)

-2.0 x I0o2 per liter
for Tritium (Ref.:10)

Ingestion, ofa Milk

SUMFT Cumulative fractional intake
of isotope per liter which is
transferred to milk each day

*Dose Model included in Appendix 11.2A

Amend. 41
Oct. 7977
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11.4 PROCESS AND EFFLUENT RADIOLOGICAL MONITORING SYSTEM

11.4.1 Design Objectives

Process radiation monitors are provided to allow the evaluation of plant
equipment performance and to measure, indicate and record the radioactive
concentration in plant process and effluent streams during normal operation
and anticipated operational occurrences. The monitors are provided in
accordance with CRBRP (Section 3.1) Design Criterion 56.

Radiation monitoring of process systems provides early warning of equipment
malfunctions, indicative of potential radiological hazards, and prevents
release of activity to the environment in excess of 1OCFR 20 limits. Each.
monitor will be equipped with a loss-of-signal instrument failure alarm and a
high level alarm, (a high-high level alarm is also provided when required).
These alarms alert operating personnel to channel malfunction and excessive
radioactivity. Corrective action will then be manually or automatically
performed.

Monitoring of liquid and gaseous effluents under normal. operating conditions
will be In accordance with NRC Regulatory Guide. 1.21 and any activity released
will be within limits established in IOCFR20.

The number, sensitivities, ranges, and locations of the radiation detectors
will be determined by requirements of the specific monitored process during
normal and postulated abnormal (accident). conditions. All monitors will be
designed so that saturation of detectors during a severe accident condition
will not cause erroneously low readings.. Monitoring during severe post
accident conditions will be accomplished by the high-range gamma area monitors
discussed in Section 12.1.4, in conjunction with the sampling lines described
In Section 11.4.2.2.1.

Radioactivity in the low level waste releases will be integrated and recorded.
Control signals will be provided by the radiation monitor(s) to terminate
liquid or gaseous effluent if an out-of-limit signal is recorded. The
monitoring and control exerted by the process radiation monitoring equipment
and the operator during any release will also be verified by periodic manual
sampling and laboratory analysis in accordance with Technical 'Specifications.
For tritiated process liquids, tritium surveillance will be by sampling and
lab analysis.

All detectors will be shielded against ambient background radiation levels so
that required activity measurements can be maintained. Monitors associated
with accident conditions are also discussed in 3.A.3.1. Area monitors and
airborne radioactivity monitors are discussed in 12.1.4 and 12.2.4,
respectively. The radiological effluent sampling program is discussed in
Section 11.4.3.and meets the reporting requirements of Regulatory Guide 1.21.

11.4-1 Amend. 72



11.4.2 Continuous Monitoring/Sampling

11.4.2.1 General Description 0
The descriptive tabulation of the various continuous monitors/samplers for
process and effluent radioactivity monitoring, which includes those gas and
liquid-monitoring devices in or associated with liquid or gas process streams
considered in this discussion, is found InTable .11.4-1. The basis for
selecting the locations as well as the control functions associated with the
monitor, are described below.

Each continuous monitor will be equipped with power supplies, micro-processor
and accessories, indication and local alarm indicator lights. Each monitor
will transmit radioactivity level and alarm status information for display and
logging by Radiation Monitoring equipment located in the Control Room with
redundant display and logging equipment located in the Health Physics Area of.
the Plant Service Building. The alarms are provided to indicate Instrument,
malfunctions or -a radioactivity level in excess of the monitor t s alarm
setpoint. Each continuous monitor has a local indicator at the detector
location to facilitate the testing and/or calibration of. the equipment.

The lowest scale diVision of each continuous monitor's range is the maximum
detector sensitivity deemed appropri-ate'Kfor.the intended service. The--range'
of the monitor will be a minimum of five decades above the maximum sensitivity
level..;-and will -al-low--for a minimum of one-decade span above the-monitor-high-
high. setpoinht (when high-high setpoints are employed). The -efff Iuent al arm
setpolnt corresponds to the alarm annunciation-level dictated by the CRBRP
Technical Specifications (Chapter 16.) For each monitor, a sample chamber
and/or detector- is selected and wil I be installed -in such a way as to mlnimize
sampl ing-losses and electromagnetic and background interferences. The output
of al-l efflue'nt monitors will be continuously sampled and recorded by the
CRBRP Plant Data Handling and Display System. The Reactor Containment
Isolation Monitors (PPS), Control Room Air Intake monitors and other
safety-related monitors will be powered by Class IE, redundant 120 VAC power.

11.4.2.2 Gaseous System Description

11.4.2.2.1 Post-Accident Containment Atmosphere Monitors

The capability to monitor the contaihments atmosphere radioactivity level
.following containment -isolation during an accident condition shall be
provided. Three pair of penetrations, located 1200 apart around the
containment structure will allow air samples to be taken by mobile or portable
monitors and sampling equipment. The penetrations design and locations will
consider the following criteria:

1.- The penetration opening on the inside of containment will be
positioned to obtain a representative sample.

2. The penetration opening on the outside of containment will be 6
positioned in an accessible area to enable connection of the
monitoring and/or sampling equipment.

11.4-2 Amend. 72
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3. Each penetration will have two isolation valves; a remote manual
control led valve inside containment and a manual, locked valve outside
containment with a blind flange.

4. The penetration design will comply with CRBRP Design Criteria Numbers
45 and 47 (Section 3.1)

Each pair of penetrations can be connected to a mobile monitor which will be
utilized for continuous monitoring of the containment atmosphere. The sample
is withdrawn from containment, passes through the monitor for radiation
detection and returned to containment. Grab samples will also be obtained for
further laboratory analysis.

11.4.2.2.2 Reactor Containment Isolation Monitors

The radiation level in the head access area will be monitored by three
detectors for direct gamma activity. The output of these detectors Is routed
to the plant protection system to initiate closure of containment isolation
.,valves If a preset limit is reached by two out of three of the detectors.

In addition, the radiation level in containment exhaust, upstream of the
isolation valves will be Isokinetically monitored for gaseous activity-by
three gas.monitors. Their output will alsobe provided to the PPS for
initiation of containment isolation when a preset radiation level is reachedp bymtwo of the three detectors.

The monitoring system will be designed to comply with IEEE 279-1971. The
overall containment isolation system design and protection logic is discussed
i --in>Section 7.3. Figure 12.2-1 shows a typical block diagram of these channels
and Figure 7.3-1 shows the trip logic configuration.

11.4.2.2.3 Building Ventilation Exhaust Monitors

The number and location of building exhaust plenums from which potentially
radioactive plant gaseous release may emanate are: One located in the
Intermediate Bay (SGB-IB), nine located near the top of the RCB dome, two
located in the Reactor ServiceBuilding (RSB), one located in the Radwaste
Area (Bay), one located in the Plant Service Building (PSB), fourteen in the
Turbine Generator Building (TGB), and three located in the Steam Generator
Building (SGB). Continuous monitoring will be performed at those exhausts
which could conceivably undergo a significant increase In detectable levels In
radioactivity. The remaining exhausts will be sampled periodically.

The exhaust plenum located in the IB receives ventilation exhaust air from the
Intermediate Bay area. A continuous air monitor (CAM) will be provided to
detect particulate, radioiodine and gaseous activity in the effluent stream.
The air sample will be obtained isokinetically from the exhaust, on a
continuous basis. The operation of the three-channel CAM unit is described in
Section 12.2.4.2.1.

11.4-3 Amend. 72
Oct. 1982



The exhaust plenum located on the Radwaste Building receives ventilation
exhaust air from the radwaste area. A Continuous Air Monitor (CAM) wilI be
provided to detect particulate, iodine and gaseous activity in the effluent
stream. The air sample will be obtained isokinetically from the, exhaust, on a
continuous basis. The operation of the three channel CAM unit is described in
Section 12.2.4.2.1.

The two RSB exhausts.wil I be co ntinuously monitored for radioactivity
releases. The first exhaust plenum located on the RSB roof which receives
ventilation exhaust from the RCB will be continuously monitored for
particulates, radio gases, and radioiodine activity In the effluent stream.
The second exhaust plenum located on the RSB which receives ventilation
exhaust from the RSB via the RSB clean-up filtration units will also be
continuously monitored for particulate, gaseous and radioiodine activity.

The exhaust plenum located near the top of the RCB dome, which receives
exhaust from the Containment Clean-up and:Annulus Pressure Maintenance. and
Filtration System will be continuously monitored for particulate, radiolodine,
radiogas, and plutonium activity in the effluent stream.

The 8÷ exhausts located at the top of the RCB dome for the Annulus Cooling Air
become potential radioactivity' release points only in the event of very low
probabi•lity. accidents beyond the design. basJis (e.g., Thermal Marg-i n Beyond the
Design Base). On line monitoring for particulates, radiolodines and,
r~adioogases have been provided for these exhausts in the event of such an
accident.

TGB areas-will be periodically grab sampled and samples will be analyzed for'
tr i t Ium. act iv i ty.

The exhaust in the PSB receives ventilation from the combined 'laboratory.
Samples will be collected isokinetically by a particulate (and iodine, if
required) filter and analyzed for isotopic content in the Counting Room.

Certain effluent radiation monitors are identified as Accident Monitoring
Instrumentation in Table 11.4-1. 'As such, these monitors will meet the
requirements of Section 7.5.11 of the PSAR.

The reporting of effluent radioactivity released from the CRBRP will be
consistent with the guidelines establ ished In Regulatory Guide 1.21. This
reporting will be based upon the results of Counting Room analysis of effluent
samples obtained at each location listed above.

11.4.2.2.4 Condenser Vacuum Pump Exhaust. Deaerator Continuous
Vents and Turbine Steam Packing Exhauster Tritium Samplers.

A gas sample will be continuously withdrawn from each one of the condenser
vacuum pump air, deaerator exhaust, and turbine steam packing exhauster air
into tritium samplers comprised of silica gel dessicant column to enable

determination of tritium activity to indicate unacceptable tritium diffusion
In the steam generators. The sample will be analyzed using liquid
scintillation techniques in the counting roam.

11. 4 -3a Amend. 72
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11.4.2.2.5 Control Room Inlet Air Monitors

The main and remote Control Room air intakes will each be continuously
monitored by two redundant monitors. These three channel
(particulate/radiolodine/radiogas) CAMs will detect radioactivity In the air
intakes and will determine which intake should be used during the Control Room
isolation condition. Details concerning the sequence of operation during
Control Room isolation are given-in Section 9.6.1.3.4.13. A fifth three
channel CAM will be instal led downstream of the parallel HVAC make-up air
filters to monitor the performance of the HEPA filter trains. A detailed
description of the operation of each of these CAM units is given in Section
12.2.4.2.1.

11.4.2.2.6 Inerted Cell Atmosphere Monitors

The capability for monitoring the atmosphere of each individual inerted cell
for high radioactivity will be accomplished by three methods. One method is

I the sequential sampling of groups of cells with on-line gas monitors as

described in 3.A.1.4.2. Each monitor shall have a trip signal determined by
the process system to initiate activation of cell purging equipment. In

I addition, mobile particulate, iodine and gas monitors are provided to sample
any individual inerted cells atmosphere, as described in 12.2.4.

Finally to provide a sensitive method of sodium leak detection, particulate
5 monitors are provided for continuous monitoring of inerted celIs within the

RCB containing components contacting radioactive sodium. These monitors will
alarm for activated sodium present in the cells atmosphere. The individual

-' inerted cells that are continuously monitored for sodium leak detection are
I listed in Table 3.A.1-3.

11.4.2.2.7 RAPS and CAPS Monitoring

Gas monitors will be provided for the Radioactive Argon Processing System
(RAPS) and Cell Atmosphere Processing System (CAPS). A monitor will be
located at the CAPS inlet for controlling the rate of radioactivity input.
Monitors will also be located at the output of these systems to ascertain that
the radionuclide activity of the processed gas is within limits for reuse in
RAPS or within 10 CFR 50, App. I and ALARA limits for those gases exhausted to
the H&V system by CAPS.

11.4.2.2.8 Safety-Related Monitors

Certain monitors which provide control signals to safety related process
systems or are used to monitor safety related systems are classified as safety
related monitors. These monitors will be supplied with Class 1E power from
redundant vital AC buses and will meet the requirements described in Section
7.1. Safety related monitors are Identified in Table 11.4-1.

These monitors will each have a dedicated Display and Control Unit (DCU) in
the Control Room. The DCU will also meet the requirements described in
Section 7.1 and will be supplied with Class 1E power. The DCU's will be
located in the back panel area of the Control Room adjacent to the Radiation

2 Monitor Console (computer).
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11.4.2.3 Liquid Systems Description

11.4.2.3.1 Radwaste Disposal System Liquid Effluent Monitor

Effluents from the Liquid Radwaste Disposal System are discharged into
the cooling tower blowdown. A liquid radioactivity detector will.continuously
monitor, record, and control the activity released to the cooling tower blow-
down stream. The blowdown flow rate available for liquid waste dilution and
compliance with 1OCFR2O will be considered in establishing a high radiation set-
point for this monitor. A high radiation signal will automatically close the
isolation valve in the discharge line and alarm in the control room.

Frequent composite samples of the blowdown downstream of the radio-
active liquid input will be taken for radionuclide determination including
tritium.

11.4.2.4 Maintenance and Calibration

On completion of the monitoring system installation, each process
monitor will be checked for proper operation and calibrated against a radia-
tion check source(s) traceable back to the National Bureau of Standards or
from an equally acceptable source. This initial calibration, and sub-
sequent calibration at six, month intervals will verify the electronic
Operation of both local and Control Room Indications and also all
annunciation points (loss-of-signal), loss-of-sample flow, high radiation,
etc. In addition, each monitor is suppl-ied with a built-in check

6 source to provide rapid functional tests at periodic intervals.

11.4.3 ýSampling

This"section provides information on .the CRBRP process and effluent
sampling program. Process sampling provides the means for determining and
monitoring various plant systems containing radioactive and potentially radio-
active fluids. Effluent sampling provides the means for the reporting of
radioactive releases to the environment. The effluent sampling will meet the
reporting requirements of Regulatory Guide 1.21, and will provide data necessary
for the semiannual report required by OCFR5O.

Amend. 54
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11.4.3.1 Process Sampling

Periodic sampling is conducted to alert the operator of any abnormal condition
that may be developing. Both local and remote liquid samples are'taken.
Gaseous samples are taken directly at the sample station adjacent to the gas
analyzer. The locations for gaseous sample Instrumentation are given in
Section 11.3.3.3. Operating procedures and performance tests of gaseous
samples are discussed in Section 11.3.4. SampiIng of primary sodlum,
secondary sodium, ex-vesselsodium and cover gas is discussed in detail In
Sectilon 9.8, entitled "Impurity Monitoring System"'. This section also
discusses the location of samples, expected composition and concentration,
sampling frequency and procedures.

The basis for selecting the locations for sample stations Is to provide an
indication of the effectiveness of key process operations. Analyses of these
samples are related to the process sequence from which they were obtained to
evaluate specific equipment performance.

Gaseous samples are monitored for gross activIty and periodical ly analyzed for
Isotopic content. Tables 11.3-1 through 11.3-15 list inventories of the
expected concentratlon and composition of the effluent gas samples.

Sections 11.4.3.1.1 through 11.4.3.1.5 describe in detail each of the liquid
sampl Ing polnts: n the Radioactive Waste Systems., Sampl ing procedure,
analytical procedure, and sensitivity for each sample point are the same and
are discussed In detail in the following paragraphs.

Sampling Procedure: Samples are collected in a sampling station located on
the operating floor of the radwaste building. Sample circulatiing lines run

I through this sampl Ing station. The upstream side of the sample lines are
connected to the discharge of the pumps serving the tanks. After passing
through the sampling station, the circulating sample fluid Is returned to the
tank from which it was drawn.

Analytical Procedure and Sensitivity:; The quantity of sample to be counted
for gross beta-gamma is p1petted onto a planchet. The planchet is placed on a
turntable and evaporated to dryness under an Infrared bulb. The rotation
Insures a uniformly distributed dried sample for reproducible counting. The
height of the Infrared bulb is adjustable to obtain a moderate rate of
evaporation. Counting is done by means of an internal proportional counter.

The isotopic analysis is performed by a completely automated Pulse Height
Analysis System. A shielded Ge (Li) detector is used with a computer-based
pulse height analysis system. The system satisfies the reporting requirements
of Regulatory Gulde 1.21.

Provisions will also be made for alpha and tritium assay.

0
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11.4.3.1.1 Intermediate Level Activity Liquid Waste Collection Tanks

These tanks receive decontamination waste from the Large Component Cleaning
Cell. The analysis of this waste provides a check on the decontamination
procedure.

The composition is expected to be sodium hydroxide solution, nitric acid
solution and water. rinses. After neutralization a solution of sodium sulfate
or sodium nitrate results. Activity will be %I ipCi/cc.

The quantity to be measured is the gross 6-Y activity.

Additional-rinses would be required if the~activity of the component is higher
than expected.. Additional passes through the purification equipment would be
required if the activity of the product from the evaporator is too high.
Corrective action would be taken if the DF is lower than the expected value.
The expected recirculation flow through the sample line is 10 gpm.

11.4.3.1.2 Process Distillate Storage Tanks

These tanks receive the distillate from the Process Waste Evaporator. The
sample provides the check on the DF of the evaporator and purity of the
product to be, recycled for plant uses or released to the. environment after
d.i.lutlon with cooling tower blowdown. The composition Is expected tobe very
dilute sodium sulfate or sodium nitrate with an activity %10 P Ci/cc.

The quantity to be measured is the gross S'Y activity, If no excess Inventory
exists. If excess inventory exists and a portion of the content is to be
released to the low activity liquid system, an isotopic analysis will be
performed cons"istent with reporting requirements of Regulatory Guide 1.21. If
the activity:of the sample is unacceptably high, the contents of the tank are

*reprocessed through another evaporator-ion exchange cycle. Corrective
measures would be taken If the DF is much lower than the expected value.

The expected recirculation flow through the sampling line is 10 gpm.

11.4.3.1.3 Low Level Activity Liquid Waste Collection Tanks

These tanks receive laboratory drains, floor drains, lavatory drains, and
shower drains from areas that may contain radioactivity. An activity check at
these points determines the possibility of the need for further processing.
It also permits acheck on the DF of the purification equipment by comparing
it with the activity of the purified waste..

These tanks receive waste from several sources,, hence the composition is not
well defined. The conductivity will be measured to determine impurity level.
The expected activity is 10 i' Ci/cc. The quantity to be measured is the
gross ý-Yactivity.

3
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The sampling frequency will be in accordance with reporting requirements of
Regulatory Guide 1.21.

Higher sample activity indicates abnormal operations elsewhere In the plant.
Corrective measures at those locations would be taken. Also, higher activity
indicates that a second pass through the equipment would be required.

The expected recirculation flow of the sampling line is 10 gpm.

11.4.3.1.4 Low Level Activity Distillate Monitoring Tanks

Since these tanks are holding tanks for the purified product from the low
level waste, evaporator, pending release to the discharge canal, sample
analysis Is mandatory. The composition Is expected to be equivalent to,,grade
C water or comply. with federal• and state regulations and have an average
activity of 10 CCi/cc.

A gross l-y-a count Is made before releasing to the environment. Tritium
content will also be sampled. An isotopic analysis Is performed for record
purposes as required by Regulatory Guide 1.21. Sampllng fr6quency will be
determined. by reporting requirements of Regulatory Guide 1.21.

High. sample activity indicates:the need for reprocessing the-batch.
Corrective measures would be taken if DF is 4ower than the expected level. No
particular process flow is associated with this-sample point.

11.4.3.1,5 Concentrated Waste Collection Tank . ..

The material in this tank is Intended to be solidified and shipped to the
7disposal site. To determine the type of packaging and degree of shielding
required to meet the shipping regulation CFR Title 49, the analysis of sample
is necessary. The compositlon Is expected to be a solution. of sodium sulfate
or sodium nitrate and an activity of. :'50 ICI/cc. The quantity to be
measured is the gross $-°Yactivity.

The sampling frequency will be determined in the FSAR. No process flow is
associated with this sampling procedure.

11.4.3.2 Effluent Sampling

*The radioactive effluents are continuously monitored or sampled as indicated
in Section 11.4.2.2.3 by activity and by flow. The sampling system is
designed to obtalna representative effluent sample to establish
concentrations of radioactivity and to facilitate radloisotopic analysis to
assure compliance with recognized, codes and standards for radiation
protection. The samples are taken before the effluent release to the
environment. The gaseous effluents are discussed in detail In Section 11.3
and liquid effluents are discussed in Section 11.2. 0
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The Cooling Tower blowdown, wastes and drains and other normally non-
radioactive liquid effluent streams will be sampled for suspended/dissolved
activity including tritium. The problem associated with continuous monitoring
of low level A. activity in tritium is recognized and therefore, periodic batch
samples from each liquid effluent stream will be taken and analyzed in the
laboratory.

Building Storm drains and Plant Service Building liquid effluents are normally
non-radioactive and will not be monitored, but will be periodically sampled
for radioisotopic analysis as necessary..

To satisfy Regulatory Guide 1.21 requirements for gamma spectroscopy and
sensitivity, a high resolution automated radioisotopic analysis system will be
provided at the plant site to facilitate precise identification and analysis
of complex radionucl ide concentrations.

11.4.4 Reporting

An automated Report Processor will be provided which will generate the
Effluent Radioactivity Release Reports in accordance with Appendix B of NRC
Regulatory Guide 1.21. This computer based processor will be interfaced with
the Radiation Monitoring System Control lers and the CRBRP Environmental
Computer. The Report Processor will also accept manual entry of analyses
performed by the Health Physicist.

I
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TABLE 11.4-1 PROCESS & EFFLUENT MONITORING AND SAMPLING

Sample or Range
Elev. Cont. UCI/cc) UOS

Expected Quant.
Concent. Meas.

IC

Description

Reactor Containment
Isolation Monitors (PPS):

-Containment Ventilation (3)
Exhaust (Gaseous) CAM

-Head Access Area (3)

Direct Gamma

Radwaste Monitor:

-IALL Evaporator, Heating
Element; Heating Water
Out (Liquid)

-LALL Evaporator, Heating
Element; Heating Water
Out (Liquid)

-IALL Evaporator, Distill.
Cooler; Cool ing Water
Out (Liquid)

-LALL Evaporator, Distill
Cooler; Cool ing Water
Out (Liquid)

-LALL Effluent

RAPS & CAPS Process
Monitors:

-Gas Entering RAPS
Cold Box (Gaseous)

-Coolant Leaving RAPS.
Cold Box (Gaseous) (2)

-Gas Leaving RAPS
Cold Box (Gaseous)

-Gas Leaving CAPS
Surge Vessel (Gaseous Iodine)

-CAPS Header Serving
RCB Cells (Gaseous)

Bldg.

RCB

RCB

842 Continuous

802 Cont inuous

10-7_ i02 Cs 
137

107 1-10`4 mR/hr

See Section Gross
11.3.2.6 Concent.

Direct
Gamma

Safety-rel ated
Class 1E PPS
Related
See Sectilon
7.3.1.2

RWA 775 Continuous 4x10-7 4x10 2 Cs137

RWA 775 Continuous 4x10 7 4x10-2 Cs137

IR1A 775 Continuous 4xO- 7 4x10"2 Cs137

RIA 775 Continuous 4x10 -4xl0 2 Cs137

I•A 795 Continuous 4xlO- 7 4x10O2 Cs 1 3 7

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

11:9

Remrks

RSB

ROB

733

779

733

779

Continuous

Continuous

Continuous

Continuous

Continuous

2.7-2.7x105 Kr85

2.7x1O~-62.7x1O
1l Kr 8 5

2.7x1O-3 -2.7x1O +2 Kr 8 5

1O -10 0 3

2.7x1O~-62.7xlO
1 Kr8 5

In-Line
Monitoring



TABLE 11.4-1

r-t- (D

N)-N)

.Descrlption

-Gas From N1trogen Cell
Atmosphere Sampl Ing Unit
(Gaseous)'

-Gas Frcn Nitrogen Cell
Atmosphere Sampl ing Unit
kGaseous)

CAPSý Process Gas Eff I uent
to HvAC (Gaseous) (2)

(Iodine)

Effluent, Gas From (2),
Inerted Cells to HYAC
(Gaseous),

HVAC Duct Monitoring (CAM
.of RAPS/CAPS Cells:

-RAPS Cold Box & Valve
Gallery Cells (Gaseous)

-RAPS Noble Gas Storage
Vessel Cell. (Gaseous)

-RAPS Compressor and
Aftercooler Cells (2)
(Gaseous)

-RAPS Vessels (Gaseous)

-RAPS/CAPS Pipeway
(Gaseous)

-CAPS Cold Box Cell (Gaseous)

-CAPS Vessel Cells
& Gallery (Gaseous)

Bldg.

RSB

RCB

RSB

RSB

RCB

RCB

RCB

RCB

RCB

RS8

RSB

El ev.

755

752

779

800

733

733

733

733

780

792

755

PROCESS & EFFLUENT 4MON ITORING 6AND SAAMPL ING

Sample or' Range Expe
Cof - I -1;6c UOS§ ConcE

CoWitn uous 2.7x.o-IO 2.T7x1o 1 0 K

Continuous 2.7x10--2.7xlO Kr85

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

2.7xlfO-5.7x1 Kr8 5

2.7xiO-
6 -2.7x10 -. Kr8 5

2."7 xI0~-762.7x 10-1 Kr805
2.7xlO-

6 -2.7xlo-0 Kr65

2.7xTO0
6 -2.7x1O"! Kr8 5

2.7xtO,-6_2Z7xlO-!I Kr85

2.xO6- ~10- r85

2.7x10 -2.7xl0 1 Kr8 5

2.7x10
46-27x10

1 Kr8 5

cted
ent.

Quant.
Meas.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

Gross
Concent.

In-I ne
Monitoring &
Cell Isolation

In-Ilne
Monitoring &
Cell Isolation

In-Line
Monitoring &
Cell Isolation

In-Line
Monitoring &
Cell Isolation

In-Line
Monitoring &
Cell Isolation

In-Line
Monitoring &
Cell isolation

In-Line
Monitoring &
Cell Isolation

Remarks

"¾

U-'

~¾

0.• ©0@ 0OQ



TABLE 11.4-1 PROCESS & EFFLUENT MONITORING AND SAMPLING

Sample or Range
Bldg. Elev. Cont. W(Cl/cc) UOS

Expected Quant.
Concent. Meas.Description Remarks

N.) N)

-CAPS Compressor & (2)
After Cooler Cells (Gaseous)

-RAD Water Holding
Vessel & Pump Cell (Gaseous)

-Access Areas (4)
(Gaseous)

-Cover Gas Monitoring
Cells (Gaseous)

-Pipe Chase & Vapor
Trap Cell (Gaseous)

-+-V.AC Common Header
For Various Cells
(Gaseous)

Main HVAC Duct
From All RAPS/CAPS
Cells (Gaseous) CAM

(Iodine)

Sodium Leak Detection
For'Following Recirc. Gas
Cooling Subsystems:

(All Particulate)

Reactor Cav1ty

PHTS Loop I

PHTS Loop 2

PHTS Loop 3

Na Makeup Pump & Vessels

Na Makeup Pump & Pipeway

Continuous 2.7xO-
6 -27xlO-

1 Kr8 5

Continuous 2.7xO-6-27xlO-1 Kr8 5

Continuous 2.7x1O-6-V7xlO-
1 Kr8 5

Continuous 2.7x10-6-27x10"
1 Kr8 5

RSB .772 Continuous 2.7xO-_-27xO-I Kr8 5

RCB 766 Continuous . 2.7xlO-6-7x10-
1 Kr8 5

Gross In-Line
Concent. Monitoring &

Cell Isolation

Gross In-Line
Concent. Monitoring &

Cell Isclation

Gross In-Line
Concent. Monitoring &

Cell Isolation

Gross In-Line
Concent. Monitoring &

Cell Isolation

Gross In-Line
Concent. Monitoring &

Cell Isolation

Gross In-Line
,Concent. Monitoring &

Cell Isolation

Gross
Concent.

K

'S

RSB 779 Continuous 2.7x1O-6 T.7xi 10•K 85. o- UI-1 0_5 1_31

RCB

RCB

RCB

RCB

RCB

733

766

766

766

752

752

Continuous

Continuous.

Continuous

Continuous.

Continuous

Conti nuous

2.94x1013-2.94x105

2.94x10'l
3-2.94x10_

5

2.94x10'
1 3-2.94xl0_

5

2 ..94xI0 
13-2.94xl10

5

2.94x 10-
1 3-2.94x10-

5

2.94xIC10 
3-2.94x1 0_

Na
2 4

Na
2 4

Na
2 4

Na
2 4

Na
24

Na
2 4

Gross
Concent.
Gross
Concent.
Gross
Concenf.
Gross
Concenf.
Gross
Concent.
Gross
Concent.

Al arm

Al arm

Al arm

Alarm

Al arm

Al arm

Only

Only

Only

Only

Only

Only



TPBLE 11.4-1 PROCESS ,&EFFLUENT MONITORING. AND SAMPLING

Descript.ion Bldg.
Sample or Range

El ev. Cont. ýUCl/cc) Uos:ý.
Expected Quant.
Concent. Meas. :Remarks

Cold Trap, Nak Cel Is 794 Continuous 2.94x10'
3 -2.,94xi10

5 Na2 4
GrossContent. '

Alarm Only

Control. Room Maln (2)'
Air Intake (Gaseous).CAM

(Iod Ine)
(Particulate)

Control Ronmý Remote (2)
AIr Intakb` (Gaseous•)' CAM

(Iodine) -
(Part I cul.ate)

Control Room'. Common ..

Duck Downstream of-'-.-
Filter Unlts'(Gaseous) CAM

(Iodine)
(Particul ate)

IHTS Loop 1
(Direct Gamma)

IHTS Loop 2
(Direct Gamma)

IHTS Loop 3
(DIrect.Gamma)

Large Component
-Cleanlng CellI (LCCC)

LCCC Cool ing Water
(Liquid)

LCCC Process Gas
Effluent (Gaseous )

Fuel Handl Ing Cell (FHC)
Argon Gas (Gaseous)

(Iodine)
(Particul ate)

CB 863 Continuous

SGB 851 Continuous

3x10 7 _3x1- 2 Kr85-
4xI 10 -4x 107 5>-I-13 7
2x1O 0 -2xO 5 Cs13

3x10-7 -312 r85

Ox10 4x1O
7 1 131

2XIO1 -2X1O-5 Cs13

See Section
12.2

Gross Initiate Q/R
Concent. Isolatlon, see

Sec. 7.6.4.5.6
Safety-
Related (IE)

See Section. Gross Initiate C/R
12.2 Concent. Isolation, see

Sec. 7.6.4.5.7
Safety-
Related (IE)

CB 847 Continuous

3x10 7 -3x10 2 K.r8 5

4x1O- 1 2 -4x10- 7 1137
5x10

10 -5xOO-
5 Cs 1 3 7

SGB 765 0ontInuous 1O02 -10 3 mR./hr.

SGB 765 Continuous 10-2mlO3 mR/hr

SGB 765 Continuous 10-2"103 mR/hr

RCB 756 Continuous 10-110 4 mR/hr

RCB 733 Continuous 4xlO 7 _-4x0-
2 Cs 13 7

See Section . Gross
12,2 Concent.

Monitor Only

Gross
Act iv I ty.

Gross
Act lvi ty

Gross
Act iv I ty

Gross
Act Iv Ity

Gross
Content.

Gross
Concent.

Gross
Content.

Gross
Concent.

I -'

p

L2i~

Continuous I0-6-I00 Kr8 5

RSB 779 Continuous 0-6 -10-1K 85
I0 . -10 1 1r. 1

i o-U I-5 i137

10 t .. ill[

EVST Argon Cover RSB
Gas (Gaseous)

842 Continuous I0 0-I04 Kr85

0@
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TABLE 11.4-1 PROCESS & EFFLUENT MONITORING AND SAMPLING

Sample or Range
Bldg. Elev. Cont. (ACI/cc) UOS

Expected Quant.
Concent. Meas.Description Remarks

FHC Utility Monitor
(Direct Gamma)

Radwaste Building
Exhaust (Gaseous)
CAM (Iodine)

(Particulate)

RSB Operating Floor (2)
HVAC Exhaust (Gaseous)
CAM (Iodine)

(Particulate)

Fuel Handli Ing Call (2)
HVAC Exhaust (Gaseous)

(Iodine)
(Particulate)

Annulus Filter (2)
Discharge (Gaseous)

(Iodine)
(Particulate)

.RS8 779 Continuous 10-1-107 mR/hr Gross
Activity

RIB 867 Continuous

RS8 816 Continuous

-7 3 853xu% -19 1
10-10-102 Cs 31

3x-17 -2 Cs 3 85
3xlO -23x10 8r

ig -fx' 131
4xi0 :-4xI71O1 3 1
10 -10 Cs

-7 -2 853xi i-3xiO 7Kr13 14xo Z-fx'071!31'
10"6-10- Cs3

Gross Initiate
Concent. Filtering of

Eff l uent
from WB

Gross Initiate RS8
concent. Confinement see

Section
7.6.4.3.3 (4)
Safety related
(1E)

RSB 779 Continuous Gross
Concent.

- same -

RS8 840
861

RS8 840
861

.Continuous

Annul us
Annul us
CAM

Filter Inlet/(2)
Cooling Exhaust

(Gaseous)
(Iodine).
(Particul ar)

Continuous

-6 1 .- 1 854.4x10 -4x4xlO , K 85
1.2x10 I-12x10- Cs 137

3xl0-1 x1O 4  85

"xl--Ix10z sKr1311x10 0-6 1Ix19 I13

-71 -2xl CS

3x10 
7 -3xlO 85Kr

1x-0 
-1x1-

5 131

1x10-
6 -1x10-

1 Cs 137

Gross Select Filter
Concent. train Section

7.6.4.2.2 (1)
Safety Related
(1E)

Gross 1) Start Filter
Concent. see 7.6.4.2.2

(6) 2) Monitor
Exhaust see
11.4.2.2.3
(Accident
(Monitor)

Gross Select Filter
Concent. Train See

Section
7.6.4.3.3(l)
Safety
Related (IE)

RSB Clean Up Filter
Discharge (Gaseous)

(Iodine)
(Particulate)

Radwaste VentIlatIon
Exhaust Effluent (Gaseous)

(Iodine)
(Particulate)

RSB A 816
794

Continuous

RSB 867 Continuous lx10 6  xl0 3  r85

Ix101-lxl Pr 1311x10- -1x10 2
Cs1 3 7

See Section Gross
11.3.6 Concent.

Effluent, Acci-
dent Monitor



TABLE 11.4-1 PROCESS & EFFLUENT MDKNIT0RING AND SAMPLING

Sample or Range
Elev. Cont. (ALCI/cc) UOS

Expected Quant.
Concent. Meas.Description Bldg. Remarks

ROB VentIlatIon -
Exhaust Effluent (Gaseous)

(Iodine)
(Particulate)

RCB Annulus/T]BW (2)
'Effluent (Gaseous)

(Iodl ne).
(Particulate)
(Plutonium/Alpha)

RSB Exhaust
Effluent (Gaseous)

(Iodine)
(Particulate)

SGB-lB Exhaust
Effluent (Gaseous)

(Iodine)
(Particulate)

Hot Laboratory, Counting
Roan, and Decontamlnation
Area Ventilation Exhaust
Particulate Sampler

Plant DIscharge
Canal Liquid Sampler

RSB 861 Continuous

RSB 840
.861

Continuous

1x1D-6-1-
1 Kr85

1XIO 1-1"x10- 5 1 131
1x1O to-1x1D -5 Cs137

Ix 0 6 1xIO2ir 3
1x00-lXlO 21 137

1xi0 10-1 x102 cs1
1xi0- 2 _1x10-

7 Pu239

1X10-6-1x1D
3 K85

1x101-l ;,li2 1131
1x1D10O-1x10

2 C137

See Section Gross
11.3.2.6 Concent.

Accident
Monitor
Safety Related
(0E)

RSB 816 Continuous

SGB 836 Continuous

Accident
Monitoring

Accident
Monitoring

See Section
11.3.2.6

PSB Sampl eN* Gross
Concent.

Concent.YARD - Sample **w See Section
11.2.5

Particulate collection on filter, analysis by proportional counters and spectroscopy system.
*** Liquid Samples collected In container. Analysis by proportional and liquid

scintillation counters and spectroscopy system.



11.5 SOLID WASTE SYSTEM

11.5.1 Design Objectives

The solid radioactive waste system is designed to handle, package.and store
concentrated actlivlity lifqulds, compactible low activity solid waste and low
activity non-compactible solids. Temporary storage will also be provided for
55 gallon drums of radioactive liquid metals and liquid metal contaminated
solids. The basic approach Is to solidify the liquid waste with cement, to
load all radioactive waste as solids into containers that meet CFR
regulations, and to transfer the containers tova licensed contractor for off
site disposal. The design objective of the solid radwaste system Is to
release no radioactivity to the environment.

Table 11.5-1 presents a summary of the curie Inventory, the volume and weight
of radioactive solids that the solid waste system is designed to accommodate
each year. The design basis Includes the assumption that the plant operates
with 1.0% fuel elements failed.

11.5.2 System Inputs

The Solid Radwaste System (SRS) Is designed to process and package solid
wastes that are to be shipped off-site for disposal. The packaging will be
such that the surface dose rate will be In compliance with the Department of
Transportation regulations.

Flow diagrams for the SRS are shown In schematic form by Figure 11.5-1. All
shipment containers are transferred to licensed contractor for off site
disposal.

The system is designed to handle, package and store three sources of wastes:
concentrated liquids, compactible solids, and non-compactible solids.
Temporary storage Is also provided for 55 gal Ion drums of radioactive liquid
metals and liquid metal contaminated solids. Estimates of the design
quantitles are shown in Table 11,5-1. The design values for the isotopic
inventories for the principal sources of waste are shown In Table 11.5-2.
Estimates of the design quantities are shown in Table 11.5-1, In terms of
volume weight and activity. The design activities are based on operation with

.1.0% failed fuel and 100 ppb Pu In primary sodium.

11.5.3 Equipment Description

The equipment in the solid radwaste system Is shown schematically in Figure
11.5-1. The equipment includes a cement filling station', a cement storage
bin, a filter handling station, a drumming station, a decanting station, a
concentrated waste collection tank, a drum inspection station, a remote
operated crane, and a compactor.

The solid radwaste system is designed to perform its function With radiation
hazards to plant personnel as low as reasonably achievable through the use of
proper layout and arrangement coupled with adequate shielding. Equipment is
,selected, arranged, and shielded to

11.5-1



permit operations, inspection and maintenance with minimal exposure to
personnel. All operations will'be monitored to assure that radiation
concentrations in accessible areas are below the exposure limits set by
IOCFR20. The structure housing the solid radwaste system is designed to
Seismic Category Ill.

The design of the solid radwaste system is based on widespread experience in
the nuclear industry spanning two decades. A critica~lreview of solid
radwaste practice at nuclear power plants is contained in Reference 1. In
particular, the Incorporation of concentrated liquid radwaste in cement Is
widely and routinely used in power reactor plants. The packaging of solid
material for disposal by burial is also standard practice. Figure 11.5-2
provides a piping and instrumentation diagram of the solid Radioactive Waste
System.

All solid. radwaste system equipment and piping Is designed as quality group
"D" based on the classifications In Section 3.2.

The operating procedures for handling the five input streams into the solid
radwaste system are as follows:

Concentrated Liquids

Concentrated liquids, which include evaporator bottom spent resins,
sodium contaminated ethyl alcohol, and tritlated water from CAPS, are
solidified. A fixed amount of liquid radwaste is metered into a 55
gallon drum which has been preloaded with cement. The drum Is capped
thoroughly mixed by tumbling, decontaminated by. rinsing, monitored,
stored temporarily, and then transferred to a licensed contractor for
disposal. The solid radwaste system is presently estimated to process
approximately one hundred and fifty-three 55 gallon drums of solidated
evaporator bottoms and resins. In addition approximately 314 gallons of
sodium contaminated ethyl alcohol cleaning fluid from the fuel handling
cell and 300 gallons of tritlated water from CAPS is expected to be
solidified via the same method. The annual amount of solidified sodium
contaminated ethyl alcohol is expected to be contained in nineteen (19)
55 gal lon drums with a total activity of 1.2 curies. The annual amount
of solldified tritiated water is expected to be contained in npne (9) 55

gallon drums with a total curie content of 0.7 curies.

Compactible Solids

Compactible solilds such as rags, paper, and rubber seals will be
collected at various points throughout the plant and transferred to the
solid radwaste system. These types of solids, after compaction are
estimated to have activity less than 9.5 x 105Cl/ft 3 . Compactible
solids will be placed In 55-gallon drums and compacted by a hydraulic
compacting machine. It is estimated that a total of twenty-eight 55-
gallon drums per year will be produced. the drums will be transferred to
a licensed contractor for disposal after a suitable number is
accumulated.

11.5-2
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..Non-Compactibie Solids

Non-compactible solids Include: used-support. tools, contaminated filters,
metal from cuttlng"operatlons such as an lHX tubebundle, valves and

vapor traps.

The low activity non-compactible solids will be placed In 55 gallon
drums,"capped, decontaminated, monitored and placed in temporary storage.
I.t Is.estimated that there will be a total of ninety-six (96) 5.5 .gallon

'drums s hipped per year contalniUng non-compactible solids except .filters.
Spent fi:lIter. cartridges from the liquid radwaste system will be remotely
placed in concrete-l-Ined 55 drums (one per drum) by the filter-handling
machine and placed In storage.prlor to shipment in the same manner as
other non-compactible solids. It is estimated that.sixteen .(16) drums of
this type .Work willI be .generated yearly..

Metalllic Sodium in Containers

Radioactive sodium willl be present in the fuel handling cell as a result
of fuel handling operations. This metallic sodium will be transferredto
the radwaste system.f.rom the fuel handling cell In 55-gallon drums. The
number ofdrums of wastei.ls estimated to be two per year, each containing
about 20CI. Since no burial site will accept sodium, the drums will
elther be ploaced in storage .on site or processed to a disposable form in
a to be determined manner.

Sodium-Bearing Solids

No current disposal site will accept sodium or sodium bearing water-. For
off site disposal of this type of waste, sodium Is required to be
removed. Wheresodium removal Is not practical, the waste will be stored
In the RSB.

The sources of sodium bearing wastes are the primary and intermediate
cold traps. In general, off site disposal of cold traps Is not planned.
If replacement becomes necessary, the cold traps will be drained of bulk
sodium and stored In designated locations. Primary cold traps are
designed for the li:fe of the plant and are not expected-o require
removal. However, If unplanned replacement becomes necessary, a storage
location for a single primary cold trap is provided at elevation 792 In
the Reactor Service Building.: Intermediate cold traps will require
removal, and storage Is provided at elevation 733' In the Reactor Service
Building. The ex-vessel storage tank cold trap is designed for the life
of the plant .and will not require removal.

-11.5.4 Expected Volumes

The expected volumes of solid waste to be shipped and the number of shipments
per year are listed in.Table 11.5-3. -

The estimates ofvolumes, associated curie content, and principal nuclides are
based on the Inputs from the various systems expected to produce contaminated
materials. These sources have been described in some detail In Table 11.5-1.

11.5-3



1:1.5.5. Packaging

Th'e :packaging containers for.. waste disposal wil.l be DOT approved: 55-gal Ion.
drums or- commercially available shipping casks.. The permissible levels of
activity for shipment will be within levels set by Title 49, parts 120-189.
(DOT).

11.5.6 Storage FacIltlets•

Two storage vaults are available for temporary storage of radwaste. The
shielded drum storage vaults each have a capacity.of 214 55 gallon drums.

The expected on-site storage period for solidradwaste drums Is six months.
Estimated decrease in activity during this six month storage period is
approximately 75%.

Locations of various components of the solid radwaste system are provided.in
Section 1.2 in the general arrangement drawings.of the RSB.

11.5.7 ShIpment

ýSolid radwaste will be shipped In Vehicles provided by a licensed contractor
•for waste disposal.

.11.5-4
Amond. 69
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TABLE 11.5-I

DESIGN OBJECTIVE IN SOLID RADWASTE SYSTEM PER YEAR'.
IN TERMS OF ANNUAL QUANTITIES

Vol ume

210

Weight
(Ibs )

1.2 x 104

Estimated
Act I v lty

0.02 Cl

i..i

C.I

Compactlble. Soll ds*

Non-Compactible Solids

Scrapped Components

Resins

Filters

Solidifled Liquid
Radwaste

Solidified Tritlated Water,

Meta I c. Sod I um

Solldl.fled Sodium Contaminated
Ethyl Alcohol

Total

705

125 5.6 x 103

118 = RWS 1.28 x 104

1000.

67

15.

140

2380

82

1.4 x 105

1.0 x .104

.4.5 x io2

2.1 x I04

2.6 x 105.

280

170

2.8 x i03

-0.7

40

1.2

3.4 x 103

Comments

.Rags, paper, and seals

Valves, vapor traps, small components
cleaned of sodium

RWS - activated corrosion and
fission products

Activated corrosion and..ftssion
products

Concentrated evaporator bottoms

RAPS and CAPS

Sodium from Reactor Refuell-ng
Operation

Cleaning solutionfrom FHC

*Assume compaction has decreased 1In volume

RWS -Radwaste System.

by factor of 10.

-4

44. 4'

~44

r4 - 4-4

L 4. 4

Cr (D.

Q_

00 0)
N) L"
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TABLE 11.5-2

INVENTORY OF DESIGN ANNUAL ACTIVITY OF SHIPPED WASTE

Solidified Liquid
Waste (Ci)

Sodium Contaminated
Solids (Ci)Isotope ,Half-Life

)

H-3
Na-22
Na-24
Cr-51
Mn-54
Co-58
Co-60
Fe-59
Sr-89
Sr-90
Y-90
Y-91
Nb-95
Zr-95
Mo-99
Ru-103
Ru-106
Rh-106
Ag-ill
Sb-125
Te-127m
Te-127
Te-129m
Te-129
Te-132
1-131
1-132
Cs-134
Cs-136
Cs-137
Ba-140
La-140
Ce-141
Ce-143
Pr- 143
Ce-144
Pr-144
Nd-147
Pm-147
Eu-155
Ta-182
Pu-238
Pu-239

12.3Y
2.6Y
15H
28D
312D
71D
5.2Y
45D
51D
28.8Y
64. 1 H
58D
35D
64D
67D
40D
lY
2.2H
7.5D
2.7Y
109D
9.35H
34D
70M
78H
8.1D
2.3H
2.1D
13D
30Y
12.8D
40H
32.5D
32.5D
13.7D
285D
17M
ll.ID
2.7D
1 .8Y
115D
86Y
2.0(4)Y

3.31
6.24
7.76
6.51
1.61
9.19
4.24
6.83
6.58
4.73
4.73
1.93
1.53
1.53
4.35
1 .49
2.88
2.88
1.27
8.63
1.35
1.14
4.05
4.05
6.41
1.37
7.11
7.21
2.02
1 .55
4.184.18
4.24
2.28
2.28
3.11
3.11
9.57
1.74,
1.80
2.35
3.86
1.03

(-1 )
(- )
(-2)
(-1)
(-1)
(0)

C0)

(-2)
(-1)
(-1)

(-0)
(01)

C l)

(1)
(-1)
(1)
(1)
(1.)
(-2)(-2)
( 0)
( 0)
(o0)
(o0)
(-4)

(o1)

(,1)

( 0)

(-1 )

(-1)
(-1)
(-2)

(-1I)
(-2)
(-2)
(-3)
(-3)

1.8
2.9
6.6
.1.0
3.6
4.4
6.3
4.0
4.0
1.7
1.7
1.2
2.2
2.2

-1
3.0
2.5
2.5

(C
(

0.)
0)
0)

(-4)
(-1 )
(-2)
(0)
(-1)
(1)
(1)
(-1).
(0)
(0)
o0)

(0)(o0)
(o0).

J

1.8 (.2)

2.5
2.5
8.8
5.0
8.,8
1.4
2.3
8.5
8.0
8.0
2.7

1.4
1.9
1.9

1.5
1 .64
8.7
4.4
1.1

(1)
(0)
(0)
(1)
(0)
(2)
(0)

30)
(o0)
C(0)
(o0)

C-~l)
(-1)
(-1l)

49
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TABLE 11.5-2 (Continued)

INVENTORY OF DESIGN ANNUAL ACTIVITY OF SHIPPED WASTE

Isotope

Pu-240
Pu-241
Pu-242
Np-238.

Np-239
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cm-243.
Cm-244

Half -Life

6.7(3)Y
13Yý
3.8(5)Y
2D
2.4D
433Y
152Y
16H
7.4(3)Y
163D
30Y
1-8Y

Solidified Liquid• Waste-(Ci)
Sodium Contaminated
, Solids (Ci)

1.34
1.14
2.89..
4.23
2.05
4.01
1'.58
1-.58
1.85
2.85
3.90.
8.14

(-3)(-II)
(-6)
.(-8)
(-4)
(-4)
%(-5)
(-5)

(-4)
(-6)
(-5)

1.4
1.6
2.9

(-4)(1)
(-4)

49

7Ž
49

1 Less than 1 curie

K)
Amend. 49
Apri] 1979



TABLE 11.5-3

SOLID.RADWASTE SHIPMENTS PER YEAR

I
Material

Compactible Solids

Non-Compactible Solids

Scrapped Components

Resins

Solidified Liquid Radwaste

Solidified Tritiated Water

Solidified Sodium Contaminated
Ethyl Alcohol

Filters

*55-gal Drums

ShipmentsPer Y ear

0.3

1.5

1.2

3.5

0.1

0.3

1.1

Vol ume_(f t3)

210

705

125

1000

67

140

118

Containers
Per Year

28

96

17

136

9

19

16

9
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11.6 OFFSITF RADIOLOGICAL MONITORING PROGRAM

. The preoperational environmental monitoring program has the objec-
tive of establishing a baseline of data on the distribution of background radio-
activity In the environment near the plant site. With this background lnforma-
tlon, It will then be possible to determine any statistically significant changes
In the radioactivity levels. The preoperational environmental radiological monl-
toring program will be Initiated approximately two years prior to plant opera-
tion. The program outlined herein Is based on current regulatory guidelines and

5 monitoring philosophy. At such time that any monitoring program is Implemented,it may be revised to reflect changes In regulatory requirements and monitoring
philosophy.

Evaluations after plant startup will. be made on the basis of the
baselInes established In the preoperational program, considering geography and
the time of the year where these factors are applicable, and by comparisons to
control stations where the concentrations of station effluents are expected to be
negligible. In those cases where statistically significant Increase in the
radioactivity level is seen In a particular sampling vector but not in the con-
trol station, meteorology and specific nuclide analysis will be used to identify
the source of the Increase.

The planned sampling frequencies will ensure that significant
changes In the environmental radioactivity can be detected. The vectors which
would first Indicate increases In radioactivity are sampled most frequently.
Those which are less effected by transient changes but show long-term accumula-
tions are sampled less frequently. However, specific sampling dates are not
crucial and adverse weather conditions or equipment failure may on occasion
prevent collection of specific samples.

The capability of the environmental monitoring program to detect
design-level releases from plant effluents is uncertain because of the small
quantities which are expected to be released. The program will however provI.de
the capability of detecting any significant buildup of radioactive material In
the environment above and beyond that which is already present. Those vectors
which are most sensitive to reconcentration of specific Isotopes are sampled. If
any increase In radioactivity levels is detected In these vectors, the program
will be evaluated and broadened If deemed necessary.

From the data obtained from the radloanalytical dnd radlochemical
analyses of the vectors sampled, dose estimates can be made for an individual or
the population living near the plant site.

11.6.1 Expected Background

For a number of years measurements of background radiation have
been made at various locations throughout the Tennessee Valley region. Environ-
mental monitoring programs have been conducted In the vicinity of Oak Ridge,
Watts Bar, and Chattanooga, Tennessee, and Decatur, Alabama. Over periods of not
less than two years, the measurements made in these areas have indicated only
very slight variations from location to location. The measurements obtained
utilizing film badges or thermoluminescent dosimeters have revealed the following
background radiation levels: Oak Ridge 78 mR/year, Chattanooga 71 mR/year, Watts
Bar 68 mR/year, and Decatur 71 mR/year. It Is estimated that the expected

Amend. 57

11.6-1 Nov. 1980



. . . .. . . . .--- --- ------ - u-.- *.* -

background levels in the vicinity of the Clinch River Breeder Reactor Plant

(CRBRP) will be between 60.and 90 mR/year. Measurements for the period 1977-1978

Indicate the following yearly variations: Oak Ridge 73-83 mR, Chattanooga 68-74
mR, Watts Bar 68-69 mR, and Decatur 70-73 mR.

Measurements will be made in the Immediate vicinity of the CRBRP
site and will provide baseline data necessary for comparison of background radla-
tion levels prior to and after startup of the plant.

11.6.2 Critical Pathways to Man

Although the amounts of radioactivity added to the environment
from plant-operations are small, critical exposure pathways to man have been
Identified in order to estimate the maximum dose to the individual and to estab-
I lsh the sampl Ing. requirements for the environmental radioactivity monitor•ing
program. The six principal pathways which can result in radiation exposure to
man are as follows:

a. External exposures and Inhalation of gaseous releases.

b. Drinking water from the Clinch River and from wells in the Immediate
vicinity of the plant.

c. Swimming, boating, and flshing in the Clinch River,.

d. Eating fish from the Clinch River.

e. Consuming animal flesh and other animal products which may be affected by
plant operations.

f. Eating foods grown In areas adjacent to the plant site affected by plant
releases.

The environmental monitoring program as outlined, provides
sampling necessary to evaluate the dose received through the critical pathways In
items a. through f. above. The following Items indicate the samples collected in
order to make the critical pathway-dose correlations:

a. Data from readings of the thermoluminescent dosimeters will be utilized to
estimate external exposures and data from offsite air monitors will be used
to estimate contributing Internal exposures.

b. Analysis of water samples col lected wIll be used to estimate the dose that
might be received-from drinking water from the Clinch River or from wells in
the vicinity of the plant.

c. Analysis of water samples wlll also be used to estimate the dose an Indl-
vidual might receive while swlmming, boating, or fishing on the lake In the

vicinity of the plant.

7[ d. Analysis of samples of river water, sediment, and fish will be correlated to..
estimate the dose that might be received by an Individual who eats fish from
the Clinch River. 0

Amend. 57
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e&f. Analysis of samples of air, particulate matter, soil, vegetatlon, food
crops, and milk will be used to estimate the dose to the surrounding popu-

571 lation through the consumption of food or dairy products.

The environmental monitoring program to be conducted throughout
operation of the plant provides the necessary means of evaluating the dose to man
through critical exposure pathways.

Environmental concentrations of radioactivity due to plant
releases to unrestricted areas may be so low as to be unmeasurable with present
techniques. Therefore, methods to calculate the potential exposure to man have
been derived for both gaseous and liquid releases.

11.6.2.1 Doses from Gaseous.Effluents

The following doses to humans living In the vicinity of the CRBRP
will be calculated for the releases of radioactive gases:

,.a. External beta- and gamma-air doses from airborne radioactivity

57 b. Total body and skin doses from direct radiation due to ground contamination

c. Internal doses from Inhalation

d. Internal doses from ingestion

The basic assumptions and calculational methods that will be used
in computing these doses are similar to that described In the appendix to Section

... 11.3.

571 Review of the data resulting from the offiste monitoring program
and reevaluations of the adequacy of the dose models will verify that the actual
doses received by Individuals and the population as a whole remain within the
applicable Federal Regulations and as low as reasonably achievable.

11.6.2.2 Internal Doses from Liquid Effluents

The following doses will be calculated for exposures to radio-
nuclides routinely released In liquid effluents:

a. Internal doses from the Ingestion of water

b. Internal doses from the consumption of fish

57 c. External and Internal doses from water sports

d. External doses from shoreline activities

The basic assumptions and calculational methods that will be used
In computing these doses are similar to that described In the appendix to Section

: The dose models that are employed will be reevaluated in light of.
the data resulting from the offsite monitoring program to ensure that all signi-

Amend. 57
'Nov. 1980

11 -A-A



571 ficant pathways are Included In the calculations and to verify that the actual
doses received by Individuals and the population as a whole remain within the

381 applicable Federal Regulations and as low as reasonably achievable.

11.6.3 Sampling Media. Locations, and Frequencies

The sampling media, the locations from which the samples are
collected, and the frequency with which' the samples are collected are presented
In Table 11.6-1. Tentative sampling locations are shown In Figures 11.6-1 and

57 11.6-2. The final sel'ection of sampling locations will be made approximately one
year prior to Implementation of the program. The media selected were chosen on
two bases: First, those vectors which would readily Indicate .significant
increases in radioactivity levels, and secondly, those vectors which would lndl-
cate long-term buildup of radioactivity. Consideration was also given to the
pathways which would result in exposure to man, such as milk and food crops.
Locations for sampling stations were chosen after considering meteorological fac-
tors and population density around the site. Frequencies for sampling the
various vectors were "established so that seasonal variations In radioactivity
levels might be determined. In addition, samples are collected during the season
In which the major growth occurs to ascertain radioactivity uptake by the vectors
during their most susceptible period of growth,.

11.6.4 Analytilcal Sensitivity

Samples will be collected routinely following established proce-
dures so that uniformity In sampling methods will always be assured. The samples

71 will be transported to a laboratory facility for preparation and processing. All kj
the radloanalytical and radiochemical analyses will be conducted in that labora-
tory. The following types of equipment will be utilized In performing the
analyses: Pulse height analyzers with solid and well Nal detectors and Ge(Li)
detectors; low background beta counters; liquid scintillation counters; GM detec-

71 tors; and Internal proportional counters. Data will be coded and stored in com-
puterized data base.

The detection capabilities for environmental sample analyses will
91 be presented In the FSAR. The nominal lower limit of detection (LLD) for the

various analytical techniques will1 be based on the method discussed In HASL-300
71 (ref. 1). The nominal LLD values are expected toý approximate the values recom-

mended In Regulatory Guide 4.2: However, the LLDs will vary depending on the
38 activities of the various components In the samples.

11.6.5 Data Analysis and Presentation

A quality control program has been established with the Tennessee
Department of Public Health Radiological Laboratory. Samples of air particu-

7 lates, water, and milk will be collected and forwarded to this laboratory for
analysis. The results will be exchanged for comparison to aid the laboratories
In evaluating their analytical systems and minimizing errors In data production.

Data collection around the operating plant will be compared to
data from control stations and from the preoperational program to Identify the
earliest possible Indications of the accumulation or buildup of radionuclides in 0j
the environment. During the life of the plant, this accumulation should exist In

38 no more than trace amounts, with only minor Impact on the environment.

Amend. 59
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_ Reports describing the results of the environmental radiological
monitoring activities will be submitted routinely as required by the Technical

S38 Specifications. The reports will follow the format used In reporting envIron-
mental radiological data from TVA's other nuclear power facilities.

11.6.6 Program Statistical Sensitivity

571

40 57

As previously: noted, because of the expected small quantities of
radioactive material which may be released to the environment from the CRBRP, It
Is uncertain as to what extent the results from the environmental monitoring pro-
gram will be used to estimate the probable radiation exposure to man. Only If
the radioactive waste releases from the plant cause statistically measurable
Incresess of radiation in the environment can dose correlations be made.

Results from the analysis of effluent samples, which contain
higher concentrations of radionuclides than environmental samples, will be used
In the TVA models similar to those given In the appendices to Sections 11.2 and
11.3 to estimate the possible exposure to man. Because of the conservative
assumptions applied In these models, the estimated dose to the population should
be higher than that actually received. However, TVA, even using the conservative
assumptions, will control the releases of radioactive materials to the environ-
ment such that the-releases remain within the applicable Federal Regulations and
as low as reasonably achievable.

- The statistical sensitivity of the monitoring during accident con-
ditions will not be different from those during normal plant operation and is
expected to detect concentrations well below 10CFR Part 20 limits.

Amend. 57Nov. 1980
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TABLE 11.6-1

ENVIRONMENTAL RADIOLOGICAL

Criteria and Sampling Locations

Filter paper at 12-15 locations

SURVEILLANCE PROGRAM

I. Atmospheric.

A. Air

1. Particul.ate

Collection
Frequency

Weeklyb

Analysis/Counting

Gross beta, gross alpha,
(gamma scan monthly, Pu
and U quarterly),

(89 Sr, 90Sr)c

2. Radioiodine

3. Moisture

Charcoal filter at 12-15 locations

Sampling at 3-8 locations

Weeklyb

Weeklyb

Monthly

Monthly

1311

B. Fallout,:

C. Rainwater

Gummed acetate at 12-15 locations.

Rainwater collection trays at 12-15 locations

Gross beta, gross alpha

Gross beta, gamma scan
89Sr, 90Sr,.3 H

II. Reservoir

A.' Water

1. Municipal
(Public supplies)

All public water supply intakes within 10
miles upstream and downstream of the plant

,Continuous samples from 4-8 locations

Monthlya

Analyzed Monthly

Gross beta, gross alpha,
gamma scan, §H monthly,
Pu quarterly

2. River

57

Gross
alamima
9Sr,

terly

beta, gross alpha,
scan 3H monthly,
9 0 Sr, Pu, U quar-

a. All public water supplies within 10 m5les downstream of the plant will be collected. automatically and analyzed
monthly.

b. Continuous sampling. 137
c. Radiostrohtium composite analyses if Cs is found in the gamma scan.



TABLE 11.6-1 (Continued)

Criteria and Sampling Locations

B. Aquatic Biota

1. Fish

2. Shellfish
Oif available)

Two locations

Collection
Frequency

Semiannually

Semiannually

Semiannually

Analysis/Counting

Four to six locations

Gross beta,jross ylpha,
gamma scan 8Sr, 9USr, Pu
Gross beta,(g~oss fipha,
gamma scan (•Sr, uSr, Pu

shells only)

Gross beta, ross fpha.,
gamma scan, 8gSr, Sr, Pu

.C. Sediment Four to six locations

.1! Terrestrial

A. Soil

B.-Vegetation

I .. Pasturage
grass

Atmospheric monitoring locations

Selected dairy farms within 10-mile
radius of plant

Annually

Quarterly

Gross beta,.gross alpha,
gamma scan, Pu, U

Gross beta, Ioss 5pha,
gamma scan, 96Sr, •uSr, Pu

2.. Grass Collected at atmospheric monitoring stations Quarterly .. Saame as pasturage grass

3. Food crops Within 10-mile radius of.plant

C. Milk.

D. Well water

E. Direct radiation

Selected dairy farms within 10-mile radius
of plant

Selected farms within 5 miles of plant and
1-5 wells on site

TLDs on site and at atmospheric monitors

AnnuaIlly

Monthl yd

Monthly

Quarterly

Gross beta, aoss 61pha
ga.mma scan, 9Sr, OuSr, Pu

Gamma scan, 8 9 Sr, 9 0 Sr, 131I

Gross beta, gross alpha,
gamma scan monthly,
Pu quarterly

Dose determination

d. After the plant begins operation milk samples will be taken at least biweekly for
pasture.

131I analysis when cows are on

57

K 0 0.1 a.



O LOCAL AIR MONITOR (LAM).

* PERIMETER AIR MONITOR (PAM)

* REMOTE AIR MONITOR (RAM)

ORGOP -OAK RIDGE GASEOUS DIFFUSION PLANT

DRIP -OAK RIDGE INDUSTRIAL PARK •

ORNL -OAK RIDGE NATIONAL LABORATORY

0Norris

Dam

15 Miles

NOTE: THE FOLLOWING SAMPLES ARE COLLECTED AT EACH MONITORING SITE:

AIR PARTICULATE
RADIOIODINE
HEAVY PARTICLE
FALLOUT

RAINWATER
SOIL

VEGETATION

Fi-u re 1 I.6-1. Atmospheric and Terrestrial Monitoring Net%% ork - Clinch River Breeder Reactor
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12.0 RADIATION PROTECTION

12.1 SHIELDING*

12.1.1 Design Objectives

491 The Clinch River Breeder Reactor Plant radiation protection program
and shielding is designed to provide radiation protection to operating personnel,

491 the general public, and plant equipment. This programnand its shield design
fulfills this overall objective by allowing for the functional and biological
objectives described below.

12.1.1.1 Functional Objectives

491I The overall radiation protection program and shield design must
perform a variety of functions to provide radiological protection and control
under normal operating. conditions. These functions are:

a. To permit operating personnel access to required portions of the.
plant in order that they may operate the reactor and associated
systems at rated power and normalcapacity. This includes
routine inspections and maintenance of accessible equipment.

* b. To permit.plant personnel to refuel the reactor, including
those functions required to prepare new fuel for reactor service
and ship spent fuel for reprocessing.

c. To permit access 12 days after reactor shutdown to the high
radiation portions of the restricted area which are maintained
as exclusion areas during normal operation. Particular cells
of this designation will be designed to-permit access while the
reactor is operating using redundant equipment or systems
located in other cells.

d. To limit the neutron activation of intermediate sodium such that
the induced radiation dose rates from this radioactive source
will not require the establishment of a restricted area in the
intermediate heat transport system areas.

e. To maintain all areas of the site outside of the reactor
containment building, reactor service building, several cells in

491 the plant service building and intermediate sodium piping penetra-
tion cells at the intermediate/reactor containment building
interface as a continuous access area during normal operation.

*Consistent with project schedules, Section 12.0conforms to the format and

content of "LMFBR Edition of the Standard Format and Content of Safety
Analysis Reports for Nuclear Power Plants."

Amend. 49
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f. To protect structural components, equipment and nuclear
instruments in order that required functions are safely provided
throughout the lifetime of the plant.

In addition, shield design for the control room performs radiation:
protection during the course of an accidient condition.

12.1.1.2 Biological Objectives .

9J The extent of the radiation protection program and the biological shielding,
required to achieve the above functiomal objectives is governed by the following
objectives related to the control of radiation exposure:

a. The shields as designed will provide sufficient protection to
limit the radiation exposure of operating.personnel.and the
general public to less than that required. by the applicable

.sections of 10 CFR Parts 20, 50 and 100.

It is management policy that radiation exposures to plant per-
sonnel will be as low as is reasonably achievable (ALARA). In
addition, the Projectwill follow, where appropriate, the gui-

. -dance of Regulatory Guides 8.8 and.8.10 during.the design and
operation of the CRBRP. Information pertinent to assuring that
occupational radiation exposures are as low as i,s reasonably
achievable, including excerpts..from TVA's ..Adminjistrative-,Release
Manual, is provided in Section l'2.A.

b. The ALARA program and shield design permits the size. of the
operating crew to be established by-work requirements and not 14
radiation exposure limitations..

[91 To achieve the above general objectives,.the: plant is designed to
limit personnel exposure in routinely occupied restricted areas to approxi-
mately 1/10 of the limits of 10 CFR 20. Other accessible restricted areas
of the plant also have correspondingly low radiation levels relative to
their intended occupancy.

The plant design precludes established airborne radioactivity areas,
as defined by 10 CFR 20, under normal- operatinq conditions. Some~portions of
the restricted areas will be subject to potential leakage of radioactive noble

11 gases. Leakage-will be controlled to concentrations less than 1/10
" those shown in Table. I of Appendix B, 10 CFR 20 or less than I/lf0of the desiqn radi-

ation dose rate, whichever is less for routinely occupied areas.-. The corresponding
allowable fractions of 10 CFR 20 for non-routinely occupied areas and limited

ii- access area (Radiation Zones II and III) is 1/10 of CFR.20 values.

Licensed material being inspected or processed as part of refueling
and waste disposal operations will be shielded to meet radiation exposure
objectives stated above. Transient sources handled in these operations will
be shielded to 9200 mrem/hr or radiation exposure control provided
by establishing temporary exclusion areas.in special cases. Typical transient
sources are fuel and.reactor components beingremoved from-the reactor vessel
enroute to the Ex-Vessel Transport Machine (EVTM) or Auxiliary Handling

t9I Machine (AHM). These controls will apply to port adapters, floor valves
and similar equipment.

1.2.1 -2 Amend. 49



- 12.1.2 Design Description

12.1.2.1 General Shielding Design Criteria

Occupancy requirements and access controls determine what
radiation dose rates will be allowed in all in-plant and on-site areas
in order to assure that the design objectives will be met. Each area,
where plant associated radiation fields are expected to exist, is a
restricted area, and is classified as one of five types listed in
Table 12.1-1. Areas where plant associated radiation is expected near
background levels during normal operating conditions are unrestricted
areas, and are controlled by general plant security. Unlimited access
of plant personnel and authorized visitors is permitted in these areas.

Scaled plan views of the plant showing the radiation zone
44 classifications for buildings containing significant radiation sources

or equipment for the treatment of radioactive fluids are presented in
4 c Figures 12.1-1 through 12.1-21. The legend on Figure 12.1-1 provides

4~necessary descriptive information.,

4Where access to the plant area is required, either on a continuous
or a periodic basis (Zones I through IV),-shielding is provided to
obtain the dose rate in the range specified in Table 12.1-1. For example,
the ýReactor Containment Building operating floor, shown on Figure 12.1-2,
is shown as Zone Iand the shielding design objective is to permit a dose

- •J rate of 0.2 mrem/hr. The cooler cell (cell 152) is shown as Zone II and
the,;shield is designed to permit 2.0 mrem/hr. The area around the reactor

49( cavity shield shown on Figure 12.1-5 is a Zone III and is designed to
permit a dose rate of 10 mrem/hr even though the range of permissible

491 dose rates for this zone are 5.0 to 100 mrem/hr. Zone IV would be
designed for 100'mrem/hr with the permissible dose rate range 100.0 to

Ej 5000 mrem/hr. The cells and/or areas not shown in Figures 12.1-1 through
12.1-21 are unrestricted.

The penetration shields will be designed so that the general
area dose rate at the nearest work location will not be increased by more
than 20%. Peak dose rates at penetrations in normally accessible locations
will not exceed a factor of 3 greater than the area design dose rate.

49
A discussion of shield design procedure to include bias over

and above the "best estimate" source terms is provided in Section 12.1.3.
The total anticipated design bias, as it effects the biological dose
rates in most areas of CRBRP containing primary sodium sources, is
conservative by a factor of approximately 2.5.

S
12.1-3 Amend. 49
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Although these figures are to scale, the reduction in sizeof these drawings preclude accurate scaling of the thickness of the I
shields' walls. Some shielding wall thicknesses are listed on Tables12.1-2 through 12.1-5. In general, the largest sources of radioactivityare located in the reactor containment building (RCB) and the reactorservice building ý(RSB). ,Portions of these buildings are.restrictedareas under 10 CFR Part 20 provisions. Additional shielding arrange-491 ment. views are shown on the figures in Section 1.2.

The intermediate building will be:an unrestricted area duringnormal operations, except for the penetration vaults where the inter-mediate sodium piping penetrates the reactor Containment shell, theconfinement buildingand enters the intermediate building.. The interior, of
the vaults will be designated Zone V during normal operation; however,the. general area exterior to these vaults will be unrestricted. Theintermediate building also has a shielded cell which contains primarysodium storage tanks. On an infrequent basis, primary sodium which has
decayed 12 or more days after reactor shutdown will be stored in thesetanks- This cell can be locked, and is separately cooled with an isolationventilation system. During use of this vault for primary sodium storage,this cell.will be posted as a high-radiation area, but the area externalto •hecell walls wi4l be an unrestricted area.

iThe1ocati'on:of !thel~majn.access contfrol point to restrictedareas .iS at pthe healythphysics stati-on i n the plant service buil ding.All personnel and vi sitors entering and leavivng restr.icted areas of theplant will normally 6e required to pass through this control point.
-Several cells of the plant service building-will be restrictedareas. These cell~s will' be util'ized as radiochemical laboratories,

49 co unti~ng rooms and associatedoffices. Other principal buildings, thecontro1,.building, steam generator building, and turbine generator building91 will be unrestricted areas during normal operation.
49

12.1.2.2 Shield Design Primary Heat Transport and Auxiliary Systems
This section presents the criteria and design for the shieldwalls, roofs.and floors for, primary heat transport and auxiliary systemcells. The criteria and'design description for shield penetrations,valve and sampling operations are also given.

The. thicknesses of most shield walls are set by shielding require-
ments with the thicknesses of the remaining walls defined by structuralrequirements. The shielding walls are -mainly constructed of ordinaryJ concrete and erected according to the Regulatory Guide 1.69 and

49 ANSI-NlOl,.6-1977 for the construction of concrete shields.. In some localareas, other shielding materials, such as steel, are used. Shield walls
constructed of blocks were avoided for seismic considerations. Thoseshield walls or portions of shield walls, that are subject to removal to
permit access for equipment repair or replacement, are designed to beknocked out and replaced, or provided with removable access plugs.

Amend. 5212.1-4 
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Shield walls are erected around any plant component or piping
if the postulated radiation source term at any time during plant life
could result in dose rates greater than the specified radiation zoning.

491.The design source terms are those discussed in Section 12.1.3. In
order to mi~nimi~ze the number of areas in the plant with high radiation
levels, the .cells which contain significant radioactive sources tend to
be grouped together within the-plant.

The shielding calculations for determining the wall thickness
491 use computer codes with a detailed geometric model which represent the

significant three-dimensional aspects of the sources and shields.
4 4 1Outside the reactor cavity the~sources used are the activated sodium and

fission and corrosion products (as solids, liquids or gases).

The computer programs employed in the design of the shield
Iwalls use the discrete ordinates transport and point kernel integration
Itechniques to analyze the bulk shielding provided by the walls. In
.areas of the shield containing discontinuities such as ducts and pene-4 41trations, the design methods employ transport and point kernel scattering
methods to provide shielding equivalent to the surrounding bulk shielding
in the, vicinity of the duct or penetration. The computer programs used

441for the shielding calculations were DOT'III W, QAD, LSD-II and SCAP-BR.
A detailed synopsis of these programs is given in Appendix A.

Shield walls with locked access doors are used to isolate the
high radiation areas (Zones IV and V) of the plant. In addition, these
areas (Zone IV and V) will be equipped with audible or visible alarms
which signal to a control point that a high radiation area is being en-
tered. All locked areas will be equipped such that no individual can be
prevented from leaving a radiation area.

Access to cells containing radioactive bearing components is
provided through the walls and/or ceiling. The effectiveness of the
shielding in meeting design dose rates external to the cells is main-
tained by the.use of shield doors or shield plugs which, if made of
concrete, generally have the same thickness as the shield wall pene-
trated. If other shielding materials are used, the design thickness
provides shielding equivalent to the shielding of the wall. Steps and
offsets are provided in all shielding doors and plugs to minimize radiation
streaming.

Shield Penetration Design

The necessary shield wall penetrations, such as for piping,
valve actuators, electrical cables and ventilation ducts are located so
that they have the least effect on whole body dose.rates in the access-
ible areas outside the shielded cells. Penetrations are generally de-signed to provide approximately the same attenuation of radiation as the
shielding wall through which they pass. For areas where multiple pene-
trations are required, shielded cavities and chaseways are provided.

Amend. 49
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The shielding considerations employed in the design of the
penetration are as follows:

a. Piping Penetrations - The piping penetrations of cells which
contain radioactive sources are mainly for primary and
intermediate sodium (liquid) and for the RAPS/CAPS system (gas).
Extensive thermal insulation is required for the sodium lines
necessitating annular gaps between the sodium piping and the
shield walls.- The primary sodium is the dominant radioactive
source. In the design of penetrations of the reactor cavity,
neutron streaming is a prime concern. The primary heat transport
piping is located in pipe chaseways to prevent neutron activation
of the equipment in the PHTS cells. Other penetrations are
located high in the reactor cavity where the neutron flux is low.
Penetrations for lines carrying radioactive sources which go
from the RCB to other buildings such as the primary sodium fill
and drain pipes and the RAPS pipes .are located in shielded
galleries on both sides of the containment penetration. The
24 inch diameter intermediate sodium pipes enter into a series
of shielded compartments as they pass through containment into
the intermediate building.

b. Valve, Penetrations - For manually operated valves in radioactive
cells, reach' rods which penetrate the'shield walls are provided.
The reach rods are solid metal, guided with metal. sleeves, and
the. annular spaces between the sleeves and the shield wall are-
filled with grout. A more detailed discussion of valve
arrangements is presented in a following section. ,

c. Electrical Penetrations - Electrical instrument and control
lines enter radioactive cells through standard multiple cable
penetrations. These penetrations are located as high in the
cells and as 'far away from the sources of radiation as.possible.
Most of the EI&C lines which pass through the containment do so
above grade and&require no special radiation shielding. Those
that penetrate the containment into radioactive cells are
located nearthe ceilings of manned access areas and enter
high in the RCB cells.

d. Recirculating Gas Cooler Ducts -The various, inert gas cells
containing radioactive sources are provided with penetrations
for gas cooling ducts. These ducts are provided with sufficient
shielding to meet the radiation zone classification outside the
cell. Generally, the ducts contain multiple 90' bends with
offset lengths between. bends sufficient to prevent radiation
streaming through the ducts. Shield wall areas where several

.,ducts penetrate in the same location are provided with shielded
cavities through which the ducts are-run. Dose rates in the

12.1-6



II

vicinity of the fan/cooler equipment are designed to meet the
zoning requirements of the area which are compatible with the
maintenance and inspection requirements for these units.

Valve and Valve Operating Stations

The four arrangements used for manually operated valves that are used
in conjunction with process equipment are:

a. Valves located and operated in an equipment cell or enclosure.
This arrangement is used only when the dose rate in the cell is
compatible-with personnel access requirements to the valves..
In.general, prolonged valve operation and maintenance will
require health physics supervision.

b. Valves located and operated in a radiation zone outside an
equipment cell. The criterion for this arrangement is that the
whole body dose rate in the close vicinity of the valves cannot
exceed the allowable radiation rates for the zone as described
in the previous section.

c. Valves located in an equipment cell but operated from behind the
shield wall by means of a reach rod mechanism. With this arrange-
ment, the penetration effect of the shield wall is minimized and
the dose rate in the vicinity of the hand wheel operator is
approximately the same as if the reach rod were not present.
Valve body maintenance and replacement is handled as in the first

) •arrangement.

d. Valves located in a valve gallery. Typically, a number of valves
share a-valve gallery. These valves serve one or a few similar

.. plant components. The valve gallery forms a shielded enclosure
for the valves with operations using the valve stems or reach rods
through the walls. The valve gallery is designed to allow main-
tenance without necessarily having to shut down, drain, vent or
remove the components they serve. This requires having as little

491 radiation-in the gallery as possible by keeping pipe lengths
short, by avoiding annular spaces between pipes and pipe sleeves,

.and by locating the valve gallery away from primary sources.

Sample Stations

There are two types of arrangements used for locating stations for
sampling radioactive materials:

a. Sampling stations located in a shielded cell or cavity and
remotely operated. This arrangement is used when samples of
highly radioactive materials, such as primary sodium, are
required. The samples are processed within the shielded cell

Amend.,49
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by means of remote manipulators. If a sample is required to be
brought outside the cell, a remotely operated and shielded
transfer mechanism is used. The sample is then transferred to
a shielded cask or appropriately handled according to its size
and specific activity. Dose rates to personnel performing the
sampling operations will not exceed the dose rates allowed in
the operating galleries.

b. Sampling stations operated from outside a shielded cell. This
arrangement is used for obtaining low activity level samples,
such as gas from the CAPS lines in the RCB. The criterion for
locating the sample stations outside of shielded areas is that
the dose rate near the sampl~ing unit cannot exceed the allowable
radiation rate for the zone. Local shielding around the sampling
unit is provided as needed.

12.1.2.3 Shield Design - Reactor and Enclosure System

The design description and criteria for the reactor system and reactor
enclosure system shielding are presented in this section. The design con-
figuration of this shield system is described in Section 4.1 and 4.2 and
in later discussions.

The reactor system and enclosure system shield provides the primary
shield system required to attenuate the neutron and gamma radiation from
fission, activation, and neutron reactions with materials to levels con-
sistent with the radiation zone specifications for areas adjacent to the
reactor enclosure. The main elements of the reactor and enclosure system
shielding are:

a. The in-vessel shielding provided to protect key structural com-
ponents, shielding provided by in-vessel core support structures,
the sodium pool, the reactor vessel and guard vessel.

b. The closure head assembly which forms the upper boundary of the
reactor vessel.

c. The concrete reactor cavity wall and floor which is the outer
and lower boundary of the cavity which contains t6e reactor
system.

491 d. The steel reactor support ledge and associated support area
shielding located to supplement shielding at the closure head
assembly and support ledge interface.

The reactor and enclosure system shield elements in combination
provide an overall shielding system to achieve radiation levels consistent
with radiation zone specifications for the head access compartment and
corridors exterior to the reactor cavity wall. Each of these areas are

451 accessible during full power operation and are specified as Zone III.

Amend. 49
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The configuration and thicknesses of the shielding Internal to the reactor
) vessel have been principally defined by mechanical and structural requirements

of the in-vessel components in order to maintain a safe and operabl.e
configuration under design steady state, transient, and accident conditions.
To achieve these design objectives, in-vessel shielding Is provided to insure
that reactor core support structures and the reactor vessel h~ve adequate
structural properties following neutron Irradiation over the design lifetime
of the component. Shielding thickness requirements for the closure head
assembly, reactor vessel support ledge, and rea.tor cavity wall are determined
based on mechanical, structural, thermal and shielding requirements.
Additional shielding and special design configurations are provided for
penetrations through the closure head assembly to reduce radiation streaming.
Gaps through the reactor vessel support area and streaming paths formed by the
primary piping and recirculating gas cooler duct penetrations through the
reactor cavity wall -also receive special treatment.

Penetrations of the reactor closure head assembly require shielding to
attenuate radiation due to sodium activation, argon cover gas and neutron
sources. These penetrations are shielded as required by the following
methods:

a. In-vessel shielding Is located below the reactor head and provides
both thermal and radiation shielding for the reactor vessel head and
sufficient depth to achieve required offset gap geometries.

b.i,.b The penetration gaps are minimized in width and the gaps are stepped
wherever possible.

c. The component penetrating the head Is designed to have a solid
, structure equivalent to the closure head assembly.

d."'*Local shielding Is provided In the head access compartment as

required.

12.1.2.4 Specific Shield Design Parameters by Building

General biological radiation protection design objectives for the plant
shielding and the criteria for shielding design to meet those objectives are
given in the previous subsections. In the following subsections, descriptions
of the shielding provided by the various plant buildings and by their Internal
structures are provided. Occupancy and access restrictions are given.
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Reactor Containment Building

The shi•eldihng.in the reactor containment building (RCB) has.two
general, classifications: (1) the encl~osure system shielding consisting of
in-vessel, reactor cavity.and head access area shielding and (2).the primary

.heat transfer-system and auxiliary system shielding. Plan views of the cell
structure and its associated shielding can be seen. on Figures 12.1-1 through
12.1-7. Additional shielding outside ofthe Containment Building is provided
by approximately 4 feet of reinforced concrete which make up the Confinement
Building surrounding the Containment.18

The Head Access Area (HAA) is a 44' square by 14' high area providing
access to the reactor closure head (elevation 802') from the.RCB operating floor.
(OF) at the 816' elevation. The HAA is a Zone III radiation area with design
criteria of s25 mrem/hr (below the OF elevationt):and <10 mrem/hr at.the operating
floor elevation. The reactor vessel, its closure assembly, in-vessel shielding

40 and support structure provide shielding for the head access area. Although these
components provide a conservative bulk shield design, their design criteria are
also based-on mechanical, thermal,. and structural design considerations (see.
Chapter 4.0). The reactor vessel closure a~sembly (closure head and.steel/lami-
nar shield array) has a total material thickness of 53 inches. Therefore, no addi-
tional shielding is planned between the HAA and operatina floor, as tbe HAA shield

59 design is adequate to meet its design criteria.

401

The reactor support ledge, design provides an annulus between the
support ledge and reactor vessel. This annulus is closed at the top by the
reactor vessel support structure (support ring and vessel flange) which has a

59. steel thickness of"'30 inches. To reduce general area radiation levels in the
HAA, a B4 C.shield ring is installed at the entrance to the annulus along the
bottom of the support ledge. A steel ring is installed at the bottom of the
reactor vessel flange to reduce annular gap streaming. The B4 C shield is -13½
inches thick, with the steel ring providing about 9 inches of carbon steel as

o .complementary shielding. The shield design parameters associated with the HAA

are summarized on Table 12.1-2.

Penetration shielding is an important.aspect of the overall shield
design for the HAA. These shields are necessary to control radiation levels
from radioactive cover gas sources and primary sodium, gamma, and neutron
streaming.. Two of the major penetrations are associated with the Control
Rod Drive Mechanisms (CRDM's) and the three rotating plugs in the reactor
closure head. In addition, the flow of radioactive cover gas from above
the sodium pool to components located within the HAA and above the HAA
shielding must be prevented. This potential source is controlled by
sealing cover gas flow annuli and purging the annuli formed by components
penetrating the closure head with purified recycled cover gas.

Amend. 59
Dec. 1980
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Penetrations In the HAA are lIsted In Table 12.1-2. By limiting the size of
gaps provided for mechanical or structural reasons, by eliminating straight-
through streaming paths with stepped design configurations, providing
mechanical seals and the use of purified purge gas, the need for local
penetration shields in the HAA will be minimized.

The primary heat transfer and auxiliary system shield design parameters are
summarized in Tables 12.1-3 and 12.1-4. During full power operations,.all
areas In the RCB above the operating floor at elevation 816 feet - 0 inches
are accessible on an unlimited, full time basis (Zone I). The main access
stairways, elevators and corridors to levels below the operating floor,
located in the NE, SE and SW corners of the RCB are Zone II radiation areas.
Equipment below grade requiring periodic checking or maintenance are generally
located In areas where the design radiation dose rates are 10 mrem/hr or less
(Zone Ill). The cells in the RCB containing significant radiation sources are
not accessible during power operation, except for cells such as the sodium
makeup pump cell which can be Isolated from the radiation source during plant
operation. The RCB shielded cell closures have been designed based on
accessibility requirements, personnel occupancy factors, and the ALARA
guidelines.

The shielding surrounding the primary heat transport Inlet and outlet piping
as It penetrates the reactor cavity shield (see Figure 12.1-4, view at
elevation 780, flowmeter cells) is designed to control the gamma dose rates In
the HAA and Primary Pump Motor Cells and to minimize the neutron flux In the
adjacent primary heat transport 3 system celIs. The neutron flux will be
reduced to approximately I x 10 n/sec-cm in order to preclude significant
activation of the Intermediate sodium. The dose rate on the surface of the
Intermediate heat transport system components will be less than 0.2 mrem/hr.

The radioactive argon processing system (RAPS) compressors, together with the
RAPS vacuum, surge, cold box, and recycle argon tanks are located at elevation
733. The cell arrangements and required shielding are shown on Figure 12.1-7.
Shield design parameters associated with these components are summarized on
Table 12.1-4.

Reactor Service Building

Shielding In the Reactor Service Building (RSB) protects persbnnel during
normal operations and anticipated operational occurrences, from radiation
sources contained in the components and piping of the following systems and
facilities:

a. Cell Atmosphere Processing System (CAPS)

b. Ex-Vessel Storage Tank (EVST) and supporting systems

c. Fuel Handling Cell
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d.. New Core Component Storage

e. Radioactive Waste Disposal System

The cell arrangement and the required RSB shielding Is shown on Figures 12.1-8
through 12.1-17.

The radiation zoning criteria allows for continuous access (Zone I) on all
elevations 816 feet - 0 inches and above (except for the decontamination
facility of the waste disposal system), in the main stairwell and elevator
shaft, and In the fuel handling cell operating gallery and mass spectrometer
cell. The principal corridors and accessible areas outside of the equipment
cells below the 816 feet - 0 Inches elevation level are designed for 2.0
mrem/hr (Zone II). Areas requiring Infrequent access are designed for- 10
mrem/hr (Zone Ill). The RSB shielded cell. closures have been designed based
on accessibility requirements, personnel occupancy factors, and the ALARA
guldelines.

The gas processed by CAPS can be radioacttve. The principal source of
radioactivity Is the gas sampling system.

The RSB systems shield design parameters are summarized In Table 12.1-5. For
additional Information on the functions performed by these systems see
Sections 9.5 and 11.3.

Plant Service Buildling

The combined laboratory is located within the radiological restricted area of
the plant service building. The radiation zone for these facilities Is Zone
1, which llmlts the radiation level to 0.2 mrem/hr or less. An analysis cell
Is located in the laboratory area and will be used for analysis and
containment of radioactive sodium samples. The cell, designated as
radioactive zone V, is constructed to provide sufficient shielding to maintain
the radiation level In the combined laboratory at 0.2 mrem/hr or less (zone
1). The combined lab and analysis cell arrangement Is shown In Figure
12.1-19E. The radiation level will be controlled by the size and nature of
the radlochemical sources. The samples will be shielded, allowed to decay, or
limited In mass (i.e., source Intensity) to control the radiationk levels
within the facility zoning criteria.

Intermediate Bay and Steam Generator Building

Normal radiation areas In the Intermediate bay are confined to the
Intermediate piping penetration cells. These cells contain two 24 Inch
diameter Intermediate sodium pipes near the 800 feet elevation which penetrate
Into the primary heat transfer cells of the RCB. With insulation and trace
heating, the penetrations are approximately 50 inches In diameter. The
shielding of these penetrations requires a labyrinth arrangement of shielded
compartments. These compartments are not accessible (Zone V) except when the
plant Is not operating (Zone Ill).

12.1-12



Primary sodium can be stored In the primary storage tanks on the 733 feet
elevation. This sodium will have been decayed 12 or more days before
transfer. When primary sodium ls stored In this cell, the area will be
treated as a high radiation area.

The arrangement of these cells Is shown on Figures 12.1-18 through 12.1-20.
All other portions of the Intermediate bay and steam generator building are
unrestricted and do not require radiation shielding.

.49
CQntrol Room

The control room shield and heating and ventilation system are designed to

limit the radiation exposure of operating personnel to 5 Rem following and
during duration of a postulated major radioactivity release. The basis of
this design Is to meet the intent of Criterion 17 of CRBRP GDC.

The control room is located In the control building approximately 33 feet
northwest of the containment building (see Figure 1.2-10). An isometric view
of the control room Is shown in Figure 12.1-22.

The 4 foot thick concrete confinement dome provides protection for control
room personnel from the direct dose due to an assumed Inventory within the
containment building of 100% noble gases 60% halogens and 1% of all other
fission products. The radiation source Is assumed to be distributed uniformly
in the RCB containment above the operating floor.

) An additional direct dose was calculated from the radioactive cloud which Is

assumed to be released from the containment under a hypothesized accident
condition of 0.1% volume per day. This release Is fromthe annulus through

49 annulus filters and 1% through bypass leakage.

The total exposure of control room personnel also considers the whole body
49I dose to personnel due to noble gases which enter the control room heating and.

ventilating system.: This system has "absolute" and "charcoal" filters for
49j removing the plutonium, halogen and particulate portion of containment leakage

(see Section 9.6).

The calculated total Integrated dose for an individual in the control room for

the duration of the postulated release Is detalled In Section 6.3.

12.1.3 Source Terms

Concentrations of radioactive nuclides in the reactor and plant systems and
inventories of radioactive nuclides In the reactor components and various
process equipment are developed for the maximum conditions during the 30 year

plant life. The radioisotope concentrations in the reactor components,
primary sodium coolant and argon cover gas are developed from consideration'of

the following:
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a. Neutron activation of,:

I. primary sodium coolant and Its trace Impurities

2. argon cover gas,

3. :metallic reactor components and subsequent release to the primary
coolant through corrosion processes.,

b. Production of fission products in the reactor core and blanket
assembly fuel rods and partial release to the primary coolant through-
f~uel rod cladding fallures,

.c. Plutonlum and other actinide Isotope Inventory and production In core.
and blanket assembly fuel rods during operation and release through.
fuel rod cladding failures.

d. The production of tritium by the following neutron interactions:

1. The Interaction of neutrons.with B1 0 In control rods.

2. 'T. interaction of neutrons with lithium from reaction of
B

3. Ternary fission.

A detailed discusslon of the release fractions and the mathematical models,
used to determine specific activity of the fission and corrosion products In(I
the.primary coolant and cover gas Is provided in Section 11.1.

The source terms which result from neutron activation of primary coolant and

reactor structures are based on detailed two-dimensional neutron flux
distributions calculated for various operating times during plant life.
Neutron flux distributilons and activation rates are developed from the use of
evaluated nuclear data" files (ENDF/B-lII).

Application of the calculational methods are consistent with FFTF design
practices and verification of methods to predict neutron flux levels and
principal activation rates In sodium cooled reactor systems have been
demonstrated In analyses of experimental programs conducted at ORNL and ANL.
(See Appendix 12.1.)

12.1.3.1 Primary Sodium Coolant Sources

The specific activities of significant radioisotopes in primary sodium coolant
are shown In Table 12.1-6. The specific activities ( Ci per gram of sodium)
listed arebased on the following design parameters and assumptions:
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Na. Nominal operating power of 975 MW1t for 5, 10, and 302 ears with 274
full power days per year. Biases ihcluded in the Na .radiation
source term I.hclude a factor of 1;..75.to.account for uncertainties in
actlvation.ratejflux levels (stretch power of 1121,MWt or power
uncertaintles), spectra,: temperature and.quantity of sodium coolant
and coolant flow distribution. Additional bias Included in the
radiation.shleldwall design isla factor of 1.5 to. allow for physical
variations In shield wall densities and thicknesses, physical
arrangements and wall penetrations and calculational uncertainties.
These biases as applied to the biological shield design and radiation
source inventory provide sources which Included-consideration of all
anticipated-CRBR reactor operations, Including stretch operation.

b. Continuous operation of the reactor wlth failed fuel. rods generating 1
percent of the total power.

c. Fission products are released to the sodium coolant from failed fuel
rods consistent with the model discussed In Section 11.1..

d. PI-utonium and: other actinides are released from the defective fuel
rods. The design basis limit for plutonium In the primary coolant is

4100 ppb.

e. The percentage of.each isotope assumed to be In solution of entrained
In the sodium, deposited on-the cold traps, or deposited on a wetted
reactor or primary heat transport system surface are listed in Table

) 12.1-7.

f. The weight of primary sodium In the reactor vessglI heat transfer
loops, overflow tanks and cold traps is 6.4 x 10 grams.

The primary coolant source data defined In Table 12.1-6 is the basic source
data for use In design of the shield walls outside of the reactor primary
shield during operating conditions. This Includes shielding for the primary
heat transfer cells, cold trap cell, the overflow tank cell and •her cells
containing primary sodium. The primary Isotope of concern is Na which is
the dominant factor in the source.49

Primary Plugging Temperature Indicator (PPTI) and Primary Sodium Sample
Package (PSSP) Source Terms

The PPTI and PSSP components contain primary sodium. The inventory of
Isotopes In the PPTI and PSSP, based on the sources for primary sodium shown
In Table 12.1-6, are given in Table 12.1-8. The Inventory is based on 30
years of reactor operation with failed fuel as described in b, c, and d of
primary sodium coolant sources above.
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Primary Heat Transport System Surface Sources

The primary heat transport system surface activities *for each
isotope'are shown in Table 12.1-9. The:surface- activities (pCi/cm 2
are based on the following-des~ign parameters and assumptions:'

.a. The operating parameters .are the same as discussed in
Itemsi a through e for the primary sodium coolant sources..

b. The corrosion, fission, and fuel ac~ivi~ies deposition
491 occurs on a wetted area of-9.5 x 10 cm

The surface activity source terms on primary components
can be used to estimate the2 jpper limit'r'adiation levellfrom primary!
system sources where the Na has decayed' to insignificant levels and41the sodium has been drained from the component.
Cold Trap Sources

The primary and intermediate cold trap radioisotope inventory
is shown ;in' Tabl e 12. 1-10. The activiti~e-s (curies/cold trap) shown-are
based on the following design parameters:;

ýa. The operating parameters are the same as discussed in
Items a through e of primary sodium coolant sources.

b. All.fission products, corrosion products and transuranium
isotope releases are conservatively assumed to accumulate
on only one cold trap for 15 years.

All fission products which contribute in excess of 10 curies
are liste'd. Numerous other fission pr oducts will be deposited in smaller
amounts. None of these will contribute to the shutdown dose rate at
10 days after shutdown. The percentage of isotopic release deposited on
the cold trap is shown on Table 12.1-7..

During operation and inm2,diately after shutdown, the dose
rate will be controlled by the Na activity. Approximately 94 cdubic 2
feet of sodium will be contained in a cold trap. At Autdown,2 ýhe Na24
activity will be approximately 66,600 curies.. The Na and Na .activity
at 10 days after shutdown are shown for information in Table 12.1-10.

12.1-16
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12.1.3.2 Radioactive Argon Cover Gas Sources

Fission product and activation gases are removed from the primary sodium by
diffusion Into an argon cover gas which is contained above the primary sodium
pool in the reactor vessel, primary pumps and overflow tank. The release rate
of fission product, activation and tritium source to the cover gas and its
resulting concentrations are shown in Table 12.1-11 and are based on the
following design parameters and assumptions:

a. Continuous operation of the core having fuel cladding failures in fuel
rods generating 1 percent of the total power.

b. Noble gas fission products are released to the sodium coolant through
fuel cladding failures consistent with the release model described in
Section 11.1.

c. The noble gases are completely released from the sodium to the cover
gas volume above the sodium pool In the reactor without radioactive
decay.

d. The volume of the cover gas above the sodium pool is 409.6 standard
cubic feet and the purge rate of cover gas to the radioactive argon
processing system is 3.65 scfm.

e. The noble gas release rate to the cover gas above the primary pumps is

based on the estimated rate of gas entrainment in the prlmary sodlum.
The noble gases Include both gases entrained from the reactor vessel

):• cover gas and noble gases released directly to the primary sodium from
fuel and activation sources. The estimated volume of the primary pump
cover gas Is 146 cubic feet (68.2 scf). The primary pump cover gas
concentrations are shown on Table 12.1-11a.

Radioactive Argon Processing System Sources

The radioactive argon processing system (RAPS) contains a number of
significant radioactive sources. These sources are: (1) the RAPS Vacuum
vessel, (2) the RAPS compressors, (3) the RAPS surge tank, (4) the RAPS cold
box, (5) the RAPS recycle argon vessel, and (6) the RAPS noble gas storage
vessel. The Inventory (in curies) for each Isotope are shown In Tables
12.1-12, 12.1-13, 12.1-14, 12.1-15, 12.1-16, and 12.1-17. The Information
contained in these tables is based on the following design parameters:

a. The operating parameters are the same as discussed in Items a through
d of Radioactive Argon Cover Gas Sources.

I
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Table 12.1-17a shows the Isotopic Inventory of the RAPS recycle argon vessel
during periods of RAPS cold box maintenance. This Information Is based on the
following design parameters:

A.. The maintenance of the cold box Is for a time period of up to 30 days.

The fuel fall.ure rate during this time period is:0.3%.

B. The release parameters given in section 12.1.3.2 (items b through d).

Cell Atmosphere Processlng System Sources

The cell atmosphere processing system (CAPS) source terms have the same basis
as.those described for th "Design" condltlon in Section 11.3 except the
Failed Fuel Monitoring System Input corresponds to 1% failed fuel. This is
consistent with the operating parameters given In Items "a" through "d" of the
Radioactive Argon Cover Gas Sources.

(7)•

The source terms for CAPS components are:
CAPS compressors; (3) the CAPS surge tank;
Inventory (in curies) for each Isotope are
12.1-14a,, and 12.1-15a.

(1) the CAPS vacuum vessel; (2) the
and (4) the CAPS cold box. The
shown In Tables 12.1-12a, 12.1-13,

Gas Sampling System Sources

The significant gas sampling systems are: (1) the Gas Tag Sampler; and
(2) the cover gas monitor. The activity inventory for these sources are shown
In Table 12.1-20.

(2)

K)
12.1-17a
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Ex-Vessel Fuel Storage,"Tank Sources

The ex-vessel fuel storage tank (EVST) is designed to hold a maximum of
650 new and expended fuel assemblies (Section 9.1.2.1.2). The shield is designed
to accommodate the radiation from a full loading of the EVST. The gamma source*terms shown in Table 12.1-21 are based on the following design parameters:

a. A complete unloading of the fqel assemblies in an equilibrium core
is. placed in either the upper or lower tier in contiguous positions
nearest the part of the shield being considered. The source term
is for 198 assemblies, which is a more conservative value than the
162 fuel assemblies in the core. Fuel assemblies added' to other
locations in the EVST would have lower activity and would be shielded
by the 197 assemblies. Therefore, the source terms in Table 12.1-21

5g are conservative values for a full EVST loading.

b.. For conservatism it is assumed that the equilibrium core is in
place in the EVST four days after reactor shutdown.

The EVST inherent neutron source is shown in Table 12.1-22. This
source term is based on the same design parameters as those given for the
gamma sources in a and b above. The neutron energy spectrum is approxi-
mately equivalent to the Pu fast fission spectrum. The neutron source by
isotope is in the same proportion as shown in Table 12.1-28.

The EVST fission product and transuranium elements inventories are
developed from the nuclear design data and reference equilibrium core and
blanket management schemes. The fission product inventory and its corre-
sponding gamma energy spectrum, shown in Table 12.1-21 were derived using
the fission yields contained in the RIBD code library and consider the
cyclic operation and core/blanket management of the equilibrium cycle.

Ex-Vessel Storage Tank (EVST) Sodium Sources

The EVST sodium serves as the coolant for the expended fuel. It is
also used as a transfer medium between the reactor vessel and EVST for new
and spent fuel. In serving this function, it becomes contaminated with
primary coolant sodium and its radioactivity. Table 12.1-23 shows the EVST
sodium specific activities based on the following design parameters:

a. The sodium in the reactor vessel is characterized by the
specific activities shown in Table 12.1-6.

I
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b. Fuel is transferred to the EVST once per year. 171 assemblies
are transferred from the reactor to EVST, and vice versa for
each refueling.

c. Each transfer,of a core component pot places 2-1/2 ft 3 of primary
Na in EVST Na and vice versa.

d.. The first transfer takes place 44 hours after reactor shutdown

on the average the minimum time will be 26 hours.

e. The time between successive transfers is 1.5 hours.

f. The volume of EVST sodium is 9000 ft 3 .49

g. The effect of the EVST cold trap is not considered.

EVST Cold Trap Sources

The EVST cold trap sources result from the deposition of EVST sodium
activity on the cold trap. The activity inventory on the EVST cold trap is
shown in Table 12.1-24. The following design parameters have been used to
develop these activities:

a. The EVST cold trap is as efficient as the primary cold traps.

b. The activity deposited on the cold trap is based on the EVST
sodium activities shown in Table 12.1-23. J•

c. The cold trap sodium volume is estimated at 140 ft 3 .

EVST Plugging Temperature Indicator (EPTI) and EVST Sodiumn Sample
Package (ESSP)

The EPTI and ESSP components contain EVST sodium. The inventory of
isotopes in the EPTI and ESSP, based on the source term for EVST sodium
shown in Table 12.1-23, are given in Table 12.1-25. The inventory is based
on 30 years of reactor operation with failed fuel as described in b, c and d
of 'Primary Sodium Sources" (Section 12.1.3.1).

ý91 New Core Component Sources

The primary radiation source in the New Fuel Unloading Station and the
New Fuel Shipping Container will be the inherent neutron source in new fuel
assemblies. Table 12'.1-26 shows the inherent neutron source strength for a
single new fuel assembly. The design parameters used to obtain this source term
are:

a. The fuel~assembly is loaded with LWR recycle plutonium
which contains 2 percent pu 2 3 8 .

b. The active volume of an assembly is 1.17 x 104 cm3 over a 91.44 cm
height.

Subcritical multiplication due to grouping of fuel assemblies shall be
44 considered by the system designer. 0
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The fuel handling cell (FHC) Is designed to handle and inspect spent fuel In
preparation for shipment off-site. The maximum gamma ray source term as a
function of energy is shown In Table 12.1-27 for an expended assembly at four
days after reactor shutdown. The maximum Inherent neutron source Is shown In
Table 12.1-28 for three expended assemblies 80 days after reactor shutdown.
These source strengths are based on the following design parameters:

a. The design assembly produces power, just before discharge, at 127
percent of the average assembly.

b. The fuel is being handled in the FHC at four days after reactor
.shutdown.

c. Each assembly has a volume of 1.173 x 10 cm 3 and an active height of.
91.44 cm.

d. The energy spectrum Is derived from the ENDF/B and RIBD code library
as discussed previously.

The FHC shield design should accommodate the design assembly source given In
Tables 12.1-27 and 12.1-28. The energy distribution of the inhere~nt neutron
-source shown inr. Table 1.2.1-28 was treated as a Pu fast f ission spectrum.

~fuel Handling Cell Argon Circulation System Sources

The FHC service cells have the following design basis:

A . FHC Argon Filter Cell

(1) Complete release into the FHC of all noble gas, halogen, and volatile
fission products from the gaps and f~ission plenums of two failed fuel
pins, is assumed. No credit is taken for Iodine attenuation by
sod Ium, s Ince the p In fa IlIures are assumed to occur dur ing handlI Ing of
bare fuel assembl ies.

(2) For conservatism in *the filter shielding design, It is assumed that
100% of the released Cs and I-are collected In the filters. For
conservative cell shielding design it i,s assumed that only 60% of all
Cs and I released is collected on the filters. The remaining 40% Is
equally distributed In the three support cells, and In the FHC Itself.
Since the fl~ters are frequently removed, there will be no buildup of
long-Ilived Cs-137..

(3) Activities. are based on a decay time of 80 days.
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(4) A FHC volume of 10,700 scf is assumed. Equipment (piping, .

filter banks, transitions) have void voluimie of 224 scf/cell.

(5) Cell specific activities are based on the radioactive
releases (item 1): divided by the volume of the FHC.

Fuel handling cell, filter cell specific activity and FHC filter
cell equipment activity appear in Table 12.1-29.

B. FHC Argon Blower Cell

Ten percent of the Cs .and I activities released from the gaps'
and fission gas plenum of-two failed pins are deposited on the
inner surface of components. The long-lived Cs-137 activity
has been multiplied by a factor of five to account for sub-
sequent pin failures during plant life at a rate of one pin
every three years.

FHC argon blower particulate activity is defined in Table 12.1-29.

Gas activity in the FHC Argon Blower Cell is the same as
defined. above and,.Table 12.1-29.. Equipment in.the FHC Argon
Blower Cell (istorage 'tank., grapple blowers=, valves, piping)
have a gas volume of 46 scf/cell..

C. FHC Fan/Cooler Unit

Sources in the FHC Fan/Cooler Unit are defined on the same bases
as described for the Argon Blower Cell.

Particulate activity in the FHC Fan/Cooler Unit are the same as
defined for the Argon ,Blower Cell.

Gas activity in the FHC Fan/Cooler Unit has the same specific
activity as defined for the Argon Filter Cell.

Equipment in the FHC Argon Blower:Unit cell cooler fan a.ssembly
has a: gas volume of 200 scf.

D. FHC Argon Purification Unit

Sources in the FHC Argon Purification Unit are on the same bases
as defined for the Argon Blower Cell..

Particulate activity in the FHC Argon Purification Unit is the,
same activity as defined for the Argon Blower Cell.

Gas activity in the FHC Argon Purification Unit is the same
specific activity as defined for the Argon Blower Cell.

Equipment (Argon Purification Unit) in the cell has a gas volume
•40 of 100 scf.

Amend. 68
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Control Room Source

The control room shieldtng and environmental system.design
requirements are stated iln..CRBRP GDC 17 (Section 3.1.3.1). This criterion
states in part that "adequate radiation protection shall be provided to
permit access and occupancy of the control room under accident conditions
without personnel receiving radiation exposures in excess of 5 rem whole
body, or its equivalent to any part of the body, for the duration of the
accident".

The source term for calculating the direct radiation dose in
the control room is shown in Table 12.1-30. This source is based onýthe following design parameters:

a. The fraction of equilibrium core fission, product inventory
released to the RCB volume above the operating floor is:

(1) Noble Gas - 100%

(2) Halogens (airborne) - 25%, Halogens (Plated) - 25%

(3) Volatile Solids - 1.0%

4 1 (4.) Solid Fission Products - 1.0%

b. The source volume is the containment building volume
) 4d above the operating floor (3,800,000 cubic feet).

. 71 c. The source is homogeneously distributed in the outer
containment volume.

Table 12.1-33 provides the information on the release of
radioactive fission product and fuel isotopes from the Reactor Confinement
Building to the environment. This information shall be used to determine
the requirements for the Control Building environmental protection
system. The following information has been used to develop the releases:

a. The EOEC (end-of-equilibrium cycle) fission product
inventory, as shown in Table 12.1-32, together with
the inventory distribution shown above was used to determine
the releases of Table 12.1-31.

b. The fission product release from the inner containment
volume to the containment annulus is 0.1% per day..

c. The release from the outer annulus is 99% through the
annulus filter and 1% through bypass leakage.

S d. The Pu releases shown are based on the release of l%'of
fuel to containment.

e. The annulus filter efficiency is 99% for solid fission
4 products and fuel while halogens are removed at 95%

41 .efficiency.
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Control Rod Drive Line

The control rod system drivelines are highly radioactive over
a large segment of their. .gngth. The source is attributed to the neutron
activation-of Co5 9 and Ta 1: found in the In conel 718 material of con-
struction. The source term is shown in Table 12.1-33. The design
assumptions are shown below:

a. The bottom end of the CRDL is located 59 inches above the
top of the core.

b. The principal activatioqn sources in tle metal are the
impurities of 0.10% co59 and 0.05% Ta' 8 1 .

c. The CRDL is used in service for 15 years while the reactor
is operated on a 975 Mwth for 274 days/year basis.

In addition to the activation source discussed above, the
driveline will have a surface deposition source-as described in Table
12.1-9 over its entire length.

Amend. 4912.1-21 a April 1979 K)



Large Component Cleaning Cell (LCCC)

The design radiation source for the Large Component Cleaning Cell (LCCC) is a
primary pump. The liquid effluents from a primary pump cleaning and
decontamination also constitute the design base source for the Intermediate
Activity Level System (IALL) of the Liquid Radioactive Waste System (LRWS).

The primary pump radioactive Inventory is shown on Table 12.1-34A. The
conditions used to develop this source are:

a. The entire activity from the surface of a primary pump is removed In
the LCCC and Is contained in 16,000 gallons of liquid.

b. The source represents the surface activity after 30 years of
operation, with 1% failed fuel (as discussed In Section 11.1) at 10
days after reactor shutdown.

Liquid and Solid Radioactive Waste System (LRWS and SRWS)

The LRWS consists of two processing streams - the intermediate Activity Level
(IALL) System and the Low Activity Level Liquid System ([ALL). The IALL
System processes liquid radwaste generated In the Sodium Removal and
Decontamination System. The LALL Systei :processes liquid radwaste having an
activity concentration of less than 10`4 Pfi/cc from the floor, equipment,
laboratory, decontamination, and personnel shower drains.

The IALL system design source term results from the cleaning and
decontamination of a primary pump as described above (See LCCC source term).

The source terms developed from the above conditions represent the "worst
case" cleaning event. It Is estimated that the internals of a primary pump
will be cleaned six times during the life of the plant.

The LALL waste concentration is based on the activity inventory in Table
12,ý-6 after 30 years of plant operation and 10 days decay normalized to
10 pCi/cc . Thi is based upon dissolving 3.5 lbs per year of primary
sodium in 3.1 x 10 gallons per year of water.

For the shield design of the LRWS, it is assumed that there is no radioactive
decay during collection, processing or holdup. These radioactive source terms
are maximum values to be used only for the shield design.

IALL Collection Tanks

The activity Inventory for each IALL Collection Tank is given In Table
12.1-34B, This inventory is contained In 16,000 gal Ions-of water and is based
on the activity Inventory presented In Table 12.1-34A minus the 10% of the
activated corrosion products removed by filtration.

12.1-22



LALL Collection Tank

The activity. inventory for each LALL Collection Tank Is given in Table
12.1-35. This Inventory Is contained In 2,400: gallons of water and Is assumed
to contain the activity associated with the LALL process stream Ilquid having
the isotopic concentration obtained by dissolving 3.5 lbs of primary sodium in
310,000 gal. of water.

IALL and LALL Filters

The IALL filters are provided to remove undissolved solids from the IALL
process streams prior to processing. 'Each IALL filter Is assumed to contain:
(a) 10% of the activated corrosion products listed In Table 12.1-34A, and (b)
process stream liquid having the same concentration of radioactive materials
as the liquid In the'IALL Influent stream. The IALL filter activity Inventory
is given in Table 12.1-36.

LALL Filters

The LALL Filters are assumed to contain the activity in the LALL process
stream liquid having the Isotopic Concentration obtained by dissolving 3.5 lbs
of primary sodium In 310,000 gal. of water. The activity Inventory of the
LALL fll ters Is given in Table 12.1-36a.

IALL and LALL Evaporator Fillters

The IALL and LALL Evaporator Filters are provided to remove any undissolved
solids or precipitates from the IALL and LALL evaporator feed to Increase the
evaporators' performance. Each filter Is assumed to contain 10% of the
activated corrosion products In Table 12.1-34A and the activity concentration
of the IALL process stream. This assumption Is used In the shield design
because of-the cross connection capabilities between the IALL'and LALL.
systems. The activity Inventory,-for each filter Is given In Table 12.1-37.

IALL and LALL Evaporators

The IALL and LALL Evaporators are provided to concentrate the contaminants In
the process streams remaining after filtration of undissolved solids. The
shield deslgn for each evaporator Is based on the activity InVentory present
In Table 12.1-34B minus 10% ofthe activated corrosion products removed by
filtration. This activity Inventory for each evaporator Is given In Table
12.1-38.

IALL Distillate Demineralizers

The [ALL Demineralizers are used to polish the distilate effluent from the
evaporators. The activity Inventory for each demineralizer Is given In Table
12.1-ý39. This Inventory Is assumed to contain 10% of the activity inventory
carried by the evaporators (Table 12.1-38). This assumption Is based on
operating of the demineralizer(s) during an evaporator malfunction for a
period of time between sampling intervals.

--)
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LALL Distillate Demineralizers

) The Activity inventory of the LALL demineralizers is provided in Table
12.1-39a. This inventory is assumed to contain the activity inventory of the
LALL Collection Tank (Table 12.1-35). This is based on accumulation in the
demineralizers of the activity in one 2400 gal. batch of filtered LALL process
fluid (assuming the evaporator are bypasses).

IALL and LALL Resin Traps

The purpose of the resin traps downstream of the distillate demineralizers is
to catch resins which may be contaminated which have broken away from the
demineral izer beds. The source term for each, resin trap Is assumed to contain
6% of the activity inventory of-the demineralizers (Tables 12.1-39 and
12.1-39A). This reflects the activity that would be present In the resin
traps, should a rupture of the demineralizer resin retention devices occur.
The activity inventory of the IALL resin trap is provided in Table 12.1-40,
and the inventory of the IALL resin trap is provided in Table 12.1-40A.

Concentrated Waste Tank

The Concentrated Waste Tank in the SRWS receives the concentrated radioactive
wastes from the IALL and LALL evaporators. The activity inventory is given in
Table 12.1-43.

Decanting Tank

The Decanting Tank collects the powdered resin waste from the spent IALL and
LALL Distillate Demineralizer resins. The activity inventory for the
:Decanting Tank is based on isotope inventory of the spent Distillate
Demineralizer pesins In Table 12.1-39 and 12.1-39A. The activity Inventory is
gilven in Table 12.1-44.

Decantate Filters

The Decantate Filters remove undissolved solids from the liquid decanted off
the Decanting Tank. These filters are assumed to contain 1% of the activity
of the Decanting Tank. The activity inventory Is given in Table 12.1-45.

Solid Radwaste Drums

Concentrated liquid radwaste and spent resins will be drummed, solidified and
stored In the SRS in the Radwaste Building. Up to 136 drums per year
containing concentrated liquid waste will be stored in the high activity drum
storage vault. Each drum will contain 30 gallons of concentrate from the
Concentrated Waste Tank. The activity Inventory per drum is shown In TableI 12.1-46. Up to 17 drums per year containing spent demineralizer resins will
be stored. Each drum will contain 17 gallons of spent resins and from the
Decanting Tank. The activity Inventory per drum is shown In Table 12.1-47.
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12.1.4 Area Radiation Monitoring

12.1.4.1 Design Criteria

Areat-monitors are provided in selected building locations to continuously
detect, measure,. and indicate the radiation level and to initiate alarms
(audible and visual) for radiation levels above preset values. In high or
varied noise level areas (_95db) strobe lights are also provided in addition
to the audible alarms. These monitors advise plant personnel of existing
radiation levels during normal operation and-warn them of pctential radiation
hazards that may cause higher exposure levels than expected.

The detector ranges of these monitors are chosen to provide continuous
monitoring of gamma ,radiation levels ranging from one decade below to three
decades above the design background level at each monitor location.

ID

6, ::!
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I'The basi's for location of the various personnel protection monitors'shall
consider the following factors:

1. The anticipated radiation level under operation,, shutdown maintenance,
and abnormal- conditions.

2. The frequency and duration of occupancy, and the f-low of traffic-under
normal and accident conditions.

3... The proximity of high radiation sources.

4. The consequence of an undetected increase In radiation level.

In addition to the personnel protection monitoring utilized during normal
plant conditions, accideyt area 4monitoring will also be provided. Area
monitoring for range 10 to 10 R/hr will be provided In the following areas:

1. Inside buildings or areas which are in direct contact with primary
containment where penetrations and hatches are located.

2. Inside buildings or areas where access is required to service
equipment important to safety and the threat of radiation
contaminati on exists.

Three high-range monitors of range 1 to 107 R/hr will be provided to monitor
the levels of gamma radiation in the Containment Area. The detectors for

*ii these monitors will be located approximately 1200 apart around the Containment
vessel periphery in the Annulus space so as to allow a measurement of gamma
activity being radiated from containment. The location of these monitors is
In the more benign environment of the Annulus rather than in containment to
avoid the severe temperature transient and direct sodium aerosol which may
occur during and following an acident. These monitors are safety-related and
each is suppl led which a separate division of Class 1E power.

The Accident Monitors as identified in Table 12.3-5, will meet the
requirements of Section 7.5.11 of the PSAR

The locations of the area monitors provided for the CRBRP are shown on
Figs. 12.1-1 to 12.1-19d and are listed in Table 12.3-5.

12.1.4.2 Monitoring System Description

Each area monitoring channel consists of a gamma detector, microprocessor and
accessories, local Indicators, alarms, and Control Room indication. The gamma
detector energy dependence will be flat within +20% for incident radiation
above 100 Kev. L.ocal monitor display includes loss-of-signal, high and high-
high radiation indicator lights, high and high-high radiation audible alarms
and mR/hr rate meter. Also, an essential feature of each monitoring channel
will be Its ability to avoid "foldover" following saturation In high radiation
fields.



I
The detector signa. is also displayed on redundant Radiation Monitoring System
CRTs located in the Control Room and Health Physics Area of the Plant Service
Building via their respective Central Processing Units and
Mi-niComputers(System Controllers). The.indicating analog meter ir each local
monitor indicates exposure levels on a suitable multi-decade logarithmic
scale. The alarm signals are also permanently recorded by the redundant
Radiation Monitoring System Line-Printers located in the Control Room and
Health Physics Area.

I Group annunciation, is also provided on the Main Control Board.

0
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Each area monitor will contain a built-in solenoid actuated shielded check
source which can be actuated from the remote process station in the vicinity.
All monitor components will be modular, commercially available units designed
for rapid replacement upon failure. Electronic components will be exclusively
solid-state, as available; and power will be supplied from the Instrument AC

1.;.120V, 60H ) busses for the non-safety monitors. Area monitors performing
containmenf Isolation functions (PPS) will be supplied with Class 1E power
from redundant vital AC busses.

The high radiation alarms of all area monitors are transmitted from the local
monitors to the Remote Data Aquisitlon Terminal units in the vicinity. The
Plant Data Handi ing and Display system will display and log all high alarms.

Figure 12.1-21 shows a functional block diagram of an area radiation monitor.
Locations, design dose rates and ranges of sensitivities of the monitors are

Iprovided in Table 12.3-5.

12.1.4.3 Maintenance and Calibration

On completion of the monitoring system installation,: each area monitor will be
,checked for proper operation and cal ibrated against a radiation checksource
traceable to the National Bureau of Standards or f ran an equally acceptable

__ source. The Initial calibration and subsequent calibrations at six monthp ~intervals will util ize a minimum of two source strengths to verify the
l inearity of detector output. In addition, each monitor is suppliled with a
built-in check source to provide a rapid functional test at periodic
intervals5.

:9 12.1.5 Estimates of Exposure

Peak External Dose Rates and Annual Doses at Unrestricted Locations

The peak dose rates and annual doses at the site boundary and control roan due
to direct plant radiation are low and considered small relative to the natural
background radiation. These doses have been estimated and are shown In Table
12.1-49, Parts 1, 11, and Ill.

I • > ..;... ; .I ; • ••• •. Ii!••. i>! . ~• • • . -S•••• • !- r ••• • i : i ' !• ?••••i••.k .'! i
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I
The peak dose rates at the site boundary and visitors center from plant
radiation are based on the estimated dose rate from a large fuel shipping cask
located at the plant rail siding which when loaded meets the maximum dose rate
allowed in 49 CFR,. Part 173. The annual dose Is due to normal plant
operati:ons because of the relatively short time period the peak dose rate
would be maintained. The normal operating condition Is based on a dose rate
of 0.2 mrem/hr at the edge of buildings utilizing controlled access areas.

The dose rate in the control room fcom plant operations has been
conservatively estimated at 2 x 10 mrem/hr. The real exposure of personnel,
due to normal operations, In this heavily shielded space would controlled
by the quantity of naturally occurring radioactive materials; K , the natural
U and Th decay chains, found in-the concrete shield.

The peak dose rate and annual dose at the edge of the controlled buildings are
anticipated to occur in the Intermediate building at the Intermediate sodium
coolant penetration cells leading to the reactor containment building. The
peak dose rate at the penetratioriwill be no greater than 0.2 mrem/hr as shown
in Part III of Table 12.1-49. The remaining areas bounding the controlled
area will be at or near natural background levels because of the plant
shielding, the structural concrete required for hardening the plant buildings,
and the below grade placement of the radioactive portions of the plant.

Dose Rates and Annual Doses at Controlled Locations of the Plant

The peak dose rate and annual doses for eight reactor containment and three
reactor service building locations are shown in Parts IV and V of Table

12.1-49. These selected dose points are considered representative of
controlled area accessible locations. In addition to the peak operating dose•
rates, the shutdown dose rate is also shown at each location.

The shutdown dose rates are basedon the plant having been shutdown for .8 days
and the sodium coolant having been used for 30 years with 1% failed fuel as
described In Section 11.1.3. The annual doses shown are for continuous (24.
hours/day) occupancy of the space and do not reflect the administrative
controls imposed. by-the plant zoning criteria shown in Table 12.1-1.

Estimated Yearly Man-Rem Exposure for the Plant

The estimate of yearly man-rem exposure is based on the following parameters:

a. The occupancy of accessible areas within the controlled areas by plant
personnel' will be consistent with LWR experience.

12.1-25
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b. The preliminary estimates of the plant manning by number of
individuals and likely character of their work assignments.
Three general classifications. of. individual workers are included;
plant operators including shift engineers and unit operators,
other non-maintenance personnel such as health physics, chemical
engineers/analysts and instrumentation personnel, and.
finally, maintenance personnel.

c.. No individual will receive exposure greater than levels specified
by 10 CFR, Part 20.101.

LWR experience indicates that plant operations and non-maintenance
support personnel fractional time spent in each of the radiation zones shown
in Table.12.1-1 are as follows:

Plant Operations Other Non-Maintenance
Personnel Support Personnel

Zone I 70% 45%

Zone II 25% 50%

Zone IH 5% 5%

The above information is based on data provided in Reference 1.
Maintenance personnel annual exposure is controlled solely by 10 CFR,
Part 20'criteria and is included in the value below. Personnel assumed is0
consistent ,with-Figure 13.1-1.

An evaluation of the yearly exposure using the above parameters
indicates an exposure-.estimate for CRBRP plant staff personnel of approximately
195 man-rem per plant year, and for utility/contract personnel of approximately
205 man-rem per plant year. The estimated total radiation exposure to personnel

49 at the CRBRP site, thus, is approximately 400 man-rem per plant year.

Because of the unique nature of this plant, no directly relevant
operating experience is available. The above estimate for the radiation

591 exposure to personnel at CRBRP are consistent with LWR experience.

Estimated Exposure ofvSpecific Operations

The estimated annual man-rem radiation dose for CRBRP due to oper-
ations, maintenance, and radwaste handling, are as follows:

Operations - The radiation exposure due to operation and surveillance
activities within nuclear island cells will be less than 35 man-rem/yr.

59 for contract/utility and staff personnel.

Amend. 59
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Maintenance - The radiation exposure due to maintenance activities within
nuclear island cells will be less than 162 man-rem/yr for contract/utility
and staff personnel.

Radwaste Handling - Radiation exposure due to radwaste handling
has been minimized by the use of automated liquid and solid
waste systems. These systems permit per.sonnel to operate the
radwaste processes remotely from a control room area in the
Radwaste Building. The radiation exposures due to operation and
maintenance of radwaste handling will be less than 8 man-rem/yr.

40 59

The total manhours, man-rem dose, and approximate dose rates due
to all fuel handling and transfer operations are estimated as follows:

591 Total Man Hours
Total Man Rem
Dose Rate Range

32,500 hours/yr.
12 man-rem/yr.
<0.2 mrem/hr to 200
mrem/hr

59.1

The remote viewing systems--are currently-in the early design phase and
quantitative estimates of the radiation exposure and requisite man- ours
cannot be made at this time.

The radiation exposure due to visual in-service inspection will be
less than 50 man-rem/yr. 'This is based on the following information.

1. The optical and cell insertion equipment for visual inspection
will be.designed for service in an operating PHTS cell. The
radiation protection afforded, by the system will be consistent
with the requirements of 1OCFR20. Local dose rates will be
controlled to 200 mrem/hr or less on equipment surfaces out-
board of the cell shielding.

2.' The in-service inspections will normally be scheduled to
coincide with refueling periods to allow for decay of. the
Na24 activity. With a four day delay between the time of
reactor shutdown and inspection, the dose due to the visual
inspections will be 1 percent of that for inspection at.
operating conditions. 25

Amend. 59
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Best estimate corrosion product dose rates have been calculated forseveral locations adjacent to the primary heat transfer system piping.
Entry to these locations would only be required for inspection supplemental
.o the planned activi~ties discussed in the preceeding.paragraph. The dose
,ates are shown for 5, 10, and 30 years of operation at 10 days after
ihutdown. These levels will permit controlled access.to the primary equip-
nent following plant shutdown.

.BEST ESTIMATE CORROSION.PRODUCT DOSE RATES

Dose Rate. (mrem/hr)

5 Years 10 Years 30 YearsDose Point Description
Adjacent to 36" Pipe Near
Bend Descending to Pump

Adjacent to 36" .Pipe Ele-
vation of Primary Pump
Inlet

Adjacent to 24" Pipe
Crossover Leg Between
.Primary Pump and IHX
(Maximum Expected)

230

155

290

250

175

320

275

190

350

C)
25,
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1. Bellefonte Preliminary Safety Analysis Report (Docket No. 50438 and 50439)
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dated December, 1972.
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TABLE 12.1-1

PLANT RADIATION ZONE CLASSIFICATION

Design Dose
.Rate (mrem/hr)

Zone Dose Rate
Specification

(mrem/hr)Z=n Area Tvoe

- Unrestricted
Area

Restricted
Area

II Restricted
Area

III Radiation
Area

IV High Radiation
Area

Continuous IIW

Continuous
.Routinely

.Occupied

Continuous,
Not Routinely
Occupied

Periodic
Limited Access
for Routine
Tasks

Unoccupied*
Limited Access
for. Non-routlne
or Infrequent
Tasks

0.2 <0.2

Tyoe of Control

Uncontrolled

Administrative Control

Administrative Control

Administrative Control

2.0

10*1*

>0.2 to <5

>5 to i100

100 >100 to <5000 Special Work Permits,
Locked Doors, Signs,
Temporary Barricades,
Health Physics
Survel I lance

Positive exclusion,
Locked Doors, Special
Work Permits, Continuous
Health Physics
Non i toring

V Extremely
High Radiation
Area

Unoccupied* UnI imited >5000 I

IOCFR20 crIteria.
* Approaching background radiation.

1*1 25 mrom/hr within HAA

'N
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TABLE 12.1-2

SHIELD PARAMETERS FOR THE HEAD ACCESS AREA

Rad I ati on

oii .

Predominant Sources

Na2 4 gammas from primary
Inlet and;outlet coolant
piping

Na2 4 gammas from In-vessel
sodium paoliand primary
sodium coolabt pIpIng.
In-vessel neutron Ieakage
through sodium pool;
ex-vessel neutron
leakage

Same as Above

Ex-Vessel Neutron'Leakage

Radioactive cover.gas
gamma sources 24amma
streaming (Na );
Neutron streaming.

Specific Design
Consideralions

App y _h •

Major Source Geonetries:
(a). 6" Pipe
A (b) 24" Pipe

(a) In-Vessel Sodium
Pool

(b) 36" Pipe
(c) 24" Pipe,
Wd) Reactor Cavity

(e) cover Gas Pool

Same as Above

Major Source Geometries;
Reactor Cavity

Type of

Concree:,WalI s Along
Periphery of HAA%,
Above Support Ledge

Concrete Support Ledge;
Carbon Steel Reactor
Vessel Support Structure

Nominal Thickness

5'

6' (serpentine
concrete)•

9" (steel)

III
Major

(a)
(b)

(c).

(d)

Source Geometr Ies;
Annular Gaps
In-vessel sodium
Poo I
Cover Gas Volume
Above Sodium Pool
Reactor Cavity

Steel/Inconel. Reactor
Vessel Closure Head
Assembly

B4 C Annular Neutron-
Shield Ring

Penetration Shields
CRDM's (15)
EVTM- Nozzle port
IVTM - Nozzle port

Others:
UIS Jacks (4)
Liquid Level Ports. (4)
Risers (3)

53"

14"

Local ShadowShields
(steel) as
required

2<'

'4

'00 1

0 0
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TABLE 12.1-3

SHIELD PARAMETERS FOR THE CONTAINMENT BUILDING ABOVE OPERATING FLOOR

Radiation Predominant Sources
of Radiation __

Specific Design
Considerations

8,pplying to Sourcj.

SI Na2 4 Sources In Primary
Heat Transfer Cell s
(Cell #1, 2, 3)

I Na2 4 and Fission/
Corrosion Products
in Cold Trap Cel-s

Corrosion and Fission
Product Sources In
Large Component
Cleaning Cell

III Head Access Area

Major Source Gecmetries:
(a) 36" Pipe
(b) 24" Pipe
(c) Primary Coolant

Pump
(d) ' Intermediate Heat

Exchanger
(See Primary Sodium
Sources-Section 12.1.3).

Major Source Geometries
(a) Two NaK cooled

Cold Traps
(b) Two Cold Trap

Economizers
(See Primary Sodium and
Cold Trap Sources.in
Section 12.71.3)

Major Source GGeometry
(a) Component bei-ng

cleaned In LCCC.
Not a continuous
process

Major Source Geometries
(a) Components (CRDMOs)
(b) Closure Head

Penetrations

Type of

Shield Wall and
Access Plugs

Shield Wall and
Access Plugs

Shield Deck

None

Nominal Thickness
of Ordinary

6 '6"

31'6"

None



TABLE 12.1-4

SHIELD PARAMETERS FOR ACCESSIBLE AREAS OF THE CONIAINMENI
BUILDING BELOW OPERATING FLOOR

Radiationzone

II

Predominant Sources
of Radiations

Na2 4 Sources In Primary
Heat Transfer Cells

Na2 4 and Fission/
Corrosion Products
In Cold Trap Cells

Specific Design
Considerations

ADolying-to Sources

Major Source Geometries
-(a) 36" pipe
(b) 24" pipe
(c) Intermediate Heat

Exchanger
(See Primary Sodium
Sources In 12.1.3)

Major Source Geometries
(a) Two NaK cooled

cold traps
(b) Two cold trap

economizers
(See Primary Sodium and
Cold Trap Sources in
Section 12.1.3)

Major-Source Geometries
(a) Overflow. tank

20,000 gallons
of Primary Sodlum

Same as Above

Same as Above

Type of
Shielding Required

Shield Wall

Nominal Thickness
of Ordinary

Concrete

Shield Wall

II Na2 4 Sources In
Reactor Overflow
Vessel Cell

III Na2 4 Sources in
Primary Heat
Transfer:.Cells
(Cells.11, 2, and 3)

III Na2 4 Sources In
Reactor Overflow,
Vessel Cell .

Shield Wall
and Access
Port

Same as Above

Same as Above

6 '31

51611

519"

(D
C-L

CO0c

I

'S

v7:0 0 (3)



TABLE 12.1-4 (Continued)

Rad I at I onZone
ZQDL

III

Predominant Sources
of. Radiation

Primary Sources
from Reactor
Cavity (Neutrons

.and Gammas)

Noble Gases 35
i n 8 APS, Xe
Kr .etc.

Specific Design
Considerations

Applying to Sources

Kinds of Sources
Considered
(a) Capture gammas from

reactor.vessel
internals, reactor
vessel, guard
vessel, and reactor
cavity shield.

(b) Prompt fission
gammas

(c) Reactor vessel Na2
4

sources
(d) Neutrons

Major Source Geometries
(a) Vacuum and Surge Tank
(b) Argon Recycle Tank
(c) RAPS Compressors
(d) RAPS Cold Box
(e) Noble Gas Storage Vessel

Type of
Shielding Required

Nominai.Thickness
of Ordinary

Concrete

Annular Shield.
Wall

Shield Wall 31011

41011I

(D

I
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TABLE 12.1-5

SHIELD PARAMETERS FOR THE REACTOR SERVICE BUILDING

Specific Design Ncminal
Predominant Source . Considerations Type of .Thickness of

Radiation Zone of Radiation Applying to Source Shielding Ordinary Concrete

I (FHC Operating
Gallery)

III (Same at 772
ft elevation)

Up to three Expended
Fuel. Assemblies In
Fuel Handling Cells

Noble Ga In 88
CAPS, Xe , Kr8•
etc.

Maximum Decay Heat
Total for Cell 18 kW

CAPS Cold Box,
(1) Cyrogenic Carbo•

beds, Two, 8 ft

Shield Wall
with Viewing
Windows

Shield Wall
and Hatch

6 ft 0 In.

2 ft 6 In.

co a)
N) M

I



TABLE 12.1-6

ACTIVATION AND FISSION PRODUCTS IN THE PRIMARY SODIUM

eiCI/gm of Sodium

Years of Reactor Operation*

5 10 30

Isotope* Days After Shutdown Days After Shutdown Days After Shutdown

0 10 .60 0 10 60 0 10 60

Na2 4  2.94 x i04 0.432 0.000 2.94 x 104 0.432 0.000 2.94 x 104 0.432 0.000

Na2 2  2.55 2.54 2.45 3.23 3.21 3.09 3.49 3.46 3.34

Rb6 2.00 1.38 .22 2.00 1.38 .22 2.00 1.38 .22

Cs 1 3 7  18.4 18.4 18.4 34.4 34.4 34.4 84.2 84.2 84.2

Cs 13 6  17.4 10.5 0.84 17.4 10.5 0.84 17.4 10.5 0.84

3ý34 cs 134  7.71 7.64 7.29 9.79 9.76 .9.26 10.7 10.6 10.1

Sb 1 2 5  0.349 0.347 0.335 0.445 0.443 0.427 0.483 0.48 0.463

131 49.7 21.0 0.28 49.7 21.0 0.28 49.7 21.0 0.28

Te 1 3 2  353 0.416 0;00 3.53 0.416 0.00 3.53 0.416 0.00

113 2  33.5 3.95 0.00 33.5 3.95 0.00 33.5 3.95 0.00

Tel29i 0.718 0.586 0.213 0.718 0.586 0.213 0.718 0.586 0.213

T" 1 2 9  0.718 0.586 0.213 0.718 0.586 0.213 0.718 0.586 0.213

Sr 89  0.110 0.096 0.048 0.110 0..096 0.048 0.110 0.096 0.048

"o
.o

....----



•:: ;: •3

TABLE 12.1-6 (Continued)

Years of Reactor Operation*

Isotope*

5
Days After Shutdown

0 1:0 60

Days

0

10

After Shutdown

10 60

30

Days After Shutdown

0 10 60

"3

s90

y9
1

Zr95

Nb9 5

Ru1
0 3

Ru10 6

Rh10 6

Sb12 7

tel
27m

Te 127

0.015

0.015

0.0313

0.0583

0.0583

0. 0831

0.0575

0. 0575

3.65

0.208

0.248

0.0.015

0.015

0. 0278

0.0524

0.0524

0.0698

0.0564

0.0564

0.585

0.195

0.195

0.015

0.015

0.0154

0. 0309

0.0309

0.0292

0.0514

0.0514

0.0

0.142

0.142

0.029

0.029

0.0313

0.0583

0.0583

0.0831

0.0575

0.0575

3.65

0.208

0.248

0.029

04029

0.0278

0.0524

0.0524

0.0698

0.0564

0.0564

0.585

0.195

0,195

0.029

0.029

0. 0154

0.0309

0.0309

0.0292

0.0514

0.0514

0.0

0.142

0.142

0.068

0.068

0.0313

0.0583

0.0583

0.0831

.0.0•575

0.0575

3.65

0.208

0.248

0.068

0.068

0.0278

0.0524

0.0524

0.0698

0.0564.

0.0564

0.585

0.195

0,195

0.068

0.068

0.0154

0. 0309

0.0309

0.0293

0.0514

0.0514

0 .0.

0.142

0.142 45

CO Ln

K



TABLE 12.1-6 (Continued)

Years, of Reactore Operation*

.10'5 30'

4hi

co (-n

Isotope

Ba14 0

La140

Ce14 1

Cetce,14.
144

Pr'4
143

Nd
14 7

.PRm 147

238

pu 2 3 9

pu
2 4 0

Pu24 1

Pu
24 2

Days

.0

0. 0654

0.0654

0.0775

0.0459

0.0459

0.0549

0.0257

0.o0189

2.92-3

7.05-4

9.18-4

0.134

1.96-6

After Shutdown

10 60

0.038 0.0025

0.038 0.0025

0.0626 0.0216

0.0448 0.0397

0.0448 0.0397

0,033 0.0026

.0.0138 0.0006

o.o188 0.0181

2.92-3 2.292-3

7.05-4 7.05-4

9.18-4 9.18-4

,D.134 0.133

1.96-6 1.96-6

Days

0

0.0654

.0.054

0.0775

0.0459

0.0459

0o0549

0.0257

0.024

5.76-3

1.42-3

1.85-3

0.237

3.94-6

After Shutdown

10

0.038

0.038

0.0626

0.0448

0.0448

0.033

0.0138

0.0238

5.76-3

1.42-3

1.85-3

0.237

3.94-6

60

0.0025

0,0025

0.0216

0.0397

0.0397

0.0025

0.0006

.0M23

5.76-3

1.42-3

1.85-3

0.235

3.94-6

0

0.0654

0.0654

0.0775

0.0459

0.0459

0.0549

0. 0257

0.0257
1.60-2

4.24-3

5.54-3

0.46

1.18-5

10

0.038

0.038

0.0626

0.0448

0.0448

O.033

0.0138

0.0255

1.60-,2

4024-3

5.54-3

0.459

1.18-5

60

0.0025

0.0025

0.0216

0.0397

0.0397

0.0026

0. 0006

0.0246

1.60-2

4.24-3

5.54-3

0.456

1.18-5

li

I!

Days After Shutdown

& /



TABLE 12.1-6 (Continued)

Years of Reactor Operation*

.5 10 30

Isotope Days After Shutdown Days After Shutdown Days After Shutdown

0 10 60 0 10 60 0 10 60

Np 28 4.9-1-6 1.80-7 0.00 4.91-6 .1.80-7 0.00 4.16 1.80-7 0.00

239,Np 1.58-2 8.23-4 0.00 1.58-2 .8.23-4 0.00 1.58-2 8.23-4 0.00

Am241 2.96-4 2.96-4 2.96-4 5.91-4 5.91-4 5.91-4 1.64-3 1.64-3 1.64-3

Am242m 1.15-5 1.15-5 1.15-5 2.26-5 2.26-5 2.26-5 6.46-5 6.46-5 6.46-5

Am242 2.08-5 1.15-5 1.15-5 3.19-5 2.26-5 2.26-5 7.39-5 6.46-5 6.46-5

Am243 4.40-6 4.40-6 4.40-6 8.80-6 8.80-6 8.80-6 2.64-5 2.64-5 2.64-5

24
Cm2 4 2  1.20-3 .1.16-3 9.29-4 1.20-3 1.16-3 9.29-4 1.20-3 1.16-3 9.29-4

Cm24 3  3.42-6 3.42-6 3.40-6 6.49-6 6.49-6 6.45-6 1.59-5 1.59-5 1.58-5

Cm2 44  8.56-5 8.56-5 8.50-5 1.56-4 1.56-4 1.55-4 3.32-4 3.32-4 3.30-4 45

491 H3 . 2.34 2.34 2.32 2.34 22.34 2.32 2.34 2.34 2.32

Nomenclature: 7.05-3 = 7.05 x 10-

*Fission and corrosion product isotopes.present in quantities of less than 0.01 vCi/gm are not
included on this table. To perform shield design calculations using the.zero days after

.,shutdown column multiply these sources by 1.5.

4 .* The maximum H3 concentration in the intermediate sodium is 6.15 x I0. 2 pCi/gm of Na

494 *The mximu



TABLE 12.1-7 .

DEPOSITION OF ACTIVATION, FISSION, FUEL AND CORROSION PRODUCTS.,
IN SODIUM, ON WETTED SURFACES AND ON COLD TRAPS

Na2
4

Na2
2

Rb8 6

Cs1
3 7

Cs1
3 6

Cs1
3 4

Sb 12 5

Sb
12 7

1132

1131 .. ,

Remaining
Fission Prod.

H3

Corrosion
Products (Co,
Fe, Mn, Crl,
and Ta)

Pu, Am, Cm

Np

100

100

95

20

95

40

10

95

95

95

10

On Wetted Plan

0

0

0

.0

0

-.0

0

01

0

100

Percent DeposItion• .t SurfacesInCl r

1 'd0

0

5

80

.5

60

90

.5

.5

5
101.ýSxcept .B140
La10 Te' n, 5

47% Primary,
51% Intermediate.

10 (50 for.Mn54 )

100

5

I
2 0

<1 1:00

95,

95

5

12.1-36
Amend. 65
Feb. 1982



TABLE 12.1-8

INVENTORY OF RADIOACTIVE PRIMARY SODIUM
IN THE PPTI AND PSSP++

Inventory (Cl)
I sotope

Na24Na2 2

Rb86
CS13 7
1 136
Cs13 4

12 5
s'61

132

129m
Tel2

Sr89290

Y 91
95

Zr95Nb9
- 103
Ru106
Ru1 06
Rh1 40
Ba 1 40
La

Ce1 44
1 44

Pr1 43
r 1 47

Nd14 7

160
c58

Co5 4Mn5
-238
Pu23 9
Pu2 4 0
Pu2 4 1
Pu24
Pu24

PPTI

103
1.2 x
7.1 x
0.29
6.1 x
3.7 x
1.7x
0.17
0.013
0.12
2.5 x
2.5 x
3.8x
2.4 x
2.4 x
1.1 x
2.1 x
2.1 x
2.9 x
2.1 x
2.1 x
2.3 x
2.3 x
2.7 x
1.6 x
1.6 x.
1.9 x
9.0 x
9.0 x
8.0 x
1.5 x
5.9 x
5.7 x
1.5 x
2.2 x
1.7 x
4.1 x

10-2
10 '-3

10-1io-2

10

10

10-3

10310-4
10 -14

104

10-4

104

10O4

10

10-
10-4

0,4
10-4

10 4

10-4
10

10-4

104
10-6
10-5
10-5

10-5•
10 -5

10-3-
10-_8

121
1.4-x
8.2 x
0.36
7.1 x
4.5 x
1.9 x
0.20
0.015
0.13
3.0 x
3.0 x
4.6 x
2.8 x
2.8 x
1.3 x
2.4 x
2.4 x
3.4 x
2.4 x
2.4 x
2.7 x
2.7 x
3.1 x
1.8 x
1.8 x
2.3 x
1.1x
1.1 x
9.5 x
1.8 x
7.0 x
6.8 x
1.8 x
2.3 x
2.2 x
5.2 x

10-2
i0-3

1o

o-3•10-3

10-4
10-4

10-4
10-4

10"
10ý4
10 -

10-4
10-4.10 -4
10-4"
10-4)

10 -A
10 -4

10o-4
'10-7
10-
10-_

10-5

10-
10-3-I
10'8

12.1-37
Amend. 65
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TABLE 12.1-8 (Cont.)

INVENTORY OF RADIOACTIVE PRIMARY SODIUM
IN THE PPTI AND PSSP'-

Inventory (Cl)
Isotope

Np2
3 8

Np23 9

Am
241

- 242m
Am2

42

Am
2 43

Cm2
42

Cm2 4 3

244

H

PPTI

1.7
5.4
5.6
2.2
2.5
9.1
4.1
5.5
1.1
8.2

x
x
x
x
x
x

x
x
x

X

10-
10 -5
10 -A

10-7

107

10-8

2.1 x
6.8 x
7.0 x
2.8 x
3.2 x
1.1 :x
5.1 x
6.8 x
1.4 x
9.7 x

121.8

10 -8
10-5
10-610 0-7
10 0-7

10-6

10-8
10

Total 103.09

+ Primary Plugging Temperature Indicator
++ Primary Sodium Sample Package

a

012.1-37a
Amend. 65
FAh 1 QRA7



TABLE 12.1-9 Significant Corrosion Fission Product and Released Fuel Activities on Primary
Sodium Wetted Surfaces at Reactor Shutdown

Fission Products*t
Surface
Activit
, .,!d

Corrosion and Released Fuel Surface Actlvlty ICJ/cm 2

Years of
Oneration:"I ~ntnnP 5 10 20 30.

Isotoped' Onaa. - :
sr89.
S 90

Y91

Zr95

Nb9O
Mo99
.Ru103

Ru106

Rh106

A9 
11I

Tel-27 m
Tel 2gin
Tel129
Tel 32

Sa140
L1140
Coi 41
C1 43

7.35
4.60
4.60
2.12
3.94
3.94
4.82
5.61
3.88
3.88

.32
14.0
14.0
48.4
48.4

238
4.42
4.42
5.23
3.7

Co60
ý 58
Mn

5 4

Cr 51

Ta1 8 2

Relgsed Fuel
pu 1.
pu2 3 9

Pu2 40

Pu
2 4 1

Pu
2 4 2

Np2 3 8

Np2 3 9

A'241

0.59
4.70
5.5
0.039
0.97
0.25

1.76 x 10-3
4.47 x 10-4
5.85 x 10-4

0105
1.29 x 10-6
3.18 x 10"6
1:02 x 10-2
1.92 x 10--4

0.90
4.70
5.6
0.039
0.97
0.25

3.44 x 10-3
8.93 x 10-4
8.93 x 10-4

.209
2.57 x 10-6
3.18 x 1-6
1.02 x 10-2
3.82 x 10"

1.14
4.70
5.6
0.039
0.97
0.25

6 65 x 10'3
1:79 x 1073
2.34 x 10-

.259
5.14 x i0ý 6

3.18 x 10-6
1.02 x 10-62
7.06 x 10-4

1 .20
4.70
5.6
0.039
0.97
0.25

9.66 x 10"3
2.68 x 10-3
3.51 x 10"3

.316
7.71 x 10-6
3.18 x 10-6
1.02 x 1o-2
1.06 x 10-3

A



TAble 12,1-9 (continued)

Fission Products*

Surface
Activity

Isotope _i4Ci/Cm
2

Corrosion and Released Fuel Surface Activity (pCi/Cm2 )

Years of
Isotope Operation: 5 10. 20 30

Pr 14 3

Ce1
4 4

Pr 14 4

Nd14 7

Pm1 47

Pm1 4 9

Eu1 55

E u156

3.7

3.1
3.1

..1.74
1 .i.74

1.14

.17

.13

An42m

Am242

Am243

~242

~244

7.45

7.45

2.85

7.78

2.21

5.54

x

x
x

x
x

x

.10"
6

10-6

10"6

10-4

110-6
10-5

1.46

1.46

5.70

7.78

4.20

1.01

x

x

x

x

X.

x

10-5
10-5
10- 5

10-

10-6

2.79

2.79

1.14

7.78
8.55

1.69

x

x
x

x

x

x

10-5

10-5
10-5

10-6
10O-4

4.19

4.19

1.71

7.78

1.03
2.15

x

x

x
x

x
x

10,Z

10-5

10-4

10-5

*Fission Products present in quantities of less than 0.1 2ci/cm at 10 days after shutdown, not included on this table.notiicluddnonrhisuabls

I



TABLE 12.1-10

RADIOISOTOPE INVENTORY IN PRIMARY AND INTERMEDIATE

COLD TRAPS AFTER 15 YEARS OPERATION

Activated CorrosionProducts
Total Activity

Shutdown
In Cold Traps (CI)

10 Days After Shutdown

Co 6 0
Co 5 8
Mn5 4

a 182
Ta 5

Cr5 9
Fe 5 9

10.0
44.7

307
2.4
9.2

0.37

373.7

10.0
40.6

300
2.3
7.2
0.32

360.4

Fission Products Shutdown 10 Days After Shutdowin

J

089

Y95
Zr95

Nb95
Ru 103

Ru 10 6

Sh1 2 5Sb 127
Sb12 7
Te1 7
Te 129m
/e 129'T T31

70.0
25.9
20.1
37.3
37.3
53.2
38.0
38.0

2710
123
133
146
460
460

1675

60.0
25.9
17.8
33.5
33.5
44.6
37.2
37.2

2680
20.5

12.5
125
376
376
750

12.1-40
Amend. 65



TABLE 12.1-10 (Continued)

Total Activity in Cold Traps (Ci)
Fission Products Shutdown

I

T132

C134
CS 13 6
Cs137

1 40
Ba14 0
La141
Ce 1 4 1

Ce1pr 143
Prl.44

PM 1 47

1110
1.110

10340
583

1.24 x 10
20.9
20.9
49.6
29.7
35.1
29.4
21.9

1.43 x 105

Shutdown

10 Days After Shutdown

132
132

10244
342 5

1.24 x 10
12.2
12.2
40.0
28.9
21.0
28.6
21.7

1.40 x 1"05

10 Days After Shutdown

I

Released Fuel

pU238PU2 3 9
PU2 4 0

Pu241
Pu 242
Am 242
Pu241
. 242m
~242

Am243

CM2 4 2

5.85
1.46
1.88

218
0.004

.525
.021
.021
.0084
.768

5.85
1.46
1.88

218
0.004

.525

.021

.021

.0084

.736

4©

12.1-41
Amend. 65
Fah -1R9



TABLE 12.1-10 (Continued)
.. /

Total Activity In Cold Traps (Ci)
Shutdown 10 Days After ShutdownReleased Fuel

243 .0055 .0059
cm .136 .136..238
Np .0002 .0000.
Np2 3 9  .506 .028

229.2 228.7

Activated Sodium Shutdown 10 Days After Shutdown

Na22  3.5 3.5
Na2 4  66543 1.0

66546.5 4.5

Tritium Shutdown 10 Days After Shutdown

•J

I
I

H3  185000 185000
Primary Cold Trap
Total Activity 3.95 x 105 3.26 x 105

Total •ctIvIty in Intermediate Cold Traps* (Six Intermediate traps)
•4 42600 42600

H3 Release from Steam Generator System to BOP 1.6 x 10-2 Cl/day

Intermediate Cold Trap Life 3.25 Years

12.1-41 a
Amend. 65
Fah 1OAr9



TABLE 12.1-11

RADIOACTIVE ARGON COVER GAS ACTIVATION AND FISSION PRODUCTS
RELEASE RATES AND RESULTING ISOTOPIC RELEASE RATE

Argon Cover Gas

K)

Isotope

Xe-131m

-133m

-133

-135m

-135

-138

Kr-83m

-85m

-85

-87

-88

Ar-39

-41

Ne-23

H-3:

Release Rate Into
atoms/sec-

7.16 x 1013

4.54 x 1014

1.84x 1016

5,.56 x 1013

6.82 x 1015

8.94 x 1013

6.74 x 1013

2.94 x 1014

4.28 x 1014

1.47 x 1014

4.00 x 101 4

6.81 x 1014

2.13 x 1012

3.34 x 1016

8.13 x 108

Concentration Inp~ut
ICJ/scc*

0.74

24

4.3 x 102

1.1 x 102

1.9 x 103

1.8 x 102

64

1.5 x 102

1.4 x 10-2

1.7 x 102

2.9 x 102

0.783

2.25

7.7 x 104

1.5 x 10-5

C)

* PCJ/scc = micro curie per cubic centimeter at standard conditions.

12.1-42
.Amend. 65
Feb. 1982



TABLE 12.1-11a

CONCENTRATION OF ACTIVATION AND FISSION
PRODUCTS PRIMARY PUMP COVER GAS

Concentrations In Ar Cover Gas (9Cl/scc*)/1.

Pri maryIsotope Pump

Xel31m .525
Xe13 3 m 12.9
Xe1 3 3  

299
Xe135m 21.7
Xe135 1300
Xe1 3 8  

37.7
Kr83 m 35.2
Kr85m 97.1
Kr85  9.46 x 10-3
Kr87  85.3
Kr 88  173
' Ar39+ 0.789
Ar4l 1.11
Ne2 3  134
H3  1.5 x 10-4

+ For 30 years of reactor operation
* For normal operation of RAPS

Ii

12.1-42a



TABLE 12.1-12

RADIOISOTOPE INVENTORY IN RAPS VACUUM VESSEL
DURING REACTOR OPERATION

RAPS Vacuum Vessel+
Isotope C ,

Xe-131m 1.22

-133m 37.9

-133 688

-135m 24

-135 2450

-138 35

Kr-83m 50

-85m 1.7 x 102

-85 .022

-87 105

-88 2.7 x 102

Ar-39 3.50

-41 1.9

Ne-23 17

(I

I -H-3 6.7 x 10-5

3.9 x 10TOTAL

+Daughter Isotopes of the
th 88shield ygculatlons.
Rb and Cs which are
Kr88 and Xe1 3 8 .

rare gas activities are Included in
Predominant daughter products are

present at the same activity levels as

12.1-43
Amend. 66



TABLE 12.1-12a

RADIOISOTOPE INVENTORY IN CAPS VACUUM
VESSEL DURING REACTOR OPERATION

CAPS Vacuum Vessel*

Isotope C i

Xe131m 1.6 x 10-3

1Xe3 3 m 2.3 x 2

Xe13 3  0.54
135. -3

Xe1 3 Sm 3.6 x 10

Xe13 5  1.3.

Xe' 3 8  4.0 x 10

Kr 8 3 m .2.5 x I0 2

Kr8 5m 8.8 x -2

Kr 8 5  9.4 x 0

Kr 8 7  5.0 x I0-2

Kr 8 8  0.14

Ar3 9  1.1 x 10-3

Ar4' 8.9 x 1

Ne2 3  8.8 x 10o6

H3  8.3 x 10-6

*Daughter isotopes of the rare gas activities should 8 e IncluY39 In shield
calculations.. Predominant daughter produgls are R and Cs which are
present at the same actlvyI/ty levels as Kr and Xe
Al. Inputs: are for reactor operation with 1% failed fuel.

12 1 -43a
Amg~n,4Ar



C -

0
6)TAWLE 12.1ý -

RAIP I Q So- ToPE I MINTORY IN RAPS. AND CAPS COMPRESSORS
" URING REACTQR QPERATION+

RAPS Cmpressor
Cl

CAPS Compressor
CiIsoqtope

ft?31

Xq! -5

lKr85r

Ar39+

A~r4.1

Ne?.3

Totalt

0,060

!.9'

34

1,3 • 0

lie

8.3

1.3

Q•.17

OX. Qi0.83.?

2.0. x. 10,6

7.8 x !05

1.1 x 10`3

0,025

1.7 :, 1

1.9 10-4

1.2 x 10-3

-3

•4,4 x. 10"4

2.3 x. 10-3

6,7 x 10-3

5,0x 10-5

4.2 x 10-5

4.2 x 10-7

4.0 x 10-7

0.11

0

*Daughter Isotopes QI: the •are gas, a4ttvlt.tIs .shou.Ilde Inclu~gg In shield
calculations. Predo..1nant daqughter prqodus are Re 8 and Cs which are
present at the same activIty" levels as Kr •"and Xe

+For .30 years of reactor operation.
All Inputs are for reactor operation with 1% failed fuel.

12..1.-44
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TABLE 12.1-14

RADIOISOTOPE INVENTORY.IN RAPS SURGE TANK
DURING REACTOR, OPERATION

I sotope

XE-131m

-133m

-133

-135m

-135

-138

Kr-83m

-85m

-85

-87

-88

Ar-39

-41

Ne-23

H-3

TOTAL

RAPS Surge Vessel+

Cl

28.1

819

1.55 x 10

32

3.92 x 104

44

3.6 x 102

2.0 x. 103

0.52

6.0 x 102

2.5 x 103

81

13

0.97

1.6 x 10-3

6.2 x 104

+Daughter Isotopes of the rare gas activities are InGLuded Inn1 ie shield
calculatlons. Predominant daughter produ s are R U3 8 and Cs which are
present at the same. activity levels as Kr and Xe

1 2.1-45
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TABLE 12.1-14a

RADIOISOTOPE iNVENTORY IN CAPS SURGE TANK
DURING REACTOR OPERATION

CAPS Surge Vessel
Isotope gl

Xe1 3 1m 2.5 x 10-2

Xe1 3 3 m 0.34

Xe1 3 3  
8.2

Xe135m 1.5 x 10-2

xe1 3 5  
18

Xe1 3 8  .1.5 x 10-2

Kr8 3 m 0.27

Kr8 5m 1.1

Kr8 5  
0.14

Kr8 7  
0.48

Kr8 8  
1.7

Ar3 9  1.6 x 10-2

Ar4 1  9.7 x 10-3

Ne2 3  1.9 x 10-6

H3  4.4 x 10 -4

*Daughter Isotopes of the rare gas activities shoulds§e Inclufg In shield
calculations. Predominant daughter produgls are R 3V and Cs which are
present at the same activity levels as Kru and Xe

All inputs are for reactor operaf.lon with 1% failed fuel.
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TABLE 12.1-15

.- RADIOISOTOPE INVENTORY IN RAPS COLD BOX
DURING REACTOR OPERATION

Isotope

Xe-131.mI
-1 33m

-133

-135m

-135

-138

RAPS Cold Box+

CI -

1.9 x 103

1.06 x 104

4.67 x 105

2.0

8.8 x 104•

2.5

1.6 x 102

2.1 x 103

7.2 x 102

1.8 x 102

1.7 x 103

28

2.5

3.4 x 10-4

Kr-83m

-85m

-85

-87

-88

Ar-3 9

I -41

Ne-23

H-3 5.1 x 10-

TOTAL 5.7 x 105

+Daughter Isotopes of the rare gas activities are Inguded in shield
calculations. Predominant daughter produ s are R•^ and Cs whichiare
present at the same activity levels as Kr and Xe 13

12.1-46
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TABLE 12.1-15a

RADIOISOTOPE INVENTORY IN CAPS COLD BOX DURING

REACTOR OPERATION

CAPS Cold Box
J50IQp Ci

Xe13 1m 9.8

e133m 2

Xe13  1.4 x 1

Xe135m 5.3 x 1-

XeTAL 2.4 x 101

Xe13 8  5.0 x

Kr83 0.70

Kr85m 6.9

Kr85  5.2

Kr 7  0.84

Kr88  6.7

ArX39  2.3 x10 2

Ar41  1.1 x 103-

Ne13  2.8 x 102

H3  1.6 x 10-5

*Daughter isotopes-of the rare gas activities. should 8ge lncluYl3g in shield
calculations. Predominant daughter produg5s are R G 8 and Cs which are
present at the same activity levels as Kr and Xe

All Inputs are for reactor operations with 1.% failed fuel..
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TABLE 12.1-16

RADIOISOTOPE INVENTORY IN RAPS RECYCLE ARGON VESSEL
DURING REACTOR OPERATION

Recycle Argon Vessel
Isotope CI

Xe-131m - 1.12 x 10-3

-133m 3.1 x 10-2

-133 0.61

-135m 6.6 x 10-5

-135 1.1

-138 8.2 x 10-5

Kr-83m 3.9 x 10-3

-85m 3.8 x 10-2

-85 2.06 x 10-5

-875 x 10-3

-88 3.7 x 10-2

Ar-39 49

-41 2.2

Ne-23 1.3 x 10-3

H-3 9.5"x 10-4

TOTAL. 52

12.1-47
Amend - AA



-'''4-'. K --
-~ '- $ -- A~' U

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

0
TABLE 12.1-17

RADIOISOTOPE INVENTORY IN RAPS NOBLE GAS STORAGE VESSEL

Isotope
Xe131m

Xe1 33m

Xe1
3 3

I. Xe135m

Xe13 5

Xe1
3 8

Kr8
3 m

Kr85m

Kr
8 5

Kr8 7

Kr88

Ar3
9+

Ar4
1

Ne
23

Tota I

RAPS Noble Gas
Storage Vessel Actlvity

Cl

1.9x 103

1.06 x 10

4.67 x 105

2.0

8'.8 x 10

2.5

1.6 x 102

2.1 x 103

7.2x 102

1.8 x •102

1.7 x i03

28

2.5

3.4 x 10-4

5.1 x 10-4

-5.7 x 105

0

*Daughter isotopes of the rate gas activities shoulgbe inclygod In shield

calculations. Predominant daughter produg~s in Rb 'and Cs which are

present at the same activity levels as Kr and Xe138 .

+for 30 years of reactor operation.

©
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TABLE 12.1-17a

RAD IOISOTOPE
VESSEL

WITH

INVENTORY IN RAPS RECYCLE
DURING REACTOR OPERATION
RAPS COLD BOX BYPASSED

ARGON

Recycle Argon Vessel +
Cl

Xel31m 165
Xe1 3 3 m 970
Xe1 3 3  4.15 x 104
Xe135m 0.26
Xe13 5  9.39 x 103
Xe13 8  

0.32
Kr83m 18.0
Kr8 5m 220
Kr 8 5 5.48
Kr8 7  21.4
Kr8 8  183
At3 9++ .49.7
Ar4 1 0.974
Ne23  6.30 x 10-4
H3  0.017

Total 5.15 x 104

+ For 30 days of reactor operation on bypass
++ For 30 years of reactor operation

9
12.1-48a
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TABLE 12.1-18

TRITIUM REMOVAL UNIT RADIOISOTOPE CONCENTRATIONS

I sotope

Xe131m

Xe133m

Xe1
3 3

Xe135m

Xe1
3 5

Xe1
3 8

Kr8 3 m

Kr85m

Kr
8 5

Kr
8 7

Kr
8 8

Ar3 9

Ar
4 1

Ne
2 3

H
3

Tritium Removal Unit
( C AI/scc)*

3.7 x 10-4

5.1 x 10-3

0.12

2.2 x 10O4

0.27

2.3 x 10-4.

4.0 x 10-3

1.7 x :1072

2.1 x 10-3

7.2 x 10-3

2.6 x 2

2.4 x 10-4

1.4 x10-4

2.9 x I0'8

1.9 x 10-6

•r• ,.•

*All Inputs are for reactor operations with 1% failed fuel.

C
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TABLE 12.1-20

GAS TAG SAMPLER, COVER GAS IAONITOR AND MASS +
SPECTROMETER RADIOISOTOPE INVENTORY DURING REACTOR OPERATION+

Isotope

Xe-131m

-133m

-133

-135m

-135

-138

Cs-138

Kr-83m

-85m

-85

-87

-88

Rb-88

Ar-39+

-41

Ne-23

H-3

TOTAL

Gas Tag Sampler*

0.38

12.1

213

24.5

947

40.7

3.3

22.5

58.0

0.0053

57.8

1 06

20.0

0.06 1

0.158

1.8 x 10-2

1.49 x 10-4

1504

Cover Gas Monitor
CI

1.05 x 10'3

0.034

0.60

0.08

2.7

0.125

0.125

6.1 x 10-3

0.015

1.4 x 10-6

0.016

0.028

0.028

1.7 x 1075

6.5 x 1074

1.0 x 10-5
1.00'x 10-6

3.78

Mass
Spectrometer

CI

0.13

4.0

71

1.4 x 10-6

200

5.7 x I0'6

4.5 x 10-4

0.84

19.3

1.8 x 10-3

0.75

8.0

8.0

5 x 10-5

311

*Sum of three (3) tag samples.+For 30 years of reactor operation, and with 1% failed fuel.
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Energy. Group

2

3

4

15

6

:7

TABLE 12.1-21

EVST GAMMA SOURCE TERM*

,Average Energy (Mev)

2.8

2.4

2.0

1.575

1.125

0.65

0.20

13
Mev/cm -sec

4.22 X 108

9.34 X 109

5.28 X 109

1.84 X 1011

3.26 X 10 1l

4.40 X 1011

6.89. X. 101

I)

*Assumed Conditions: Equilibrium Core in 198 contiguous positions four days

after shutdown.
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TABLE 12.1-22

EVST INHERENT NEUTRON SOURCE TERM

Energy, Distribution

Pu Fast Fission

Neutron/sec-cm
3

2.25 x 104I I

©~-

*This isotopic source has the same relative composition as shown on
Table 12.1-28.
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TABLE 12.1-23
! IL

EVST SODIUM SPECIFI.C ACTIVITY AFTER 30 YEARS OF OPERATION

Specific Activity

Isotop uCi/gm

Na2 14.7

Na2 2  5.80 x 10-1

Cs1 37  7.10

Cs1 3 6  4.39 x 1.0

Cs13 4  7.10 x 10-1

Sb1 2 5  8.04 x 10-3

Sb27 1.99 x 10-2

1131 8.90 x 10-1

Te13 2  1.66 x 10-

1i 3 2  1.50 x 10-

Te12 7 m 1.02 x 10-3

Te127 1.02 x 10-3

Te12 9m 2.65 x 10-3

Te 12 9  2.65 x 10-3

Sr 8 9  4.31 x 10-4

Sr9 0  2.87 x 10

y90 22.87 x 10-3

Y9! 1.23 x 10

Zr 9 5  2.51 x 10-

Nb95  2.51 x 10-

Rul 0 3  3.10 x 10-4

Ru1 0 6  4.98 x 10-

Rh1 0 6 4.98 x 10-



A- o~ a~

*Peak Na-

TABLE 12.1-23

(Continued)

Speci fi c Acti vi ty.
Isotope (4~i/gm)

Ba14 0  1.75 x 10O

La140  1.75 x 10-4

Ce1 41  3.35 x 10i4

Ce14 4  3.44 x 10O

Pr14 4  3.44 x 10-4

Pr 43 1.46 x 10

Nd1 4 7  6.25 x 105
PM147 4.27 x 104

u2383
Pu23  6.9 x 10~

Pu239 1..86 x 10-3

u240 2.42 x 1 o3

Pu241 1.63 x 10-1

Pu2 4 2  5.18 x 1O06

Np2 38  6.78 x 10-9

239 -5Np 3.41 x 10

Am241 6.39 x 10-4

Am242m 2.60 x 10-5

Am242 2.60 x 10-5

Am243 1.07 x MO-

cm2 4 2  6.71 x 10-5

cm243  6.35 x 106
cm244 1.22 x 10

H3  1.40 x 10-2

24 occurs aDprdximatelv 24 hours after I

)

0

49 transfer begins.
g:l ... . . tiT

©jN
12.1-54a

Amend. 49
April 1979



N
TABLE 12.1-24

RADIOISOTOPE INVENTORY IN EVST COLD
TRAPS AFTER 30 YEARS OF OPERATION

Activity In
CI

Cold Trap

I _

Na24*

Na2 2

C1 3 7

Cs 13 6

Cs 3 4

Sb. 25

1131

Te13 2

1132

Tel .29m

Tel 2 9

Sr 8 9

Sr 9 0

.90 .
y90

y91

Zr
95

Nb9 5

Ru1 03

Ru 106

Rh1 06 .

Ba. 4 0

La1
4 0

Ce' 41

49.5

1 .95

7230

5.9

272.4

18.5

12.0

0.212

2.01

0.675

O0.675

0.11

0.047

0.047

0.031

0.064

0.064

0.079

0.127

0.114

0.022

0.022

0.085

Cl

)
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TABLE 12.1-24

(Continued)

Activity in Cold Trap
CiIsotope

Ce!
4 4

Pr
14 4

pr 14 3

Nd
1 4 7

Pm
1 4 7

Sb
1 2 7

Tel
2 7m

Te 127

Np
2 3 8

Np239

Am
2 4 1

Am242m

Am
2 4 2

Am
2 4 3

Cm
2 4 2

Cm
2 4 3

Cm
2 4 4

Pu
2 3 8

pu 2 3 9

Pu
2 4 0

Pu
2 41

Pu 2 4 2 ý

H3

0.084

0.084

0.037

0.016

0.052

0.268

.0.260
.0.260

9.1 x IO-8

4.58 x 10

0.172

6.,99 x 10-3

6.99 x 10-3

2.86 x 10-3

1.80 x 10"4

1.70 x 10-3

3.26 x 10-2

1.83

0.50

0.651
43.7

1.4 x 10-3

177491 '45
*Peak Na-24 curie content. Na-24 and Na-22 activities are. based

on specific activity of EVST sodium and volume of EVST cold trap.
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TABLE 12.1-25

RADIOISOTOPE INVENTORY IN THE EPTI AND ESSP

Inventory (CI)
I'sotope EPT I ESSP

I

Na
2 4

Na
2 2

Cs1
3 7

Cs
13 6

Cs
13 4

Sb 12 5

1.31.

Te 132

j132

Te 129m
T129

Sr 8 9

y89m

Sr
9 0

y9
0

y9 1

Zr
9 5

Nb95

Ru1 0 3

Ru1 06

Rhlt
06

3.1

*1.1

1.4

8.6

1.4

1.6

1.8

3.0

5.1

5.1

8.5

8.5

5.7

5.7

2.3

4.9

4.9

6.1

9.9

9.9

x 10-2

.x I1O-3
x 10-2

x M0'

x 10 -3

x 10-5

x 10-3.

x 10.6

x. 10-4

x 10-6

x 10.6

x 10-7

x 1 0-7

x 10-6

* 10-6.

* 10-7

* 10-7

* 10-7

x 10"7

x 10"7

x 1i.0-7

4.5

1.7

2.1

1.3

2.2

2.4

2.7

4.8

4.5

7.8

7.8

1.3

1.3

8.7

8.7

3.6

7.5

7.5

9.3

1.5

1.5

x 10-2

x. 10.3:

x 10.2

x I'x 10-3

x 10-5

x 10-6

* 10.-6

x 10-4

* 10-6

.-6

* 10-

* 10-6

* 10.76

* 1•0-6

* o-6
x I"

x I•x. 10-7

x 10 -7

x 1077

* 10-6

U
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TABLE 12.1-25

(Continued)l C)
Isotope
Ba1 4 0

La14O

Ce14 1

Ce
1 4 4

Pr
1 4 4

Pr
14 3

Nd1 4 7

Pm1 4 7

238

P239
Pu 2 4 0

Pu
2 4 1

Pu
2 4 2

H3

Inventory -(Ci)'

E PT I

3.4 x 10-7

3.4 x 10"77

6.7 x10-7
6.7 x 10-7.

6.7 x 10-7

3.0 x 10-7

1.2 x 1O-7

8.5 X 10-,7

1.4 x 1015..

3.7 x 10-6

4.7 x 10

ESSP

5.1 x

5.1 x

1.0 x

1.0 x

1.0 x

4.5x

1.8 x

1.3 x

2.1 x.

5.7 x

7.2 x

4.9 x

1.6 x

4.1 x

1 0--7

10C7

I0-6

1076

1-6

10-

10-7

10-7

0-5

i0-6

0O-6

0o-4

10-8

10-5

0
3.2

1.0

2.7

x 10-4

x 10 8

x 10- 5
49

0
12, 1-56a Amend. 49
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TABLE 12.1-26

INHERENT NEUTRON SOURCE TERM

FOR NEW FUEL ASSEMBLIES

49

Nucl ide

Pu
2 3 8

Pu
2 3 9

pu240

Pu
2 4 1

Pu
2 42

U2 3 5

U23 8

Am
2 4 1

TOTAL

Neutrons per Second
per Assembly

.7.74 x 10 6

7.28 x 105

2.78 x 106

0

5.40 X 105

0.1

3.75 x 1O
2

1.66 x 10
6

1.3 x lO749
N

.1)

12.1-57



TABLE 12.1-27

MAXIIMJM GAMMA RAY SOURCE TERM

IRRADIATED .FUEL ASSEMBLY

£aEnegy Gr

1

2

3

4

5

6

7

Mean Energy (Mev)

2.8

2.4

2.0

1.575

1.125

0.65

0.20

Mevlcm33sec*

4.39 X 109

7.02 X 1010

9.39 X 1010

1.08 X 1012

2.26 X 1011

2.54 X 1012

4.31 X 1011

*Source strength given per cm3 of assembly at four days after shutdown.
Only one assembly with this source strength may be present In the FHC atone time.

* I.)

1 1 1--rQ



TABLE 12i.1-28)

INHERENT NEUTRON SOURCE TERM

THREE EXPENDJED FUEL ASSEMBLIES

NcI de Neutron per Second*

Pu238  3. 10

Pu239  2.6 x 106

Pu240  1.4-x 107

Pu24 1 0

Pu242  2.7 x 106

.,U235 03

U23 8  1.6 x 103

CM242 2.1 x10

Ci243 5.1 x 105  (
CM244 3.0 x 107

Am2416.9 x 106

Am243  3.6 x 104

Total 2.2 x 109

*fValues Include a 1.5 design contingency factor-to account for uncertainties
in, transuranlium element Inventory.

••.. :.•..-. ,,.•.. •• . •;..•> L...¢ ..•• • - .--. •. :••.-•• •... .•- •'.•• ,•. •• .,•• -- -- ,• • • •:.,-~y . .••• • ..L ,, .•-. ; ,- %?.•, ' , '9-.•-• .



TABLE 12.1-29

FUEL HAIDLING CELL ARGON

CIRCULATION SYSTEM SOURCE TERMS

FHC FILTER ACTIVITY

Nuclide Curies

Cs1 3 4  
14.0

CS1 36  0.7

Cs1 37  .7.7

1131 .0.2

FHC AND FHC FILTER CELL EQUIPMENT

NOBLE GAS SPECIFIC ACTIVITY

Activity
Nuclide (pCi/cc)

Kr8 .1.7 x 10-2

Xel 3lm 8.7 x 10-4

Xe1 3 3  2.5 x: 10-4

FHC .ARGON BLOWER CELL
PARTICULATE ACTIVITY

Nuclide Curies

Cs13 4  1.4 x 100

Cs1 3 6  6.7 x .10-2

Cs1 3 7  3.6 x 101

49 1131 1.7 x 10-2

12..1-60 Amend. 49



TABLE 12.1-30

CONTROL ROOM SHIELD DESIGN SOURCE TERM,

MeV/cm3 -sec

.Energy

1

2

3

4

5

6

7

Mean

2.8

2.4

2.0

1 .575

1 .125

.65

.2

0

1 .42E+07

2.OOE+07

2.65E+07

3.77E+07

2.97E+07

4.93E+07

1,.60E+07

2.8hr-

7.95E+04

2.54E+06

2.33E+06

5.85E+06

8.93 E+06

2.34E+07

7.40E+06

12 hr-

9.51 E+03

3.19E+05

8.23 E+O 5

2.59E+06

4.35E+06

1 .55E+07

5.62E+06

1_d

6.20E+03

1 .07E+05

5.59E+05

1 .51E+06

2.63E+06

1 .30E+07

3-.94E+06

2.09E+03

5.58E+04

2.55E+05

6.88E+05

1.02E+06

5.83E+06

1 .75E+06

6.81 E+02

2.16E+04

7.56E+04

2.86E+05

2.89E+05

1 .88E+06

9.73E+05

20 d

3.54E+02

7.1 OE+03

I .29E+04

1 .05E+05

4.37E+04

5.1OE+05

3.87E+05

I

<A

4

K)
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ISOTOPIC INVENTORY RELEASED TO ENVIRONMENT
RELEASE INCLUDES LEAKAGE AND ANNULUS FILTER RELEASE

ACTIVITY RFIFASFD (r[]PIF5)
ISOTOPE 2 URS .4 DAYS 30 DAYS

ZN
GA
ZN
GA
GE
GE *
AS
GE *
GE
AS
GE
AS
AS
SE *
SE
AS
SE *
SE
SE *
BR
SE *
BR
KR *
SE *
SE
BR
KR *

.SE
• BR
BR *
SE
BR
KR *
SE
BR
KR *
KR
RB
SE
BR
KR
RB
BR

72
72
73
73
75
77
77
.77
77
77
78
78.

.79
79
79
81
81
81
81
82
83
83
83
83
83
83

83
84
84
84
85
85
85
85
85
85
85
86
87
87
87
87
88

2.81 OE-05
2.875E-05
6.201 E-07
3.352E-05
8.001 E-05
2.023E-06
3.147 E-04
5.705E-07
2.228E-04
2.720E-04
7.276E-04
9.509E-04
2.047E-04
2.991 E-04
3.17 IE-08
5.152E-04
5.664E-04
2.558E-03
2.21 8E-03
6.11 8E-03
8.173E-05
4.055E-01
1 .01OE+02
9.081 E-06
2.318E-03
3.470E-01
8.605E+01
9.215E-04
5.236E-01
6.022E-03
3.337E-05
4.062E-02
2.840E+02
9.969E-06
1 .213E-02
8.483E+01
8.966E+00
9.356E-04
4.420E-06
1. 155E-02
4.271 E+02
1 .425E-12
7.168E-04

9.841 E-05
1 .042E-04
6.201 E-07
8.586E-05
1 .1 96E-04
2.023E-06
1 .093 E-03
5.705E-07
6.877E-04
9.791 E-04
I .334E-03
2.1 82E-03
2.048E-04
2.996E-04
1 .158E-07
5.153 E-0 4
5.788E-04
3.265E-03
3.245E-03
2.116E-02
8.173E-05
7.906E-01
2.088E+02
9.081 E-06
2.400E-03
6.774E-01
1 .781 E+02
9.21 5E-04

5.625E-01
6.022E-03
3.337E-05
4.062E-02
7.541 E+02
9.,969E-06

1 .213E-02
2.252E+02
3.593E+01
3.402 E-03
4.420E-06
1 . 155E-02
6.438E+02
5.225E- 12
7.168E-04

2.173E-04
2.448E-04
6.201 E-07
1 .1 04E-04
1 .196E-04
2.025E-06
2.364E-03
5.,71 OE-07
1 .169E-03
2.249E-03
1 .366E-03
2.334E-03
2.048E-04
2.992E-04
2.831 E-07
5.1553E-04
5.788E-04
3.265E-03
3.245E-03
4.535E-02
8.173E-05
8.289E-01
2.227E+02
9.081 E-06
2.400E-03
7.1 03E-01
1 .900E+02
9.215E-04
5.625E-01
6.022E"03
3.355E-05
4.062E-02
9.953E+02
1 .002E-05
1 .213E-02
2.973E+02
1 .07 2E+02
8.229E-03
4.678E-06
1 .155E-02
6.438E+02
1 .280E-1 I
7.568E-04

3.504E-04
4.220E-04
6.201 E-07
1 .1 23E-04
1 .1 96E-04
2.025E-06
3.654E-03
5,.710E-07
1 .331E-03
3.674E-03
1 .366E-03
2..335E-03

2.048E-04
2.992E-04
5.923E-07
5.153E-04
5.788E-04
3.265E-03
3.245E-03
6.889E-02
8.173E-05
8.292E-01
2.229E+02
9.081 E-06
2.400E-03
7.106E-01
1 .901E+02
9.215E-04
5.625E-01
6.022E-03
3 .355E-05
4.062E-02
1 .016 E+03
1 .002E-05
1 .213E-02
3.034E+02
4.299E+02
1 .668E-02
4.678E-06
1 .1 55E-02
6.438E+02
1 .398E-1 I
7.568E-04

3.630E-04
4.399E-04
6.201 E-07
1 .123E-04
1 .1 96E-04
2.025E-06
3.747E-03
5.7 IOE-07
1 .331 E-03
3.781 E-03
1 .366E-03
2.335E-03
2.048E-04
2.992E-04
7.301 E-07
5.1 53E-04
5.788E-04
3.265E-03
3.245E-03
7.040E-02
8.173E-05
8.292E-01
2.229E+02
9.081 E-06
2.400E-03
7.1 06E-01
1 .901 E+02
9.215E-04
5.625E-01
6.022E-03
3.355E-05
4.062E-02
1 .016E+03
1 .002E-05
1 .213E"02
3.034E+02
3.1 48E+03
1 .975E-02
4.678E-06
1 .155E-02
6.438E+02
1 .398E-1 1
7.568E-04

:,.b)
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TABLE 12.1-31 (Continued)

ACT IVITY RELEASED(CURIES)
ISOTOPE 1 DAY 4DAYS

KR
RB
BR
KR

RB
SR
BR
KR
RB
SR
Y

.KR
RB*
SR

Iy

KR
RB*
SR
Y
KR
RB
SR
Y
KR
RB
SR
y
ZR
KR
RB
SR
Y

;KR
SR
Y

ZR
NB
NB
SR
y
ZR
NB*

88 2
88 0
89, 1
89 2
89 0
89 0
90 1
90 2
90 0
90 0
90 0
91 2
91. 0
911 0
9v1 0.
91 0
91 2
91 0.
91 0
91 0
92 2
92 0
92 0
92 0
93ý1 2
93 0
93 0
93 0
93 0
94.2
94 0
94 0
940 0
95 2
950 0
195 0.
95•, .0
95ý 0
96."0 0
97 "0
97 0
97 0
97 0

7.778E+02
5.270E+00
5.238E-07
3.420E+01
3.516E-01
1 .042E-01
2.182E-13
2.299E+00
4.664E-02
4.604E-03
4.816E-03
2.623E-02
4.132E-03
8.047E-02
8.202E-02" 8.303E-02'

I .749E-02
.: 2.755E-03

5.365E-02
5.535E-02

'3.963E-06
:3.385E-06
1 .311E-01
1 .643 E-0 1,I
4.4848E-09
1 .392E-06
1 .863E-02
I .966E-01
2.317E-07
5.361E-13
1.072E-09
2.043E-03
5.616E-02
ý0.
5.907E-04
3 .044E-02

2.455E-01
2.356E-01
9.092E-04

•0.
0.
2.663E-01.
2.663E-01

1 .720E+03
1 .387E+01
5.238E-07
3.420E+01
3.535E-01
3.801 E-01
2.182 E- 13
2.299E+00
4.664E-02
1.681 E-02
1. 756E-02
2.623.E-02
4.132E-03
2.427E-01
2.584E-01
3.031 E-01
1 .7 49E-02
2.755E-03
I .618E-01
2.021 E-01
3.963E-06
3.385E-06
2.691:E-01
4.782E-01
4.848E-09
1.392E-06.
.1 .863E-02
5.996E-01
8.463E-07
5.361 E-1 3
1.072E-09
2.043E-03
5.702E-02
0 ;

5.907E-04
3.045E-02
8.954E-01
8.604E-01
3.057E-03
0.
0.
8.692E-01:
8.698E-01

1.922E+03
1 .57 8E+O 1
7.527E-07
3.420E+01
3.535E-01
9.257E-01
3.273E-1 3
2.320E+00
4.664E-02
4.1 10E-02
4.280E-02
3.044E-02
4.132E-03
3.939E-01
4.245E-01
7. 400E-0i
2.029E-02.
2.755E-03
2.626E-01
4.932E-01
5.903E-06
4.691 E-06
2-.894E-01
6.259E-01
7.269E-09
1 .903E-06
1 .863E-02
9.91 6E-01O
2.070E-06
8.041 E-13
11 .,598E-09
2.043E-03
5.702E-02
0.e
5.936E-04
3.045E-02
2.1 82E+00
2A. 04E+00
6.1 50E-03
0.
0.
1 .640E+00
1 .642E+00

1.926E+03
I .582E+61
7.527E-07
3;420E+01
3.535E'01i
1 .913E+00
3.273E-13
2.320E+00
4.664E-02
8.599E-02
8.891 E-02
3.044E'02
4.132E-03
4.351 E-01
4.696E-01
1 .535E+00
2.029E-02
2.755E-03
2.901 E-OI
I .023E+00
5.903E-06
4.691 E-06
2.897 E-0 1
6.320E-01
7.269E-09
1 .903E-06
1 .863E-02
1 .108E+00
4.332E-06
8.041 E-.13
1 .598E-09
2.043E-03
:5 .702E-02
0.z
5.936E-04
3.045E-02

4.523E+00-
4.405E+00.
8.392E-03
0.
0.ý
2.059E+00-
2.061E+00

1 .926E+03
1 .582E+01
7..527E-07
3.420E+01
3.535E-01
2.:31 9E+00
3,273E-13
2.320E+00
4.664E-02
1 .060E-01
1..091E-01
3.044E-02
4.132E-03
4.352E-01
4..697E-01
1 .865E+00
2.029E-02
2.755E-03
2.901E-01
1 .242E+00
5.903E-06
4.691 E-06
2.897E-01
6.320E-01
7.269E-09
1 .903 E-06
I .863E-02
1 .108E+00
5.340E-06
8.041 E-13
1 .5ý98E-09
2.043E-03
5.702E-02
0.
5 .936E-04
3.045E-02
5.501 E+00
5.426E+00

;8,454E-03
o.e
0.
2 .054E+00
2.066E+00 0

,I -I ' c -



TABLE 12.1-31 (Continued)

IQISOTOE 2 HOURS BHOURS 1 DA Y
RELEASED(CURIES)

DAY 30 DAYS

NB 97
NB * 98
ZR 99
NB 99
MO 99
TC * 99
TC 99
ZR 99W
NB 99
MO 99
NB 100
NB 101
MO 101
TC 101
MO 102
[TC. 102
TC 103
RU 103
RH * 103

MO 104
TC 104
MO 105
TC 105
ýRU 105
RH * 105
RH 105
RU 106
RH 106,
TC 107
RU 107
RH* 107
RH 107
PD 107
RH 109
PD 109
AG * 109
PD 111
AG * 111
AG 111
PD 112
AG 112
PD 113
AG 113

2.752E-01
1 .440E-01

5.106E-04
7.125 E-03
2.723E-01
2.728E-01
1 .078E-10
7.630E-05
1 .065E-03
4.070E-02
4.933E-03
1 .927 E-03
6.354E-02
1 .219E-01
4.732E-02
6.497E-02
3.177 E-03
3.563E-01
3.564E-01
7.359E-03
7.968E-02
3.495E-03
3.103E-02
2.316E-01
2.315E-01
2.560E-01
1 .327E-01
1 .327E-01
7.337E-04
8.867E-03
9.621 E-03
3.911 E-02
2.278E-08
9.740E-05
7..466E-02
7.472E-02
4.687E-03
4.942E-03
1 .764E-02
8.91 8E-03
9.1 96 E-03
7.004E-05
4.909E-03

9.202E-01
1 .774E-01
5.106E-04
7.125E-03
9.655E-01
9.893E-01
1 .513E-09
7.630E-05
1 .065E-03
1 443 E-0 1
4.933E-03
1 .927 E-03
6.375E-02
1 .233E-01
4.736E-02
6.502E-02
3.177E-03
I .298E+00
1 .299E+00
7.359E-03
8.046E-02
3.495 E-03
3.103E-02
5.749E-01
5.756E-01
8.856E-01
4.843E-01
4.843E-01
7.337E-04
8.867E-03
9.621 E-03
3.998E-02
8.319E-08
9.740E-05
2.368E-01
2.369E-01
4.811E-03
5.072E-03
6.376E-02
2.971 E-02
3.213E-02
7.004E-05
1 .287 E-02

1 .752E+00
1 .774E-O1
5.152E-04
7.125E-03
2.1 95E+00
2.313E+00
1 .036E-08
7.698E-05
1 .065E-03
3..279E-01
4.933E-03
1 .927 E-03
6.375E-02
1 .233E-01
4.736E-02
6.502E-02
3.177E-03
3.157 E+00
3.160E+00
7.359E-03
8.046E-02
3.495 E-03
3.103E-02
7.129E-01
7.140E-01
1 .899E+00
1. I 83E+00
1 .183 E+O0
7.337E-04
8.867 E-03
9.621 E-03
3.998E-02
2.034g-07
9.?25f-O5
4.217E-01
4.221 E-O1
4.811 L-03
5.072t-03
1 .517L-01
5.859E-02
6.535E-02
7.004E-05
1 .701 E-02

2.204E+00
1 .774E-01
5. 152E-04
7.1,25E-03
3.776E+00
4.047E+00
5.533E-08
7.698E-05
I .065E-03
5.642E-01
4.933E-03
1 .927 E-03
6.375E-02
1 .233E-O1
4.736E-02
6.502E-02
3.177E-03
6.503E+00
6.509E+00
7.359E-03
8.046E-02
3.495E-03
3.1 03E-02
7.209E-01
7.220E-01
2.887E+00
2.472E+00
2.472E+00
7.337E-04
8.867E-03
9.621 E-03
3.998E-02
4.256E-07
9.925E-05
4.990E-01
4.994E-01
4.811E-03
5.072E-03
2.935E-01

7.771 E-02
8.839E-02
7.004E-05
1 .739E-02

2.209E+00
1 .774E-01
5.152E-04
7.125E-03
3.996E+00
4.290E+00
9.551 E-08
7.698E-05
1 .065E-03
5.972E-01
4.933E-03
1 .927 E-03
6.375E-02
1 .233E-01
4.736E-02
6.502E-02
3.177E-03
7.848E+00
7.855E+00
7.359E-03
8.046E-02
3.495E-03
3.103E-02
7.209E-01
7.220E-01
2.951 E+00
3.039E+00
3.039E+00
7.337E-04
8.867E-03
9.621 E-03
3.998E-02
5.246E-07
9.925E-05
4.994E-01
4.998E-01
4.811 E-03
5.072E-03
3.324E-01
7.812E-02
8.887E-02
7.004E-05
1 .739E-02



TABLE 12.1-31 (Continued)

ACTIVITY RELEASED(CURIES)
ISOTOPE 2 HOURS 8LHORS I DAY £4 DAYS

PD
AG
AG
CD
IN
AG
CD
IN
CD
CD
IN
CD
IN
CD
IN
SN
SN
SN
SN
SB
TE
SN
SB
SN
SB
SB
SN
SB
TE
TE
SN
SB
TE
SN
SB
SB
TE
TE
I

SB
TE
I
SN

114 0
114 0
115 0
115 0,

* 115 0
* 115 0

115 0
* 115 0
* 117 0

117 0
117 0
118 0
118 0
119 0

* 119 0
121 0

* 12-3 0

123 0
125 0
125 0

* 125 0

125 0
125 0
126 0

* 126 0

126 0
127 0
127 0

* 127 0
127 0
127 0
127 0
127 0
128 0

* 128 0

129 0
* 129 0

129 0
129 1
129.0

129 0
129 1
130 0

1 .036E-04
1 .072E-04
6.679E-104
3.338E-03
3. 430E-03
8.11OE-07
3.290E-04
2.690E-04
3.523E-04
I .509E-03
1 .803 E-03
1 .021E-03
1 .175E-03
1 .755E-04
4.894E-04
3.137 E-03
1 .383E-03
1 .031E-03
1 .845E-03
8061 E-04
5.341E-04
3.280E-03
1 .881 E-03
6.431 E-09
9.3301E-05
4.661 E-04
2.291 E-03
5.764E-03
3.660E-03
6.069E-03
8.123E-03
1 .963E-02
1 .882E-02
3.098E-02
3.51 4E-02
2.168E-02
1• ,797E-02

2.448E-02
1 .,037E-07
3.854E-02
3.817E-02
I .320E-07
1 .755E-03

1 .036E-04
1 .072E-04
6.803E-04
1 .176E-02
1 .230E-02
8.1 10E-07
I. 158E-03
1 .040E-03
7.582E-04
2.288E-03
4.170E-03
1 .085 E-03
1 .250E-03
1 .755E-04
4.955E-04
1 .068E-O02
5 .048E-03
1 .168E-03
6. 678E-03
2.944E-03
1 .952E-03
1 .1 87E-02
6.868E-03
7.81,6E-09
9.445E-05
1 .691 E-03
4.007 E-03
2.069E-02
I .337E-02
2.058E-02
1 .421 E-02
7.046E-02
6.909E-02
1 .093E-01
1 .252E-01
5.445E-02
6.560E-02
7.478E-02
3.786 E-07
9.679E-02
1 .113E-01
4.81 8E--07
1 .755E-03

1 .036E-04
1 .072E-04
6.803E-04
2.626E,02
2.800E-02
8.385E-07
2.585E-03
2.543E-03
8.347E-04
2.355E-03
4.557E-03
1 .085E-03
1 .250E-03
1 .755E-04
4.955E-04
2.206E-02
1.232E-02
1. 1668E-03
1 .598E-02
7.200E-03
4.780E-03
2.841 E-02
1 .680E-02
7.816E-09
9.445E-0 5
4.066E-03
4.042E-03
4.804E-02
3.272E-02
4.424E-02
1 .433 E-02
1.636E-01
1 .670E-01
2.455E01
2.862E-01
6.852E-02
1 .598E-01
1 .688E-01
9.255E-07
1 .21 8E-01
1.456E-01
1 .178E-06
1 .755E-03

1 .036E-04
1 .072E-04
6.803E-04
4.338E-02
4.670E-02
8.385E-07
4.269E-03
4.380E-03
8.362E-04
2.357E-03
4.563E-03
1 .085E-03
1 .250E-03
1 .755E-04
4.955E-04
3.139E-02
2.567E-02
1. 168E-03
3.140E-02
1 .508E-02
1 .006E-02
5.582E-02
3.516E-02
7.816E-09
9.445E-05
8.103E-03
4.042E-03
8.668E-02
6.856E-02
8.1117E-02
1 .433E-02
2.953E-01
3.121E-01
4.111 E-01
4.867E-01
6.943E-02
3.292E-01
3.385E-01
I .936E-06
1 .234E-01
1 .478E-01
2..464E-06
1 .755E-03

1 .036E-04
1 .072E-04
6.803E-04
4.525E-02
4.874E-02
8.385E-07
4.453E-03
4.581 E-03
8.362E-04
2.357E-03
4.563E-03
1 .085E-03
I.250E-03
1 .755E-04
4.955E-04
3.1 75E,02

3.1 43E-02
I. 168E-03
3.603E-02
1 .860E-02
1 .249E-02
6.406E-02
4.335E-02
7.816E-09
9.445E-05
9.423E-03
4.042E-03
9.374E-02
8.426 E-02
9, 688E-02
1 .433E-02
3.1 94E-01
3.389E-01
4.308E-01
5.107E-01
6.943E-02
3.968E-01
4.061 E-01
2.385E-06
I .234E-01
1 .47 8E-01
3.036E-06
1 .755E-03

I > I -r9,-;
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TABLE 12.1-31 (Continued)

JSflIQEE 2UQUR 8 HOIURS
,ACTI~V ITYRELEASED(CUR I ES)

4-DAYS 30DAYS

.7

SB
SB
TE
I

SB
TE

SN
SB
TE
I

SB
TE
I

XEISB
TE
It'

XE
SB
TE
I,:
TE

XE
XE
CS
TE

XE
cS

XE
CS
BAXE

CS
BA

130
131
131
131
131

* 131

131
132
132
132
132
133
133
133
133
133

* 133
133
133
134
134

134
135
135

* 135

135
135
135
135
135
135

136
137
137
137

"137
138
139
139
139
139

4.505E-03
3.786E-02
8.388E-02
8. 806E+00
8.681 E"03
2.973E-02
1 .677 E+00
6.793E-04
2.638E-03
2.686E-01
1 .087E+01
2.946E-03
1 .109E-01
1 .240E+01
3.204E+03
1 .1 46E-03
3.411 E-03
5.060E+00
1 .309E+03
8.115E-05
1.2103-01
9.753E+00
9.665E-05
4.7 82 E+00
4.0423+02
1 .398E+03
5.229E-08
2.255E-04
1.116E+01
3.229E+03
1.220E-07
9.699E-02

9.021 E-03
1.604E+02
1 .154E-02
1 .153E-02
2.2983-05
5.392 E- 11
9.884E+00

2.146E-01
3.235E-01

4.505E-03
3.886E-02

•9.026E-02
3.183E+01
6.857E-03
I .020E-01
6.064E+00
6.793E-04
.2.638E-03
9.560E-01
2.172E+01
2.946E-03
1 .368E-01
4.129E+01
.1 .287E+04
I . 146E-03
3.411 E-03
•1 .684E+01
5.175E+-3
8.115E-05
1.400E-01
1 .215 E+01
9.665E-05
1 .334E+01
9.297E+02
4.703E+03
.1 .954E-07
2.255E-04
3.114E+01
1 .083E+04
4.558E-07
9.699E-02
9.021 E-03
1.604E+02
4.214E-02
4.2123-02
2.2983-05
5.3923-11
9.884E+00
2.1 46E-015 .004E-01

4.505E-03
3.886E-02
9.026E-02
7.533E+01
6.857E-03
2.135E-01
1 .446E+01
6.'793E-04
2.638E-03
2.1 94E+00
2.51 4E+01
2.946E-03
I .368E-01
8.1 27 E+-1
3.685E+04
1 .1 46E-03
3.411 E-03
3.315E+01
1 .485E+04
8.130E-05
1 .400E-01
1 .215E+01
9.777E-05
1 .915E+01
1 .281 E+03
8.889E+03
4.991 E-07
2.281 E-04
4.468E+01
2 .043E+04
1 .163E-06
9.099E-02
9.203E-03
1 .604E+02
1 .030E-01
1 .030E-01
3.0483-00
8.085E-1 1
9. 932E+00
2.1 46E-01
5.004E-01

4.505E"03
3 .886E-02

9.026E-02
1 .473E+02
6.857E-03
3.106 E-01
2.812E+01
6.793E-04
2.638E-03
3.863E+00
2.870E+01
2.946E-03
1 .368E-01
1 .075E+02
1 .213E+05
1 .146E-03
3.411 E-03
4.385E+01
4.957E+04
8. 130E,05
1 .400E-01
I .215E+01
9.777E-05
2.OOOE+01
I .333E+03
1 .074E+04
1 . 1 OOE-06
2.281 E-04
4.667E+01
2.467E+04
2.562E-06
9.099E-02
9.203E-03
1 .604E+02
2.156E-01
2.155E-01
5.308E+00
8.085E-1 1
9.932E+00
2.146E-01
5.004E-01

4.505E-03
3.886E-02
9.026E-02
1 .673E+02
6.857E-03
3.152E-01
3.1 96E+01
6.793E-04
2.638E-03
4.130E+00
2.927E+01
2..946E-03
1 .368E-01
1 .080E+02
2.845E+05
1 .146 E-03
3.41 1E-03
4.406E+01
1 .162E+05
8. 130E-05
1- 400E-01
1 .215E+01
9.777E-05
2.OOOE+01
I .333E+03
1 .075E+04
1 .373E-06
2.281 E-04
4.667E+01
2.469E+04
3.1 97E-06
9.099E-02
9.203E-03
1 .604E+02
2.657E-01
2.6573-01
5.308E+00
8.085E-1 1
9.932E+00
2.1 46E-01
5.004E-01



TABLE 12.1-31 (Continued) I

2 HOURS. 8HOURS
ACTIVITY RELEASED(CURIES)

SDAY 4 DAYS DAYSI SOTOP

XE
CS
BA
LA
XE
Cs
BA
LA
CE
XE
cs
BA
LA
CS
BA
LA
CE

PR
CS
BA
LA
CE
PR
CE
PR
CE
PR
ND
PM
SM
ND
PM
ND
PM
SM
SM
SM
EU
SM
EU
EU
EU
GD

1 40
1 40
1:40
1 40
141
141
141
141
141
1 42
142
142
1 42
1 43
143
1443
1 43
1 43
1 44
1 44
1 44
1 44
1 44
1 45
1 45
1 46
1 46
147
147
147
149'
149
151
151
151
153
155
155
156
1 56
157
158
159

6.067E-01
2.773E-02
2 .835 E-.o0

2.858E-011
1 .039E-" 09
7.1 49E-04
6.438E-02
2.598E-01.
2.906E-01
2.442E-1 1,
1 .034E-05
2.977E-02:
1 .77.9E-014
0.
3.942E-05
5.045E02:.
2.327E-01!-
2.357E-01
0.
0.
0.
1 .366E-01,
1 .367E-01
5.212E-03
1 .527E-01
2 .302E-02.

6.158E-02
1 .151E-01
3.404E-02
0.
5.425E-02
7,502E-02
6.928E-03
4.442E-02
4.636E-04,
2.314E-02
3.133E-03
1 .921 E03
6.421 E-03
9.071 E-03
4.832E-03
1 .717 E-03
1 .927E-03

6.067E-01
2.773E-02
1,.029E+001•. 04.3E+00

It.039E-09
7-.1 49E-04
6.500E-02
6.186E-01
I .060E+00
2.442E-1 1
1 .034E-05

,2.978E-02
2 .665E-01

3,942E-05

5 .094E'02
8.023 E-0 1
8.603E-01
0..
0..
0'.
4.987E-01
4.988E-01
5.212E-03
4.1 45 E-O01

2.308E-02
6.451E-02
4.173E-01
1.243E-01
0.
9.722E-02
2.677E-01
6.940E-03
1,516E-01
1 .*693E-03
3.104E-02
3.230E-03
7.013E-03
1.910E-02
3.305E-02

.1.575E-02
2.237E-03
6.329E-03

6.422E-01
2 .773E-02
2.475E+00
2.542E+00
1 .558E-09
7.285E-04
6.500E-02
7.323E-01
.2.579E+00
3.663E-1 1
1 .277E-05
2.978E-02
2.665E-01
0.
4.31.1 E-05
5.094E-02
•1 .702E+00
2.098E+00
0.
0.
0.
1 .218E+00
1.219E+00
5.212E-03
5.722E-01
2.308E-02
6.451 E-02
1 .001E+00
3.041E-01
0.
9.877E-02
6.023E-01
6.940E-03
3.1 49E-01
4.1 42E-03
1 .789E-01
3.230E-03
1 .714E-02
3.028E-02
8.012E-02
2.906E"02
2.237 E-03
1 .210E&02

6.422E-01
2.773E-02
4.937E+00
5.205E+00
1 .558E-09
7.285E-04
6.500 E-02
7.367E-01
5 .300E+00
3.663E-11
1 .277E-05
2.978E-02
2i.665E-01

4.31 IE--OS5
5 .094E-02

2.535E+00
4.295E+00
01.
0.
0.
2.544E+00
2.544E+00
5.212E-03
5.909E-01
2.308E-02
6.451 E-02
1 .984E+00
6.372E-01
0.
9.877E-02
9.977E-01
6.940E-03
4.518E-01
8.674E-03
2.886E-01
3.230E-03
3.586E-02
3.300E-02
1 .81 8E-01
3.557 E-02
2.237 E-03
1 .541 E-02

6.422E-01
2.773E-02
5.748E+00
6.1 24E+00
1 .558E-09
7.285E-04
6.500 E-02
7.367E-01
6.371 E+00
3.663E-1 1
1 .277E-05
2.97 8E-02
2.665E-01
0.
41.31 IE-05
5.094E-02
2.581 E+00
5.058E+00
0.
0.
0.
3.1 25E+00
3.125E+00
5.21:2E-03
5.909E-01
2.308E-02
6.451 E-02
2.294E+00
7.864E-O1
0. 1,
9.877E-02
1.041 E+00'
6.940E-03
4.575E-01
1.070E-02
2.989E-01

3.230E-03
4.417E-02
3.300E-02
1 .900E-01
3.562E-02
2.237 E-03
1 .545E-02
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TABLE 12.1-31 (Continued)

ISOTOPE 2 HOUR B8 HURS
ACTIVITY RELEASED(CURIES)

I DAY 4 DAYS 3o DAYS

NP
PU
NP
PU
PU
PU
AM
PU
Cs
Cs
XE
XE
XE
U
U
NP
AM
CM
AM
CM
AM
AM
CM
CM
Pu
CM

•CM
CM
CM
CF

238
238
239
239
240
241
241
242
134
136

* 131
* 133

133
235
238
237

.242
242

* 242

242
243
244
244
243
244

245
246
247
248
252

2.7 12E-03
2.231 E-03
6.350E+00
6.251 E-04
5.998E-04
7.594E-02
9.546 E- 04
1 .460E-06
4.476E-03
1 .795E-02
I .835E+01
1 .387E+02
7 .680E-01
6.808E-1 0
6.338E-08
1 .647 E-03
1 .121E-01
7.989E-02
5.967E-05
1 .058E-08
3..359E-06
1 .931 E-03
5.781 E-05
4.157E-05
0.
2.171 E-09
5.843E-11
0.
0.
0.

9.526E-03
8.1147E-03
2.239E+01
2.283E-03
2.1190 E-03
2.773E-01
3.436E-03
5.331 E-06
1 .634E-02
6.516E-02
7.296E+01
5.349E+02
1,.174E+01
2.486E-09
2.31 4E-07
6.013E-08
3.633E-01

2.91 8E-01
2.179E-04
1 .488E-07
1.226E-05
5.855E-03
2.112E-04
1 .518E-04
0.
7.926E-09
2.133E-10
0.
0.
o.

2.1,17E-02
1 .992E-02
5.026E+01
5.582E-03
5.354E-03
6.779E-01
8.523E-03
I .303E-05
3.994E-02
1 .569E-01
2.133E+02
I .439E+03
9.766E+01
6..07 8E-0 9
5 .658E-07
1 .470E-07
6.763E-01

7.133E-01
5.326E-04
1 .0 46E-06
2.998E-05
9.594E-03
5.166E-04
3.711 E-04
0.
I .938E-08
5.216E-1 0
0.
0.
0.

3.463E-02
4.168E-02
8.400E+01
1 .169E-02
1. 120E-02
1 .41 8E+00
1 .784E-02
2.727E-05
8.350E-02
3.1 40E-01
7.826E+02
3.81 4E+03
1 .030E+03
1 .272E-08
1 .1 84E-06
3.076E-07
8.358E-01
1 .489E+00
1 .115E-03
6.469E-06
6.274E-05
1 .066E-02
1 .081E-03
7..765E-04
0.
4.055E-08
1 .091 E-09
0.
0.
0.

3.601 E-02
5.137E-02
8.796E+01
1 .441 E-02
1 .381 E-02
1 .748E+00
2.200E-02
3.362E-05
1 .028E-01
3.667E-01
3.004E+03
5.296E+03
5.099E+03
1 .565E-08
I .459E-06
3.792E-07
8.373E-01
1 .826E+00
1 .374E-03
1 .538E-05
7.733E-05
1 .066E-02

1 .333E-03
9.571 E-04
0.
4.998E-08
1 .299E-09
0.
0.

'O.

.1
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TABLE 12.1-32

ISOTOPIC CURIE CONTENT - EQUILIBRIUM CORE-EOC

Nx

C02 72
2.984E+O

NI2 73
2.783E+01

NI2 74
5.263E+01

CU2 75
7.692E+02

GA2 76
3.394E+04

GEl 77
6.581 E+04

ZN2 78
8.095E+03

GA2 79
4.868E+04

CU2 80
4.742E+00

N12 72
4.894E+02

CU2 73
9.889+02

CU2 74
1.224+03

ZN2 75
1 .212E+04

AS2 76
8.747E+02

GE2 77
3..483E+04

GA2 78
6 .008E+04

GE2 79
2.489E+05

Z N2 80
1.962+03

CU2 72
2.607E+03

ZN2 73
4.940E+03

ZN2 74
9.817E+03

GA2 75
1 .813E+04

N12 77
1 .529E+00

AS2 77
8.750+04

GE2 78
1 .467E+05

AS2 79
2.875E+05

GA2 80
3.772E+04

ZN2 72
4.207E+03

GA2 73
5.645E+03

GA2 74
1. 141E+04

NI2 76
4 .798E+00

CU2 77
1 .879E+02

SE1 77
2.651:E+02

AS2 78
1 .524E+05

SE1 79
2.899E+05

GE2 80
3.208E+05

GA2 72
4.245E+03

GEl 73
5.669E+03

CO2 75
3.389E-02

CU2 76
3.184+02

ZN2 77
1 .192E+04

N 12 78
2.607 E-01

CU2 79
1 .694E+01

SE2 79
4.678E+00

AS2 80
4.433+05

C02 73 .
7.212E-02

CO2 74
1 .339E-1

N12 75
1.544+01

ZN2 76
1.481+04

GA2 77
5.780E+04

CU2 78
7.504E+01

ZN2 79
2.538E+03

BRI 79
3.245E-01

BRi 80
1 .121 E+01

I::_-
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TABLE 12.1-32 (Continued) a
BR2 80
2.272E+01

SE1 81
3.133E+04

GE2 82
3.377E+05

GA2 83
2.565E+03

KRi 83
2.823E+06

BR2 84 .'
4,.206E+06

BR2 85
4.884E+06

BR1 86
3.031 E+06

SE2 87
1 .726E+06

CU2..81
5.13.4E-01

SE2 81
7.175E+05

AS1 82
2.9314E+05

GE2 83
2.253E+05

GA2 84
5.228E+02

GA2 85
1 .002E-08

KR1 85.
4.957E+06

BR2 86
3.138E+06

BR2 87
5.565E+06

ZN2 81
5.11 OE+02

KR1 81
2.961E-01

AS2 82
6.587+05

AS2 83
1 .329E+06

GE2 84
1 .051 E+05

GE2 85
1 .299E+04

KR2 85
1 .034E+05

RB1 86
1 .700E+O 4

KR2 87
8.056E+06

GA2 81
2.289E+04

KR2 81
2.273E-06

BRI 82
9.033 E+03

SEI 83
1 .567E+06

AS2 84
1 .052E+06

AS2 85
4.030E+05

GE2 81l
3.513E+05

ZN2 82
9.049+01

BR2 82
1 .781 E+04

SE2 83
1 .175E+06

SE2 84
3.947E+06

SE1 85
1.455+06

AS2 81
6.476E+05

GA2 82
8.798E+03

ZN2 83 .
8.255E+00

BR2 83
2..823E+06

BRI 84
2.532E+05

SE2 85
1 .949E+06

S E2 86
3.090E+06

AS2 87
4.21 OE+04

GE2 88
2.543E+01

GE2 86
2'.875E+03

RB2 86
1 .382E+05

RB2 87
2.092E-04

AS2 86
1 .733E+05

GE2 87
3.251 E+02

SR1 87
8.554E+02

0



) TABLE 12.1-32 :(ContInued)

AS2 88
9.865E+03

SF2 89
2.170E+05

SE2 90
5.248E+04

Y1 90
9.232E+02

RB2 91
1 .799E+07

KR2 92
4.188E+06

KR2 93
1 .670E+06

NBI 193
1.856E+00

NB1 94
7.821 E+01

*SR2 89
1.60+07

SE2 88
8.761 E+05

BR2 89
3.087E+06

BR2 90
1 .339E+06

Y2 90
7.108+05

SR2 91
2.1 02E+07

RB12 92
1 .506E+07

RB2 93
1 .152E+07

BR2 94
2.024E+03

NB2 94
8.026 E-03

BR2 88
5.111+06

KR2 89
1 .244E+07

KR2 90
1 .1 83E+07

ZR1 90
2.437E-01

Y1 91
1 .21 2E+07

SR2 92
2.459E+07

SR2 93
2.921 E+07

KR2 94
3.099E+05

BR2 95.
1 .481 E+02

KR2 88
1 .141 E+07

RB2 89 *
1 .558E+07

RB1 90
4.718E+06

SE2 91
6.532E+03

Y2 91
2.042E+07

Y2 92
2.492E+07

Y1 93
1 .1 59E+02

RB2 94
5.461 E+06

KR2 95
8.760+04

RB2 88
1.193+07

Y1 89
3.OOOE+01

RB2 90
1 .308E+07

BR2 91
3.994E+05

SE2 92
8.293E+02

SE2 93
7.106E-08

Y2 93
3.065E+07

SR2 94
2 .864E+07

RB2 95
1 .626 E+06

AS2 89
1. 11 OE+03

AS2 90
3.812E-08

SR2 90
6.791 E+05

KR2 91
8.030+06

BR2 92
1 .093E+05

BR ? 93
1 .966E+04

ZR2 93
3.419E+01

Y2 94
3.326E+07

SR2 95
2.525E+07

Il I C2_L



TABLE 12.1-32 (Continued)

Y2 95
3.657E+07

RB2 96
5.848E+05

SR2 97
4.1 54E+06

RB2 98
3.975E+04

R82 99
4.399E+03

M02 99
4.664E+07

NBI 100
2.368E+07"

ZR2 101
1 .988E+07

ZR2 1 02
1.346E+07

ZR2 95
3.624E+07

SR2 96
1 .489E+07

Y2 97
2.203E+07

SR2 98
2.656E+06

SR2 99
3.685E+05

TC1 99
4.025 E+07

NB2 100
2.367E+07-

NB2 101
4.1129E+07

NB2 102
3.673E+07

NB1 95
4.353E+05

Y2 96
3.397E+07

ZR2 97
4.0 92 E+07

Y2 98
1 .150 E+07

Y2 99
8. 174E+06

RB2 100
5.381 E+02

TC2 100
4.477E+06

M02 101
5.136E+07

M02 102
5.141 E+07

NB2 95
3.476E+07

NB2 96
-1 .381 E+05

NB1 97
3.542E+07

ZR2 98
4.1 45 E+07

ZR2 99
3.667 E+07_

SR2 100
24'51 8E+05

RB2 101
3.386E-08

TC2 101
5.139E+07

TCM 102
1 .009E+05

BR2 96
1 .01 8E+01

KR2 97
4.564E+02

NB2 97
4.124E+07

NB1 98
4.257E+07

NB1 99
2.466E+06.

Y2 100
3.797E+06

SR2 101
2.923E+04

SR2 102
3 .200E+03

TC2 102
5.151+07

KR2 96
1 .57 8E+04

RB2?97
6.1 97E+04

KR2 98
1 .455E+02

NB2 98
6.661 E+05:

NB2 99
4.327E+07

ZR2 100
3.509E+07

Y2 1,01
1 .389E+07.

Y2 102
2..883E+05

SR2 103
9.053 E+0 1

0
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) TABLE 12.1-32 (Continued)

Y2 103
5.1192 E+O 4

RHI 103
5.260+07

TC2 1Q04
4.892E+07

M02 105
2.784E+07

ZR2 106
9.031 E+03

RH2 106
1 .958E+07

RU2 107
2.228E+07

M02 108
9.097 E+0 5

ZR2 1109
1 .1 95E+01

ZR2 103
,4.267E+06

SR2 104
3.966E+00

RH1 104
2.552E+05

TC2 105
3.712E+07

NB2 106
5.245E+05

Y2 107
8.634E-02

RH2 107
2.238E+07

TC2 108
6.679E+06

NB2 109
3.857E+03

NB2 103
21.5 87 E+07

Y2 104
4.130E+03

RH2 104
3.567E+06

RU2 105
3.851 E+07

M02 106
1 .513E+07

ZR2 107
2.996E+02

PD1 107
1 .867E+05

RU2 108
1 .489E+07

M02 109
4,258E+05

M02 103
5.014E+07

ZR2 104
1. 115E+06

Y2 105
2.120E+02

RHI 105
9. 935E+06

TO2 106
3.OOOE+07

NB2 107
5- 869E+04

PD2 107.
3.361 E+00

RM1 108
2.056E+05

TC2 109
4.718E+06

TO2 103
5.144E+07

NB2 104
9.915E+06

ZR2 105
1 .030E+05

RH2 105
3.850E+07

RU2 106
1 .957 E+07

M02 107
4.308E+06

ZR2 108
1 .445E+02

RH2 108
1 .51 OE+07

RU? 109
1 .081 E+07

RU2 103
5.260E+07

M02 104
4.41 4E+07

NB2 105
3.097E+06

Y2 106
2.280E-08

RHI 106
1 .206E+04

TC2 107
1 .572E+07

NB2 108
1 .576E+04

AG2 108
3.464E-01

RH1 109
5.613E+06

rU-V
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TABLE 12.1-32 (Continued)

RH2 109
1 .123 E+07

MO2 110
3.152E+04

AG2 110
6.042E+05

PD1 111
6.111 E+04

MO2 112
2.445E+02

M02 113
2.584E+01

AG2 113
8.193E+05

RH2 114
2.661 E+05

TC2 115
6.7011E+01

PD1 109:
5.622E+06

TC2 110
5.001E+05

NB2 111
1 .045E+01

PD2 111*
2,.575E+06

TC2 112
1 .255E+04

TC2 113
3.356E+03

CD1 113
1.91 4E+03

PD2 114
6.535E+05

RU2 115
8.954E+03

PD2 109
1 .159E+07

RU2 110
3.766E+06

MO2 111
2.782E+03

AGI 111
2.566E+06

RU2 112
3.241 E+05

RU2 113
I .563E+05

IN1 113
2.350E-04

AG2 114
6.714E+05

RH2 115
1 .325E+05

AG1 109
1 .1 59E+07

RH1 110
3.168E+05

TC2 111
1 .122E+05

AG2 111
2.609E+06

RH2 112
1. 173E+06

RH2 113,
,5.•042 E+05

M02 114
1 .543E+00

INI 114
2.007E+01

PD2 115
5.01 5E+05

CD2 109
3.468E-03

RH2 110
4.1 87 E+06

RU2 111
I .615E+06

CDi 111
1 .963E+02

PD2 112
1 .360E+06

PD2 113
9.061,E+05

TC2 114
3.877E+02

1N2 114
3.226E+01

AGI 115
1 .650E+05

N12 110
1 .121 E+02

AG1 110
4.327E+04

RH2 111
2.41 8E+06

N•2 112
9.922E- 10

AG2 112
1 .363E+06

AGI 113
9.309E+05

RU2 114
4.533E+04

M02 115
8.050E-02

AG2 115
3.991 E+05

K9
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K) TABLE 12.1-32 (Continued)

CD1 115
3.545E+04

RH2 116
3.526E+04

TC2 117
2.474E-O1

CD1 117
6.490 E+0 4

RU2 118
1 .708E+03

IN1 118
5.170E+02

CD1 119
2".206E+05

RH2 120
1.472E+02

RH2 121
2.759E+01

CD2 115
5.462E+05

PD2 116
3.315E+05

RU2 117:
2.264E+02

CD2 117
3.991 E+05

RH2 118
1 .184E+04

IN2 118
4.464E+05

CD2 119
2.206E+05

PD2 120
1 .923 E+O 4

PD2 121.
4.928E+03

IN1 115
5.461 E+05

AG1 116
2.1 84E+05

RH2 117
1 .406E+04

IN1 117
3.712E+05

PD2 118
•1 .257E+05

RU2 119
6.936 E-07

IN1 119
2.207E+05

AG2 120
1 .277E+05

AG2 121
7.996E+05

IN2 115
1 .107E-09

AG2. 116
2.248E+05

PD2 117
2.239E+05

IN2 117
2.674E+05

AGI 118
1,.713E+05

RW2 119
'6.082E+03

IN2 119
2.317E+05

CD2 120
4.162E+05

CD2 121
3.984E+05

TC2 116
5.069E+00

INI 116
3.233E+04

AGI 117
2.027E+05

SNI 117
2.463E+02

AG2 118
2.01 9E+05

PD2 119
i.927E+05

SNI 119
9.973E+03

INI 120
2.1 93E+05

INI 121
1 .055E+05

RU2 116
2.249E+03

IN2 116
8. 907 E+03

AG2 117
2.084E+05

TC2 118
1 .992E-1 I

CD2 118
4.458E+05

AG2 119.
4.020E+05

RU2 120
3.864E-01

IN2 120
2.206E+05

IN2 121
3.656E+05

i j)

)
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TABLE 12.1-32 (Continued)

SN1. 121
1 .941 E+01

IN1 122
5.355E+04

AG2 123
1 .662E+04

TEl 123
1 .695E+02

SB2 124
2.498E+04

SN1 125
5.836E+05

CD2 126
1 .093E+05',

INI 127:
4.1 04E+05

TE2 127
3.690E+06,

SN2 121
4.747E+015

IN2 122
4.179E+05

CD2 123
3.118E+05

TE2 123
2.21 9E- 11

PD2 125
4.483E-08

SN2 125
7.583E+05

IN2 126
7.273E+05

IN2 127
3.841 E+05

AG2 128.
1 .225E+02

RH2 122
4.007E+00

SB1 122
4.222E+02

IMN 123
1 .959E+05

PD2 124
1 .21 4E+02

AG2 125
2.903E+03

SB2 125
3.964E+057

SN2 126
1.947 E+00

SNI 127
.1 .266E+06

CD2 128
4.099E+04

PD2 122
.1 .870E+03

SB2 1?22
4.11 OE+04

IN2 123
3.646E+05

AG2 124
5.920E+03

CD2 125
1.816E+05

•TEl 125
"7.878E+04.

SB2 .126-ý
6.887+04

SN2 127.
2.165E+06

IN2 128
6.840E+05

AG2 122
.2.311 E+04

RH2 123
5.249E-01

SNI 123
2.041 E+05

CD2 124
2.604E+05

INI 125
3.917E+05,

..PD2 126
3.681 E+00

AG2 127
8.151E-.08

SB2 127
3.762E+06

SN2 128
.4.626E+06

CD2 122
3.339E+05

PD2 123
3.835E+02,

SN2 123
3.615E+05

IN2 124
6.1 25E+05

IN2 125
4.415E+05

AG2 126
8.480E+02:

CD2 127
4.680E+04;•

TE1 127
5.399E+05

SB1 128
5.225E+06

(ii)

K)



IJ TABLE 12.1-32 (Continued)

SB2 128
6.054E+05

SB2 129
1 .029E+07

IN2 130
5.655E+05

CD2 131
3.291 E+03

12 131
3.004E+07

SB2 132
1 .332E+07

TEl 133
1 .683 E+07

IN2 :134
6.657 E+02

12 134
5.465E+07

12 128
2.573E+05

TEl 129
2.651 E+06

SN2 130
1 .003E+07

IN2 131
2.360E+05

XE1 131
2.121 E+05

TE2 132
3.998 E+07

TE2 133
3.204E+07

SN2 134
2.828E+05

XE1 134.
2.889E+05

CD2 129
9.224E+03

TE2 129
9.706E+06

SB1 130
1.226E+07

SN2 131
9. 170E+06

CD2 132
3.220E+02

12 132
4.080E+07

I1 133.
2.349E+06

SB1 134
2.691 E+06

CS1 134
2.652E+05

IN2.129
4.333E+05

12 129
6.730E-01

SB2 130
4:.224E+06

SB2 131
2.447 E+07

IN2 132
6.328E+04

IN2 133
9.661E+03

12 133
5.150E+07

SB2 134
2.343E+06

CS2 134
6.603E+05

SNI 129
3.347E+06

XEI 129
2.071E+03

11 130
3.288E+05

TEl 131
4.454E+06

SN2 132
4.786E+06

SN2 133
1 .435E+06

XEI 133
1 .62E+06

TE2 134
4.032E+07

SN2 135
2.81 9E+04

SN2 129
3.352E+06

CD2 130
2.092E+04

12 130
6.079E+05

TE2 131
2.633E+07

SB1 132
8.503E+06

SB2 133
1 .361E+07

XE2 133
5.226E+07

11 134
7.1 57 E+06

SB2 135
1 .515E+06



TABLE 12.1-32 (Continued)
i

TE2 135
2.459E+07

BAl 135
2.318E+02

CS2 136
2.654E+06

CS2 137
1 .702E+06

CSJ 138
2.542+06

:12 139
4.354E+06

XE2 140
1 .955 E+07.

XE2 141
7.600E+06

12 142 :
4.1 02E+04

1:2 135
5.039E+07.

I
SN2 136
3.1 45E+03

BAl' 136
4.247 E+0 5

BAl 137
1.617E+06

CS2 138.
4.649E+07-

XE2 139.ý
3.334E+07.

CS2 1.406
3.823Et07.

CS2 141
1.495E+07

XE2 142
2.711E+06%

XE1 135
1 109E+07

SB2 136
2.441 E405

SB2 137
5.553E+04

SB2 138
7.528E+03

XE2 138
3.643 E+07

CS2 139
.4.444E+07*

BA2 140,4.1 90 E÷t07•

BA2 141
4.265E+07

CS2 142
1 .495E+07

XE2 135
5.648E+07

TE2 136
1 .073E+07

TE2 137
3.. 948E+06

TE2 138
1 .060E+06

LA2 138
6:.734E-1 0

BA2 139
4.529E+07

,LA2 140•
4.21 8E+07

LA2 141
4.290E+07

BA2 142
3.655E-+07

CS1 135
2.758E+04

11 136
11.254E+07

12 137
2.134E+07

12 138
1 .075E+07

SB2 139 ý
6.001 E+02

TE2 140
3.452E+04

TE2 141
1 .312E+03

CE2 141
4.287E+07

LA2 142
3.770E+07•

CD2 135.
2.549E+01

1:2 136,
2.349E+07

XE2 137 -
4.569E+07

XE2 138
3.643E+07

TE2 139
2.014E+05

.12 140
1 .181 E+06-

12 141
2.028E+05

TE2 142.
1 .954E+02

CE2 142
3.806E-04

(jj)

©i
.7 f~ e



TABLE 12.1.-32 (Continued)

PR1 142
2.570E+05

LA2 143
3.455E+07

BA2 144
2.120E+07

12 145
1 .427E-08

PR2 145
2.503E+07

PR2 146
2.070E+07

PR2 147
1 .676E+07

LA2 148
2.797 E+06

CS2 149
3.283 E-07

PR2 142
5.130E+05

CE2 143
3.481 E+07

LA2 144
2.894E+07

XE2 145
1 .710E+04

XE2 146
1 .143 E+03

XE2 147
8.668E+01

ND2 147
1 .703 E+07

CE2 148
1 .21 8E+07

BA2 149
4.344E+04

12 143
3 .377 E+03

PR2 143
3.478E+07

CE2 144
2.016E+07

CS2 145
5.590E+05

CS2 146
8.232E+04

CS2 147
2.758E+04

PM2 147
5.021 E+06

PR2 148
1 .372E+07

LA2 149
9.875E+05

XE2 143
3.726E+05

.12 144
2.823E+02

PR1 144
2.552E+05

BA2 145
1 .1 48E+07

BA2 146
4.536E+06

BA2 147
1'.376E+06

SW 147.
3.044E-05

PM1 148
7.387E+05

CE2 149
5.986E+05

CS2 143
6.734E+06

XE2 144
1.192E+05

PR2 144
2.01 9E+07

LA2 145
2.237E+07

LA2 146
1.495E+07

LA2 147
7.677E+06

CS2 148
1 .597E+03

PM2 148
7.891 E+05

PR2 149
1.051 E+07

BA2 143
3.046 E+07

CS2 144
2.448E+06

ND2 144
7.649E-09

CE2 145
2.501 E+07

CE2 146
2.060E+07

CE2 147
1.620E+07

BA2 148
3.829E+05

SM2 148
1 .157E-10

ND2 149
1.11OE+07

4 e. . , 4 -



0TABLE 12.1-32 (Continued)

PM2 149
1 110E+07

PR2 150
7.327E+06

ND2 151
6.637E+06

PR2 152
2.259E+06

LA2 153
4.127E+02

GD2 153
5.706E+01

PM2 154
2 .095E+06

PM2 155
1 .51 8E+06

PM2 156
8.852E+057

SMW 149
1 .065E-09

PM? 150
1 .026E+04

PM? 151
6.673E+06

ND2 152
4.874E+06

CE2 153 '
7.587 E+0 4

LA2 154
I .709E+O1

EU2 154,
3.1 47 E+O 4

SM 155
1 .657 E+06

SM2 156
1 .022E+06

CS2 150
1 .593E+00

BA2 151
1. 152E-05

SM? 151
6.838E+04

PM? 152
4.949E+06

PR2 153
8.321 E+05

CE2 154
1. 181 E+04

LA2 155
5.061 E-09

EU2 155
2.834E+05

EU2 156
1 .339E+06

BA2 150
4.1 59E+03

LA2 151
3.065E+04

BA? 152
1 .075E+01

EUl 152
4.909E+03

ND2 153
2.856E+06

PR? 154
2.213E+05

CE2 155
1 156E+03ý

CE2 156
1 .272E+02

CE2 157
6.965E+00

LA2 150
1 .722E+05

CE2 151
1 .043E+06

LA2 152
3.215E+03

EU2 152
3.072E+02

PM? 153
3 i 178E+06

ND? 154
1 .830E+06

PR2 155
6.465E+04

PR2 156
1.022E+04

PR2 157
1 .555 E+03

CE2 150
2.879E+06:

PR2 151
4.280E+06

CE2 152
3.853E+05

GD2 152
I .844E-1 1

SM2 153
3.464E+06

PM1 154
2.415E+05

.ND2 155
9.66 1E+05

ND2 156
4.255E+05

ND2 157
1 .1 48E+05

0



TABLE 12.1-32 (Continued)

PM2 157
5.038E+05

SM2 158
4.487 E+0 5

EU2 159
2.671 E+05

TB2 160
3.984E+04

"B2. 161
9.1 83 E+O 4

TB2 162
4.036E+04

EU2 164
6.291 E+02

TB2 165
5.591 E+03

ERI 167
I .894E+00

SM2 157
7.41 5E+05

EU2 158
4.682E+05

GD2 159
2.954E+05

ND2 161
7.062E+00

PM2 162
8.563E+00

SM2 163
1 .318E+02

GD2 164
8.073E+03

DYI 165
4.335E+03

EU2 157
7.531 E+05

PR2 159
3.674E+00

ND2 160
1 .395E+02

PM2 161
6.466E+02

SM2 162
1.974E+03

EU2 163
3.358E+03

TB2 164
1 .102E+04

DY2 165
7.81 5E+03

PR2 158
9.092E+01

ND2 159
1 .621 E+03

PM2 160
6.625E+03

SM2 161
2.282E+04

EU2 162
1 .799E+04

GD2 163
1'.587E+04

SM2 165
3.951 E-01

DY2 166
1 .131 E+03

ND2 158
1 .896 E+O 4

PM2 159
4.116E+04

SM2 160
1 .120E+05

EU2 161
6.093E+04

GD2 162
4.037E+04

"12 163
1 .786E+04

EU2 165
8.256E+01

H01 166
2.607E-01

PM2 158
1 .679E+05

SM2 159
2.302E+05

EU2 160
1 .624E+05

GD2 161
9.125E+04

181 162
1 .592 E+03

SM2 164
1 .052E+01

GD2 165
2.744E+03

H02 166
1 .731E+03

,o,) o-ezi



TABLE 12.1-33

CRDL + ACTIVATION

SOURCE TERM

Source Strength (Sz) ,
As a Function of Length (z)

-Ycc-sec

3.67 x 10+9e-0.120Z

4.50 x l0+8e-0.0306(Z-17.5)

1.64 x 10+7e-O*O510(Z-50.5)

I Isotoe Gamma Energy (Mev)

Co60 1.17

1 .33 3.67

4.50

1 .64

x I0+9e7-0"120,z

x I0+8e-0.0306(z-17.5)

" I0+7e-0.0510(z-50.5)

Rod Length
App Iicable to

0" - 17.5"

17.5" - 50.5"

50.5" - Top of
Sodium Pool

0" - 17.5,

17.5" - 50.5"

50.5" - Top of
Sodium Pool

0" - 17.5"

17.5" - 54.5"

54.5" - 134.0"

134.0" -Top of
Sodium Pool

Ta1 
82

1 .23 4.28 x 10+9 e'0"111Z

5.53 x 10+8e-0"027(z-17"5)

2.04 x I0+7e-0.043(Z-54.5)

6.68 x 10+6e-0"067(Z-134)

*Z = 0 at 31" above the core.
+ Control Rod Drive Line

12.1-64
Amond- Ali
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I TABLE 12.1-34A PRIMARY PUMP RADIOISOTOPE INVENTORY

I Sotoe

Cr
5 1

Mn
5 4

Fe
5 9

Co58

Co
6 0

Sr
8 9

Sr 9 0

YgO

Y
9 1

Zr
9 5

Nb
9 5

Mo
9 9

Ru 
1 03

Ru1
0 6

Rh
1 06

Ag 11

Te 1
2 7

Te 1 27m

Te1 29m

Te1
2 9

Te132

031

1132

Inventory (Curies)
•10 Days After

Reactor Shutdown

3.92

119.3

.43

63.2

31.7

78.8

57.7

57.7

22.9

43.2

43.2

4.8

57.2

46.3

46.3

1.5

157.6

157.6

475.5

475.5

338.8

0.23

338.8



TABLE 12.1-34A (Continued)

Inventory (Curies)
10 Days After

.sotope Reactor Shutdown

Cs13 4  
0.41

Cs1 3 6  0.42

CS13 7  3.2

Ba1 4 0  31.2

La1 40  31.2

Ce1 4 1 51.4

Ce14 3  
23.0

Pr' 43  23.0

Ce'44  36.7

Pr' 44  36.7

Nd1 47  
11.1

po147 20.8

Pm1 49  .61

Eu1 5 5  
2.7

156Eu 1.02

Ta 1 8 2  2.79

Pu 2 3 8  .47

Pu 2 3 9  
12

Pu2 4 0  .16

Pu2 4 1 14.1

Pu 2 4 2  
.0003

Np2 3 8  
.00001

Np2 3 9
.07

11 I-rrk



TABLE 12.1-34A (Continued).

Inventory (Curies)
10 Days After

Isotop Reactor Shutdown

Am241 .13

•Am242m .005

Am242 2.3 x 108

Am243 .002

Cm242 .095

! O243 .001

Cm2 4 4  .028

TOTAL 2913.6

12.1-65c
Amend. 66



TABLE 12.1-34B C)INTERMEDIATE LEVEL (IALL) WASTE COLLECTION TANKS RADIOISOTOPE INVENTORY

ISOTOPE INVENTORY (CURIES)

Cr-51
Mn-54
Fe-59
Co-58
Co-60
Sr-89
Sr-90

Y-90
Y-91

Zr-§5
SNbJ-95

Mo-99
Ru-1 03
Ru-i 06
Rh- 106
Ag-i 11
Te-1 27
Te-1 27m
Te-i 29m
Te-129
Te-132

1-131
1-132

Cs-134
Cs-1 36
Cs-i137
Ba-1 40
La-1 40

8.84
63.6
0.43

58.9
16.5
78.8
57.7
57.7
22.8
43.2
43.2

4.8
57.2
46.3
46.3
1.5

157.6
157.6
475.5
475.5
338.8

0.23
338.8

0.41
0.42
3.2

31.2
31.2

Ce-141
Ce- 143
Pr-1 43
Ce- 144
Pr-1 44
Nd-147
Pm-1 47
Pm-1 49
Eu-1 55
Eu-1 56
Ta- 182
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-242m

Am-242
Am-243
Cm-242
Cm-243
Cm-244

TOTAL

INVENTORY (CURIES)

51.4
23.0
23.0
36.7
36.7
11.1
20.8
0.61
2.7
1 .02
2.79
0.47
0.12
0.16

14.1
.0003
.00001
.07
.13
.005

2.3 (-8)
.002
.095
.001
.028

2843.

0

K)
12.1-65d

Amc. nil AA



(

TABLE 12.1-35

LOW ACTIVITY LEVEL LIQUID WASTE
COLLECTION TANKS RADIOISOTOPE INVENTORY

ISOTOPE INVENTORY (CURIES)

Na-22
Na-24
Rb-86
Sr-89
Sr-90
Y-90
Y-91

Zr-95
Nb-95
Ru-i 03
Ru-106
Rh- 106
Sb-1 25
Sb-.1 27
Te- 127
Te-1 27m
Te-1 29m
Te-1 29
Te- 132

1-131
1-132

j Cs-134
Cs- 136
Cs- 137
Ba-140
La-140

4.26(-5)
5.31(-6)
1.7(-5)
1.18(-6)
8.36(-7)
8.36(-7)
3.42(-7)
6.44(-7)
6.44(-7)
8.58(-7)
6.93(-7)
6.93(-7)
5.90(-6)
7.20(-6)
2.40(-6)
2.40 (-6)
7.21(-6)
7.21(-6)
5.12(-6)
2.58(-4)
4.86(-5)
1.30(-4)
1.29(-4)
1.04(-3)
4.67(-7)
4.67(-7)

ISOTOPE

Ce- 141
Pr-1 43

Nd-1 47
Pm- 147
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Ce-1 44
Pr-1 44
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cmn-243
Cm-244
H-3

INVENTORY (CURIES)

7.70(-7)
4.06(-7)

1 .70(-7)
3.14(-7)
1 .96(-7)
5.22(-8)
6.81 (-8)
5.65(-6)
1 .45(-10)
2.21 (-12)
1 .01 (-8)
5.51 (-7)
5.51 (-7)
2.01 (-8)
7.94(-10)
7.94(-1 0)
3.15.(-1 0)
1.41 (-8)
1.95(-10)
4.08(-9)
2.9(-5)

1.75(-3)I TOTAL

12.1-66
Ampind_ f6
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0
TABLE 12.1-36

INTERMEDIATE LEVEL LIQUID
WASTE COLLECTION FILTERS RADIOISOTOPE INVENTORY

©

ISOTOEE INVENTORY (CURIES)

S 0Cr-51Mn-54

Fe-59S Co--58
Co-60

Sr-89
Sr-90

Y-90
Y-91

Zr-95
Nb-95
Mo-99
Ru-1i03
Ru-106
Rh-1 06
Ag-11
Te-i127
Te-1 27m
Te-1 29m
Te-129
Te-1 32

1-131
1-132

Cs-134
Cs-1 36
Cs-1 37
Ba-1 40
La-1 40

8.95(-l)
5.95(0)
4.36(-2)
5.97(0)
•1.67(0)
1.08(-1)
7.95 (-2)
7.95(-2)
3.1 4(-2)
5.95(-2)
5.95(-2)
6.61 (-3)
7.87(-2)
6.37(-2)
6.37(-2)
2.06(-3)
2.17(-l)
2.17(-l)
6.55(-l)
6.55(-1)
4.66(-l)
3.16(-4)
4.66(-1)
5.65(-4)
5.78(-4)
4.40(-3)
4.27 (-2)
4.27(-2)

ISOTOPE

Ce-i 41
Ce- 143
Pr- 143
Ce- 144
Pr-1 44
Nd-i 47
Pm- 147
Pm-i 49
Eu-1 55
Eu-1 56
Ta-1 82
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cm-243
Cm-244

INVENTORY (CURIES)

7.08(-2)
3.16(-2)
3.16(-2)
5.05(-2)
5.05(-2)
1'.53(-2:)
2.86(-2)
8.34(-4)
3.74(-3)
1.40(-3)
2.82(-l)
6.47(-4)
1.65(-4)
2.20(-4)
1.94(-2)
4.13(-7)
1.38(-8)
9.67(-5)
1.80(-4)
6.88(-6)
3.16(-11)
2.75(-6)
1.31(-4)
1.37(-6)
3.85(-5)

%J

I
Total 18.52 Curies

12.1-67



I
TABLE 12.1-36A

y LALL FILTERS

RADIO ISOTOPE INVENTORY.

ISOTOPE INVENTORY (CURIES) ISOTOPE INVENTORY (CURIES)

Na-24 1.98(-8) Ce-141 2.79(-9)
Na-22 1.54(-7) Pr-143 1.47 (-9)
H-3 1.04(-7) Ce-144 2.0(-9)
Rb-86 6.17(-8) Pr-144 2.0(-9)
Sr-89 4.29(-9) Nd-147 6.14(-1O)
Sr-90 3.02(-9) Pm-147 1.41(-9)
Y-90 3.02(-9) Pm-149
Y-91 1.17(-9) Eu-155
Zr-95 2.33(-9) Eu-156 2.72(-6)
Nb-95 2.33(-9) Pu-238 7.13(-1O)
Ru-103 3.11(-9) Pu-239 1.89(-10)
Ru-106 2.51(-9) Pu-240 2.45(-10)
Rh-106 2.51(-9) Pu-241 2.05(-8)
Sb-125 2.14(-8) Pu-242 5.25(-13)
Sb-127 2.61("8) Np-238 8.02(-15)
Te-1 27 8.68.(-9) Np-239 3.661(-11)
Te-127m 8.68(-9) Am-241 7.29(-11)
Te-129m 2.61(-8) Am-242m 2.88(-12)
Te-129 2.61(-8) Am-242 2.88(-12)
Te-132 1.68(-8) Am-243
1"131 9.37(-7) Cm-242 1.18(-12)
1-132 1.76(-7) Cm-243 7.06(-13)
Cs-134. 4.72(-7) Cm-244 4.48(-1O)
Cs-136 4.67(-7)
Cs-137 3.3(-6)
Ba-140 l.69(-9)
J-La-140 1.69(-9)
Rb-86 6.17(-8)

Total 1.42(-4)

12.1-67a
Amend. 66



TABLE 12.1-37

INTERMEDIATE AND LOW ACTIVITY LEVEL
EVAPORATOR F I LTERS RAD I01ISOTOPE INVENTORY

J$aQTQR INVENTORY (CLURIES) INVENTORY (CURIES)

Cr-51
Mn-54
Fe-59
Co-58
Co-60
Sr-89
Sr-90
Y-90
Y-91

Zr-95
Nb-95
Mo-99
Ru-1 03
Ru-1 06
Rh-i 06
Ag-1 II
Te-127
Te-1 27m
Te-129m
Te-i 29
Te- 132

1-131
1-132

-Cs-134
Cs-1 36
Cs-i 37
Ba-1 40
La-1 40

7.96(-I)
5.72(0)
3.92(-2)
5.90(0)
1.49(0)
1.22(-2)
8.93(-3)
8.93(-3)
3.53(-3)
6.68(-3)
6.68(-3)
7.43(-4)
8.85(-3)
7.16(-3)
7.16(-3)
2.32(-4)
2.44(-2)
2.44(-2)
7.35(-2)
7.35(-2)
5.24(-2)
3.55(-5)
5.24(-2)
6.35(-5)
6.50(-5)
4.94(-4)
4.82(-3)
4.82(-3)

Ce- 141
Ce- 143
Pr-i 43
Ce-1 44
Pr- 144
Nd-1 47
Pm-i 47
Pm- 149
Eu-1 55
Eu-1 56
Ta-i 82
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cm-243
Cm-244

7.94(-3)
3.55(-3)
3.55(-3)
5.67(-3)
5.67(-3)
1 .71 (-3)
3.22(-3)
9.46(-5)
4.18(-4)
1 .57(-4)
2.51 (-1)
7.27(-5)
1 .85(-5)
2.64(-5)

2.1 8(-3)
4.64(-8)
1 .54(-9)
1 .09(-5)
2.01 (-5)
7.73(-7)
3.55(-12)
3.09(-7)
1 .47(-5)
1 .55(-7)
4.33(-6)

14.01

9

1 Total
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TABLE 12.1-38

INTERMEDIATE AND LOW LEVEL LIQUID
EVAPORATORS RAD I01ISOTOPE INVENTORY

[SOTOPE INVENTORY (CURIES) ISOTOPE INVENTORY (CURIES)

Cr-51 7.16 Ce-1A1 51.4
Mn-54 51.48 Ce- 1'43 23.0
Fe-59 .351 Pr-143 23.0
Co-58 47.71 Ce-144 36.7
Co-60 14.9 Pr-144 36.7
Sr-89 78.8 Nd-147 11.1
Sr-90 57.7 Pm-1 47 20.8

Y-90 57.7 Pm-149 0.61
Y-91 22.8 Eu-155 2.7

Zr-95 43.2 Eu-156 1.02
I Nb-95 43.2 Ta-182 2.26

Mo-99 4.8 Pu-238 0.47
Ru-103 57.2 Pu-239 0.12
Ru-106 46.3 Pu-240 0.16
Rh-106 46.3 Pu-241 14.1
Ru-106 46.3 Pu-242 .0003
Ag-111 1.5 Np-238 .00001
Te-127 157.6 Np-239 .07
Te-127m 157.6 Am-241 .13
Te-129m 475.5 Am-242m .005 0
Te-1.29 475.5 Am-242 2.3(-8)
Te- 132 338.8 Am-243 .002
1-131 0.23 Cm-242 .095
1-132 338.8 Cm-243 .001

Cs-134 4.41 Cm-242 .028
Cs-136 0.42
Cs-137 3.2
Ba-140 31.2
La-140 31.2

Total 2815.8

K)
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TABLE 12.1-39

INTERMEDIATE LEVEL

DEMINERALIZERS RADIOISOTOPE INVENTORY

1ISOTOE INVENTORY (CURIES)

Cr-51
Mn-54
Fe-59 .
Co-58
Co-60
Sr-89
Sr-90
Y-90
Y-91

Zr-95
Nb-95
Mo-99
Ru-1 03
Ru-1 06
Rh-106
Ag-1 11
T6-1 27
Te-1 27m
Te- 129m
Te-i 29
Te-132

1 131
1'-'132

Cs-134
Cs-'136
Cs-i 37
Ba-1 40
La-1 40

7.16(-I)
5.148
3. 51 5P)

7.88.
5.77(0)
5.77(0)0
2.28(0)
4.32(0)
4.32(0)
4.8(-I)
5.72(0)
4.63(0)
4.63(0)
1.51(-I)
15.76(1)
15.76(1)
47.5(1)
47.5(1)
33.8(1)
2.3(-2)
3.3(l)
4.41(-2)
4.2(-2)
3.2(-l)
3.12(0)
3.12(0)

I'SOTOPE

Ce-i141
Ce- 143
Pr-1 43
Ce- 144
Pr-1 44
Nd-1 47
Pm- 147
Pm-i 49
Eu-1 55
Eu-1 56
Ta-1 82
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cm-243
Cm-244

5-110)
2.3
2.3(0)
3.67(0)
3.67(0)
1 .09(0)
2.08(0)
6.1 (-2)
2.7(-I)
1 .02(-l)
2.26(-I)
4.7(-2)
I.2(-2)
1 .6(-2)
1 .41 (0)
0.00003 (-

0.000001 (-7)
0.007(-3)
0.013(-2)
0.0005(-4)
2.3(-9)
0.0002(-4)
0.0095(-3)
0.0001 (-5)
0.0028(-3)

INVENTORY (CURIES)

Tota I 281.6 (Curies)
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TABLE 12.1-39A

LALL DISTILLATE DEMINERALIZERS
IADI01SOTOPE INVENTORY

ISOTOPE INVENTORY (CURIES)

Na-22
Na-29
Rb-86
Sr-89
Sr-90
Y-g0
Y-91
Zr-95
Nb-95
Ru-103
Ru-i106
Sb-i 25
Sb-127
Te-127
Te-127m
Te-41 29m
Te,-129
Te- 132'
1-131
-I32:

Cs-134
Cs-t36
Cs- 137
Ba-1 40
La-140

4.26(-5)
5.31(-6)
1.7(-5)
1 .18(-6)
8.36 (-7)
8.36(-7)
3.42(-7)
6.44(-7)
6.44(-7)

8.58(-7)
6.93 (-7)
5.90(-6)
7,20('6)
2.40(-6)
2.40(-6)
7.21(-6)
7.21 (-6)
5.12(-6)
2.58(-4)
4.86(-5)
1 .30(-4)
I .29(-4)
1 .04(-7)
4.67(-7)
4.67(-7)

Ce-1 41
Pr-1 43
Ce-1 44
Pr- 144
Nd-1 47
Pm-1 47
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-242m
Am-,242
Am-243
Cm-242
Cm-243
Cm-244

INVENTORY (CURIES)

7.70(-7)
4.06(-7)
5.51 (-7)
5.51 (-7)
I .70(-7)
3.14(-7)
1 .96 (-7)
5.22(-8)
6.81 (-8)
5.65(-6)
1 .45(-10)
2.21 (-12)
1.0.1 (-8)
2.01 (-8)
7.94(-l0)
7.94(-10)
3.25(-10)
1.41 (-8)
1.95(-10)
4.08(-4)

1 .75(-3)Tota I

0
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TABLE 12.1-40

IALL DISTILLATE DEMINERALIZER
RESIN TRAPS RADIOISOTOPE INVENTORY

ISOTOPE INVENTORY (CURIES) ISOTOPE INVENTORY (CURIES)

Cr-51 4.37(-2) Ce-141 3.175(-1)
Mn-54 3.14(-I ) Ce-143 I1.42(-i1)

Fe-59 2.1(-3) Pr-143 1.42(-1)
Co-58 2.91(-1) Ce-144 2.27(-1)
Co-60 8.15(-2) Pr-144 2.27(-1)
Sr-89 4.87(-1) Nd-147 6.86(-2)
Sr-90 3.56(-1) PM-147 1.29 (-1)
Y-90 3.56(-1) Pm-149 3.8(-3)
Y-91 1.41 (-1) Eu-155 1.7(-2)
Zr-95 2.67(-1) Eu-156 6.3(-4)
Nb-95 2.67(-1) Ta-182 1.4(-2)
Mo-99 2.67(-1) Pu-238 2.9(-3)
Ru-103 3.53(-1) Pu-239 7.41(-4)
Ru-106 2.86(-1I) Pu-240 9.88(-4)
Rh-106 2.86(-1) Pu-241 8.7(-2)
Ag-111 9.3(-2) Pu-242 1.85(-6)
Te-127 9.74(-Il) Np-238 6.18(-8)
Te-1 27m 9.74 (--) Np-239 4.32(-4)
Te-1,29m 2.93(0) Am-241 8.03(-4)
Te-129 2.93(0) Am-242m 3.09(-5)
Te-132 2.09(0) Am-242 1.42(-IO)
1-131 I.4(-3) Am-243 1.24(-5)
1-132 2.09(0) Cm-242 5.87(-4)
Cs-134 2.72(-1) Cm-243 .6.18(-6)
Cs-136 2.6(-3) Cm-244 1.73(-4)
Cs-137 1.98(-2)
Ba-140 1.92(-l)
La-140 1.92(-1)

Total • 17.62 Curies

I
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TABLE 1.2.1-40A

LALL RESIN TRAPS.
RADPI 01SOTOPE INVENTORY

/

ISOTOPE

Na-22
Na-24
Rb-86
Sr-89
Sr-90
Y-,90
Y-9i.
Zr- 95
Nb'95

Ru-l03
Ru-l Q6
Rh-1 05
Sb-i 25
Sb-1 27
Te- 127
Te-tV2-m
T6-i.29m
Te-129
Te-132
1!- 131
1-132
Cs•-134
Cs- 1,36
Cs-i137
Ba-i 40
La-1 40

INVENTORY (CURIES)

2.56(-6)
3.19(-7)
3.54(-7)
7.08(.-8)
5.02(-8)

.5.02(-7)
2.05(-8)
3.86(-8)
3.86(-8)
5.15(-8),
4.16(.-8)
4. 16 (-8)
4.32(-7)
1 .02(-6).
1 .44(-7)
1.44.(-7)
4.33(-7)
4.33(-7)
3.07(-7)
1 .5 (-5)
2.91 (-6)
7.80(-6)
7.80(-6)
6.24(-5)
2.80(-8)
2.80(-8)

ISOTOPE

Ce-i 41
Pr- 143
Ce-1 44
Pr-1 44
Nd-1 47
Pm- 147
Eu-i 55
Eu-i 56
Ta- 182
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cm-243
Cm-244

TOTAL

INVENTORY (CUR I ES)

4.6,2(-8)
2.44(-8)
3.31 (-8)
3.31 (-8)
1 .02(-8)
1 .88(-8)

1.22(-6)
1 .18(-8)
3.13(-9)
3.71 (-9)
3.39(-7)
8.70(-12)
1 .33(-13)
6.06(-10)
1 .21 (-9)
4.76(-I 1)
4.76)-I1)
1 .95(-l I)'
8.70(-6)
8.46 (-10)
2.45(-10)

1 .05(-4)

(9

~42:.;i)
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f. TABLE 12.1-41 DELETED
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TABLE 12.1-43

CONCENTRATE WASTE COLLECTION TANK RADIOISOTOPE INVENTORY

Cr- 51

Mn-54
Fe-59
Co-58
Co-60
Sr-89
Sr-90

Y-90
Y-91

Zr-95
.Nb-95
Mo-99
Ru-i 03
Ru-i 06
Rh-1 06
Ag-i 11
Te- 127
Te- I27 m
Te-, 29m
Te-1 29
Te-132
1-131
1-132

Cs- 134
Cs-1 36
Cs-137
Ba-1 40
La-1 40

1LI

INVENTORY (CURIES)

7.16
51 .48
0.351

47.71
1.4.7
78.8
57.7
57.7
22.8
43.2
43.2

4.8
57.2
46.3
46.3

1.5
157.6
157.6
475.5
475.5

338.8
0.23

338.8
0.41
0.42
3.2

31.2
31.2

ISOTOPE

Ce-1 41
Ce-i143
Pr-1 43
Ce- 144
Pr- 144
Nd-1 47
Pm-i 47
Pm-1 49
Eu-1 55
Eu-1 56
Ta- 182
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-242m.
Am-242
Am-243
Crn-242
Cm-243
Cm-244

Tota I

INVENTORY (CURIES)

51 .4
23.0
23.0
36.7
36.7
11.1
20.8
0.61
2.7
1 .02
2.26
0.47
0.12
0.16

14.1
0.0003
0.00001
0.07
0.13
0.005
2.3(-8)
0.002.
0.079
0.001
0.028

2813.

D
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TABLE 12.1-44

{()
I SOLID RADIOACTIVE WASTE DECANTING

TANK RADIOISOTOPIC INVENTORY

1IOTOPE INVENTORY (CURIES)

Cr-51
Mn-54
Fe-59
Co-58
Co-60
Sr-89.
Sr-90-
Y-90
Y-91
Zr-95
Nb-95
Mo-99
Ru-103
Ru-1 06
Rh 106
Ag•-l 1
Te- 1 27
Te-127m
Te-129m
Te-129
Te-i 32
•1-:131 •
!-:132

Cs-134
Cs-136
Cs-137
Ba-1 40
La-1 40

0.716(-1)
5.148
3.51 (-2)
4.77
1 .47

7.88
5.77
5.77
2.28
4.32
4.324.8(-1!)

5.72
4.63
4.63
1 .5(-l)
15.76
15.76
47.5(1)
47.5(1)
33.8
2.3(--2)-
33.88
4.41 (-2)
4.2(-2)
3.2(-1)
3.12
3.12

Ce-1 41
Ce-1 43
Pr-1 43
Ce- 144
Pr-1 44
Nd-1 47
Pm- 147
Pm-1 49
Eu-1 55
Eu-1 56
Ta-i182
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-242m
Am-242
Am-243
C0n-242
Cm-243
Cm-244

INVENTORY (CJURIES)

5.14
2.3
2.3
3.67
3.67
1.11
2.08
6.1(-2)
2.7(-l)

1 .02(-2)
2.26(-l)
4.7 (-2)
1 .26(-2)
1 .6(-2)
1.41
3(-5)
1 (-6)
7(-3)
1 .3(-2)
5(-4)
2.3(-9)
2(-4)
9.5(-3)
1 (-4)
2.8(-3)

(C)

Tota I 281.6 Curies

©
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TABLE 12.1-45

SOLID RADIOACTIVE WASTE DECANT
FILTERS RADIQISOTOPIC INVENTORY

Cr-51
Mn-54
Fe-59
Co-58
Co-6 0
.Sr-89
Sr-90
Y-90
Y-9i
Zr-95
Nb-95
Mo-99
Ru-i 03
Ru-1 06
Rh-i 06
Agý- 11
Te-i127
Te-127m
Te-129m
Ter129
Te-132
I-131
'1-132

Cs-134
Cs-136
Cs-137
Ba-140
La-1 40

INVENTORY (CURIES)

.7 .16 (-3)
5. i 4 (-2)
3.51 (-4)
4.77.(-2)
1.47(-2)
7.88(-2)
5.77(-2)
5.77(-2)
2.28(-2)
4.32(-2)
4.32(-3)
4.8 (C-3)
5.72(-2)
4.63(-2)
4.63(-2)
1 .51 (-3)
1.56("l)
1.56(-l)
4.75(-l)
4.75(-l)
3.38(-I)
2.3(-4)
3.388(-i)
4.41 (-4)
4.2(-2)
3.2(-3)
3.12(-2)
3.12(-2)

I SOTOP

Ce-1 41
Ce- 143
Pr- 143
Ce- 144
Pr-i144
Nd-i147
Pm- 147
Pm- 149
Eu-1 55
Eu-1 56
Ta-i182
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cm-243
Cm-244

INVENTORY (CURIES)

5.14(-2)
2.3(-2)
2.3(-2)
3.67(-2)
3.67(-2)

1.1 1(-2)
2.08(-2)
6.1 (-4)
2.7(-3)
1.02(-3)
2.26 ( -3)
4.7(-4)
1.2(-4)
1.6(-4)
1.41 (-2)
3.5(-7)
1 (-8)
7. (-5)
1.3(-4)
5(-6)
2.3(-11
2(-6)
4.51 (-5)
1(-6)
2.8(-5)

Tota I 2.82 Curies

f
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TABLE 12.1-46

SOLID RADIOACTIVE WASTE RADWASTE
DRUM RADIOISOTOPE 'INVENTORY

ISfOTOPE

Cr-51
{ Mn-54

Fe-59
Co-58
Co-60
Sr-89
Sr-90

Y-90
Y-91

Zr-95
Nb-95
Mo-99
Ru- 03

"Ru-i.06

Rh-1.06
Ag-.ll
Te-i127
Te- 127m
Te-129m
Te- 129
Te-i132

1-131
1-132

Cs-134
Cs-i 36Cs- 1. 36

Cs-1 37.
Ba-1 40
La-140

INVENTORY,(CURIES)

5.51(-2)
3.97(-l)
2.7(-3)
3.68(-1)

6.06(-l)
4.44(-1)
4.44(-i)
1.75(-!)
3.32(-l)
3.32(-1)
3.69(-2)
4.40(-1)
3.56(-1)
3.56(-i)
1..15.(-2)
1 .2t(0)
"1.21(0)

3.66(0)
3.66(0)
2.61 (0)
1.77(-3)
2.61(0)
3.15(-3)
3.23(-3)
2.46(-2)
2.40(-1)
2.40(-1)

I SIQRE

Ce-i 41
Ce- 143
Pr-1i43
Ce-i144
Pr-1 44
Nd-i 47
Pm-i147
Pm-1 49
Eu-1 55
Eu-1 56
Ta- 182
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Np-238
Np-239
Am-241
Am-242m
Am-242
Am-243
Cm-242
Cm-243
Cm-244

INVENTORY (CURIES)

3.95(-l)
1,.77(-I)
1.77(-!)
2.82(-I)
2.82(-I)
8.54(-2)
1.60(-1)
4.69(-3)
2.08(-2)
7.85(-3)
1.72(-2)
3.62(-3)
9.23(-4)
1.23(-3)
1 .08(-I)
2.31 (-6)
7.69(-8)
5.38(-4)
1.00(-3)
3.85(-5)
1.77(-10)
1.54(-5)
7.31(-4)
7.69(-6)
2.15(-4)

0

Tota I 21.7 Curies

A'
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TABLE 12.1-47

SOLID RADIOACTIVE WASTE RADWASTE DRUM
(SPENT RESINS) RADIOISOTOPE INVENTORY

I SOTOPE INVENTORY (CURIES) ISOTOPE INVENTORY (CURIES)

D

Cr-51

Mn-54

Fe-59

Co-58

Co-60

Sr-89

Sr-90

Y-90

Y-91

Zr-95

Nb-95

Mo-99

Ru-1 03

Ru-i 06

Rh- 106

Ag-1 i1

Te-1 27

Te-1 27m

Te-129m

Te-1 29

Te-132

1-131

1-132

Cs-134

Cs-136

Cs-137

Ba-1 40

La-1 40

4.2(-2)

3.02(-I)

2.06(-3)

2.8(-I)

9.0(-2)

4.62(-l)

3.39(-1)

3.39(-I)

1.34(-l)

2.54(-l)

2.54(:-1)1

2.82(-2)

3.36(-l)

2.72(-i)

2.72(-1)

8.8(-3)

9.25(-I)

9.25(-I)

2.79(0)

2.79(0)

1 .98(0)

I .3(-3)

1.99(0)

2.6(-3)

2.5(-3)

11.88(-2)

I .83(-I)

1.83(-I)

Ce-i141

Ce- 143

Pr-1 43

Ce- 144

Pr-1 44

Nd-1 47

Pm- 147

Pm-1 49

Eu-i 55

Eu-1 56

Ta-1 82'

Pu-238

Pu-239

Pu-240

Pu-241

Pu-242

Np-238

Np-239

Am-241

Am-242m

Am-242

Am-243

Cm-242

Cm-243

Cm-244

3.02(-l)

1 .35(-I)

1.35(-I)

2.15(-1)

2.15(-1)

6.51 (-2)

1 .22(-I)

3.6(-3)

1 .58(-2)

6.0(-3)

1 .33(-2)

2.8(-3)

7.04(-4)

9.39(-4)

8.28(-2)

1.76(-6)

5.87(-8)

4.09(-4)

7.54(-4)

2.93(-5)

1 .35(-10)

1 .17(-5)

1 .43(-4)

5.86(-6)

1 .64(-4)

TOTAL 16.52

.9
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TABLE 12.1-49

i) DOSE RATES AT SELECTED PLANT LOCATION
DUE TO CRBRP DIRECT RADIATION

Peak Dose Rate
(mrem/hr)

1 x lO-5 to 1 x l0-4

Shutdown
Dose Rate
(mrem/hr)

I Site Boundary

Annual*
Dose

(rem)

-5
%l x 1:0

ruI x 1lO15

49 III

Control Room

Edge of Restricted
Buildings**
(Intermediate Build.ing)

2 x TO-6

0.2 1.3 x 10-5 1.4

491• IV Reactor Containment
Building

1. Adjacent to Reactor
Cavity Overflow Cell
Cool er

2. Adjacent to PHTS Cell
Gas Cooler

3. Above IHX or Operating
Floor

4. Adjacent to Cold Traps
and Overflow Tank Cell
in Stairwell

5. Adjacent to PHTS Cells
#2 and #3 in Stairwell

6. Above hot leg piping
on operating floor

7. Cold Traps-NaK Cell

8. Adjacent to Sample
System at El. 766'-0"

10.0

10.0

0.2

2.0

1.3 x 10-3

1.3 x lO-3

2.5 x lo-5

6.0 x 10-6

2.5 x 10-4

2.5 -x 10-5

1.3 x l0-3

1.3 x lO-3

70.0

70.0

1.4

14.0

14.0

1.4

70.0

70.0

2.0

0.2

10.0

10.049 1

Amend. 49
April 1979
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TABLE 12.1-49 (Continued)

-I

Peak Dose Rate
(mrem/hr)

491 V Rea.ctor Service Building

Shutdown
Dose. Rate
(mrem/hr)

Background

'Background

Annual*
Dose
(rem)

0.1 0++

14.0

1. .In the FHC Operating•iGallIery

2. Adjacent to the RAPS-Cell at Elevation
7:92 ft.

0.2

2.0

491•

44

*Annual-dose rates.are calculated based on 8760-hr per yearwith a plantýavailability factor of 0.8. Sample calculat ion for the location V.40-.8 (8760 hr/yr) x (2 mrem/hr) + 0.2.(8760 hr/yr) x (6 x 10-6 mrem/hr)= 140.16 mrem/yr • 14.0 rem/yr.**See discussion on page 12.1-2
++Adjusted for decay of expended fuel 0

Amend. 49
April 1979
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FIGURE 12.+-21 FUNCTIONAL BLOCK DIAGRAM OF AN AREA RADIAIION MONITOR



Appendix to Section 12.1

Analytical Techniques, Basic Nuclear Data, Design Verification and Testing
Used for Shielding Calculations

Calculations to determine the shielding thickness requirements for
the reactor enclosure system use computer codes employing detailed models
which mockup the significant three-dimensional aspects of the configuration.
The full power operating condition calculations uselmultigroup neutron and
gamma cross sections to represent theýparticle energy distribution of the
spatial neutron and gamma flux distributions. A combination of neutron and
gamma group structures ranging from 26 to 5-1. neutron groups and 13 to 25
gamma groups have been used in various stages of design analysis. The
neutron and gamma sources considered in the shielding calculations of the
reactor enclosure system are the neutrons associated with neutron fission,
spontaneous fission, and (a, n) reactions with the oxygen of the oxide fuel.

Gamma sources consider the principal neutron reactions of
neutron radioactive capture, neutron inelastic scatter, neutron induced
fission, and neutron activation. The calculation of the multigroup neutron
and gamma flux distributions employ one- and two-dimensional discrete
ordinates transport theory and diffusion theory (ANISN or ANISN-W,- DOTIIIW
or DOTIII) computer codes. The neutron and gamma source distributions
derived from the neutron flux distributions and reaction cross sectionsp or neutron or gamma surface leakages are employed in point kernel (SCAP-W,

4914 SCAP-BR) computer codes which mockup the three-dimensional aspects of
radiation streaming geometries associated with penetrations and gaps.

Radiation analysis and shield design for the closure head
4• I penetrations are calculated using the point kernel (SCAP-W, SCAP-BR)

441.and discrete ordinates transport (DOTIIIW, DOTIII) computer codes. The
source terms for design of penetrations and required shielding are
discussed in Section 12.1.3.

A flow chart illustrating the general use of computer codes and
basic nuclear data in the CRBR shielding design is shown in Figure 12.1-Al
and the following discussion provides a description of codes and data.

Basic Nuclear Data

The basic nuclear data used in the shielding design has evolved
from basic libraries defined for use in fast reactors to the use of evaluated
nuclear data files, ENDF/B. Neutron cross section libraries employed in
preliminary CRBR studies used theABBN (see Reference 1) 26-group library.
Current design analyses use ENDF/B-II (Modified and ENDF/,-III data lib-
raries). The ORNL supporting calculations have employed ENDF/B-III data
libraries. Neutron cross section processing techniques to prepare multi-
ýgroup cross sections are the. XSRES-IDX technique as described in Section

441 4.3.3. :Gamma cross section data libraries are prepared from ENDF/B-III..-
data files or from the compilation of Reference 3.

12.lA-l Amend. 49

Apr. 1979



-, ,,,. . , .-... •

Computer. Code.Descriptions .

Computer codes used in CRBRP shielding analysis are present state-of-
the-art codes developed or adapted to the-LMFBR-shielding design application.
The codes used are:

44! ANIsN-W

APPROPOS
DOTIIIW

GAMLEGW'

LSD,2.

ORIGEN.
QAD
RIBD.
SCAP
SCAP-BR
S.-4M

TRJIPLE.T
XSRES-WIDX

44,.

Abstracts of the-codes. are provided: in:Appendix A of this- PSAR.

Desijgn .Veri figcation andATesting.

Verification of :shield system performance, shielding design method-
ology and basic nuclear data is being carried:out to support the CRBR shield-
ing design'. A series of experimental configurations simulating portions of
LMFBR shield-systems have been designed and experiments conducted. The
principal experimental program has been conducted at Oak Ridge National
Laboratory. A limited number of experiments related to shielding have been
conducted in the Argonne National Laboratory experimental prograrksupporting

441 the CRBRP nuclear design._,This later program which provides data useful in

eval-uating neutron flux and gamma flux distributions in LMFBR's is described
in. Section, 4.3.

In general, there are.three types of experiments conducted to support
shieldi:ng design. These are (1) experiments to measure the basic neutron and
gamma :attenuation characteristics of candidate. materials for•use, in LMFBR
shields, (2) experiments to parametrically define shield configuration and
dimensional effects on shielding performance, and (3) prototypic.or simulation
experfiments of.portions. of,-LMFBR shield .systems.. In addition to the above
three types of experiments,:measurements :of neutron cross section data in the
candidate LMFBR shield materials are conducted. The LMFBR shielding experi-
mental program has progressed from the experiments defined to support the FFTF

4,41 desiqn to experiments to support CRBRP- design. The scope of exuerimental
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programs conducted on FFTF:shielding have.provided a sound base of experi-
mental data for method and nuclear data verification. The FFTF experiments

- were.conducted in 1969 through 1973, LMFBR shielding experiments were
initiated 'in .1973 with emphasis on CRBR shielding beginning in 1974.

.:The ORNL shielding experimental program is conducted at the ORNL.
Tower Shielding Facility. Experimental configurations employ a collimated
beam of neutrons from the TSFR reactor configuration-as an approximate planar
source of neutrons incident on slab simulations of LMFBR shield systems.
Simulations of~experiments utilize either the bare beam or simulations of
calculated neutron energy spectrum incident on the specific portion of, the
LMFBR shield system, e.g., at the reactor core/blanket interface. The
design of spectrum modifiers to simulate incident spectrum have been utilized
extensively in the TSF programs.

Experiments related to CRBR shield,design which were conducted in
the FFTF program on the TSF were: (1) mockup experiments of the lower shield
region-of the fuel assemblies which included representation of the streaming
paths between assemblies and through shield orifice holes, (2) mockup experi-
ments of the reactor vessel closure assembly penetration gaps which included
parametric investigation of offsets and gap widths for annular gaps and slits
in iron, (3) deep penetration neutron attenuation experiments in sodium,
carbon steel and stainless steel, (4) mockup experiments to define neutron
streaming in. the primary inlet and outlet piping penetrations of the reactor
cavity wall, the isolation valve cell and the. shield walls adjacent to the
heat transport system (HTS) cells, and (5) mockup experiments of the reactor

.. closure head.and head compartment shield system to define neutron and.gamma
shield effectiveness. These experiments employed spectrum modifiers to
obtain prototypic neutron spectra incident on shield systems. The CRBR
shielding program has expanded from this original FFTF program to incl.ude a
number of experiments simulating the material and laminar configurations of
candidate LMFBR radial, upper axial and lower axial shields. Plannedexperi-
ments will simulate principal shielding design problems and provide tests of
calculation methods in prototypic shield configurations. The scope of the
completed and-planned experimental program to support CRBR shielding design
is shown in Table 12.l.Al.

In addition to the extensive experimental program conducted at ORNL,.
an extensive program of experiment analysis is being conducted by ORNL and the
reactor manufacturers. These programs are employed to test the methodology,
basic nuclear data, and method application to design solutions of LMFBR
shields. The experimental analysis program purpose is many-fold in that.it
has (1) provided guidance in experiment planning to insure adequate data to
test methods and basic nuclear data, (2) provided guidance in planning
shielding design method development required to perform the shielding design
of LMFBR's, (3) provided the reactor manufacturers the vehicle to utilize and
test the methodology prior to, or in parallel to, the design analysis, and
(4) provided correlation of the design analysis of portions of the CRBR
shield system to experiment and provided realistic estimates of the

I
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uncertainties and experimental-to-calculated bias associated with the shieldperformance. The latter. purposeprovides.for a sound basis .of shield.design
in that.the detai;led.design support calculations .performed by ithe ,reactormanufacturers" and the independent support calculations performed :by,.-.RNL .utililze the techn*ques and methods demonstrated in the experiment analysiseffort.

.. Results from the LMFBR experi.mental and experiment analys-is ;programshave demonstrated. the* veracityof.the, analytical . techniques andshield designmethods. Detailed results and comparisons.of these structures are documented
in References .3 through 13.

©
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TABLE 12.1-Al

EXPERIMENTAL PROGRAM RELATED TO CRBRP SHIELDING

Enerimen.t Thnnnsor* Obiective
Experiment ýSnonsor* Obiective

Radial Blanket and
Shield Simulation,

Near Core Gamma

LMFBR

CRBR

CRBR

CRBR

CRBR

.=1j

!,

Upper Axial Shield

Reactor Vessel
Support Area

Concrete Rebar

Provide experimental verification of neutron flux attenuation
through radial blanket and radial shield simulation*

Provide experimental verification of gamma heating rate
distributions in (1) stainless steel and.Inconel, radial shield
configurations and (2) at core-blanket and blanket-shield
interfaces

Provide experimental verification of neutron attenuation methods
based on the CRBR reactor closure head simulationwith sodium
pool simulation.

Provide experimental verification of methods used, to analyze
reactor vessel support area neutron streaming

Provide experimental verification of neutron.flux attenuation and
secondary gamma production of reinforced concrete

Provide experimental verification of ex-vessel LLFM neutron flux
and count rate

Provide experimental verification of neutron streaming:in sodium
pipe chaseway

Provide experimental determination of streaming effects due to
composition heterogeneities (Upper Axial and.RadialShields)

&~*

p.

5'
'5)~>,

[-5.5 .5

(.5.

L2 ~?

LLFM

Sodium Pipe Chaseway

Effect of Shield
Heterogeneities--
Upper Axial and
Radial Shields

FFTF,
CRBR

LMFBR



TABLE 12. 1-Al (Continued)

Q C. W-* Obi~ctive .Lxper ImiIII I ~ Ijiti"~J V 
-btctv

Duct Streaming--Lower
Axial Shield

Annular Gap and
Slit Streaming

Core Assembly
Shield Streaming

Sodium Penetration

Inconel Penetration

Gamma Ray Experiment

LMFBR

FFTF

FFTF"

FFTF

FFTF

FFTF

Provide experimental determination of streaming effects due to
.composition heterogeneities (Lower Axial Shield:)

Measure neutron. streaming through iron shields with annular
gaps or sli~ts'simuflating closure head shielding-

Provide experimental verification of. streaming through coolant
holes of core assembly shields.

Measure shielding effectiveness of sodium pool attenuation
.through Up to 15 feet of sodium.

Measure neutron shielding effectiveness of Inconel.shielding
material

-I

?z~'

~ '~v\

-'5

55.5

[7:
(.5

K I3~

Provide experimental verification
through up to 34 inches of carbon
verification of transmitted gamma

of neutron transmission
steel and provide
spectra and dose.

*Sponsor of experiment involved in providing guidance .to AE.C-RRD for the specific project:.
LMFBR experiments are through efforts of reactor manufacturers,.
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12.*.!2 VENTILATION

7- 12.2.1 Design Objectives

491 The design objectives of the Heating, Ventilating andlAir Conditioning
(HVAC) System for normal operation, including'anticipated operational

491 occurrences, as they relate to radiation protection, are to:

a) Limit the in-plant buildup of airborne radioactivity during
normal plant operations so that the exposure to an individual
from radioactive materials in the air will not exceed the design.
radiation dose rate for a specific habitable zone; Plant

*Ventilation will comply with the requirements of 1OCFR20
Appendix B.Table I.ý Management policy regarding ALARA 'for this
qy~tem is identical to that set forth in Section 12.1.1.2. 14

b) Limit the migration of airborne radioactivity from areas of high
radiation potential to areas of low radiation potential.

c). Assure habitability of the main.control room during any
postulated abnormal condition to enable control or shutdown of

49 the plant,-in compliance with CRBRP General Design Criterion 17.

d) Provide for the capability to isolate the Reactor Containment.p .Building atmosphere after an accidental release of radioactivity.

The potential sources of radioactivity that the Ventilation System
must consider in the design-are the following:

a. The head access area (HAA), into which the cover gas and buffer
seal gas leak.

b. The operating floor level of the Reactor Containment Building
(RCB), into which the head access area air is vented.

c. The cells which house the intermediate sodium piping, into which
tritium diffuses from the piping.

12.2.2 Design Description

491 Sections 9.6.6 describe the ventilation sy•tems for all
areas of the plant. The subsystems of the ventilation systems that provide
control of airborne radioactivity are the RCB, RSB, Control Room, IHTS piping

4 9 1 cell and the HAA, air cooling systems. The following discussion
provides a system description that satisfies the Design Basis..

Provisions have been made in the design of the ventilation systems
to prevent the flow of airborne radioactivity from one building to another
and to maintain airborne radioactive contamination concentrations in areas

491 occupied by personnel as low as reasonably achievable. 5
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The potential sources for airborne radioactive contamination are
located in the Reactor Containment, Reactor Service and in the Steam Gene-
rator-Buildings. All buildings are.separated by heavy structural, shielding
andfire separation walls. The penetrations through-these walls are herme-
tica.lly sealed. The Reactor Containment, Reactor Service and Steam Gene-
rator Buildings are served by totally independent HVAC systems,. The rela-
tive pressure differential between certain portions of the above-or other
buildings are small (max. - inch.H 20) and cannot cause flow or airborne
radioactivity from one building to the otherý, due to the above described
separation.

[91 The outside air make-up rate -for the plant HVAC systems is basedon

the frequency of occupation of.the various areas. The occupation .frequency
[81 was determined in a conservative manner.. On the.basis .of the outside air

make-up rate, the plant HVAC system is capable of diluting the airborne
contamination concentration in all occupied areas well below the permissible
limits.

Additionally, the HVAC system air distribution is designed in such
a manner, that all occupied areas, where the probability.of airborne radio-
activity.exists, are:maintained under a slight negative pressure with respect
to the surrounding areas, resulting in the flow of air from the clean to
the contami~nated areas. The above principle is carried out.for adjacent•areas'%.having airborne radioactive, concentration probability. such that the
degree of negative .pressure is in proportion with the probabi.lity of the
contamination, resulting in the.flow. of air from.theareas having lower
contamination to areas having highercontamination.

The ventilation systems that limit the airborne radioactivity to
levels below those specified in IOCFR20 are the RCB and IHTS piping cell
ventilation systems. The source of airborne radioactivity to the RCB is

Amend. 49
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reactor c ver gas and buffer seal gas leakage into the head access area (HAA)
N!i with subsquent leakage into the RCB atmosphere. The ventilation system

draws. air from the containment operating floor through the HAA and exhausts back to
18 the RCB-atmosphere. The required minimum flow rate of this stream is calcu-

lated .based upon the radioactivity leak rate given in Table 12.2-1.

.The throughput air flow for the RCB, HAA and IHTS ventilation systems
provides dilution of airborne radioactivity to levels below MPC occupational
levels tomaintain the total radiation dose rate from airborne activity and
activity from other sources below the alloWable dose rate for the specific
habitable-zone. The required throughput air flow to limit the concentration
of activity in the HAA to one-tenth MPC occupational values is 12000 cfm.
The radionuclide concentrations in the HAA.for operation.with 1% failed.fuel
is presented in Table 12.2-2.

18
The tritium leakage 3 into the IHTS piping cells is presented in

Table 12.2-1. The 1.7 x 10 Ci/day leakage requires a dilution to 5 x lO-7.
MCi/cc to meet the one-tenth MPC occupational concentration. With a 1000 cfm
ventilation rate the tritium concentration in the IHTS piping cells will be
0.0083 MPC occupational limits.

The systems that limit the cross-contamination of airborne radio--ý
acti.vity are the Heating and Ventilation Systems for the RCB and the Inert.

) Gas Receiving and Processing Systems. The basic designprinciple is the use
of slightly negative or slightly positive compartment pressures to prevent
exfiltration or infiltration of airborne contaminants.

The main control room outside air supply can be filtered by 100%
redundant filters and is designed to operate..during loss of off-site power,
to assure habitability in any abnormal situation to enable control or shutdown

491 of.the plant, in compliance with CRBRP General Design Criterion 17. This
air supply maintains the control room at a positive pressure, relative to
the outside atmosphere. It is provided with two widely separated and
selectable intakes.

The inert atmosphere cells that contain primary sodium br radioactive.
material can be operated at a slightly negative pressure (nominal 2.5 in.
water gauge) with respect to the adjacent work areas.

The RCB air. supply and exhaust ducts are provided with automatically
operated isolation valves. In the event of effluent airborne activity levels
exceeding preset limits, the building is isolated. Provisions are included
for the installation of a portable filter unit as required.

_) Amend. 49
12.2-2 April 1979



Sections 9.6.1 through 9.6.5 describe the ventilation systems for each
building and the main control rouom. The conceptual design for the RCB provides
14,000 cfm of-outside air. This is adequate to meet the design objectives for
radiation protection. The conceptualdesigr flow rate to each of the

18 IHTS piping cells is 1000 cfm, which is sufficient to meet the design
objective for radiation protectlion and to satisfy personnel accessrequirements. Other plant areas will be designed in accordance with

conventional heating and ventilation requirements. Analysis of design
• requirements for other areas involving potential radioactive• release
will be undertaken and results incorporated, as necessary, in the
heating and ventilation requirements for these areas.

12.2.3 Source Terms

The sourses of radioactivity originate from the reactor cover
gas leakage and H• diffusion. The estimated radioactive leakages
rates into normally accessible cells are presented in Table 12.2-1.
The. basis of the table is provided in Section 11.3..

12.2.4 Airborne Radioactivity Monitoring

12.2.4.1, Design Criteria

Fixed and mobile continuous air monitors (CAM) will be em-
ployed in conjunction with portable air sampling equipment to

491 satisfy the requirements of CRBRP General Design Criteria 17 and 56
and the relevant sections of 1OCFR20; and to verify that radioactive
atmospheric contamination within the CRBRP remains normally "as low

491 as reasonably achievable,.

The above radioactivity monitoring which is provided for the.

CRBRP reflects a design philosophy which identifies the following
levels of radiation protection (exclusive of the portable personnel
monitoring provisions described in Section 12.3).

1. Continuous monitoring (fixed) performed on
the ventilation which serves the Reactor Containment
Building (RCB) and. Reactor Service .Building (RSB) oper-

18 ating areas. Continuous monitoring is also performed to

.verify Control Room habitability.

2. Continuous monitoring (mobile) is performed in frequently
occupied Nuclear Island operating areas adjacent to potential
radioactivity sources. Frequently occupied areas include

491 radiation zone I and Ii (Figures 12.1-1 through 12.l-19,ý)
cells which house numerous process system control panels.
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3. Low-volume (integrating) air sampling Is performed in infrequently
occupied operating areas within the Nuclear Island. Infrequently i'!)
occupied areas Include radiation zone II and III cellswhere routine
tasks are performed on a limited access basis.

4. High-volume grab sampling is performed (with accompanying Counting
Room analysis) prior to personnel entry into Zone IV radiation zones;
and whenever a gross determination of short-lived airborne.
radioactivity in lower radiation zoned areas is desired.

Fixed CAM's are provided as effluent and process monitors (described In
Section 11.4) at locations which could concelveably be subject to Increases In
radioactivity levels during various plant evolutions. The process monitors
are used to monitor the ventilation exhaust from a particular cell or group of
cells. Upon detection of radioactivity above desired levels the radiation
monitor will produce an alarm at the process system local panel (In addition
to the Control Room) and some monitors will Initiate a signal to automatically
isolate the affected area. The effluent monitors perform surveillance
functlons and provide (in the Control Room) Indication of an abnormal
occurrence warranting investigation by Health Physics personnel. Since the
effluent monitors don't perform initiation of isolation the ranges have been
selected to provide monitoring during normal and accident conditions. These
monitors are included In Table 11.4-1. Fixed CAMs, except those downstream of
HEPA filters will withdraw the samples isokinectically in accordance with ANSI
N13.1. In addition, the monitors will be located as close as practical to the
.sample point, and sample line bends are minimized to avoid plate out.

Fixed CAM's are also provided to ensure adequate protection against
contamination of the Control Room atmosphere due to airborne radioactivity
following an accident condition. This monitoring arrangement is described In
Section 11.4. Fixed radiogas monitors (PPS) are also used to initiate Reactor
Containment Isolatlon as discussed in Section 7.3.1.

Mobile CAM's will be provided in select locations throughout the CRBRP to
perform the following functiOns:

1. Continuously monitor the atmosphere at any specific location where
maintenance Is performed.

2. Continuously monitor the atmosphere at any specific location where a
process system failure is suspected of causing airborne radioactivity
leakage.

3. Continuously-monitor individual inerted cell purging activities as
required by the Heating, Ventilating and Air Conditioning System.

4. Continuously monitor the R(B atmosphere following containment
Isolation, after connection to the post-accident containment sampling
penetrations discussed In Section 11.4.2.2.1.

5. Provide backup support to Inoperative stationary airborne radioactive0
monitors.

12.2-3a Amend. 72
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The mobile CAM's will provide local audible and visual alarm indication of
airborne radioactivity level.s which exceed the monitor setpoInt(s). Locations
and design parameters of the Various mobile airborne activity monitors are
given In Table 12.2-3.

High and low volume portable air samplers will be employed to obtain,
representative samples of breathing air at Infrequently occupied operating
.areas of the CRBRP. Samples obtained will be analyzed in the Counting Room.
for gross activity ahd radloisotopic Identification, as required. The
portable air samplers willl be supplied as health physics equipment, and their
frequency of use willl be governed by the operational procedures of the CRBRP
Health Physics Program.

12.2.4.2 Monitoring:System Description

12.2.4.2.1 Continuous Air Monitors

Continuous air monitors (CAM) are used-yitio provide detection of radiogas,
particulate, radloiodine and alpha (Pu) activity as Indicated in Table 12.2-3.
A combination of single and multichannel instruments are used to perform the
req u Ired mon itorl ng f unct Ions.: The fol lowing, is a descripti~on of each type of
Monitor provided:

Gaseous Radioactivity- Monitors

Each. radiogas CAM continuously draws gas/air, sampl es through a,@prticduate
filter into a shielded 4-Pi sample chamber where the gas Is viewed by ja
beta detector, and then returns the gas/air back to the original source.
A regulated vacuum pump is used to maintain desired flow rate through ,the
monitor. Samples withdrawn from process or effl uent 1f4ow will. be obtained
isokinetlcally from the source stream. Each monitor consists of a
radiogas detector, vacuum pump, microprocessor and accessories, local
indcator ,and alarms. The detector will have a minimum sensitivity, of 3 x
10- ALCI/cc for. Kr.-85, at the 95% confidence level. Each monitor cabinet
will i nclude local, loss-of-signal, high and high-high radiation indicator
lights, gas/air sample flowmeter and count-rate meter.. Taps wil I be
provided to allow samples to be withdrawn for analysis In the Counting
Room. For stationary monitors, the ,detection signal. is continuously
prov ided for d-isplay on redundant Radiation Moni1tor•i!ng,. System CRTs located
in the Control Room and the Health Physics Area of the Plant Service
Bu3ilding, via their respective Central Processing Units and Mini-Computers
(System Control]lers). AO!I control signals from monitors whi!ch are
transmitted to I nterf acI ngsystems wv. I,1 or ign hate f rom Remote Process
Stations which are part of the local monitor cabinet. The alarm signals
are permanently recorded by the redundant Radiation Monitoring System Line
Printers located in the Control Room and Health Physics Area..

12.2-4 Amend. 72
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Iodine and Gaseous Radioactivity Monitors

Radiolodine and radiogas CAM's provide two distinct detection channels within.
a single monitor housing. A regulated vacuum pump continuously draws a 0
gas/air sample at a measured flow rate into the monitor assembly.

The sampled gas/air flows through a fixed iodine filter, where a gamma
detector observes radiolodine activlný 1 hrough a discriminator window. The
minimum radiolodine sinsitivity Is 10 ALCi/cc for 1-131 at the 95%
conf idence l evel.

From the iodine filter the air sample passes Into a 4-Pi shielded chamber
wheE ea beta detector observes gaseous activity with a minimum sensitivity of
10 ACi/cc for.Kr-85 at the 95% confidence level. The gas/air sample is
then exhausted to the original source.

Each monitor contains the detectors, vacuum pump, microprocessor and
accessories, and indicators. Display provisions at each monitor cabinet
Include (common for each detection channel) loss-of-signal, high and high-high
radiation Indicator lights, and (separate for each detection channel) count-
rate-meters.- A sample flow rate gauge Is also provided.

The detection signal is Continuously provided for display on redundant
Radiation Monitoring system CRTs located in the Control Room and the Health
Physics Area of the Plant Service Building, via their respective Central
Processing Units and Mini-Computers (system Controllers)..,. AlI Control signal s
from monitors-which are transmitted to interfacing sy-stems wil l originate from
Rmlote' Process StatIdns which are part of the local monitor cabinet. The
alarm signals are permanently recorded by the redundant Radiation Monitoring
System. Line Printers located in the Control Room and Health Physics Area.:*

Partfcul`ate.: lodine and Gaseous Raddioactlvity Monitors

Particulate, radiollodine and radiogas CAM's provide th ree distinct detection
cha'nnels wlthin a single monitor housing. A-regulated vacuum pump
continuously draws :a gas/air sample at a measured flow rate into the monitor
assembly. If process or effluent flow is being mon'itored, the sample is
obtained isokinetically from the source stream. Particulates are collected on! a fillter paper having an efficlency'of'99.0% for 0.3 microný particle sizes
and vlewed by a beta detector of mrnimum sensitivity of 10 - A4ci/cc for
Cs-137 at.. he 95% confidence level', during an integrating time •determined :by
sample flow-'rate.: From the particulate filter, the :sampl ed gas/alr flows.

Ithiough 1a fixed iodine f I.Iter, where a gamma detector observes raddiol odine
activity tyl 5ough a discriminator window. The minimum radiolodine sensitivity
Is 4 x 107 ,Cl/cc for 1-131 at the 95% cohfIdence level.
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From the Iodine filter the air sample passes into a 4-Pi shielded chamber.
where a be~a detector observes gaseous activity with a minimum sensitivity
of 3 x 10. UCi/cc for Kr-85 at the 95% confidence level. The gas/air
sample Is then exhausted to the original source.

Each monltor contains, the detectors, vacuum pump, microprocessor and
accessories, and indicators. Display provisions at each monitor cabinet
ihclude (common for each detection channel) loss-of-signal, high and high-
high radlation inodicator lights, and (separate for each detection channel)
count-rate indicators. Mobile monitors are provided with a multipoint
strip-chart recorder and audible and visual alarms for high and high-high
radiation conditions.

For stationary monitors, the detection signal. is continuously provided for
display on redundant Radiation Monitoring System CRTs located in the
Control Room and the Health Physics Area of the Plant Service Building,
via their respective Central Processing Units and Mini-Computers (System
Controllers). All control signals from monitors which are transmitted to
interfacing systems will originate from Remote Process Stations which are
part of the local monitor cabinet. The indicating analog meter In the
Remote Process Station will indicate counts per minute on a five decade
I ogariithmic scale. The alarm signals are permanently recorded by the
redundant Radiation Monitoring System Line Printers located in the Control
Room and Health Physics Area.

Gaseous In-Line Monitors

Gaseous In-line monitors provided to monitor radioactivity in some process
systems inciuding HVAC. The.Monitor consists of a shielded section of
pipe which Is mounted by end flanges in the process Iline. A penetration
through, the pipe wall allows a beta scintillation detector to be placed in
theprocess , system flow. The detector will have a minimum sensitivity of
10. 'u.Ci/cc for Kr-85, at the 95% confidence level. Each monitor will
have a local microprocessor with local indicator and alarms.

The detection signal is continuously provided for display on redundant
Radiation Monitoring System CRTs located in the Control Room and the
Health Physics Area of the Plant Service Building, via their respective
Central Processing Units and Mini-Computers (System Controllers). All
control signals from monitors which are transmitted to interfacing systems
will ' originate from Remote Process Stations which are part of the local.
monitor cabinet. The alarm signals are permanently recorded by the
redundant Radiation Monitoring System Line Printers located in the Control
Room and Health Physics Area.

Alpha Radioactivity Monitors

Eacli alpha CAM (mobile unfts) provided will have the capability to
differentiate plutonium alpha readings from the natural radon thoron alpha
background throughl delayed detection techniques. Each alpha CAM
cont Inuously draws air samples into a shielded chamber where particulates
greater than 0.3 microns are deposited on a filter with an efficiency of
99.0% and viewed by OCdetector(s). A regulated vacuum pump will be used
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to maintain desired flow rate through the monitor arrangement, and return
the air sample back to the original source. Each monitor contains the (7,t
alpha detector(s), vacuum pump, microprocessor and accessories and
indicators. The detector(s) will have a minimum sensitivity of I0-12

AtCI/cc for Pu-239 at the 95% confidence level for a collection time of 8
hours. Display provisions at each monitor cabinet include loss-of-signal,
loss-of-sample flow, high and high-high radiation Indicator lights, sample
flow,-meter, count-rate meter, strip-chart recorder and audible alarms for
high and high-high radiation conditions. These monitors shall have the
capability to transmit data to the radiation monitoring consoles In the
control room and health physics area when linked to the communication loop
at the option of plant operators.

Figures 12.2-1 and 12.2-2 show typical block diagrams of the containment
exhaust (PPS) and typical fixed (non-PPS) continuous air radiation monitoring
channels. The:PPS radiogas mo6itors used for Containment Isolation differ
from the radlogas CAM described previously In the following manner:

1. Each Class IE Monitor is Individually wired to a dedicated Display and
Control Unit (DCU) In the Control Room.

2. An analog output is provided by each monitor to the Plant Protection.
:Sy;stem (Containment Isolation System) Comparators, Logic and Safety

Ci rcu its.

3. The buffered output of each monitor is available for display on the
Radiation Monitoring System CRTs and logging on Line Printers.

All CAM components will be modular, commercially available units designed for
rapid replacement upon failure. Electric components wilAl be exclusively
solid-state, as available, and power will be supplied from the Instrument AC
busses (120V, 60Hz), with the exception of Class 1E monitors. These latter
CAM's will receive Class 1E power (120 Vac, 60Hz) from redundant vital
instrument AC busses. Certain design parameters, as well as locations of the
various airborne activity- monitors are given in Table 12.2-3.

12.2.4.2.2 Portable Air Samplers

Portable air samplers will be used to obtain representative samples of both
long and short-lived airborne radioactive contaminants in operating areas of
the .plant. Their use and placement will be under the direction of the CRBRP
site Health Physicist.

Low Volume Samplers

Each sampling station consists of a regulated air pump and filter
arrangement to deposit particulates greater than 0.3 microns In -size,
and/or radiolodine, as required. The sample flow rate is set locally and
recorded to enable an accurate determination of activity. The filters
w.ll1 be collected after a suitable Integrating time interval, and brought
to the Counting Room for analysis. The only local output from the sampler
unit Is the pump'flow signal.' The complete pump and filter(s) arrangement
are standard, commercially available units designed for ease of
maintenance an'd interchangeability of components.
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High Volume Samplers

High volume samplers will employ high speed air blowers to enable grab
samples to be obtained in the 20-35 cfm range. Particulate and/or
charcoal filters will be used jfor sampIle collection, and analysis In the
Counting Room will be performed. This type of sampler witl. be used to
determine the airborne radioactivity contribution due to shorter lived
isotopes.

12.2.4.3 Maintenance and Calibration.,

On completion of the monitoring system installation, each CAM will be checked
for proper operation and calibrated against a radiatlon check source(s)..
traceable back to the National Bureau of Standards or from an equal ly,.
acceptable source. This inltlal calibration, and subsequent calibration at
six month intervals will verify the electronic operation of both local and
Control Room ratemeters and also all annunciation points (loss-of-signal, high
radiation, etc.). In addition, each monitor Is supplied with a built-in check
source to provide rapid functional tests at periodic intervals.

12.2.5 Inhalation Doses

Inhalation doses to plant personnel will be limited and controlled consi~stent
with 1OCFR20 requirements via the heating and ventilation system design.
Resulting. doses will be kept as low as practicable during operation and,:..
maintenance and exposures will be compatible with existing regulations
( 10CFR20).

The expected annual inhalation doses to plant personnel in normally accessible
cells can be determined from the leakage rates given in Table 12.2-1 and the
design flow rates for ventilation air In the Heat Access Area and Intermediate
Sodium Piping cel Is.

The concentration in these cells, for the expected leakage rates, Is estimated
by assuming that there is a uniform concentration in the cell atmosphere and
the ventilation air stream. Thus, an equilibrium concentration will exist
when the curie content discharged per day is equal to the leakage into the
cell. The expected concentrations In the accessible cells are given in Table
12.2-4. The doses from the expected concentration can be estimated by
assuming the ratio of the concentration to MPC occupational limits for each
isotope present and multiplying this by 5 rem, the annual dose which would
result from exposure to the MPC for 40 hours per week for 50 weeks of the
year.
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As shown in Table 12.2-4, the combined expected activity level for the.
isotopes present Is about 0.01 MPC (occupational) inthe Head Access Area.
Thus, the ,corresponding annual dose would be about 5mrem/year.,

The rel eas6 to the Intermediate Sodium PIping cells Is tritium and the
esul: ing4equI ibr.ium concentration :Is 00008"MPC. The resulting expected

I yearly ýdose' would be about 4mremiyear..

.Both of the above annual dose estimates are conservative since each' assumes
occupancy in the cells by an Individual of 40 hours per week for 50 weeks of
the year. The expected occupancy is consýlderably less.

The•control 'room w4 I 1be designed to assure continue d •o•cupancy during
post u l a6ted accidenf conditions. The expected r"ad i6actV ivty. in the Control I
room dur'fin dnormfal plant operations I's back6glround level. Add I t ha I"na
di scussio6n :Is, prov'ided in Sectlon A12. 1'.55.

(7
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TABLE 12.2-1

LEAKAGE RATES INTO NORMALLY ACCESSIBLE AREAS

..Leakage Into the Leakage Into the
Head Access Area Intermediate Sodium

_ _ _ _Piping Cells

.. Design* Expected+ Design* Expected
Isotope .(Ci/day). (Ci/day) (Ci/day) (Ci/day)

Xe1 31m 4 ."9E-6 4.9E-7 0 .0

Xe1 3 3m 1.6E-4 1.6E-5 0 0

Xe1 3 3  2.8E-3 2.8E-4 0 0

Xe135m 7.OE-4 7.OE-5 0 0

Xe1 35  1.2E-2 1.2E-3 0 0

Xe1 38  1.1E-3 1.1E-4 0 0

Kr8 3 m 4.1E-4. 4.1E-5 0 0

Kr8 5m 9.6E-4 9.6E-5 0 0

Kr8  9.2E-8 9.2E-9 0 0

Kr8 7  1.1E-3 1.1E-4 0 0

Kr8 8  1.9E-3 1.9E-4 0 0

Ar 3 9  7.9E-3 7.9E-3 0 0

Ar4 1  2.2E-4 2.2E-4. 0 0

Ne2 3  ** ** 0 0

H3  1'.5E-7 1.5E-7 1.7 E-3 1.7 E-3
.Total 2.9E-2 I.OE-2 0.0017 0.0017

49

55 1491

*Design Base releases based on operation with
+Releases based on operation with 0.1% failed

**E-45

1% failed fuel
fuel (Expected Case)

Amend. 55
June 1980
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TABLE 12.2-2

RADIONUCLIDE CONCENTRATIONS IN HEAD ACCESS AREA -DESIGN VALUES

1. DESIGNt
MPC*,- Concentration Concentration

Isotope (jPCi/cc) . (vCi/cc) MPC

Xe1 31m

Xe1 33m
Xe1 3 3

Xe1 35m

Xe1
3 5

Xe1
3 8 -

Kr8
3 m

Kr85m
Kr8 5

Kr8
7

Kr
8 8

Ar
3 9

Ar
4 1

Ne2
3 **

H
3

2E-5

1 E-5

1E-5

1 E-6

4E.-6

IE-6

IE-6

6E-6

1 E-5

IE-6

IE-6

5E-6

2E-6

IE-6

5E-6

8.4E-12

2.6E-10

41.8E-9

1.OE-10

1.6E-8

1.5E-10,

2.8E-10

1.OE-9

1.6E-13

5.8E-10

1.6E-9

1.4E-8

1.5E-10

4.2E-7

2.6E-5

4.8E-4.

i. OE-4

4.1E-3

1.5E-4

2.8E-4

1.7E-4

1.6E-8

5.8E-4

1.6E-3

1. 7E-3

7.5E-5
49

1491

2.7E-13

3. 9F-8

5. 3E-8

9,2E-3 "55 Totals
I I

F

*IOCFR20, Appendix B, Table I. (restricted area)
tAt 30-year operation, 1% failed fuel (design. base)

**Ne 2 3 is notincluded because a minimum period of 5 minutes will occur for leakage.
from cover gas to head access compartment. Thus Ne2 3 will not be present in.the
head access.: Decay during transit is not considered in evaluating any other
isotopes.-,
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TPBLE 12.2-3

LOCATION OF CONTINUOUS AIR MONITORS

LOCAT ION

BLDG. ELEV. CELL NO.
TYPE OF
MON ITOR

RCB B16 161 A

RCB 816 161A

Particulate/Radlo-
Iodine/Gaseous

Particulate/RadIo-
Iodine/Gaseous

M4ONITOR AREA
DESCRIPTION

-Operat4ng Floor

Operating Floor

BASIS FOR LOCATION/FUNCTION REMARKS

Mobile monitor to provide monitoring
of work.areas within containment

Mobile monitor to provide monitoring
of work areas and Inerted cells In
the containment

See Figure 12.2-2,
See Sections 12.2.4.1
& 12.2.4.2.1. This
locations Is the
normal storage
position of the
mobile monItor.

See Figure 1.2.1-2,
See Sections
12.2.4.1 &
12.2.4.2.1. This
location Is the
normal storage
posItion of the
mobIle monitor.

See Figure 12.1-2,
See Sections 12.2.4.1
& 12.2.4.2.1. This
location Is the.
normal storage
position of the
mobIle monItor.

See Figure 12.2-5,
See Sections
12.2.4.1 &
12.2.4.2.1.. This
location Is the
normal storage
position of the
mobile monitoring.

RCB B16 161A Alpha Operating. Floor Mobile monitor to provide monitoring
of work areas within containment

RCB 766 105M Particulate/Radio-
Iodine/Gaseous

Operating Floor Mobile monitor to provide monitoring
of work areas and Inerted cells In
the containment

I
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TABLE 12.2-3 (Cont'd)

LOCATION

BLDG. ELEV.
TYPE OF
MON I TORCELL NO.

MONITOR AREA
DESCRIPTION

Operating Floor

BASIS FOR LOCATION/FUNCTION REMARKS

RSO 779 307B Particulate/Radio-
Iodine/Gaseous

Mobile monitor to provide monitoring
of local work areas and post-accident
monitoring of containment atmosphere

RSB 816 308A Alpha Operating Floor Mobile monlItorto provide monitoring
of local work areas and post-accident
monitoring of containment atmosphere

RSB 816 308B Particulate/Radlo-
Iodine/Gaseous

Operating Floor Mobile monitor to provide monitoring
of local work areas

See Figure 13.1-11,
See Sections
12.2.4.1, 12.2.4.2.1
& 11.4.2.2.1. This
location Is the
normal storage
position of the
mobile monitor.

See Figure 12.1-9,
See Sections
12.2.4.1, 12.2.4.2.1,
&11.4.2.2.1. This
location Is the
normal storage
position of the
mobile monitor."-

See Figure 12.1-9,
See Sections 12.2.4.1
& 12.2.4.2.1. This
location Is the
normal storage
position of the
mobile monitor.

See Figure
12.1-19a, See
accident monitoring
of containment
Sections 12.2.4.1,
atmospherel2.2.4.2.1
& 11.4.2.2.1. This
location Is the
normal storage
position' Of the
mobile monitor.

SGB-IB 816 262 Particulate/Radio-
Iodine/Gaseous

Operating Floor Mobile monitor to provide monitoring
of SGB-IB local work areas and post-

0@ ©



TABLE 12.2-3 (Cont'd)

LOCAT ION
TYPE OF MONITOR AREA

BLDG. ELEV. CELL NO. MONITOR DESCRIPTION BASIS FOR LOCATION/FUNCTION REMARKS

CB 816 431 Particulate/Radio- Operating Floor Mobile monitor to provide monitoring See Section
Iodine/Gaseous of control room and local work areas 12.2.4.1 &

12.2.4.2.1. This
location Is the
normal storage
posltlon of the
mobile monitor.
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TABLE 12.2-4

EXPECTED*-ANNUAL EXPOSURE IN NORMALLY ACCESSIBLE CELLS

Head Access Area

Expected
Concentration

(P Ci/ml )
MPC+

(D Ci/ml)
Expected

Concentration - MPCIsotope

Xe 1 31m-

133m

133
'135m

135

138

9.7

3.0

5.5

9.4

1.3

1.6

2.9

.1 .1
1.7

6.0

1.7

E-13

E-11

E-10

E-12

E-9

E-.1 1
E-1l I

E-l1
E'l 4

E-14

E-11

E-10

2.0

1.0

1.0

1.0

4.0

1.0

I.0

6.0

1.0

1.0

1.0

E-05

E-05

E-05

E-06

E-06

E-06

E-06

E-06

E-05

E-06

E-06

4.8 E-8

3.0 E-6

5.5, E-5

9'. 4 E-6

4.51, E-4

1.6 E-5ý

Kr 83m

85m

85

87.

88

2.9

1.9

1.7

6.0

1.7

E-5

E-5

E-9

E-5
E-4

Ar 39

.4149
3.5. E-9

.6.4 E-l1

9.2 E-15

5.0 E-06

2.0 E-06

5.0 E-.06

7.0 E-4
3.2 E-5

1.8 E-9H3

491 TOTAL 5.84 E-9 0.0015

Intermediate Sodium Piping Cells

491 'H3 4.0 IE-09 5.0 E-06 7'19 E-04

+MPC = MPC for Restricted Areas
*Failed Fuel Fraction = 0.1 percent at 1 year operation

F Amend. 49
April 1979
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12.3 HEALTH PHYSICS PROGRAM

12.3.1 Program Objectives

The health physics staff is a unit of the Radiological Hygiene Branch and Is
responsible for the health physics activities at the plant. It applies
radiation standards and procedures; reviews proposed methods of plant
operation; participates in development of plant documents; and assists In the
plant training program, providing specialized training In radiation
protection. During preoperational tests and after plant startup it provides
health physics coverage for all operations Including maintenance, fuel
handling, waste disposal, and decontamination. It Is responsible for
personnel and Inplant radiation monitoring, and maintains continuing records
of personnel exposures, plant radiation, and contamination levels. Through
implementation of the described program, plant personnel exposures will be
maintained as low as is reasonably achievable (ALARA). A Radiation Protection
Plan following the guidance of NUREG 0761, "Radiation Protection for Nuclear
Power Reactor Licencees", will be developed and submitted at the OperatingLicence st age.

The health physics staff Is under the administrative supervision of the Chief,
Radiological Hygiene Branch, in the TVA Division of Occupational Health and
Safety.

The plant health physicist Is responsible for direction of an adequate program
of health surveillance for all plant operations Involving potential radiation
hazards. He keeps the plant manager Informed at all times of radiation

- hazards and conditions related to potential exposure, contamination of plant
and equipment, or contamination of site and environs. His duties include
training and supervising health physics technicians; planning and scheduling
monitoring and surveillance services; scheduling technicians to ensure around-
the-clock shlift coverage as required; maintaining current data files on
radiation and contamination levels, personnel exposures, and work
restrictions; and ensuring that operations are carried out within the
provisions of developed radlological hygiene standards and procedures. He
provides assistance and advice to the plant manager during radiological
emergencies.

In addition, off-site staff from the Radiological Hygiene Branch Is
.responsible for conducting a comprehensive environmental monitoring program
prior to, during, and after plant startup. The Division of Occupational
Health and Safety also advises on potentially harmful factors in the working
environment other than radiation, all In relation to identified and approved
standards as given in the TVA Hazard Control Manual.

Health physics personnel that are assigned to the plant staff will meet the
provisions of Regulatory Guides 8.8 and 8.10 or Regulatory Guide 1.8 and
Section 4 of ANSI N18.1, whichever is applicable at the time of appointment..As TVA has a highly qualified health physics staff, there should be no problem
In meeting the provisions of the applicable guides.

12.3-1 Amend. 66
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TVA has established a formal program to ensure that occupa-
tional radiation exposures to employees are kept as low as is reasonably
achievable (ALARA) which will be applied to CRBRP. The program consists
of:. (1) full:imanagement commitment to the overall objectives of ALARA;
(2) issuance of specific administrative!documents and procedures to the.
TVA design and operating groups that emphasize the importance of ALARA
throughout the design, testing, startup, operation, and maintenance
phases-of TVA nuclear plants; .(3) continual appraisal of radiological.
conditions in the operating nuclear plants by an on-site health physics
staff, and (4) a 4-member corporate ALARA.committee.consisting of repre-
sentatives from the TVAdesign,.operations, and radiation.protection
groups, .whose purpose is to review and sppra'se the effectiveness of the
ALARA program on a plant-by-plant basis' including CRBRP. This committee
consists, of key management and'technical staff who have-extensive backgrounds
in.inplant radiation control, including .such areas as plant layout,
shielding, personnel access control, ventilation, waste management, area
and personnel monitoring, plant operations, and plant maintenance. The
committee periodically evaluates TVA's overall ALARA program by assessing
.trends in occupational exposures or other radiation control problems,
reviewing plant operating.reports and radiation exposure profiles, and
conducting onsite audits of each plant's-ALARA efforts.

. folloing: Specific responsibilities of the ALARA committee include the.. . o- l ! owi ng:,.. . .

(a)' Determines that an effective ALARA program is-established at each
TVA nuclear power plant that appropriately.integrates TVA manage-
ment philosophy and NRC regulatory requirements;

.(b), Determines that the;ALARA program is implemented from initial
planning through decommissioning of the plant;.

(C) Reviews plant design features, operating procedures, and maintenance
practices and audits the onsite radiation control program at least
annually to assure that the objectives of the ALARA program are
attained;

(d) Determines that information and data pertaining to radiation ex-
posure of personnel from other operating LWR.power plants are

. reflected in the design and operation of new TVA plants;

(e) Determines that experience gained during the operation of nuclear
power plants relative to inplant radiation control is factored into
revisions of operating procedures, where necessary, to assure that
the procedures indeed do meet the objectives of the ALARA program;

(f):ý Determines that all maintenance activities are planned and accom-
plished in accordance with the objectives of the ALARA program; and
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Deemnstrends inthe exposure ostinpesonnl in orde to
permi~t actions to be taken to correct adverse trends.

Reports of the findings of the ALARA committee are promptly
conveyed to top-level management staff along with appropriate recommen-
dations for improvements in the design of new plants or corrections in.
operating plants.

12.3.2 Facilities and Equipment

The health physics facilities necessary to monitor and control
the routine radiological condition of the plant is shown on the.Plant
Service.Building General Arrangement drawing in Section 1.2. The focal
point of control is the assembly area. All personnel entering or leaving
the controlled (restricted) area must pass through this area. All other

521 doors are for emergency use only. :The general entry control requirements
will be coordinated with industrial security.

The control point is equipped with the following:

a) A health physics work station for routine counting and assignment of
* required equipment to workers entering the restricted area.

b) Mask-Protective clothes issue and storage area.

c) Male/female lockers, toilet facilities, shower station

d) Mask cleaning station

e) Combined laboratory

f) Chemical storage room

g) Counting room

h) Hot instrument shop

The main personnel monitoring station is at the Reactor Service Building
entrance from the Plant Service Building. This entrance/exit door will
.be equipped with all necessary monitoring equipment.

Contamination control, within the Plant Service Build ing control
area, such as entering and exiting from counting room, hot instrument
shop, mask cleaning area, laboratory area, radwaste area, will be
accomplished by use of local survey equipme .nt located at the accesses
to these areas.

S Contaminated laundry will be bagged, surveyed, and -shipped
491 off-site for laundering.
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For radiological purposes,.all other areas, i.e., outside the (

RCB, RSB, Intermediate Bay and the cells in the PSB are uncontrolled
(unrestricted). .

Portable and laboratory equipment located in the health physics
work station will allow the health physics personnel to measure dose
rates and contamination levels throughout the plant in all routine and
emergency situations. :The portable health physics survey instrumen-
tation is listed in Table 12.3-1 with the operational characteristics.
for each instrument. The fixed health physics laboratory counting sys-
tems are described in Table 12.3-2.

All potentially contaminated liquid drains in this area.will be
routed to the radwaste system and all potentially contaminated gaseous
exhausts will be HEPA filtered.

.Portable survey instrumentation will be checked and calibrated

571 routinely with standard radioactive sources by the-TVA Branch Laboratory
in Muscle Shoals, Alabama. Accurate records on the performance of each
instrument during each calibration will be maintained at this laboratory.
Calibration and maintenance procedures specific for each instrument are
written and routinely used. Each laboratory counting system is checked
at regular intervals with standard radioactive sources for proper counting
efficiencies, background count rates, and high voltage settings by health
physics personnel at the plant.

TVA will provide protective clothing for use in radiation•••
areas. Clothing required for a particular instance shall be prescribed
by the Health Physics Staff based upon the actual or potential radio-
logical conditions. Protective clothing available for use are:

a. Coveralls

b. Lab coats

c. Gloves - plastic and/or latex in light and heavy weights

d. Gloves - cotton in heavy weights and light weights

e. Head covers - skull caps and hoods

f. Foot covers -- shoe rubbers and pl-astic booties

g. Plastic suits

Tape will-be provided so that openings in clothing and between

49 pieces can be sealed.
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Respiratory devices available include the following:

,a. Full-face masks with highefficiency particulate and charcoal
filters.

b. Full-face masks with constant air flow supplies. A manifold unit
will be used that contains.mist and chemical filters, a regulatory
and relief valve. Plastic supplied air hoods'are also available.

c. Self-contained breathing apparatus of the 30-minute, pressure-
demand bottled air type.

Equipment decontamination facilities consist of a large com-
ponent cleaning cell in the Reactor Containment Building where large
equipment will have the sodium and radioactive contamination removed.
prior to existing the building. In addition, there is a decontamination
facility in the radwaste area of the Reactor Service Building with sinks
and other decontamination equipment that will be used for small equipment,
tools, etc..,

There is a personnel decontamination facility with showers and
sinks in the Plant Service Building near the exit from the controlled
access area portal and the health physics work station. This facility
will have the necessary decontamination equipment and supplies and
appropriate survey instrumentation is readily available.

All exiting from-the controlled access areas will be through a.
designated portal. Personnel and equipment contamination checkout
instruments such as hand-and foot counters and friskers will be availabl.e
at the portal. All movement of contaminated personnel and equipment
will be under health physics surveillance and control.

Respiratory protective equipment will be decontaminated, sani-
tized, surveyed, sealed in plastic bags and stored in the specified
storage areas .as will decontaminated clothes (see Plant Service Building
G.A. in Section 1.2). Portable health physics instruments and equipment-
will be stored in the health physics work station or in specified field
locations. Laboratory counting instruments will be located in the
chemistry laboratory counting room and the health physics work station
dependent upon the type and use of the instrument. Various chemical.,,,*,
supplies will be stored in the chemistry laboratory. In addition many
chemistry and health physics supplies will be stored in the plant ware-

41 house on an automatiC minimum/maximum reorder basis.
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12.3.3 Personnel Dosimetry

A personnel.monitoring service is provided.within TVA for
personnel exposed to ionizing radiation. A central laboratory for
the calibration, processing, and handling of the badges is located in
Muscle Shoals, Alabama.. Thelbadges,.processed at monthly intervals,

.contain thermoluminescent dosimeters,(TLD) for the measurement of dose
due to beta,..gamma, and neutron radiations. These dosimeters will
measure doses from 10 mrem to greater than 1000 rem. Procedures are
written for the processing and handling of the dosimeters strictly in
actordance with the manufacturer's recommendations. The dosimeters arez
calibrated with standard radioactive sources specific for the type of
radiation measured. A .cross-check was.performed with the National.Sani-
tation Foundation on;theaccuracy of the dose determination for beta,
gamma, and fast neutron radiations.. The task of recording and tabulating
the dose data is..performed by computer. The printout details (for each
monitoring period and for each individual working in the plant) the
dose Jn:rem to theiskin and to the critical organs from external radiation
for the current month, current quarter, current year, and entire ex-
posure history and the fraction of the limit defined in 10 CFR, Part 20.

• These reports.are maintained at the central laboratory in Muscle Shoals
and:in the..plant:health physics office. The T•D badge program follows
the guidande-..provided in .Regulatory Guide 8.7,: "Occupationa1Radiation
Exposure. Systems.....

TVA has a whole body counter in-the plant to determine inter-
nal deposition of. gamma-emitting radionuclides. The.frequency of the
counts will be determined for each individual dependent upon his work
environment. Annual monitoring is performed as:pres cribed in ."Bioassay,
Requirements.. for Nucl~ear Plant- Workers" of the. Di-visti.on of Power Production
Procedures Manual. The counter, which will be calibrated with standard
radioisotope solutions in configurations approximating the human body,
will employ a 1024 channel analyzer and a chair-type shadow shield that
will enable the detection of approximately 1% of.a maximum permissible
body .burden for the .common gamma-emitting radionuclides associated with
nuclear power plant operation. The gamma spectrum will be unfolded
using a-least squares,,computer program. The guidance of Regulatory
Guide 8.9, "Acceptable Concepts, Models, Equations, and Assumptions for
a Bioassay Program," has been followed.

... :The guidance of Regulatory Guide 8.3, "Film Badge Performance
Criteria", is.followed except that TVA does not calibrate to low energy
photons and thermal neutrons in Table 1 of ANSI N13.7-1972 as TVA has
not encountered radiations in these categories. TVA will add cali-
bration in these categories if and when our experience indicates ex-

• posures are occurring in them. In addition, as TVA has had no problems
in over one year's experience at higher temperature differentials than
specified in ANSI N13.7-1972, Section 5.4.9, TVA may exceed this specifi-
cation. Since the expected exposure incurred will be a combination of
beta-gamma emitters typical of activation and fission products, cali-

12.3-6
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N bration with the two recommended beta sources would not lead to any
substantial increase in accuracy. Calibration geometries using uranium
also result in very conservative exposure determination not realistic
in ,the actual case. Berefire, the beta calibration will use the ANSI
N13.7-1972*preferred Sr- Y beta calibration.sources only.

The guidance of Regulatory Guide 8.4, "Direct-Readin. and
Indirect-Reading Pocket Dosimeters", will be followed.

12.3.4 Estimated Occupancy Times

The anticipated man hours of occupancyfor routine main-
tenance, operations, and refueling has been estimated for the normal
accessible cells of the reactor containment and reactor service building.
The anticipated man hours of access during reactor shutdowns to cells
which normally contain primary sodium, reactor cover gas or fuel sources
have not been estimated but will be small in comparison to the access
report in Table 12.3-3.

The head access area of the Reactor Containment Building
has the highest potential for airborne radioactivity concentrations.
The anticipated exposure to airborne radioactive materials is included,,
within the allowed dose rate.

49
The total estimated

are shown on Table 12.3-4.)
man hours per quarter by radiation zone..•

12.3-7 Amend. 49
Apr. 1979
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TABLE 12.3-1

TYPICAL PORTABLE HEALTH PHYSICS EQUIPMENT

Radiation
DetectedInstrument

GM Survey Meter

Alpha Survey.
Meter

Neutron.Survey
Meter

a , -Y

Accuracy

+10% of
full scale

+10% of
full scale

Range

0-150,000 cpm.

0-500,000 cpm.

.ýNumber of
:Instruments..

12

4

n See
remarks

0-5,000 mRem/hr, 10

Remarks

Equipped with end window GM and
standard GM detectors

Equipped with two flat probes for
the detection of a and S radiation

Provides dose rate in mrem/hr for
neutrons with energies between
0.025eV and IOMeV; directional
response +10%; energy .response
+15%; scale linearity +10%

Probe extendable to I13 feet and
retractable to 20 inches

Equipped with either soft shell
chamber 3600 beta detection or
..hard shell chambert for discrimi-
nation of y and a radiation

Metal. chamber with thin end window
and metal cap for discrimination
of y and a radiation

Integrating,Aindirect reading

a, y Survey Meter a, Y +10%. of
f7ull scale

+10% of
f'ull scale

0-1,000 R/hr 3

Cutie Pie
Survey Meter

0-10 R/hr 10

Low Energy
Survey Meter

Pocket
Dosimeters

+10% of
full scale

0-300 mR/hr 1

y +15% 0-200 mR 625

I

0 0



...........

Instrument

Pocket Dosimeters

Pocket Dosimeters

Pocket Dosimeters

Pocket Dosimeter
Chargers

Floor Monitor

G-M Countrate
Meter

Friskers

Fixed Portal
Monitors

Low Volume
Air Sampler

Breathing Air
Sampler

Radiation
Detected

Y

Y.

NA

Accuracy

TABLE 12.3-1

Range

0-lOOR

0-10R
O-5R

O-lR

0-200mr/hr

250pci

(Continued)

Number of
Instruments

20

20

20,

10

5,

2

Remarks

Y

Y

Direct reading

Direct reading

Direct reading

For charging direct
reading pocket dosimeters

For locating radioactive spills

Countrate instrument used
for contamination control
monitoring

Countrate instrument used for
monitoring wounds for conta-
mination levels

With contrate meter

Contamination Level

For use of operators at fuel
handling cell

~,y

~,Y

,250pci

0-1 OR

10

4
I

k* k



TABLE 12.3-2

TYPICAL HEALTH PHYSICS LABORATORY EQUIPMENT

Instrument
Radiation
Detected

GM Counter

PropQrtional
Counter

,,y

Y ,*y.

Sensi vi ty
(One-minute

Counting Time)

80 + 80 pCi

15 + 15 pCi

Number of
Instruments

2

2

Remarks

GM Countrate
Meter

Liquid
Scintallation
Counter

Alpha Detector

Computerized.
spectroscopy unit
Ge(Li) detector-

0, Y 250 pCi

pCi/ml

pCi/l.

1

1

1

1

One counter with automatic sample changer
and one with manual changer; used for
measuring contamination levels on paper
smears and planchets

Differentiates between alpha and beta-
gamma radiations; used for measuring con-
tamination levels on paper smears and
planchets

Countrate instrument used to monitor for
contamination control

Counts low energy betas; used for counting
tritium samples

Discriminates alpha energy peaks used
primarily to detect presence of
plutonium in sodium samples

Discriminates gamma energy peaks-
used for radioisotopic analysis of
process effluent and atmospheric
samples

Y

a, Y pCi/l

I

© 70



TABLE 12.3-3

ESTIMATED MAN HOURS OF ACCESS TO RADIATION AREAS
DURING NORMAL OPERATION AND OPERATIONAL OCCURRENCES

Operating Area Man Hours/Quarter

1. Reactor Containment Building

a. Operating Floor and Adjacent Balconies (Zone 1) 1275
b. Cells Below the Operating Floor in NE, SE, 950

and SW Corners and Cell.152 (Zone 2)
c. Pump Wells (Zone 2) 580
d. Head Access Area (Zone 2) 220
e. All remainingAccessible Cells (Zone 3) 365

Total Reactor Containment Building. 3390

2. Reactor Service Building

a. Operating Floor, Balconies, and Refueling Cask 7560
Shaft and Corridor (Zone l)..

b. OHRS Cells (Zone 1) 70
c. Access Corridors and Adjacent Sampling and Value 2490

Gallery Cells Below the Operating Floor (Zone 2)
d. Fuel Handling Cell Operating Gallery (Zone 1) 5720
e. Radwaste Processing Area (Zones 1 & 2) 1315

Total Reactor Service Building 17155

3. Provision for Required Health Physics Coverage 3640

Total man hours in accessible areas of Reactor 24185 man hours
Containment and Reactor Service Building quarter

12.3-11
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TABLE,12.3-4

ESTIMATED MAN HOURS OF ACCESS TO
ACCESSIBLE RADIATION ZONES

49

Zone

Zone I

Zone II
Zone III

Total

Man Hours/Quarter

17850

5740

595

24185

0

12.3-12 Amend. 50
1-,- 1 -7
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TABLE 12.3-5

PERSONNEL PROTECTION MON ITOR - AREA MONNITORS

LOCATION AREA AND/OR
PROCESS

BLDG.

RCB

RCB

RCB

RCB

RCB

RCB

RCB

RCB

RCB

RCB

RSB

RCB

RSB

RSB

RWB

RCB

RSB

RCB

RSB

ELEV. CELL MONITORED

824' 162 I&C Cubicle

824' 163 I&C Cubicle

824' 164 I&C Cubicle

780' 105U Primary PTI Operating
Area

766'. 105S Operating Floor

780' 161G Operating Floor

7941 152 Operating Floor

752' 105H Operating Floor

766' 105Q Operating Floor

733' 105A Operating Floor

84216"1 311 Refuel. Comm. Center

802' 151 Head Access Area

816' 308A Operating Floor

816' 308A Operating Floor

816' 643 Decontamination Bay

794' 105V Operating Floor

7791 307A Ex-Vessel SSP'bperating
Area

7521 105K Operating Area

755' 306A Ex-Vessel PTI Operating
Area

836' 271 SGB(IB) Remote Shutdown
Panels Area

MON ITOR
TYPE

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

DI rect Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

METER
RANGE
mR/hr

0.01-103

0.01-107

0.01-10 7

0.1-104

0.1-104

0.1-104

0.1-104

0.1-104

0.1-104

0.1-104

0.01-I03

0.1-10 07

0.01-103

0.01-10 3

0.1-1.04

0.1-104

0.1-10 4

0.1-104

0.1-104

OPERAT IONAL
BACKGROUND

(mR/hr)

0.2

0.2

0.2

2.0

2.0

2.0

2.0

2.0

2.0

2.0

0.2

25.0

0.2

0.2

2.0

2.0

2.0

2.0

2.0

Unrestricted
(See NOTE 2)

MONITOR
OUTPUT**

A

A

A

A

A

A

A

A

A

A

B

A

B

B

B

A

A

A

A

BAS IS
FOR
LOCATION*

1.

1,5

1.,4,3

1.,2

1 .,2.,5

1 .,2.

1 .,2.

1.,2.

1 .,2

1.,2,5

1.,3

1.,2.,4.

1.,2.,3,6

1.,3,6

1.,2

1.,2,5

1.

1.

1.

DIrect

Direct

Gamma

Gamma

SGB Direct Gamma 0.01-107 A II.



TABLE 12.3-5 (Cont'd)

LOCATION AREA AND/OR
PROCESS

BLDG. ELEV. CELL MONITORED

RCB 733' 105F Make-up Pump Valve

Operating Gallery

RCB 733' 105D Operating Area

RCB 766' 105M Primary SSP Operating
Area

RiB 795' 605C IALL Distillate
Storage Tank Area

RWB 795'. 620 F Filter Handling Room

RSB 733' 305B Operating Areas.

RSB 779' 307A .Operating Floor

RSB 781' 341 Fuel Handling Cell

.RSB 779' 339A FHC Operating Gallery

RSB .749' 336 Spent.Fuel.-Cask Corridor
and Shaft

RSB 755' 306AA Operating Areas

RSB 733' 335 SFSC Service Station
Equipment

SGB 816' 262 Operating Areas

MON I TOR
TYPE

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

METER
RANGE
mR/hr

0.1-104

OPERAT IONAL
BACKGROUND

(mR/hr)

2.0

MON ITOR
OUTPUT**

A

A

A

BASIS
FOR
LOCATION*

1,5

I.

1.,2.

2.0

2.0

2.0 A 1

Direct

Direct

Direct

Direct

Direct

Direct

DI rect

Direct

Gamma

Gamma

Gamma

Gamma

Gamma

Gamma

Gamma

Gamma

0.1-10

0.1-104

0.01-108

0.01-103

0.01-10o
8

2.0

2.0

2.0

2.Oxi 08

0.2

5.Oxi04

A

A

B

B

B

B

A

B

I

1 .,2

3.

1 .,2.

3.

I.,2.

1 .,2.,3

2.0

10.0

SGB 794' 253 *Emerg. Airlock/Analysis
Operating Area

03 816' 431 -Control Room

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

0.1-107 Unrestricted
(See NOTE 2)

0.1-104 Unrestricted
(See NOTE 2)

0.1-107 Unrestricted
(See NOTE 2)

0.01-103 Unrestricted
(See NOTE 2)

0.01-10 7 .2.0

A l,4

A 1.,4,6

A 1.

A I.

A I,

PSB

RWB

816.' 146 Combined Lab

775' 605A IALL Distillate Storage
Tank Area

0 0 0 '4 .. ,



TPOLE 12.3-5 (Cont'd)

LOCATION

BLDG.

RCB

RCB

RCB

RCB

RCB

RCB

RCB

RCB

RCB

RCB

RCB

RCB

SGB

SGB

SGB

SGB

SGB

SGB

5GB

SGB

SGB

ELEV.

816'

816'

816'

816'

794'

794'

794,

766'

733f

.733'

825'

842'

842'

794'

794'

794'

794'

794,

794'

794'

794'

794'

AREA AND/OR
PROCESS

CELL MDNITORED

161A Equipment/Personnel
Airlock Area

169A RCB Annulus

169A RCB Annulus

169A RCB Annulus

161E Primary Pump Drive

161D Primary Pump Drive

161C Primary Pump Drive

I05Y Valve Operating Gallery

111 Stairwell

1O5E Access Area

106 Polar Crane Operating

165 EI&C Cubicle

167 EI&C Cubicle

247 Power Distrib. Panel
Area

271 Operating Area

271 Operating Area

262 Operating Areab

262 Operating Area

211A Valve Gallery

248 IFTS Pipe Chase

251 IHTS Pipe Chase

252 IHTS Pipe Chase

MON I TOR
TYPE

Direct Gamma

Direct Gamnma

Dlreit Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Ganma.

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

Direct Gamma

METER
RANGE
mR/hr

0.01-103

1.0-1 07

10°0- 10 7

10-10 7

I0-1-I04

10-I1-104

10-1-1 04

10-1 -104

10-1-104

10-1-104

10-1-104

10-1_10 4

10-I1_-10 4

10-1-10 4

10-I-_10 4

10'I-1-0 4

10-I- 10 4

. 10- 1-10 4

I 0-1 - 10 4

i0-I-i0 4

1o-~Io4

10-I-,10 4

10- 1- 104

OPERATIONAL
BACKGROUND

(mR/hr)

0.2

0.2

0.2

0.2

2.0

2.0

2.0

2.0

2.0

10.0

0.2

0.2

0.2

Unrestr I cted

Unrestricted

Unrestricted

Unrestricted

Unrestr I cted

5x1O2

Ixi0

lxlO

MON I TOR
OUTPUT**

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

BAS IS
FOR
LOCAT ION*

.1.

4

4

4

5

5

5

5

5

5.

5

5

5

5,6

5,6

5,6

5,6

5,6

6

6

6

6

-r



T•BLE 12.3-5 (Cont'd)

BLDG.

RSB

RSB

N)

-I

RSB

RSB

RSB

RSB

RSB

RSB

RSB

RSB

RSB

RSB

ROB

RSB
SGB
CB

PSB
RWB

LOCATION

ELEV.

785'

785'

840'

.864'

733'

733'

733'

743'

797'

755'

779'

775'

LEGN

AREA AND/OR
PROCESS

CELL MONITORED

348 Cont. Cleanup Scrubber

349 Cont. Cleanup & HVAC
Duct

332 NDHX 3rd Loop Cell

395A Annulus Filter

350 NAP Storage Vessel Cell

305M Access Area

305C RS8/SGB Passageway

311 SOD 82, 85 & 94 Area

314 SOD 23 Instru. Area

359 Cont. Cleanup Fil ter
:CellI

376 RAPS Plpe Gal lery

3511 EVS Cooling Plpeway

.MON ITOR
TYPE

DIrect Gamma

DIrect Gamma

DIrect Gamma

Di rect Gamma

DIrect Gamma

Direct Gamma

Direct Gamma

DIrect Gamma

DIrect Gamma

DIrect Gamma

Direct Gamma

Direct Gamma

METER
RANGE
mR/hr

I 1 -10i4

1 0 -104

1 0 "! -t 0 4

10- I.104

1 0 "1 _- 1 0 4

10- -1i0 4

10-1-104

10 1-1_0 4

OPERAT IONAIL
BACKGROUND

(mR/hr)

0. .2

0.2

0.2

0.2

2.0

2.0

2.0

lx O12

0.2

0.2

MON I TOR
OUTPUT**

A

A

A

A

A

A

A

A

A

A

BAS IS
FOR
LOCATION*

6

6

6

6

6

6

6

5

6

10-1 _

10- 1

*BASIS FOR LOCATION

Reactor Containment Bldg.
Reactor Service Bldg.
Steam Generator Bldg.
Control Bldg.
Plant ServIce Bldg.
Radwaste Area (Bay)

*1.

2.

Provide personnel protection Intrafficked area.
Monitor adjacent high radio-

104 5xi0 3  
A 6

104 2xlO3  
A 6

**MONITOR OUTPUT

A. Local and Control Room: Loss
of signal Indicator light, high
level radiation alarm, high-
high level radiation alarm,
exposure meter (mR/hr).

B. Local, Control Room and Refuel-
Ing Communication Center:
(same as above).

activity area.
3. Monitor refueling operations.
4. High level reactor containment

radiation monitor (Accident
Monitor).

5. Monitor areas conntaining safety-
related equipment (Accident
S4onitor).

6. Monitor areas~with hatches or
penetrations from containment
(Accident Monitor).

NOTES: = -Unrestricted: Defined by 1OOFR 20, Paragraph 20.105.

Background specified In table is maximum design background value during operation, based on Na-24 gamma field.



0
TABLE 12.3-6

PERSONNEL PROTECTION MONITORING - CONTINUOUS AIR PMONITORS

, .

LOCATION AREA AND/OR " . DETECTORAPROCESS MONITOR T TYPE SENSITIVITY BACKGROUND SETPT.(s) M OUTPUT, REMARKS

LDG ELEV. CELL MONITORED TYPE (iici/cm) (mR/hr) . Ci/cc (note 2)

RCB

RCB.

RCB

RCB

RSB

RSB

RSB

IB-
SGB

.- --

816'

816'

816'

766'

816'.

816'

790'

816'

1 05M

364A,

364A

355A

262

Operating Floor

Operating Floor

Operating Floor

Operating Floor

Operating Floor

Operating Floor

Operating Floor

Operating Floor

Particulate

Radioiodine

Gaseous

Particulate

Gaseous

Alpha

Part.i cul ate

Gaseous

Particulate

Radio.iodine

Gaseous

Alpha

Particulate

Gaseous

Particulate

Radioiodine

,Gaseous

8

8

8

SCINT

SCINT

SCINT

SCINT

SCINT

106

10l-2 Pu-2 .39a SCINT

8
8

SCINT

SCINT

8 SCINT

SCINT

8 SCINT

a SCINT

Cs-137

I -131

Kr-85

Cs-.137

Kr-85

10 10
10O-6

-1 0

i10'

10o1 0

10-6

10-10

10

10-6

1io61

Cs-137

Kr-85

Cs,-1,37

1-131

Kr-85

Pu-239

Cs-137

Kr-85

Cs-137

1-131

Kr-85

0.2

0.2

0.2

0.2

0.2

0.2

2.0

2.-0

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD.

TBD

TBD

TBD

Mobile Monitor - Pro-
vides continuous
monitoring of con-
tainment atmosphere

Mobile Monitor - can
be used to monitor
individual inerted
cells

Mobile Monitor - pro-
vides continuous
monitoring of con-
tainment atmosphere

Mobile Monitor - can
be used to monitor
individual inerted
cells ..

Mobile.Monitor -. can
be used to: monitor
individual inerted
cells

Mobile Monitor.-
provided continuous
monitoring of RSB
Atmosphere

Mobile Monitor - can
be used for post-
accident of contain-
ment atmosphere

Mobile Monitor - can
be used for post-
accident monitoring
of containment
atmosphere

8

8

SCINT

SCINT

SCINT

SCINT

SClINT



TABLE 12,3-6. .(CONTINUED)

LOCATION AREA AND/OR DETECTOR ____. ..__ ALARM MONITORP L ROCESS MONITOR TYPE SENSITIVITY BACKGROUND SETPT.(s)- OUTPUT REMARKS ,BLDG. ELEV. CELL (pCi/cm) - (mR/hr) pCi/cc (note 2)

CB 816' Control'Room Particulate

Radioiodine

Gaseous

0

ci

0

SCINT

SCINT

SCINT

10-10 Cs-137

10-10 i -1"31

10-6 Kr-85

TBD

TBD

TBD

A Mobile Monitor - Pro-
vides continuous
mon.itoring of con-
trol room intake air

LEGEND

RCB - Reactor Containment Bldg.

RSB .- Reactor Service Building

IB-SGB - Intermediate Bay-Steam.Generator Building

CB - Control Building

SGB - Steam Generator Building

SCINT- Scintillation

NOTE: Monitor Output

'A. Monitor housing includes: loss-of-signal, high radiation, high-high
radiation indicator lights, sample flow reading, countrate meter
(per detection channel), multipoint strip-chart recorder, audible
alarms.

B. Radiati~on Monitoring Panel (Control Room): loss-of-signal, highradiation,,.high radiationind' atorlights, countrate meter (per
detection channel). Alarm annunciaýtioh. (loss-of-signal, high
radiation, high-high radiation) provided by Plant Control (System 90).Permanent recording by PDH & DS (System 91).

C. Same provisions as B.

(C)



Appendix 12A

Information Related To ALARA for
Occupational Radiation Exposures

12A.1 CRBRP ALARA Commitment

The CRBRP management commitment for the plant design and
operation is such that every reasonable effort shall be made to keep
radiation exposures to plant personnel "as low as reasonably achievable"
(ALARA), within the regulations of IOCFR20 and the guidelines in Regulatory
Guides 8.8, 8.10, and 8.19.

12A.2 1OCFR20 Requirements

lOCFR20, "Code of Federal Regulations, Energy Section, Standards
for Protection Against Radiation", applies to the CRBRP. The following
specific criteria are excerpts from 1OCFR20 which are applicable to the
CRBRP ALARA Program.

12A.2.1 ALARA

Paragraph 20.1 (c) of lOCFR20 states in part that the licensee
should, in addition to complying with the limits specified in IOCFR20,
make every reasonable effort to maintain radiation exposures and release
of radioactive materials in effluents to unrestricted areas as low as is
reasonably achievable. "As low as is reasonably achievable" means as
low as is reasonably achievable, taking into account the state of technology,
and the economics of improvements in relation to benefits to the public
health and safety and other societal and socioeconomic considerations,
and in relation to the utilization of atomic energy in the public interest.

12A.2.2 Exposure Limits for Restricted Areas

Paragraphs 20.101 and 20.103 of IOCFR20 specify the permissible
dose levels and airborne concentrations for restricted areas where the
term "restricted area" means any area access to which is controlled by
the licensee for purposes of protection of individuals from exposure to
radiation and radioactive material. "Restricted area" shall not include
any areas used as residential quarters, although a separate room or
rooms in a residential building may be set apart as a restricted area.

12A.2.3 Exposure Limits for Unrestricted Areas

Paragraphs 20.105 and 20.106 of 10 CFR20 specify the permissible
doses, levels, and concentrations for unrestricted areas where the term
"unrestricted area" means any area access to which is not controlled by
the licensee for purposes of protection of individuals from exposure to
radiation and radioactive materials, and any area used for residential
quarters.

12A-1 Amend. 49
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12A.3 CRBRP ALARA Program

The CRBRP ALARA Program will be managed in two distinct phases
through the lifetime of the plant. The first phase consists of the
ALARA activities associated with the design, fabrication, construction
and preoperational testing activities. For this phase, the Project has
established a series of management review and controls designed to
incorporate and evaluate specific ALARA features. The second phase will
consist of the standard TVA ALARA policies and procedures which will
apply during plant operations through the decommissioning of CRBRP. In
addition, TVA will participate in the first stage of the ALARA program
to assure a smooth transition of the ALARA responsibility to TVA. The
two phases of the CRBRP ALARA Program are discussed below.

12A.3.1 CRBRP ALARA Program for the Design Through Preoperational
Activities

The first stage of the ALARA Program involves the interaction
of multiple engineering-disciplines, i.e., radiation analysts, shielding
designers, shielding analysts, system designers and component designers.
The elements in this stage are as follows:

591 A. Establishment and control of estimated radiation exposure
levels.

B. Design of the components and systems to achieve the
591 estimated radiation exposure and shielding objectives.

C. Reviews by the Project ALARA Committee to evaluate and
manage the achievement of the objectives for radiation
exposure.,

D. Reviews by experienced health physicists to obtain applic-
able current LWR information.

12A.3.1.1 Plant Radiation Exposure Allocati-ons

The Project has developed plant radiation exposure objectives
59j for specific functions and/or systems. The development of these estimated

radiation exposure allocations was based on the consideration of the
total staff required to operate and maintain the plant, and the radiation
.exposure-objectives for individuals as well as the collective group.

[Objectives have also been developed for radiation exposures of contract
591 and utility personnel.

12A.3.1.2 Design of Components and Systems

After radiation exposure objectives, plant shielding criteria,
radiation source terms, and time-access requirements are identified, the

.system designers proceed with the system and components design with the
objective to reduce the total annual radiation exposure associated with
their system to a level as low as reasonably achievable.

Amend. 59
Dec. 1980
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Management control of those features of the individual system
designs which influence radiation exposure will be assisted by the use

591 of estimated radiation exposure information compiled in a format consistent
with Regulatory Guide 8.19. The program to achieve this is being developed

591 to provide estimated radiation exposure information of the following types:

1. Dose for each nuclear island cell

2. Dose for specific categories of cells (primary'heat
transfer cells, Reactor Containment Building, Reactor
Service Building, etc.)

3. Dose by skill classification (operators, mechanical,
maintenance, electrical maintenance, etc.)

4. Dose by system (auxiliary sodium, RAPS, etc.)

5. Dose by individual piece of nuclear island equipment.

These compilations are based on the following input information
provided by the appropriate systems:

1. Component

2. Manhours of operation and maintenance required for each
significant system component.

3. Frequency of Activity

4. Cell/Bldg. number

This, together with the predicted cell dose rate will form the
basis for the radiation exposure study.

The radiation exposure information is periodically reviewed
and updated as the system/component design and analyses is developed.
By utilizing this system, the significant contributors to the plant
radiation exposure can be identified and the appropriate ALARA action
can be taken.

Section 12.1 provides the specific radiation protection and
shielding criteria applicable to the CRBRP design. The system/component
designers are responsible for. meeting these criteria.

Formal component design reviews are peridocially performed
which are consistent with the Project QA requirements. The radiation
protection/shielding designers at each Reactor Manufacturer and the
Architect.Engineer participate in the appropriate reviews and must
approve the shielding design of the component design before release.
All changes to the plant design are reviewed and the impact on ALARA

S49 determined.
4Ae
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,The appropriate corrective measures are taken as a result of this
eval uati on.

12A.3.1,3 Project ALARA Committee Reviews

A CRBRP, Project ALARA Committee (PAC) has been established
for the purpose of periodically reviewing the CRBRP system/component
designs to assure that the ALARA goal will be met and to update plant
radiation exposure information. The PAC is a multi-discipline group-
consisting of expertise in radiation analysis, shielding design,
safety and licensing, and plant maintenance.. *These reviews result in
guidance on reducing radiation exposure on a system/component basis.

The principal personnel involved in these reviews by position
title including thei-r experience are listed below:

Manager
Shielding Analysis
Westinghouse

Principal Engineer
Shielding Analysis

.Westinghouse

Senior Engineer
Operations and Mainte-
nance Westinghouse

Lead Engineer
Radiation Safety and
Shielding AI

Licensing Engineer,
Licensing Group
Burns & Roe

18 years experience in radiation analysis
and shielding design.

(a) 12 years experience in applied and
technical aspects of health
physics.

(b) .10years experience in radiation
analysis and shielding design.

10 years experience in reactor and plant
operations and maintenance

25 years in health physics, and shielding
design and analysis

(a) 5 years experience in health physics
(b) 16 years experience as health

physicist in AEC/NRC I&C
(c) 3 years experience as licensing

engineer

49 9
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S .12A.3.1.4 Health Physicists ALARA Reviews

The other level of review is performed by health physicists from TVA and
Commonwealth Edison. There are three health physicists involved in these
reviews, two from the TVA ALARA. committee and one from Commonwealth Edison.
The two TVA health physicists on the CRBRP ALARA committee satisfy the TVA
commitments in PSAR Section 12A.3.2. The health physicist's ALARA review
meetings are conducted twice a year., The health physicists review system/
component design, maintenance outline procedures, and the radiation exposure
data and provide recommendations to further reduce radiation exposure based on
their ALARA experience at operating nuclear power plants. The specific
personnel involved in these reviews by position title, Including their health
physics training and experience, are listed below:

Title Training/Experience

Health Physics Supervisor,
Technical Services, Nuclear,
Commonwealth Edison Company

Chemical Engineer, Radiation
Section, Emergency. Preparedness
and Protection Branch, Division
of Nuclear Power, office of
Power, Tennessee Val ley Authority

Health Physicist
Radiological Health Staff,
Offices of Management Services
Tennessee ..Val ley Authority

23 years experience in Power Reactor
Health Physics

7 years experience In power reactor
chemistry programs.
1 1/2.years in radiation protection

23 years of experience In appl led and
technical aspects of health physics

12A.3.2, CRBRP Operations Stage ALARA Program

The purpose of.TVA policies and procedures Is to guide the official actions
expected of TVA employees. A pol icy or a required procedure will not serve
that purpose unless it is known to all those it affects and is understood,
interpreted, and applled consistently. Continuing guides of this nature In

TVA are publ ished and distributed in such a way as to be available to all
employees concerned. They are known as "administrative releases".

The TV A Admi nistrative Release System is composed of .Organization Bulletins.
TVA Codes. ITVA Instructions, and TVA Announcements.

With regard to information that occupational radiation exposures are low as is
reasonably achlevable, the following quotation Is excerpted from TVA's
Administrative. Release Manual:

12A-5 Amend. 73
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This instruction supplements the TVA ,Codes under VIII HAZARD
CONTROL and VIII HEALTH SERVICES. 'It-describes general respon-
s sibilities. and administrative arrangements of ionizing radiation
arising in 'connection with TVA's work. The detailed administra-,
tive arrangements in the instruction apply to all activities
involving ionizing radiation.

TVA management is committed to maintaining radiation exposures
to its employees and the general public, and the release of
radioactive materials to unrestricted areas as lowas is rea-
sonably achievable (ALARA),.as defined in 10 CFR Part 20. For
the protection.of its employees, TVA also subscribes to the
ALARA philosophy set forth in the Nuclear Regulatory Commission
Regulatory Guides 8.8 and 8.10 in the design and operation of
all facilities utilizing radioactive materials or radiation
sources.

ALARAProgram - In viewof the commitment in the TVA Admini-
strative Release Manual, TVA has established-a formal program to
ensure; tha't occupational radia'tion exposures to- employees are kept as
low as reasonably achievable (ALARA) and will apply.this program to the
CRBRP.. The program consists of: . (I) full-•management commitment :to
the.overall objectives of ALARA;. (2) issuance of specific adminiistra- .
tive documents andi procedures' to the TVA design and operating groups V
that emphasize' the importance of ALARA throughout the 'design, testing,
startup, operation, and maintenance phases of- TVA nuclear plants;
(3) continued appraisal of inplant radiation and contamination condi-
tions by the onsite radiation protection staff; and (4) a 4-member cor-
porate ALARA committee consisting of management representatives from the
TVA design, operations and radiation protection groups, whose purpose is
to review and appraise the effectiveness of the ALARA program on a plant-
by-plant basis, including the CRBRP. In developing its ALARA program,
TVA has closely followed the recommendations of NRC Regulatory Guides
8.8 and 8.10.

The responsibility for implementing the ALARA philos9phy in the
operation of TVA nuclear power plants is assigned to two divisions. The
Di~vision -of. Power ,Production has the responsibility. of implementing the
operational procedures. described in Section C.;4 of Regulatory Guide 8.8.
Further in the implementation of Section C.4. the Division of Environmental
.Planning provides the radiation protection staff for TVA nuclear
facilities and has the ultimate responsibility for determining that TVA

521 maintains radiation exposures as low as reasonablyachievable (ALARA) as
defined in 1OCFR Part 20. The radiation protection program management
and staff in the Division of Environmental Planning will:, as a minimum,
meet the qualification and training guidelines set forth in Regulatory

49 Guides 8.8 and 8.10. 9
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The review ofTVA's radiation protection program will be the
) responsibility of the Division of Environmental Planning. A-management

representative of the Radiological Hygiene Branch, Division-of Environ-
mental Planning, will be the coordi.nator of ALARA. An ALARA committee
composed of the coordinator, a health physicist, and a management re.-.
presentative of the Divisions of Engineering Design and Power Production
will audit each of TVA's nuclear power facilities, including CRBRP, at
least once each year to determine that the ALARAcriteria are being met.

As each new nuclear plant is staffed in preparation for operation,
the Director of Power Production issues operating and maintenance .po.licy
documents to plant management setting out the operating.philosophy for
keeping occupational radiation exposures as low as. reasonably achievable.
These documents fully meet the intent of NRC Regulatory Guides 8.8 and
8.10 and IOCFR Part 20 for normal operations, refueling, inservice in-
spection and maintenance activities.

Numerous documents, procedures and instructions are issued by
each nuclear plant superintendent to his staff that emphasize the impor-
tance of keeping occupational radiation exposures as low as reasonably
achievable. These document include, among others, the plant health
physics manual, radiation control instructions, and operating and main-
tenance procedures. The objectives of ALARA and TVA's commitment thereto
are also included in orientation and training sessions for the plant
staff. Additionally, the radiation protection staff at the plant has
the ALARA concept as an integral part of its activities and the plant)heal~th physicist has the clear responsibility for implementating and
carrying out the ALARA program at the plant level.

To evaluate the effectiveness of the TVA ALARA program at all
levels of conduct, a special interdivisional committee is used. This
committee consists of key management and technical staff who have extensive
background in inplant radiation control, including such areas as plant
layout, shielding, personnel access control, ventilation, waste manage-
ment, area and personnel monitoring, plant operations, and plant main-
tenance. The committee periodically audits TVA's overall ALARA program
by assessing trends in occupational exposures or other radiation exposure
profiles and conducting onsite'audits of each plant's ALARA 'efforts.

49 Additional information is provided in Section 12.3.

I
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CHAPTER 13.0 CONDUCT OF OPERATIONS

13.1 ORGANIZATIONAL STRUCTURE OF THE APPLICANT

Contract AT (49-18)-12 has been established to design, construct and
operate a Liquid Metal Fast Breeder Reactor (LMFBR) demonstration plant.
The parties to the contract are the Department of Energy (DOE), the
Tennessee Valley Authority (TVA), the Commonwealth Edison Company (CE), and
the Project Management Corporation (PMC). The organizational structure of
the applicant (DOE, PMC, and TVA) is covered in Section 1.4.

TVA, as part of its lead role responsibility described in Section 1.4, will

be responsible for the safe operation of the CRBRP.

13.1.1 Project Organization

13,1.1.1 Functions. Responsibilities. and Authorities of Project
Participants

The functions, responsibilities, and authorities of Project participants
are described in Sections 1.4 and 1.4,2. The qualification requirements of
Project participants are described in Section 1.4.4.

13..1.2 Applicants' In-House Organization

This material is covered in Section 1.4.2.

13.1.1.3 InterrelationshiDs with Contractors and SuDoliers

This material is covered in Section 1.4.3.

13.1.1.4 Department of Energy (DOE) Participation

The participation of DOE in the Clinch River Breeder Reactor Plant (CRBRP)
Project is described in Section 1..4. In addition, DOE participates in R&D
in support of the CRBRP Project through its LMFBR base technology programs
described in Section 1.5.

13.1.1.5 Technical SuoDort for Operations

TVA's Office of Power will be responsible for carrying out the operator
roa.e for the Clinch River Breeder Reactor Plant. Within the TVA Office of
Power, the Division of Nuclear Power (NUC PR) will be responsible for the'
operation and maintenance of the CRBRP. The TVA technical staff supporting
the operation of the CRBRP will consist of the Nuclear Central Office (NCO)
staff in Chattanooga and also support from other divisions and offices
within TVA (Section 13.1.1.5.1). In addition, technical support will be
supplied by the CRBRP Project Office, the Lead Reactor Manufacturer of
Westinghouse Advanced Reactor Division (W-LRM),and by the AE (Burns and
Roe) (Section 13.1.1.5.2).

13.1-1
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13.1.1.5.1 TVA's Technical Staff

13.1.1.5.1.1 Division of Nuclear Power (NUC PR)

The Division of Nuclear Power is responsible for the safe, efficient, and
environmentally sound operation and maintenance of all TVA nuclear electric
generating plants and will have this responsibility for the CRBRP. The
organizational structure is shown in Figure 13.1-1.

The Director of Nuclear Pgwer administers the work of the division and is
assisted by the Assistant Director; Manager, Nuclear Production; Manager,
Technical Support; and supporting staffs.

The Assistant Director assists the director in managing the division and, is
responsible for directing the work of division managers in the development
and maintenance of programs to implement division policy.

The Manager. Nuclear Production is responsible for nuclear production
activities including preliminary operations, preoperational testing, power
generation, and field services at TVA nuclear generating plants. He will
direct these activities of the CRBRP.

The Manager'. Technical Suport, is responsible for developing and maintain-
ing written' programs and providing direct technical support to the TVA
nuclear plants in the areas of maintenance and engineering support, quality
assurance and compliance, emergency preparedness and protection, industrial
safety, and training. He supervises the Manager, Maintenance and Engineer-
ing, and the Chiefs of the Quality Assurance and Compliance Branch, the
Emergency Preparedness and Protection Branch, and the Training Branch. He Q
will assume these responsibilities for the CRBRP.

13.1.1.5.1.2 Other TVA Organizations

The TVA organization is shown in Figure 1.4-2. These offices/divisions
will be available to provide support services to the CRBRP as required.

13.1.1.51.2 Project Technical Support

Project technical support for the operation of the CRBRP will be provided
to the Division of Nuclear Power in TVA by the CRBRP Project Office, W-LRM,
and Burns and Roe. Areas of support will be in accordance with the
responsibilities described in Section 1.4.

13.1.2 OoeratinR Organization

13.1.2.1 Plant Organization

The plant organizational chart is shown in Figure 13.1-2. The principal
groups that function directly under the supervision of the Plant Manager
and Assistant Plant Managers are the Plant Operations Section, the
Plant Engineering Section, the Plant Maintenance Sections (Mechanical,
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P Electrical and Instrument), and the Health and Safety Services. The CRBRP
organization follows the pattern developed through experience and used at
TVA nuclear generating plants.

Plant employees will be selected primarily from existing TVA plant staffs
and NUC PR's central office. Personnel qualifications shall be in
accordance with NRC Regulatory Guide 1.8-1-R-1977.

13.1.2.1.1 ODerations Section

The Operations Section will be responsible for all plant operations. It
will provide operating' personnel to support the preoperational testing,
fuel loading, startup testing, startup, and plant operation. It will be
responsible for coordinating and scheduling the training program for all
operations personnel. It will provide the nucleus of emergency teams such
as the plant rescue and fire-fighting organizations.

The Operations Section will be under the direction of the Operations
SupervIsor who will hold a valid NRC Senior Reactor Operator (SRO) license.
He will b'e assisted by two inline Assistant Operations Supervisors; each
will hold a valid NRC SRO license.

There will be five shift crews within the Operations Section to provide
24,hour coverage for operating the plant. The minimum shift crew when the
reactor is operating will consist of the Shift Engineer who will hold an
NRC SRO license, one -Assistant Shift Engineer who will hold an NRC SRO
license,' 'two Unit Operators; each will hold'an NRC Reactor Operator (RO)
license,- one Shift Technical Advisor (STA), and two Assistant Unit
Operators. One Health Physics Technician and one Radiochemical Laboratory
Analyst will also be assigned to each shift. Additional operators will be
assigned as necessary. Plant management and technical support will be
present or on Call at all times.

13.1.2.1.2 Enzineerini Section

TheEngineering Section will be under the direction of the Engineering Sec-
tion Supervisor. He will be assisted by a complement of engineers. The
Engineering Section will be responsible for providing technical direction
and staff assistance in the areas of nuclear, mechanical, and chemical
engineering. Responsibilities of this section will include plant and
equipment performance tests, inplant fuel management, waste management and
chemistry control.

The Engineering Section will carry out a comprehensive program of tests,
studies, and investigations for the purpose of monitoring the reactor,
engineered safeguards, and plant operating conditions to assure compliance
with the operating license and to improve the efficiency, of the, plant.
This will include the coordination of the surveillance test program with
other plant sections.
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13.1.2.1.3 Mechnical Maintenance Section

The Mechanical Maintenance Section will be under the direction of the
Mechanical Maintenance Section Supervisor. He will be assisted by an
inline Assistant Maintenance Supervisor.

The Mechanical Maintenance Section will be responsible for mechanical
maintenance work and inspections in the plant. This will include
scheduling and conducting periodic inspections and tests on the systems
assigned to this section associated with the reactor and engineered
safeguards, as required by the operating license. This section will
develop and carry out a preventive maintenance program that assures that
the repair and replacement of parts is consistent with the intent of
applicable codes and basic requirements of the original equipment. A
record file will be maintained by the section on all equipment, inservice
tests, inspections, and maintenance reports.

13.1.2.1.4 Electrical Maintenance Section

The Electrical Maintenance Section will be under the direction of the
Electrical Maintenance Section Supervisor. He will be assisted by an
inline Assistant Maintenance Supervisor.

The Electrical Maintenance Section will be responsible for electrical
maintenance work and inspections in the plant. This will includescheduling and conducting periodic inspections and .tests on the systems
assigned to this section associated with the reactor and engineered
safeguards, as required by the technical specifications and operating
license. This section will develop and carry out a preventive maintenance
program that assures that the repair and replacement of parts is consistent
with the intent of applicable codes and basic requirements of the original
equipment. A record file will be maintained by the section on all
equipment, inservice tests, inspections, and maintenance reports.

13.1.2.11.5 Instrument Maintenance Section

The Instrument Maintenance Section will be under the direction of the
Instrument Maintenance Section Supervisor. He will be assisted by two
inline Assistant Maintenance Supervisors.

The Instrument Maintenance Section will be responsible for instrument
maintenance work and inspections in the plant. This will include
scheduling and conducting periodic inspections and tests on the systems
assigned to this section associated with the reactor and engineered
safeguards, as required by the operating license. This section will
develop and carry out a preventive maintenance program that assures that
the repair and replacement of parts is consistent with the intent of
applicable codes and basic requirements of the original equipment. A
record file will be maintained by the section on all equipment, inservice
tests, inspections, and maintenance reports.
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13.1.2.1..6 Health and Safety Services

This department will consist of two groups which provide services in the
Health and Safety Areas. Those units which will report administratively
offsite and functionally onsite to the Assistant Plant Manager for Health
and Safety Services will consist of Medical, Health Physics, Security, and
Power Stores. They will be responsible for Medical Services, Radiological
Protection, Plant Industrial Protection, and the procuring, storing, and
issuing of items/components needed for the operation and maintenance of the
plant. Those units which will report both administratively and function-
ally onsite to the same Assistant Plant Manager will consist of Industrial
Safety and Fire Protection, Compliance, Quality Assurance, Document
Control, and AdministrativeServices. They will have the responsibility

; for Plant Safety, and the many facets relating to Quality Control and
Administrative Control, and ensuring compliance with industry and federal
standards and requirements.

13.1.2.2 Personnel Functions, Responsibilities. and Authorities

During normal plant operations, the plant manager will be responsible for
all plant -activities. In the event of absences, incapacitation of
personnel, or other emergencies, the following persons will be responsible
in the order listed for all plant activities:

Plant Manager

ASSistant Plant Managers

Engineering and Operations

Maintenance

Plant Operating Supervisor

13.1.2.2.1 Plant Manager

The Plant Manager will have direct responsibility for all plant activities.
He will be responsible for safeguarding the general public and plant
employees from hazards associated with the operation of the CRBRP through
.implementation of the TVA hazard control standards and requirements,
.applicable DOE and NRC rules and regulations, and plant procedures; and for
adherence to all requirements of the operating license. He will receive
direction and supervision from the Director, Division of Nuclear Power and
staff assistance from the Division of Nuclear Power Central Office.
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13.1.2.2.2 Assistant Plant Manager

There are three Assistant Plant Managers: Assistant Plant Manager for
Engineering and Operations; Assistant Plant Manager for Maintenance; and
Assistant Plant Manager for Health and Safety Services. These managers
will assist the Plant Manager in planning, coordinating, and directing the
plant activities under their control. In the absence of the Plant Manager
an Assistant Plant Manager will be responsible for management of plant
activities as indicated in Section 13.1.2.2.

13.1.2.2.3 Operations Supervisor

The Operations Supervisor will be responsible for the safe and efficient
operation of the plant in accordance with the operating license, approyed
procedures and TVA hazard control standards and requirements. He will be
responsible for the preparation and maintenance of up-to-date operating
instructions and the preparation of operating records. He will also be
responsible for operator training programs and operating personnel
schedules and will be charged with the responsibility of keeping the Plant
Manager fully informed in all matters of operating significance.

13,1.2.2.4. Engineering Supervisor

The Engineering Supervisor' will serve as supervisor of the Engineering
Section and as a staff engineer in providing engineering advice and
assistance to the Plant Manager. He will be responsible for initiating,
planning, and coordinating the technical training programs. His experience
and training must provide him with a good understanding of nuclear reactor.,
technology, hazards, safeguards, licensing requirements, and a knowledge of
the control systems used in a nuclear plant. He will be responsible for
analysis of the performance of the reactor and turbine cycle and associated
equipment during the test, startup, and operation of the plant.

13.1.2.2.5 Mechanical.Maintenance SuDervisor

The Mechanical Maintenance Supervisor will be responsible for all mechani-
cal maintenance work and inspections in the plant. He will be responsible
for maintaining safe working conditions for his employees and for their
adherence to safe working practices. He will be assisted in his work by an
Assistant Supervisor with experience in mechanical maintenance. He will
also be assisted by foremen of the various crafts within the section and
engineers who will be •assigned to the plant as the workload demands. The
Mechanical Maintenanceo Supervisor shall have a thorough knowledge of the
.operation and maintenance of all plant mechanical equipment.

13.1.2.2.6 Electrical Maintenance Sunervisor

The Electrical Maintenance Supervisor will be responsible for all electri-
cal maintenance work and inspections in the plant. He will be responsible
for maintaining safe working conditions for his employees and for their
adherence to safe working practices. He will be assisted in his work by an
Assistant Supervisor with experience in electrical maintenance. He will
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p also be assisted by foremen of the electrical craft within the section andengineers who will be assigned to the plant as the workload demands. The
2 Electrical Maintenance Supervisor shall have a thorough knowledge of the

operation and maintenance of all plant electrical equipment.

13.1.2.2.7 Instrument Maintenance SuDervisor

The Instrument Maintenance Supervisor will be responsible for all
instrument maintenance work and inspections in the plant. He will be
responsible for maintaining safe working conditions for his employees and
for their adherence to safe working practices. He will be assisted in his
work by two assistant supervisors with experience in instrument mainte-
nance. He will also be assisted by foremen of the Instrument Mechanics
within the section and engineers who will be assigned to the plant as the
workload demands. The Instrument Maintenance Supervisor shall have a
thorough knowledge of the operation and maintenance of all plant instru-
mentation.

13.1.2.3 Shift Crew ComDosition

Normal Operations

The Shift Engineer on duty, a SRO, will be in direct charge of the plant
including startup, operation, and shutdown of the reactor and ancillary
systems.. He may institute immediate action in any given situation to
eliminate difficulties or remove equipment from service to preclude
violati6n of the operating license or to avert possible injury or undue
radiation exposure of personnel.

The Assistant Shift Engineer, a SRO, will be under the immediate super-
vision of the Shift Engineer. He will follow established procedures in
doing his work. However, if a particular situation is not covered by a
procedure, he may seek advice from the Shift Engineer; or, if the situation
is critical,, he may use his own judgment to prevent damage to equipment,
injury to personnel, or undue radiation exposure of personnel. The duties
of the shift supervisor as identified by NRC will be performed by the
assistant shift engineer. The normalwork station for the shift supervisor
(assistant shift engineer) will be in the control room, but he periodically
makes inspections of the plant equipment. He will immediately go to the
control room during emergency situations. He will remain in the control
room at all times during the. accident situations to dir4ct the activities
of the unit operator unless formally relieved of this function by the shift
engineer.

The shift technical advisor will report to the shift supervisor in the
control room during off-normal reactor plant conditions. The role of the
shift technical advisor will be to serve in the advisory capacity to the
shift supervisor and not to assume command or control functions. 'The shift
supervisor may choose to direct the shift technical advisor to perform his
advisory role from either the control room or the onsite technical support
center, or the shift supervisor may direct the shift technical advisor to
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serve as a liaison between technical support personnel manning the onsite
technical support center and the shift'supervisor.

Routine duties and assignments of the shift technical advisor will include
matters involving engineering evaluation of day-to-day plant operations
from a safety point of view.

The Unit Operator who will hold a RO License will. be under the immediate
supervision of the Assistant Shift Engineer and the general supervision of
the Shift Engineer. He will follow established procedures in performing
his work. In emergencies when there is not time to get advise from his
supervisor he may deviate from established procedures to prevent damage to
equipment, injury to personnel, or undue radiation exposure of personnel.
He will be responsible for the safe and efficient operation of the plant
from the control room or from local control stations.

The Assistant Unit Operator will be under the immediate supervision of the
Unit Operator and the general supervision of the Assistant Shift Engineer.
He will follow established operating instructions in doing his work and
will not deviate from those instructions except as directed. He will
perform assigned routine inspections and manipulative operations without
close supervision. He will assist in the operation and perform work
requirements within defined areas such as the Control Building, Reactor
Containment Building, Reactor Service Building, Turbine Generator Building,
Diesel Generator Building, Intermediate Building, Steam Generator Building,
and Intake S tructure...

When on shift, the Radiochemical Laboratory Analyst will be under the
functional supervision of the Shift Engineer. These duties consist of
periodic sampling'of the'various systems, such as feedwater and main steam,
water makeup, waste condensate, and periodic'monitoring of the primary and
secondary sodium coolant.

When on shift, the Health-Physics Technician will be under the funotional
supervision of the Shift Engineer. He will perform routine radiation
surveys, personnel monitoring activities, and other assigned duties. He
will keep the Shift Engineer informed of radiation hazards and performs
special surveys as requested.

Minimum Shift Crew Comoosition

A minimum shift crew will be established for specific plant conditions.
These requirements are given in Section 16.6.

13.1.3 Qualification Reguirements for Nuclear Plant Personnel

All personnel at the CRBRP will be required to obtain and maintain
qualification standards in accordance with NRC Regulatory Guide1 .8-1-R-1977. The personnel selection and training program that assures
fulfillment of these qualification requirements also satisfies NRC
Regulatory Guide 1.8-1R-1977. In addition, the operation of the CRBRP will
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be conducted in accordance with NRC Regulatory Guide 1.33-R2-1978, TmI
;) Action Plan Items, I.C.3 of NUREG-0694-1980, and I.A.1.1 & I.A.1.3 of

NUREG-0737-1 980.

13.1.3.1 Qualifications of Plant Personnel

The positions of the plant staff have not yet been filled.

1 1-
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13.2 TRAINING PROGRAM

) 13.2.1 Program Description
An on~ite rorm4 training pr r~am Will be~~ond cted prior to initial fuel

loading.

The basic objectives of the training program are:

a. To assure that all plant personnel are properly trained and
qualified to perform their assigned tasks in a safe and
efficient manner.

b. To assure that the CRBRP is operated in accordance with NRC
regulatory requirements and guidelines.

c. *To assure that all:training is formally documented.

d. To meet or exceed NRC licensing requirements.

In achieving theseý objectives, individual training needs will be estab-
lished by comparing job requirements with individual experience.

The training program, as it is initially planned, will be approved by the
Manager, Technical. 'Support, after being approved by the Plant' Manager. The
properly planned and approved program will ensure that the content and the
intent of the training program provides the necessary training for

1personnel associated with'reactor operationsý. The programý will be designed

tol train personnel both with and without previous nuclear experience. It
will i~consist of both formal classroom-type lectures, self-study assign-

ments, on-the-job training, and progress evaluation. This program will be
the mechanismýý to ensure that -all members of the plant operating` staff are
qualified for the assigned position prior %t initial fuel loading.

The effectiveness of the training program will be evaluated by the perfor-
-manee6 of -employees on TVA and NRC examinations in carrying out' their
assigned duties and by periodic evaluations of performance by supervisors.
In addition, periodic audits of the training program will'be performed by
designees within the Office of Power, but outside the Division of Nuclear
Power.

132i .2.11 Program Content

At :the time of manning the CRBRP, TVA should have highly trained nuclear
plant operating personnel at the Browns Ferry, Sequoyah, Watts Bar, and
Bellefonte Nuclear Plants. These plants will be the primary source of
personnel for the CRBRP.

ThoseL positions at the CRBRP which require an NRC licensed SRO will be
filled" by pers6nnel who have or are eligible to sit for an NRC SRO license
on a -light-water reactor power plant. Other positions will be filled by
personnel'within the TVA organization as available and selected from
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competent applicants from outside TVA. All CRBRP personnel will be given -comprehensive training to produce personnel who have that combination ofeducation, experience, and skills commensurate with their level ofresponsibility. This will provide reasonable assurance that decisions andactions during all normal and off-normal conditions will be such that the
plant is operated in a safe and efficient manner.

1 The program will meet the guidelines and requirements of 10 CFR 55-1980,TMI Action Plan Items, I.A.I.I, I.A.2.1, I.A.2.3, I.A.3.1, and II.B.4 ofNURBG-0737-1980, NRC RegulatoryGuides 1.149-1981 and 1.8-,-R-1977, Item
I.A.4.2 of NUPJDG-0718-R2-1982, and BTP CMEB 9.5-I-R3-1981.

Emphasis is placed on simulator use as an integral part of the training
program. A plant-specific simulator will be available for the CRBRP to belocated onsite and operational at the time of commencingz preoperational
testing. It will serve as a device for procedure checkout as well as avital component of the operator training program. The training program forall candidates seeking NRC SRO and .RO licenses will include significant
time at the simulator. Selected personnel in the non-NRC licensed categorywill also receive training at the simulator. The simulator will accuratelyreproduce the ý general operating characteristics of,, the CRBRP, and thearrangement of the instrumentation and controls of the simulator will
closely parallel that of the CRBRP.

The program will provide, training. for the following categories:
a. Individuals with no previous power plant experience

b, Individuals with no previous nuclear power .plant experience
g. Individuals who ' have had nucl ear, experience but not NRC licensed )d.Individuals who hold, or- have held, an NRC license for a LWRfacility or a facility comparable to: CRBRP
e. Individuals who will obtain an NRC SRO or R1, 'cold' license-. Individuals who will obtain an NRC 810 or RO 'hot' license
g. Individuals who will take the training for an NRC license but may

JJ take the NRC exam [e.g. The Plant Manager or Assistant Plant
Manager (Engineering and Operation) and the Shift Technical Advisor]

b. Individuals who will nMt be taking the license-type training, i.e.,
all plant staff whose positions do not require an NRC license

Table 13.2-1 includes detailed information on the training program, suchas: Subject matter of each course, the duration of the course, the
organization teaching the course, and the position titles for which the
course. will be given.., Figure' 13.2-1 presents a proposed training schedulefor the CRBRP staff which is in accordance-to NRC Regulatory Guide
1.8-I-R,-1977. It is planned that the following personnel will obtain a'cold' license in accordance with the requirements of 10:CFR,55-1980 beforeinitial fuel loading: SRO license for the Operations Supervisor, at least
five Shift, Engineers, fand at least five Assistant Shift Engineers; and

_Obtain RO. licenses for at least ten Unit Operators. The. Plant Manager orthe Assistant Plant Manager will obtain the training required for an SRO
license. Since the !cold' license. will be: obtained prior to criticality,
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that part of the training consisting of actual startups will be performed
at a research or power reactor and the control manipulations will be
performed at the CRBRP- Specific simulator substituting for the real plant.

Under NRC procedures for determining the eligibility of an applicant to
..take a cold.examination, the applicant is considered to have had extensive
operating experience at a. comparable facility if one of the following four
conditions.have-been met:

a. Holding or having held an operator's or senior operator's license at
a comparable licensed reactor facility. To date, NRC has considered
any light water power reactor as comparable to any other light water
power reactor. However,. it is highly desirable that previously
licensed individuals participate in a -short Course utilizing, a
nuclear power plant simulator similar to. the facility for which the
applicant will be seeking a license.

b. Determination of such experience as indicated in a. above at a
comparable reactor facility. not subject to NRC-.licensing (e.g.,
reactor facilities operated by the military services or owned by the

:Department of Energy (DOE).

c. The applicant has passed an NRC-administered written examination and
operating test at a comparable licensed reactor facility After
completing an NRC approved training. program. Normally., the
Commission issues a certification stating. that the individual has
met the requirements of an operator as set forth in 10 CFR 55-1980) in lieu of a license.

d. Certification of satisfactory completion of an NRC-approved training
program which utilizes a nuclear power plant simulator as part of
the program.

The non-NRC licensed personnel will also undergo training both prior to and
after assignment to the CRBRP. The training program in which these
employees participate prior to CRBRP assignment will include formal pro-
grams at TVA's Power Operations Training Center (POTC),, TVA Administrative
and Standards of Apprenticeship, or approved equals. After assignment to
CRBRP the training will be commensurate with the individual's experience
and job assignment and will follow the guidelines of Item I.A.2.2 of
NUREG,06601980, and be conducted in accordance to NRC.Regulatory.Guide
S.86-1-R-1977,.

The training of personnel for /the position. of Shift Technical Advisor
.(STA), a non-NRC licensed. position, is specifically addressed because the
STA serves the important function of technical advisor to the Shift

rSuPevisor..The details of the.STA.training-in the CRBRP Training Program
when developed at the FSAR stage will be in accordance with TMI Action Item
II.A.1..1 of. NUREG-0737-1980.

A fire protection training program will be developed prior to fuel loading
and will meet the guidelines of CMEB 9.5-1-R3-1981 as applicable to CRBRP,
and include details such as interface requirements between the Plant
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Operator and the Plant Constructor. The fire protection program of theSConstructor :will be the basis for the construction force fire-protectiontraiýring-. On: ocdasions of interface between construction and operations inareas under.;control of operations, ,the involved construction personnel willbe oriented .on the applicable portion of the Operator. s fire protection
progra. The. fire 'prevention 'and protection program for plant operationwill use the fire brigade system With properly,trained personnel on each
shift. The program will be formulated by the Safety and Fire ProtectionEngineer who will have had, prior to .his assignment to the CRBRP Project,formal training 'in the areas of safety and fire protection engineering froman accredited school, college, or university. The post-CRBRP training will
in•clude plant-system familiarization and the techniques to be employed inpreventing, 'detedting, control, and fighting of sodium 'and sodium-potassium

The individual tasks and the various components of each position will beexamined to identify. the knowledge, skill, physical ability, duties, andresponsibilities required for the individual to accomplish his or her job.In addition, the performance standards to be met in completing the taskWill be identfied . This will be-achieved by. developing job descriptionsfor the positions and evaluating performance records of incumbents insimilar positions before the positions at the CRBRP are filled.

"The actualtraining progra and schedule for the plant:operating staff will-be designed"' around the '-findings , of:a job/task analysis. Hbnce, the"'schdule,.is tntative-and, subjectto change before submission as a part ofthe Finhal Safety Analys"is" Report. '

13.22 Re,training Program

This information will be included in the FSAR.

13.22.3 Replacement Training

This information will be included in. the FSAR.

13.2. 4 1.

13.2.14.1( TIVA.

Offi~cia~l records -of employee- qualifications,. experience, training, andretraining of each member of the plant organization are maintained in theofficial TVA Personal History Record (PHR) by the Division of Personnel...The PHR provides in a. standardizt. I arrangement, the information officiallyrecognized 'in -recording and .sup-ýk.rting 'employee status. Mhe PHR ismaintained in current and acct'-ate statu6 and is controlled' as toavailability. The material admitted to this record is restricted to itemsfor: which authenticity: has been confirmed through- established procedures;for example, official TVA forms, signed statements from the employee, andmanagement representatives. The official records, as identified above, of I.each ý:TV A'employee on6the CRBRP Staff will be maintained in 'the PHR.
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13-2.4.2 Plant

Records supporting requests for NRC SRO and NRC RO licenses will be
maintained in the plant master file. These records will include training
courses attended, retraining classes, number of reactor startups, and other
information necessary to ensure that training requirements have been met.
Some of these records will be duplicated in the PHR.

A training file for each member of the plant organization will be
maintained in the plant master file. Information regarding participation "
in training and retraining activities and records of employee participation
in training activities leading to promotion to a higher level of competence
will be maintained in this training file.

4
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TABLE 13.2.-1
ROPFOSED TRaINING PROGRAM

Subject Areas & Comnosition

Candidates for NRC-License

I. LMFBR & CRBRP-Specific Technology
o Basic differences betweenLWRs and LMFBRs
o Principles of Operation
o Design Features
0 General Operating Characteristics
o Reactor Instrumentation & Control
0 Specific subjects in 1OCFR55-1980, Sec-

tions 21 and 22, and NUREG-0737-1980
o Heat Transfer, Fluid Flow, &

Thermodynamics
o Use of plant systems to control or

mitigate an accident in which the
core is damaged

o Reactor & Plant transients

II. Sodium & Sodium Potassium Handling
A. Offsite

1. Sodium Systems
2. Sodium System Components
3. Engineering Properties of Sodium
4. Corrosion, Mass Transfer, and
- Chemical Instrumentation
5. Materials Selection
6. Sodium-Instrumentation and

Electrical Systems
7. Operational Consideration
8. Maintenance
9. Sodium Safety

B. Onsite
1. Sodium Systems
2. Sodium System Components
3. Engineering Properties of Sodium
4. Corrosion, Mass Transfer, and

Chemical Instrumentation
5. Materials Selection
6. Sodium Instrumentption ard

Electrical Systems
7. Operational Consideration
8. Maintenance
9. Sodium Safety

III. CRBRP Plant Systems Lecture Series
Includes lectures on details of
each of the plant systems

Duration Organization'Teachini

6 weeks Onsite by Staff
specialists

Position Recelving Training

Plant Manager
Assistant Plant Managers
Operations Section Supervisors
Shift Engineers
Assistant Shift Engineers'
Uni~t Operators

(Although the STA is a non-NRC
licensed position, the.STAs will
receive this training.)

C,

2-3 weeks Offsite at Vendors
Training Center

4 weeks Onsite by Selected
Staff Members who
attended the offsite
course

20 weeks Onsite by Engineers
from Engineering Sec-
tion who have become
specialists in the system

Selected members of Manager's Staff
and Operating Section.

Plant Managers
Assistant Plant Managers
Operations Section Supervisors
Shift Engineers
Assistant Shift Engineers
Unit Operators
(Those of above who did not take
the offsite course.)

All personnel for plant positions who
receive training for NRC license
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TABLE 13.2-1 (Cont'd.)
PROPOSED TRAINING PROGRAM

Subject Areas & Comoosition Duration Organization Teachina Position Receiving Training

Candidates for NRC License (Cont'd.)

IV. Observation Training
1. LMFBR Plant Familiarization
2. Operating Evaluations
3. Liquid Metal Systems
4. Inert Gas Systems
5. Characteristics of an

Operating LMFBR
6. FFTFSimulator (for LMFBR

Familiarization)

up to 6 months Offsite at an operating
LMFBR

All personnel for plant positions who
will receive training for NRC license.

V. Health
1.
2.
3.
4.

5.
6.

7.

8.
9.

Physics
Radiation Exposure Limits
Radiation
Special Work Permits
Contamination Control
Airborne Activity
Injuries in Contamination or
Radiation Areas
Handling, Storage, and Transfer
of Radioactive Materials
Safe Practices
REP for CRBRP

VI. Work/Study Assignments
TVA Management/Superv. Skills
TVA Administrative Controls

Operating Practices
o Reactor Startups,

Operating. Instruction Preparation
Sodium Load,
Preoperational Tests
Fuel Load, A

Plant Procedures
o CRBRP-Specific Simulator Training
o CRBRP-Control Room Operational
o 3 months on shift as licensed Operator
o Self-directed study

VII. Pre-NRC License Examination
o Operator Administered Exam
o Inplant Briefing
o Pre-license examination review

2 weeks Onsite by Health
Physics Supervisor

1 week Offsite personnel from
TVA's Central Office

Onsite by Training

18 months Coordinator

200 hours
480 hours

3 months
6 months

Plant Managers
Assistant Plant Managers
Operations Section Supervisors
Shift Engineers
Assistant Shift Engineers
Unit Operators

Selected positions such as

Plant Managers, Assistant Plant Mana-
gers, Operations Section Supervisors,
Shift Engineers, Assistant Shift Engi-
neers, Unit Operators --

Plant Managers, Assistant Plant Mana-

gers, Operations Section Supervisors,
Shift Engineers, Assistant Shift Engi-
neers, Unit Operators --

(For Candidates for 'hot' license only)

All who are taking NRC examinationOnsite by Training
Coordinator.1 week

1 week
2 weeks



Sublect Areas & Comnosition

Candidates for NRC-Liense (Cont'd.)

..VIII. NRC License. Examination
Written
Operating (to include simu-

lator examination)

IX. General.Employee.Training•
1. Familiarization with Plant-Specific

-administrative procedures and plans
to enable trainee to demonstrate know-
ledge in those areas of trainee's
specialty.

2. Radiological Health & Safety
3. Industrial Safety
4. Plant-Controlled Access Areas and

Security Procedures
5. Use of Protective Clothing and Equipment
6. Plant Quai ty, Assurance Program
7. Fire. Protection Program
8. Plant Cleanliness and Housekeeping

Requirements
9. General Description of Plant and

Facilities
10. CRBRP REP

Duration Ormanization Teaching

1 week' Onsite.. by Training
Coordinator

J4 weeks Onsite personnel'by
specialists in subject
disciplines..

1 week Onsite-by staff
specialist

1 week Onsite-by staff
specialist

00
I.-

N.o

Position Receivins Trainink

Only those on the Manager's Staff and
in Operating Section that are obtaining
NRC license

Plant Managers, Assistant Plant Mana-
gers, Operations Section Supervisors,
Shift Engineers, Assistant Shift Engi-
neers, Unit Operators

Plant Managers, Assistant Plant Mana-
gers, Operations Section Supervisors,
Shift Engineers, Assistant Shift Engi-
neers, Unit Operators

Plant Managers, Assistant Plant Mana-
gers, Operations Section Supervisors,
Shift Engineers, Assistant Shift Engi-
neers, Unit Operators.

Selected technical and supervisory
personnel

Selected technical and supervisory
personnel

X. CRBRP Emergency Instructions

XI. Fire Brigade Training

Non-NRC Licensed Personnel.

C;.

I.'
LMFBR & CRBRP-Specific Technology
Contents of course for non-licensed
personnel will be tailored to specific
disciplines ..

LO(D

II. Sodium & Sodium-Potassium Handling
A. Offsite

1. Sodium Systems
2. Sodium System Components
3. Engineering Properties of Sodium
4. Corrosion, Mass Transfer, and

Chemical Instrumentation
5. Materials Selection
6. Sodium Instrumentation and

Electrical Systems
7. Operational Consideration
B. Maintenance
9. Sodium Safety

3 weeks Onsite by specialists

3 weeks Offsite at Vendor's
Training Center

0@0



TABLE 13.2-1 (Cont'd.)
PROPOSED TRAINING PROGRAM

Sublect Areas & Composition

Non-NRC Licensed Personnel (Cont'd.)

purgtion Oraanization Teachiniz Position Receiving Training

B. Onsite
1. Sodium Systems.
2. Sodium System Components
3. Engineering Properties of Sodium
4. Corrosion, Mass Transfer, and

Chemical Instrumentation
5. Materials Selection
6. Sodium Instrumentation and

Electrical Systems
7. Operational Consideration
8. Maintenance
9. Sodium Safety

III. CRBRP Plant Systems Lecture Series
Includes lectures on plant systems details

IV. Health Physics & Safety

4!.weeks

up to 20
weeks

Onsite by. Engineers
from Engineering Section
who attended the offsite
course

Onsite by Engineers
from Engineering Sec-
tion who have become
specialists in the
systems

2 weeks Onsite by the Health
Physics Supervisor

V. Observation Training
Training at an Operating LMFBR
with content oriented to specific
disciplines

VI. Onsite Work/Study Assignments
o CRBRP Familiarization & Orientation
o Developing Plant Procedures
o Studying Plant Layout & Design
o Technical Training in areas of

Chemistry, Nuclear, Electrical,
Instrumentation and Control

o Basic Simulator Training
o Supervisory Training

*TVA Management/Supervisory Skills
TVA Administrative Controls

o CRBRP-Specific Simulator Exercises
o Participation in Preoperational &

Startup Testing

VII. General Employee Training

1. Familiarization with Plant-Specific
administrative procedures and plans
to enable trainee to demonstrate know-
ledge in those areas of trainee's
specialty.

2. Radiological Health & Safety
3. Industrial Safety

up to 6 months Offsite at an operating
LMFBR

Selected Technical and Supervisory
personnel

Selected personnel depending
on their assigned position

All plant personnel including those
on temporary assignment

Selected members of maintenance
supervision and of technical
disciplines from the Engineering
Section

Selected technical and supervisory
personnel

All plant personnel including those
on temporary assignment

52 weeks Onsite by staff
specialists

4 weeks Onsite personnel by
specialists in subject
disciplines



TABLE D3.2-1 (ContGO.)
POOED TRAINING PROGRAM

Sub lect Areas & Compositlon-.

Non-NRC Licensed Personnel: (Cont'd.)

4. Plant-Controlled Access Areas and
:Security Procedures.

5. Use of Protective .Clothing and
Equipment- . .

6. Plant Qualty Assurance Program
7. Fire Protection,Program
8. Plant Cleanliness and Housekeeping

Requirements...
9... General Description.of Plant and

Facilities..
10. CRBRP REP

VIII. CRBRP Emriergency Instructions

IX. Fire Brigade Training

Duration Organization Teaching Position Receiving Training

1 week Onsite-by staff
specialist

1 week Onsite-by staff
specialist

All plant personnel including those
on temporary assignment

All permanently assigned plant
personnel who may at sometime beea
member of the fire brigade

I
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13.3 EMERGENCY PLANNING

13.3.1 GEral

The Clinch River Breeder Reactor Plant Radiological Emergency Plan (CRBRP-REP)
will be developed to provide protective measures for Plant personnel, and to
protect the health and safety of the public in the event of a radiological
emergency resulting from an inplant accident or an accident involving
transportation of radioactive waste from Clinch River Breeder Reactor Plant.
This plan fulfills the requirements set forth in 10 CFR 50-1982 that an
emergency plan be included in the Preliminary Safety Analysis Report and be
developed in accordance with the Nuclear Regulatory Commission (NRC) and
Federal Emergency Management Agency (FEMA) guidance. As specified in
NUREG-0654-lR-1980, Criteria for Preparation and Evaluation of Radiological
Emergency Response Plans and Preparedness in Support of Nuclear Power Plants,
the CRBRP-REP will ensure that:

1. Adequate measures are taken to protect employees and the public.

2. All individuals having responsibilities during an accident are
properly trained.

3. Procedures exist to provide the capability to cope with a spectrum of
accidents ranging from those of little consequence to major core melt.

4. Equipment is available to detect, assess, and mitigate the
consequences of such occurrences.

5. Emergency action levels and procedures are established to assist in
making decisions.

The Radiological Emergency Plan will consist of the CRBRP-REP and appendices.

These documents are briefly described below. The actual CRBRP-REP will be
.submitted as a separate document prior to fuel loading.

13.3.1.1 CRBRP-REP

This document will address general organizational responsibilities,
capabilities, actions, and guidelines for TVA and project personnel during a
radiological emergency.

13.3.1.2 Appendices

Specific information on each of the TVA emergency centers (for the CRBRP these
centers will serve as Emergency Operations Facilities) will be included as
appendices to the CRBRP-REP. These appendices will detail facility features,
capabilities, equipment protective actions, and responsibilities. The
CRBRP-REP, together with the appendices, will describe the methods TVA will
use to:

1. Detect an emergency condition

)



2. Evaluate the severity of the problems

3. Notify Federal, State, and local agencies of the condition

4. Activate emergency organizations

5. Evaluate the possible offsite consequences

6. Recommend protective actions for the public

7. Mitigate the consequences of the Accident

Since TVA has no authority outside the-plant boundaries',ý State and local,
radiological emergency plans will su .pport the CRBRP-REP. State and loca'l
agencies are responsible for ordering and implementinig actions offsite to
protect the health and safety of the public. The plans for State and local
agencies will be incorporated as Appendix F to the CRBRP-REP.

13.3.1.3 Additional TVA Plans and Procedures

The CRBRP-REP will compliment the following:

1. Spill Prevention Control and Countermeasure Plan

2. Physical Se .curi Ity Plans (which include,: fire:. protection)

3. Plant Equipment Normal, Abnormal, and Emergency Operating Instructions

4l. Plant Surveillance Instructions

13.3-1.4 Imnlementina Procedures

SpeIci Ific procedures will be developed to ensure that accidents are properly
evaluated, rapid notifications made, and. assessment and protective actions
performed. These procedures will be compiled in-the Clinch:River Breeder
Reactor Plant Implementing Procedure's Documentht(CRBRPý-IP).
Plant instructions for normal and emergency system operation and control will
exist but will not be included in the CRBRP-IPD. These plant o~perating
instructions' will be designed to ensure that operators implement the
procedures specified in ,CRBRP-*IPD.

13.3.1.5 State Radiolog~ical Emergency Plan

The State. of Tennessee Radiological Emergency Plan as well as the plan for
that portion-of the State of North*Carolina within the 50 *-mile ingestion
.Pathway will be included in Appendix F of the CRBRP-REP..

13-3.2. Emera~env Orkanization

The plant manager will be in charge of all activities at the site and will
have assistant managers to share his responsibilities as he deems necessary..
The minimum staffing requirements for operation will be found in the Plant
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Technical S fications. The responSibilities of the minimum staff uder
norma operations will be asoutlined' inthe PSAR. Under emergency conditions
theresponsibilities of the minimum staff will be unchanged. The site
em6rgency•.organization wil- augment theI shift operations crew in accordance
with NURE~-0654-RRl'-980, Table&".B-l. "If members, of the site'ý emergency
organization are not -present when an emergency occurs, the shift engineer on
duty will be designated the Site Emergency Director.until relieved- by the.--
plant manager or his alternate. The duties and responsibilities of the
various plant supervisors concerning plant emergencies will be outlined in the
CRBRP-REP.

An on-site Technical Support Center (TSc) will be provided in accordance with
10 CFR 50 Appendix E-1982 and NURBG-0696-1981, "Functional Criteria for
Emergency Response Facilities". The TSC will perform the. following functions:

o Monitor plant operations and provide technical advice and overall
plant management from a non-control room location

a.: 'Supply sufficient plant information for analysis of plant: status and
extent of any plant damage including the Safety Parameter Display
System (SMDS) described in Section 7.5.14

o•t Record sufficient information to allow for a thorough review of plant
incidents and to aid in plant recovery

o Provide communications with off-site personnel and provide for other)peripheral functions not directly related to reactor operations

o Relieve control room congestion

In order to provide these functions, the TSC will be located on the 831 level
of the controll building (see Figures 1.2-71 and 1.2-75) in close proximity to
the control room. Access to the TSC during an emergency will be limited to
those persons identified in the REP. The TSC ýwill provide -adequate working
space for the identified support personnel and required support equipment.
The TSC will be capable of being staffed and functional within approximately
30 minutes of an emergency. Radiological protection fram, airborne
radioactivity and plant sources will be provided.

The TSC is included within the Control Room Habitability Zone described in
Section 9.6.1.1.1 and 9.6.1.2.1 of the PSAR. Four CR~s of the Plant Data
Handling and Display System described in Section.7.8 of the PSAR will be used
to provide sufficient information for analysis of plant status.

An on-site Operational Support Center (OSC) will provide a location where
support personnel can assemble and where support can be coordinated and will
provide communication with the control roam and the TSC. The location of the
OSC will be in the lunch room area of the plant services building (See PSAR
Figures 13.3-2 and 1.2-89).. The OSC will have access to equipment necessary
to support the plant emergency response.

The on-site CRBRP emergency plant organization as indicated in Figure 13.3-3
. will be supported by the staffs of four emergency centers: the Central

Amend. 76



I
Emergency. Control Center (CECC) Staff.. and the Division of Nuclear Power.E6r ' Center (DNPEC) Staffin "Chattanooga,: Tennessee; the. Muscle ShoalsEmergenic r Conrol Center (-MSEC) Staff in Muscle Shoals, Alabama and theKnoxvile. Emezgency Control Center (KEOC). Stff in Knoxville,. Tennessee. TheCEOC VWIl functiOn and-proi de all services as a 'near-site,.F.uergencyC:•eratfiosFacility. in aWition, the offsite: emergency organization will besuportedbyother bA organizations as may be required. •
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The director of each center. is responsible for di'recting his staff in carrying) out their respective responsibilities. He is delegated the authority during
emergencies to, locate, direct,, and dispatch the personnel and equipment
necessary to carry out his. staff's responsibilities.

The purpose of the.CECO and associated CECC staff is to provide the facilit 'ies
and manpower for evaluating, coordi~nating,. and directing the overall
activities involved in coping with a radiological emergency.

During an emergency,, the CEOC Director .and his staff will review the response
to the emergency by TVAý and, the appropriate State agencies to ensure that an
effective and cooperative effort is being made. The CECC Director, after
consultation with- the Office of Health and Safety CECC representative, is
responsible for providing TVIA' s recommended, protective actions to the
appropriate State officials;

The CECC staff will coordina~te with all other TVA emergency centers to ensure
an effectiv~e TVA effort in, response. to an accident situation. The CECC staff
will,, also ,provide.I an :accurate .description of. the emergency situation for TVA,
manapgementý, and, public info ,rmation. ,In addition., the CECC will. coordinate with
of-fsite Fede ral agenciesI, such. as the Nuclear. Regulatory Commission (NRC) and
Department' vof Energy. (DOE), to ensure availability of additional outside
resources, .,to-TV.A..

The DNPEC staff provides support services during a-radiological emergency to
the affected plant., Support services may be provided by utilizing any) necessary manpower and equi-pmenit under the direct control of the Division of

-~Nuclear Power. If the, divisio;n,,is unable to provide. adequate services or
.support, requests will be made. for additional support to other TVA divisions,
local agencies., or government, installations as may be required.

The Muscle Shoals Emergency Control Center (MSECC) supports the CECC by
performing environmental radiological monitoring and dose assessments and by,
recommending protective actions for the public to the CECC. In performing
these functions, theMSECC. assists the Tennessee Department of Public Health
in, evaluating the population exposures, resulting from radiological
emergencies. :Real-time meteorological data will be used in dokpe assessment.
related, to actual and potential releases. of radioactivity The MSECC staff
directs offsiteý- environ mental monitoring, for ,the Tennessee Department of,
Public 'Health,.,an'd continues,,monitori~ng, activities until a State Field
Coordi nati on Center is- established to coordinate the offsite-' environmental
monitoring effort.' The MSECC will continue to evaluate the need for
monitoring assistance to the-Tennessee Department of Public Health. The State
may, request assistance from. the. appropriate DOE Operations, Office in
accordance, with-Interagency Radiological Assistance Plan (IRAP) for additional
support. :The. MSECC will monitor the radiation protection problems in the
plant during emergencies to, provide guidance, manpower, and equipment to. the
Plant.,Health- Physicist as required to control and mitigate these problems.

The Knoxville Emergency Control. Center (KECC) serves as the. focal point for
-all essential support activities involving TVA Knoxville offices. The TVA
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Design (EN DES), has been delegated overall responsibility for the KECC and
for providing technical support during and following a radiological emergency.

This section; addresses the EN, DES responsibilities for technical support
during emergency conditions..

The: KECC also serves! as the communication center for other essential TVA
offices such: as the: TVA Board of Directors, the General Manager, the Nuclear
Safety Review Staff, and the Information Office..,.

Real-time meteorological data will be available in the Control, Room,-Technical
Support Center, CECC, MSECC, and State, of Tennessee, Emergency Operations•Center , ... ..,- -i.! . . -. - ,. . . . ... . . . -. '.. . . •" ..

The radiological emergency communications network will consist of :a
combination of commercial telephone circuits, radio, and microwave circuits.
South Central Bell Telephone Company lines will be used as the primary means
of :communications during radiological emergency situations between plant,
CECC, DNPEC, .MSECC, KECC, and appropriate Federal and State agencies. This
system:will lbeaugmented by the TVA Private Automatic Exchange ,(PAX). Hard•
copy data transmission will :be accompl i shed by" 'facsimile- from -the. CRBRP to the
DNPEC, theCECC,; and the MSEC.., The ýhard copy transmission is then followed : up
and verified.by--.-redundant telephone:' communications. W TVA will provide the
e .necessary interfaces to the CRBRP Technical Support Center Data System-ý for"

transmission of necessary data to TVA emergency centers, as appropriate.

The primary ýmeans of notification of plant and offsi te personnel is the
commercial telephone circuits. Additibnally, pocket: pagers are provided to
certain key indiv iduals: in .the emergency organization.

Figure 13.3-1 illustrates the relationship betweenfthe TVA emergency centers

and depicts the interface among TVA, Federal, State, and local agencies.

13.3.3 Coordination With Offsite Grouws

TVA will have' agreements with other Federal agencies to assist in the
evaluation and control of any radiological emergency. These agreements will
include. such agencies asý theý Department of.-Energy (DOE), Oak Ridge Operations
Officei and the National Aeronautics: and ,Space Administration (NASA), Marshall
Space FlightCenter.. The CECC:staff may request assistance-from 'these outside
agencies as required, The Site: Emergency Director will be responsible for
notification of NRC's regional office, of Inspection and Enforcement.

Agreement has been made with the State of Tennessee, Tennessee Emergency
Management Agency (TEMA), to provide for planning and conduct of emergency
operations for emergenciesý at CRBRP .(Reference 1). TEMA is:- responsible for
coordination of the efforts of all state agencies and local governments in the
development of response -plans that have. an impact'. beyond the' capability of a
single -`agency- or local governmet-,to control.° :'The actual agreements and
arrangements involved with such state agency and local government will be
spec•ifially defined in the State "of Tenne ssee CRBRP• Radiological Emergency
Resp6nse- Plan Which will be 'proVided in ýthe CRBRP FSAR. The TVA CRBRP
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Radiological Emergency Plan will. utilize the liaisons already established in
developing the Sequoyah and Watts Bar Radiological *Emergency Plans with the
State. of' Tennessee. TEMA will notify:the State of North Carolina, Department
of Crime Control and Safety, surrounding states as necessary, and coordinate
assistance from the various Tennessee-agencies.

TVA will maintain liaison with the Tennessee Emergency,, Management Agency,
particularly .,With ,respect. to the availability of emergency services. .The
Tennessee-Emergency Management Agency will inform these agencies of actions to
be taken under their respective statutory authority .and assist them in
developing emergency procedures. TVA will provide any necessary training-for
local fire and police departments, ambulance services, and hospitals in
radiological hygiene practices and recognition of raidological hazards. The
attached Table 13.3-1 lists the organizations .that will be participating in
the Clinch River Breeder Reactor Plant Radiological Emergency Plan.

::-- -,-,.::..

.I. : • . • , .. • . . . : { . , . .
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Arrangements will be made for local ambulance service and fire departments to
provide ýback-up emergency: service as required to the plant. Agreements.will
also be culminated between TVA and a nearby hospital to provide emergency.

treatment to irradiated or 'contamina ted patientS:: as required. TVA will assist
in training ambulance attendants and ýhospitalvpersonnel: "in ýthis type, of. •
treatment and will ensure that adequate equipment is made available as
necessary. An. agreement willk also be made withl the :.Radiation .Emergency
Assistance Center and .:Training Site (REAC/TS) Facility operated by the .ýOak
Ridge Associated Universities (ORAU) for emergency :treatment of severe ly
contaminated or irradiated personnel.

13.3.4 Emergency Action Levels.

TVA will utilize the following emergency. :classification.

1. Notification of Unusual Event

2. Alert

3. Site :Emergency

4. General Emergency

This :system of classification will be consistent with the system used by State
and local emergency. organizations.

A Notification of Unusual Event will provide early and prompt notification of
minor events which could develop into or be indicative of more serious
conditions which are not yet fully realized. The purposes of Notification of
Unusual Event are to (1) assure that the first steps in activating emergency
organizations have been carried out, and (2) provide current information on
unusual events.

An-Alert class will be indicated when events are in progress or have occurred
which involve an actual or potential substantial degradation of the level of
safety of the plant. The purposes of the Alert class are to (1) assure that.
emergency personnel are readily available to respond if the situation becomes
more. serious or to ýperform confirmatory radiation monitoring if required,.:and
(2) provide offsite authorities current status information.

A Site Emergency will be declared when events are in progress or have occurred
which involve actual or likely major failures of plant functions needed for
protection of-the public. The purposes of the Site Emergency class are to (1)
assure that response centers .are. staffed, (2) assure that monitoring teams are
dispatched, (3),assure that personnel required for evacuation of nearsite
areas are at duty stations if. the situation becomes more serious, and (4)
provide current information for and consultation with offsite authorities and
the public.

kA General Emergency will be declared when events are in progress or have
occurred which involve actual or imminent substantial core failure with
potential for loss of containment integrity. The purposes of the General
Emergency class are to (1) initiate predetermined protective actions for the K)
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N! Arrangements will be made for an ambulance service to provide emergency
service as required to the plant. Agreements will also be culminated between

_)i TVA and a nearby hospital to provide emergency treatment to irradiated or
contaminated patients as required. TVA will assist in training ambulance
attendants and hospital personnel in this type of treatment and will ensure
that adequate equipment is made available as necessary. An agreement will
also be made with the Radiation Emergency Assistance Center and Training Site
(REAC/TS) Facility operated by the Oak Ridge Associated Universities (ORAU)
for emergency treatment of severely contaminated or irradiated personnel.

13.3.4 Emergencv Action Levels

TVA will utilize the following emergency classification:

1. Notification of Unusual Event

2. Alert

3. Site Emergency

4. General Emergency

This system of classification will be consistent with the system used by Statep and local emergency organizations.

A Notification of Unusual Event will provide early and prompt notification of
minor events which could develop into or be indicative of more serious

)• conditions which are not yet fully realized. The purposes of Notification of
Unusual Event are to (1) assure that the first steps in activating emergency
organizations have been carried out, and (2) provide current information on
unusual events.

An Alert class will be indicated when events are in progress or have occurred
which involve an actual or potential substantial degradation of the level of
safety of the plant. The purposes of the Alert class are to (1) assure that
emergency personnel are readily available to respond if the situation becomes
more serious or to perform confirmatory radiation monitoring if required, and
(2) provide offsite authorities current status information.

A Site Emergency will be declared when events are in progress or have occurred
which involve actual or likely major failures of plant functions needed for
protection of the public. The purposes of the Site Emergency class are to (1)
assure that response centers are staffed, (2) assure that monitoring teams are
dispatched, (3) assure that personnel required for evacuation of nearsite
areas are at duty stations if the situation becomes more serious, and (4)
provide current information for and consultation with offsite authorities and
the public.

A General Emergency will be declared when events are in progress or have
occurred which involve actual or imminent substantial core failure with
potential for loss of containment integrity. The purposes of the General
Emergency class are to (1) initiate predetermined protective actions for the) public, (2) provide continuous assessment of information from the site and
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public, *(2) provide continuous assessment of information from the site and
offsite, and (3) initiate additional measures as indicated by releases or
potential releases of radioactivity.

Recognition of the emergency class which may result from many initiating
conditions will be primarily a judgement matter for' plant operating personnel.
The initiating conditions used for recognizing and declaring the emergency
class will be based on specific measured values or observable conditions
defined as Emergency Action Levels (EAL). These can be combinations of
specific instrument readings (including their rates of change), annunciator
warhings; time periods certain condi~tions exist, etc. The specific instrument
readings 'and parameters "required for determination of these EAL's will. be
detailed:in plant operating instructions. ''These EAL's will be used as
thresholds for determining the emergency classifications.

13.3.5 'Protective Measures

13.3.5.1 Plant

In :the event;" of, aný' unplanned release of radioactivity or sudden increase in
radiation,'level s, 'it will lbe--the responsibility of the Site Emergency Director
to. make the decision concerning the necessity for building and/or' area
evacuation. In arriving at this decision, the primary considerations will, be
personnel safety. The emergency siren will be used'to initiate the" assembly
of personnel. The public address system will be used to evacuate specific
areas. :Upon 'hearing the emergency signal, all persons in the plant will go to
their 'preassigne'd areas to 'wait completion of radiological surveys' and further
instructiodnis.ý If 'only a l;specilfic area is to be: evacdua ted,. personnel in that
area will evacuate to a safe area. Employee•s will be released from their
assembly points when the Site Emergency Director determines it is, suitable.
Should evacuation of unnecessary site personnel be considered, -routes,
specific radiological conditions, traffic density, and weather conditions will
be evaluated prior to directing their evaluation. Any necessary personnel
decontamination identified during area evacuation and accountability will be
accomplished prior to evacuation from the site.

13.3.5.2 Offsite

Through the assessment actions of the MSECC, the actual or potential' offsite
environmental conditions will be known. The State and local agencies will be
responsible for implementing actions to protect the health and safety of the
public. TVA recommends protective actions to these agencies but the State and
local governments are responsible for deciding if any actions are neededand
what they should be. TVA will assist State and local governments as necessary
to implement.,protective actions for the public. TVA will also provide a
prompt notification system for State and local' governments to alert the public
within, a 10-mile areaý around the •plant that protective actions :may be
required..

13.3.6 Review and. Updating

The CRBRP-REP will be reviewed annually by the Division of Nuclear Power and
the Division of Occupational Health and Safety for accuracy, completeness,
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operational readiness, and compliance with existing regulations. All holders

of these plans will acknowledge-in writing, receipt of all changes.

13.3.7 Medical SuPbort

The CRBRP-REP will include a description of medical facilities at the plantand arrangements made with other facilities to provide additional support.
One ambulance will be maintained at the site. Medical consultation will be
available from TVA doctors in Chattanooga. and other areas. Members of the
plant emergency teams will be trained in first aid.

Arrangements will be made with a local hospital and with attending physicians
for the emergency treatment of contaminated, :injured and exposed individuals.The Oak Ridge Associated Universities REAC/TS has -agreed to provide treatment
to severely contaminated or exposed individuals.

Arrangements will be made with a local private ambulance service to provide
emergency service as required to the plant and affected areas in the event
that more than one ambulance is required.

Figure 13.3-2 depicts the proposed locations of the Technical Support Center,
the Operations Support Center, and the -layout :of the medical facilities and
the personnel decontamination facilities.

13.3.o8 Exercises and bDrillsi...

An exercise will be conducted at Clinch River Breeder Reactor Plant-prior tothe issuance of the full .power operating license to test the CRBRP-REP, State,.
and local plans. Exercises will be conducted yearly thereafter. Drills will:
be.conducted in the following areas:,-

1. Medical Emergencies

2.. Radiological Monitoring

3. Radiochemistry

I4. Transportation

5. -,Radiological Dose Assessment

6. Fire

13.3..9 Train&

TVA will provide General-REP training to all plant personnel and specific
training to emergency response personnel. This training provides emergency
staff personnel:with general knowledge of the emergency plan. Training on
specific duties and emergency' responsibilities will be provided personnel as
necessary. This training will be such that each of these individuals will
have a working knowledge of the emergency plan and his responsibilities and
actions upon declaration of an emergency.
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Training and periodic retaining will be provided to those offsite agencies who
may be involved during an emergency, and will include procedures for notifica-
tion, basic radiation protection, their expected roles, and site access proce-
dures, as applicable. The Division of Occupational Health and Safety will
provide for training to fire, police, ambulance, and hospital personnel from
agencies with which TVA has agreement letters.

13.3.10 Recovery and Reentry

The CRBRP-REP will provide for the development and implementation of detailed
recovery and reentry plans based on evaluation of conditions existing ;at the
time. Recovery and reentry will be a deliberate, thoroughly planned evalua-
tion and all procedures developed will be reviewed by the Plant. Operations
Review Committee prior to implementation.

13.3.11 Implementation

Operating instructions promulgated in the plant operating manual will be used
to control plant operations during normal operating conditions. Abnormal
operating instructions and emergency operating instructions which are con-
tained in the Plant Operating Manual will be used to specify the manipulation
of controls of the plant during conditions requiring protective measures to be
taken to place the plant in a safe condition. The abnormal and emergency
instructions. will:contain 'assignments of responsibility for the performanceý of
specific tasks not otherwise established by plant practices and instructions.

Plant instrumentation indications requiring implementation of emergency and
abnormal operating instructions will be specified in these instructions.
Emergency action levelsy also: based, on plant instrumentation indication,
requiring implementation of the CRBRP-REP for protection of personnel' and the
environment are specified in the emergency plan.

Specific actions required of offsite TVA support groups will be delineated in
the CRBRP-REP.

Instructions for medical treatment and handling of contaminated and exposed
individuals will be contained in the CRBRP-REP.

Equipment requirements, including communications equipment, for implementation
of the emergency plan will be contained in CRBRP-REP. Storage and calibration
requirements will be specified. Alarm signals will be described in the plant
procedures.

Instructions for restoring the emergency situation to normal, from the stand-
point of the hazard to personnel, plant safety, and the environment, will be
contained in the CRBRP-REP and the emergency and abnormal operating instruc-
tions. Instructions for repair of plant equipment or structures will be pre-
pared after evaluation of the damage or malfunction involved.

Reference to Section 13.3

1. Letter, Tanner, E.P., Director, Tennessee Emergency Management Agency, to
Green, H. J., TVA, July 6, 1982. (Supplied to NRC in letter HQ:S:83:242,
John R. Longenecker to J. Nelson Grace, April 8, 1983.)
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TABLE 13.3-1

.PARTICIPANTS IN CCRBRP. RAIDOLOGICAL EMERGENCY PLAN

.Tennessee Emergency Management Agency

Tennessee Department of Public Health

Tennessee Department of Agriculture

Tennessee Department of.Public Welfare

Tennessee Department of Safety

Tennessee Department of Conservation

Tennessee National Guard

Tennessee Game and Fish Commission.

Tennessee Department, of Transportation

CityandCounty fficials of ne, Anderson, Loudon, M gan, d Knx
. ,.Counties'..

Sheriff.,s Department of Roane, Anderson, Loudon, Morgan, and Knox Counties

Civil Defense Coordinators of Roane, Andersnb,:Loudon, Morgan- and Knox
Counties

Local Police Departments

Local Ambulance Service

Local Fire Department-

Radiological Emergency Assistance Center Training site (REAU/TS)
oak Ridge Hospital Of the: Unit6d Methodist Church (ORHUMC)

:".06k." :' R idge pi. ta of th. 0 ch ', L',...

Department of Energy (DOE)

-National Aeronautics and Space Administration

Nuclear Regulatory Commission

Environmental Protection Agency

Federal Emergency Management Agency.
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APPENDIX 13.3A

A radiological analysis of the facility design features, site layout, and site
location with respect to considerations of surroundings in compliance to 10
CFR 50, Appendix E-1982 has been conducted. The findings of this analysis are
listed in this section.

B. Description of Analysis for Clinch River Prolect Emergency Planning Curves

Plots showing projected ground level doses, for both whole body and thyroid,
resulting from the most serious design basis accident analysis is depicted in
Figures 13.3A-1 through 13.3A-4. These provide, respectively, the elapsed
exposure times to reach specific bone, lung, thyroid, and whole body doses as
a function of downwind distance based on exposures resulting from the Site
Suitability Source Term (SSST). The use of SSST is conservative since it
envelopes the most serious design basis accident analyzed in the PSAR.

100% Noble Gases

25% Halogens (50% release to containments, 1/2 of which [25%, total] is

airborne and available for release)

1% Solid Fission Products

) 1% Plutonium

Released instantly to and uniformly distributed in Reactor Contain-
ment Building (RCB).

M tQroQS

Atmospheric dispersion parameters (x/Q's) are the ninety-fifth percentile
values (see Section 2.3). Consistent with Regulatory Standard Review Plan,
Section 2.3.4, the 0-2 hour exposure intervals were evaluated based on the
single-hour 95% x/Q value.

Plume front transit times to downwind positions are based on a wind speed
of 1 mile/hour.

Containment Modeling

The following parameters are used to evaluate Source Term releases from
containment:

RCB Leakage to Annulus 0.1% Volume/Day
(Direct to. Annulus Filter Intake)

13.3A-1 Amend. 70
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Annulus Flow Rates

Filtered Exhaust
Filtered Recirculation

Time Delay from Source Term Release
to Initiation of Annulus Filtration

Time Delay from Source Term Release
to Initiation of Annulus Recirculation

3000 CFM-
3500 CFM per 1000 CFM
Exhausted

No Delay

<10 'Seconds

Total Bypass Leakage, 0.001%, Volume/Day
(1% of RCB Leakage)

Bypass LeakageýDirect to Environmnht: 0.6006% Volume/Day
(60% of Total Bypass)

Bypass Leakage to the Reactor Service 0.0004% Volume/Day
Building (RSB)
(40% of Total Bypass)

Sources of Bypass Leakage
*to :theý RSB

96.4% Personnel and Equipment
Airlock
3.6% All other Sources

Gamma Shielding 1".5" Steel (RCB) Plus
41 Concrete

0
Filter Efficiencies

Iodine 95%
Particulate 99%
Noble Gas -0-

Radioloaical Parameters

Inhalation dose factors are per Regulatory Guide 1.109.R1-1977 for a
standard adult.

Time dependent breathing rates are per Regulatory Guide 1.114R2-1974.

External gamma whole body exposure is based on a semi-infinite cloud per
Regulatory Guide 1.4-R2-1974 for the released material and includes direct
exposure from the material within the Reactor Containment Building.

Radioactive decay of nuclides during downwind transit of the plume is
conservatively neglected. While conservative, this assumption has minimal
impact on the results, since off-site exposures are controlled by
relatively long-lived nucildes.
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C. EstimatedReaction and Response Times

.1 The time required for the initial accident assessment of the most
serious design basis accident may require 15 minutes. This time
is an estimate based on the operation of the reactor
instrumentation used to follow the course of accidents. Based on
TVA's experience, the time required to perform an initial dose
projection and notify offsite authorities can be accomplished in
15 minutes.

For the most serious design basis accident, the projected two-hour doses at
the exclusion area boundary do not reach the protective action guide level
for evacuation.

2. The time required to warn all resident and transient persons in
any evacuation sector will conform to the requirements of 10 CFR
50, Appendix E-1.982.

3. The estimated elapsed time, after the initial warning, to evacuate
the 2-mile emergency planning zone (EPZ) is 4 hours. The
estimated evacuation time for the 5-mile EPZ is 5 hours, 20
minutes. The estimated evacuation time of the 10-mile EPZ is 7
hours 15 minutes. Each estimate contains a 1-hour 50-minute
preparation time factor.

4. These evacuation time estimates were prepared by the Traffic
Management Division of the Tennessee Department of Transportation.

a. Figures 13.3A-5 and 13.3A-6 are maps showing all roads within
10 miles of the Clinch River Project. Also indicated are the
2-, 5-, and 10-mile EPZ.

b. Table 13.3A-1 shows the transient and resident populations in
the 16 directional sectors within 10 miles of the Clinch River
Project. This table uses 1980 census data.

c. Table 13.3A-2 shows the estimated transient and resident
populations in the 16 directional sectors within 10 miles of
the Clinch River Project. This table uses the projected
population figures for year 2020. The projected population
figures come from a report prepared by the Firim of Dames and
Moore dated June 16, 1981.

d. Private automobiles will be the primary means for evacuating
the population. Buses may be used to evacuate the Edgewood
School. The problem will be specifically addressed in the
CRBRP-REP.

5. Table 13.3-1 gives the agencies involved in the CRBRP emergency
plan.
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TABLE 13.3A-1
MAXIMUM RESIDENT AN] TRANSIENT.
POPULATION DISTRIBUTION WITHIN

10 MILES OF THE DEMONSTRATION PLANT
FOR CENSUS-YEAR 1980

Radial Interval (miles)_

Sector

N

NNE

NE

ENE

E

ESE

SE

SSE':

S

SSW

SW

WSW

W

WNW

NW

NNW

Sum for Radial
Interval

Ac•cumulative Total
up to Radius
Indicated

0-I

0

0

10

20

20

..0

0

0

10

20

20

0:

10

30

10

0

0

10

30

ý30:

59

300

,89

6 9

80

70

130

911

4141

5141

14

01

0

0

50

50

50

.79

50

.50

119

80

114.

170

0

316

3=-

184

0

8

8

398

187

460

90

120

80

110

193

110

10

10

850

0

22

80

0

3,568

159

110

320

160

90

140

340

991

60

40

120

2,000

4,400

7,191

4,728

5,172

2,300

7,200

2,000

1,120

936

1,292

5,000

6,764

4,676

3,972

1,100

"3

150 1,519

150 1,669

1,142 2,818 6,200 59,851

2,811 .,5,629 11,827 71,680
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TABLE 13.3A-2
MAXIMUM RESIDENT AND TRANSIENT
POPULATION DISTRIBUTION WITHIN

10 MILES OF THE DEMONSTRATION PLANT
FOR CENSUS YEAR 2020

a

Radial Interval (miles)

Sector

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

Sum for Radial
Interval

Accumulative Total
up to Radius
Indicated

0-1

0

0

20

50

20

0

0

0

10

30

20ý

0

10

30

.10

1-:

0

0

0

20

80

30

69

492

109

79

100

80

150

114 .

44

774

14

0

0

0

140

70

70

89

60

70

139

100

134

210

0

1424

3-4

184

0

8

678

217

758

110

150

100

130

223

130

10

10

850

0

22

132

0

5,236

189

7o

210

200

110

170

410

1,399

7ý 50

10

100

2,000

8,300

8,591

6,352

41,896

1,500

11,500

1,300

936

1,108

1,700

8,852

10,5241

3,860

5,032

900

200 2,141

200 2,341.

1,520 3,566 8,338 77,451

3,861 7,427 15,765 93,216

.7
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FIGURE 13.3A-1

ELAPSED EXPOSURE TIME TO REACH SPECIFIC BONE
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-FIGURE 13.3A-2
ELAPSEDUEXPOSURE TIME TO REACH SPECIFIC

LUNG DOSE.VERSUS DOWNWIND DISTANCE
(BASED ON SITE SUITABILITY SOURCE TERM)
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FIGURE 13.3A-3

ELAPSED .:EXPOSURE TIME -TO REACH SPECIFIC
THYROID-DOSE VERSUS: DOWNWIND .DISTANCE

(BASED ON SITE SUITABILITY SOURCE TERM)

100 H1["?Fi'-.T. - . ."

- . " . " ! • •' ,> i i:I- ., J ILp" '" ..! .. .: ii r! ., ..-.. .. ..

-...

-J. .. ... . --Il -•<;, : I. . j i .
II I-

-4 It-

T 77 77''

.. T:.*,4 U i.hLK V -
-T

' ~ t :- :--: -• ii,, -

M ri

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

I N. I

-<A III." :' i. :i*.- - -:.• -*... . .. "1"- . .

10i~ j Nite:INtegrjated Tý½yrbid
D -sf~or Infjni te

i.[ FriE-~s~rft I -Rii.~ ij - m

_i~~~ U ...... 6. .... :-et

I I1 3 4 5 1 1 15 1 7., i , , 7
1 ..10

Di~stance From~ Of Containment Building, Miles I!
13A3-ebd. 198

,,=. ~~~~1 .3A-3 ..••. . -... ... ,_ .. Feb. 198



FIGURE 13.3A-4

ELAPSED-EXPOSURE TIME TO REACH SPECIFIC WHOLE BODY
DOSE VERSUS DOWNWIND:, DISTANCE

(BASED ON SITE SUITABILITY SOURCE TERM)
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13.41 REVIEW AND AUDIT

13.4.1 Review and Audit - Construction

The review and audit function during plant design and construction will be
accomplished as an integral part of the quality assurance program described
in Chapter 17.

13.4.2 Review and Audit - Test and Operation

This will be included in the FSAR.
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13.5 PLANT PROCEUDRES

13.5.1 Administrative Procedures

The plant administrative procedures will be provided at the FSAR stage. At
that time both general and initial test program administrative procedures
will be addressed.

13.5.2 Oerating and Maintenance Procedures

Plant operating and maintenance procedures/instructions will be prepared
for integrated plant operations, system operation, and plant maintenance
activities following the generic categories lifsted in Table 3.5-1. They
will be prepared by the plant operating personnel in accordance with NRC
Regulatory Guide 1 .33-R-2-1978. These procedures/instructions will be
followed by the licensed operators in the operating the plant.

The preliminary schedule for the preparation of the operating and
maintenance procedures/instructions is given in Table 13.5-1.
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Table 13.5-1

Preliminary Schedule for O&M Procedures/Instructions

eSchedulefor Preparation

I -)

General Operating Instructions

Normal Operating Instructions

Emergency Operating Instructions

Abnormal Operating Instructions

Maintenance Operating Instructions

Other Manuals/Procedures/Plans
Fire Brigade Handbook
Health Physics Manual
Administrative Release Manual
Division Procedure Manual
Operational Quality Assurance Manual
TVA Hazards Control Manual
Nuclear Materials Management Guide
Radiological Emergency Plan

13.5-2

To be completed and approved at
least six months prior to fuel
loading and additional instruc-
tions developed as plant opera-
tion proceeds.

To be completed and approved at
leaSt six months prior to fuel
loading and additional instruc-
tions developed as plant opera-
tion proceeds.

To be completed and approved at
least six months prior to fuel
loading and additional instruc-
tions developed as plant opera-
tion proceeds.

To be completed and approved at
least six months prior to fuel
loading and additional instruc-
tions developed as plant opera-
tion proceeds.

To be completed and approved at
least six months prior to fuel
loading and additional instruc-
tions developed as plant opera-
tion proceeds.

To be complete and available at
least six months prior to fuel
loading.

pr
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FIGURE 13.5-1

DELETED
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13.6 PLANT RECORDS

13.6.1 Plant History

The CRBRP operating record program, under TVA's responsibility as the plant
operator, will observe all acts of Congress, Executive orders, and regula-
tions of Federal agencies having jurisdiction in records administration and
comply with 10 CFR 50, Appendix B, Section XVII-1982. TVA complies with
Federal Power Commission regulations concerning the preservation and
disposal of records of public utilities and licensees, insofar as these
regulations apply to TVA records relating to the generation, transmission,
and sale of electric energy.

The Plant Administrative Officer will have responsibility for the general
supervision and coordination of the plant master file.

13.6.2 Operating Records

This will be included in the FSAR.

13,6.3 ....

This will be included in the FSAR.
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13.7 RADIOLOGICAL SECURITY

The requirements of applicable provisions of: 10 CFR Part 11-1982; Part
25-1982; Part 50 [these applicable Paragraphs, 34(c), 34(d),
34(e)-1981-82]; Part 70 [Paragraph 20a-1980]; Part 73 [these applicable
Sections, 20, 21, 25, 26, 45, 46, 55,.71, 72, 80,-1980-82 Appendices B-1981
and C-1978]; and Part 95-1980-82 will be followed at CRBRP. This section
discusses in general how the CRBRP will meet the requirements and each of
the Parts and/or Paragraphs listed above will be discussed at the
appropriate paragraph. The CRBRP Physical Security Plan, Safeguards
Contingency Plan, and Security Personnel Training and Qualification Plan
will be submitted as separate safeguards information. documents. Specific
details will be provided by these plans.

13.7.1 Organization and Personnel

The Office of Power of the Tennessee Valley Authority (TVA) will have the
security responsibilities for the CRBRP for the period from receiptof fuel
to the end of operation. The organization chart shown in Figure 13.7-1
delineates this responsibility which is explained in.Sections 13.7.1.1 and
13.7.1.2.

13.7.1.1 Office of Power

The Office of Power is responsible for protection of power properties. It
develops detailed plans and applies specific security measures.

The Division of Nuclear Power is responsible for security of operating
nuclear plants. The Nucler Power Security Section prepares required
physical security plans and Safeguards Contingency Plans for approval by
the Manager of Power. The Director, Division of Nuclear Power, approves
the Guard Training and Qualification Plan.

13.7.1.2 Office of Management Services

The security force at the CRBRP will be provided by the Public Safety
Service (PSS) Branch in the Office of Management Services of the Tennessee
Valley Authority. The Public Safety security unit at CRB1P will be under
the administrative supervision of the supervisor of the Nuclear Operations
Section, located in the Public Safety Service Branch office, but he will be
under the functional supervision of the plant manager.

13.7.-1.3 Employee Selection

As discussed in Section 13.1, TVA will operate the plant, and accordingly,
will provide all operatingand security personnel who will be regular TVA
employees.

TVA appoints, promotes, transfers, and retains employees on the basis of
merit and efficiency, as prescribed in the TVA Actýand in accordance with
other applicable Federal laws and regulations. It is the policy of TVA to
promote present employees, whenever possible, who have demonstrated
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competence, reliability, and stability to vacant positions in preference to
hiring persons from outside the organization. This is often accomplished
by.upgrading employees through internal:training programs.

Specifi.c. instructions pertaining to personnel matters are contained in
Section ,ITII of the!:TVA Administrative Release Manual. These instructions
are, observed by all plant supervisors, especially as they apply to
.appointment, transfer, promotion, and retention of employees.

Selection for a position is supportable by records ofeeducation, training,
and experience, and:by, records of judgements 'which have been made regarding
work:performance, ability,.and condition of-health.

In .selecting for placement or retention in positions, covered by agreements
negotiated between TVA and the employee organizations, the provisions.of
such agreements are observed.

.Because of TVA's conformance to. the Veteran's Preference Act, when
employing outside candidates for vacant positions, a. large number of

-persons, beginning-:employment- have -successfully completed tours of duty-with
the military forces of the USA. The availability for review of the.
military record of these candidates provides good control in the selection
of high-quality candidates.

Each new •TVA'. employee is given a phys ical-.examination and a :national agency
check, and..written inquiries .are..routinely made to references such as
former employers, schools, and police. Before any employee is allowed
unescorted access to a- nuclear plant protected area, there must be
satisfactory,.results from his security check and: emotional stability check.

Public Safety (PS) officer selection procedures include a preemployment
interview by the PSS area chief and one or more PSS unit supervisors in
addition to the steps previously mentioned. Upon acceptance, the
candidate's first six months of employment are probationary. Appointment
as a PS officer is dependent upon satisfactory service during this period
and satisfactory completion of training and qualification as provided..for
in the CRBRP Training and Qualification Plan to be submitted with the CRBRP
Physical Security Plan. •

In the courseof hiring personnel, the spirit and intent of 10 CFR'Parts
11-1982 and 25-1982 will be adhered to in: considering eligibility for
Special Nuclear Material access and access to National Security
information.

13.7.1.4. Employee Evaluation

Because of the general policy of promoting present employees rather than
appointing candidates from outside TVA, most employees at the CRBRP will be
known from -their previous employment record with TVA. Although TVA
employees are not: given routine psychiatric examinations, they will be
given when an employee's on-the-job performance indicates that this is
desirable.
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Observation of employee service is made. as a regular part of day-to-day
continuous supervisory function. When performing this function,
supervisors will be alert for any unusual behavioral patterns such as may
result from mental stress, alcohol, or other drug abuse.

In addition to this kind of review, the performance of employees in
management and salary policy positions are reviewed formally and the
results reported in order (1) to further aid in maintaining a high level of
employee performance and the maximum utilization of employee abilities; (2)
to., provide recorded evidence of employee performance for use in making
judgements concerning transfer, demotion, promotion, and terminations; (3)
to assure that employees are adequately and systematically.informed of the
effectiveness of their service; and (4) to further facilitate the
maintenance of a high standard of supervision in TVA. All employees'
services are reviewed formally at the time of status changes and at Such
other times as may be required to achieve the above purposes. A service
review shall precede each recommendation for operator licensing or renewal
of an operator license.

13.7..1.5 Industrial. Security Training.

All,..employees at CRBRP will receive training in security procedures. with
emphasis. on being alert to the presence of unauthorized persons and

• evidence of forced entry,. This training will normally be conducted .by a
member of the Plant. Security Force under the direction of the Plant
Manager. The security force training and qualification will be in

1 accordance with CFR 10 Part 73, Appendix B-1981.

13.7.2 Plant Desiagn

The physical plant design has been developed so as to accommodate the
necessary security provisions. TVA, along with DOE and PMC and its
architect-engineer, Burns and Roe, will provide a continuing review of the
plant design, as well as the detailed security provisions. Burns and Roe,
as the architect-engineer for the Project, has been delegated the
responsibility for detailing the security provisions. The design criteria
used at the CRBRP will assure that the physical security fecilities and the
plant layout will be. developed so as to thwart any attempted sabotage. All
plans, drawings, design information, etc., related to the security system
will be treated in accordance with 10 CFR Section 73.21-1981 or 10 CFR Part
95-1980-82 as appropriate. The physical security design will:

(1) Control entry to the plant site and portions of the plant;

(2) Deter or discourage penetration by unauthorized persons;

(3) Detect such penetrations in the event they occur; and*

.(4) Apprehend in a timely manner unauthorized persons or authorized

persons acting in a manner constituting a threat of sabotage,:
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In. the design and operation of the. plant, care will be taken to minimize
the potential for radiological sabotage by the use of access control
measures to prevent unauthorized persons from entering the protected area.
Should such persons succeed in entering the protected area, special access
control measures will prevent them from entering vital equipment areas and
the.Special Nuclear Material (SNM) material access area.

All of the design features will be in accordance with the requirements and
t heiperformance objectives of 10 CFR Sections 73.20-1981 and 73.55-1980.
In those cases where SNM is present, the additional requirements of 10 CFR
Sections 73.45-1982 and 73.46-1980 will be met. The design features will
meet the performance objective with a high degree of assurance based on
detailed analysis.

13.7.2.1 Design Features

The design features of this plant will meet the performance objectives and
requirements of 10 CFR 73.20-1981 in that it will provide with a high
degree of assurance that activities involving special nuclear material will
not be inimical to the common defense and security, and will not constitute
an unreasonable risk to the public health and safety. Tile physical
protection system will be designed to protect against the design basis
threats ,of* theft:-0r diversion of strategic special nuclear material andr @a~dio dal sa~botage as stated-in paragraph 10 CFR 73,1(a)-1982,:"De'sign

.features will be'::

a. A security barrier with intrusion detection system arounathe perimeter
of the plant. -Gates will be kept close( an" :ockie_ exce•, 1ujin._ Li,.es
of authorized use.

b. Employee and visitor parking located outside the security barrier.

c. Anhisolation zone extending from inside the security barrier to outside
the barrier in which all activities will be controlled. This zone will
be void of obtrusive structures and plant growth. In addition, a
cleared zone will be maintained outside the isolation zone to
facilitate observation of persons approaching, the isolation zone.

d. Apatrol road extending completely around the plant insided •the security
barrier.

e. Outdoor closed circuit television (CCTV) systems to permit observation
of the plant perimeter, isolation zone, cleared zone, and protected
area.

f. An outdoor lighting system to provide illumination to the protected
area and isolation zone at a level compatible for both visual and CCTV
observation.

g. A minimum number of exterior plant doors leading to vital areas, all of
which will be hardened against penetration and kept locked.
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h. A cardkey electronic access control system to control personnel access
to vital areas in conformance with each employee,'s 'leVel of

2 authorization.

i. An intrusion detection system to indicate status of hatches, emergency
exits and seldom used equipment or personnel access doors providing
access to vital areas.

j. An access control facility to control personnel access to the protected
area and containing equipment to search personnel for weapons and
explosives.

k. A communication system which will allow continuous communications
between PSS officers and the central alarm station. Also, redundant
communications links will*be maintained between the plant and t hed local
law enforcement agency.

1. An electric power system to provide emergency power to: the security and
lighting loads.

m. A- force of. trained, uniformed,- and armed MPS officers -used,_ on a three-
shift basis to- police the property, provide access control, respond to
alarms, evaluate the situations, and neutralize the threats. Guards
will be trained to meet the-.requirements of 10 .CFR Part 73: Appendix

-B1981.

n. Firefighting and other emergency equipment located throughout the- plant
area to minimize the consequences of fires or explosions.

o. Engineered safegua rds and protective systems thatwill be .providied to
minimize the consequences of fires or' explosions or to minimize the
effects of postulated major equipment failures, natural disasters, and
operator errors!" which would also serve to minimize the effects of
radiological sabotage.

13.7.2.2: .Physical Arrangements

The CRBRP site is in a remote location. It is unlikely that major civil
disorders would occur at or near the plant area. The plant will be located
on a peninsula formed by a meander of the Clinch River between'river'miles
14.5 and 18.6 near the center of a 1364-acre tract owned by :and in-ýthe
custody of the United States Government (see Section 2.1).

.13.7.2.3 Owner-Controlled Area

Ultimately, a permanent access road to theplant will lead into the plant.
During construction, a temporary construction road will -lead into the
construction area. The perimeter of the reservation will. be marked prior
to the completion of construction with signs. to provide reasonable
assurance that persons entering the area are aware they are on private
property. Employee parking areas will be located outside the security
barrier so that only plant vehicles and trucks making deliveries will need
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to be admitted. While construction is: in progress, the temporary
construction road will be the only route of access to the Project. A
continuous access control guard post will be maintained on this road for
the duration of construction activities.. Section 2.1 shows the reservation
boundary of the owner-controlled area.

13.7.2.4 Proteeted Area

When all construction work is completed, there will be an 8-foot high
perimeter security barrier enclosing the protected area. An isolation zone
will be maintained both" outside and inside the security barrier which meets
or exceeds the NRC requirement as specified in 10 CFR 73.55-1980. A patrol
road will be located inside this barrier. A sectionalized instrusion
detec6tion sysltem designed to be self-,checked and tamper-indicating will be
located along the barrier with sensors located on or between it and the
patrol road. Closed-circuit television (CCTV) systems using lowlight level
cameras including some with zoom lens and remote pan and tilt controls will
be used to provide a means of promptly viewing the sector or general area
involved- Safeguards Information Figure 13.7-2 indicates compliance with
10, OCFR Sections 73.20, 45, 46 and 55,-1980-82, and are treated as
i safegards information in accordance with 10 CFR Section 73.21-1981.

13.7.2.5 Vital EauiDment and Vital Areas.

All vital equipment and material access areas will be located within a
vital ýarea: or building which, in turn, will be located within a protected
area. Doors and gates-to vital areas and to other selected sensitive areas
will be kept closed and locked at all times. Safeguards Information
Figures 13,7-6 -through 13.7-1:1 indicate compliance with ANSI N18.17-1973,
Setion 43.11, and other applicable guides and regulations.

As construction nears completion and the equipment is made operational, the
doors and gates to vital areas will be identified by signs which state that
entry .through them will be with the permission of the shift engineer on a
need basis.: Upon completion of construction, these doors and gates will be
.controlled by a cardkey access control system.

The cardkey system will be self-checking and tamper-indicating and an
emergency power -source provided. The regular power supply and emergency
supply: will be supervised and the operationof each cardkey controlled door
tested no less frequently than once, each seven days.

All issues of cardkeys will be authorized by the Plant Manager according to
individual needs of employees requiring access to areas controlled by the
cardkey system. Each card in the system will be programmed individually
and can be programmed out at any. time if lost. The cards will be issued
and returned daily to insure, that they do not leave the site.
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13.7.2.6 Alarm Station

'All intrusion detection devices will annunciate in a continuously manned
central alarm station, and in a secondary alarm station, both of which will
meet the requirements of CFR 10 Subparagraph 73.46(e)(5)-1980.

Each sector of the outdoor intrusion detection system and the operation of
each cardkey controlled door will be tested no less frequently than once
each seven days. Onsite and offsite communication facilities will be
tested at the beginning of each security force workshift.

* 13.7.2.7 Security Barrier

The protected area barrier will consist of an 8-foot high No. 9 gauge
chain-link fence (7-feet of fabric and 3 strands of barbed wire on angle
brackets). The alignment of the security barrier will have a minimum
number of angles and curves to facilitate effective observation and maximum
length sectors of the intrusion detection system.

13.7.3 Security Plan and Contingency Plan

The Plant Physical Security Plan will describe security measures used to
minimize the potential for industrial sabotage, theft and/or diversion
including access control,- surveillance of vital equipment, and plans forI responding to security threats and will be written in accordance with 10
CFR Paragraph 50.34(c)-1981. The Contingency Plan, which will be written
to be mutually supporting with the security plan, will be written in

J accordance with 10 CFR 50.34(d)-1982. Both plans will be treated. as
Safeguards Information in accordance with 10 CFR Subparagraph 73.21[! (b)(1)-1981 and Part 95-1980-82 as appropriate.

13.7.3.1 Access Control

The CRBRP will have a perimeter security barrier that encloses all vital
areas.7 The plant will have two portals for normal access: (1) A personnel
portal and (2) a nearby vehicle gate. General public visitors will not be
permitted inside the security barrier. Employees and special visitors'

.. parking areas will be located outside the security barrier. Vehicle access
will be limited to those required for delivery of material, operations,
maintenance, and sdourity of the plant. Persons, packages, and vehicles

-- will be subject to search upon entering, leaving, and while within the
plant area.

There will be a minimum number of exterior accesses to the CRBRP buildings.
All of them will have penetration resistant doors with frames, hinges, and
locks or security devices designed to prevent forced entry and will. be
alarmed or cardkey controlled. These doors will be kept locked.
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All persons authorized to enter the protected area unescorted will have had
a satisfactory security check and emotional stability check and will have
completed as a minimum a brief plant indoctrination and radiation
protection course which describes plant organization and.layout, controlled
zones, radiation and contamination hazards, exposure limits and controls,
elementary health physics, and pertinent sections of the site emergency
plan.

Even those persons who are authorized unescorted access' will have their
movement limited by physical barriers, such-as locked doors, to prevent
them from entering areas containing vital equipment or areas of high
radiation levels., Only those who need access to. these areas will be
provided means of entering. Access to vital areas and material access
areas will be controlled to meet the performance objectives of 10 CFR Parts
11-1981-82 and 25-1982, and Sections 73.20-1981 and 73.45-1982.

When, special visitors and other persons who have not completed this
training enter the protected area, they will be escorted by an employee
trained in radiation protection and plant emergency procedures. The escort
will be responsible for the safety and security of the people in his charge.
until they leave the plant protected area.

13.7.3.2 Control of Personnel by Categories

Employees and visitors authorized unescorted access to the plant protected ,
areas by the Plant Manager will be issued a photo-type identification (ID)
badge with, tamper-resistant features. These persons will be identified,
issued a radiation detection badge and dosimeters, and then be admitted to
the protected,,area. Other persons not issued ID badges who require escorts C
may be identified by personal recognization, TVA identification card, or
other available identification mediaie They will be issued a numbered
visitor's badge to be worn on their person while within the plant protected
area. Access to vital areas and material access areas will be in
conformance with the Performance Objectives, of 10 CFR Parts 11-1981-82 and
25-1982, and Sections 73.20-1981 and 73.45-1982.

The only unescorted construction workers who may be inside the confines of
the operating unit will be those selected to perform maintenance or other
work before final acceptance of equipment. Upon being granted unescorted
access by the Plant Manager, these personswill be issued a photo ID badge
and given a brief security indoctrination course covering the evacuation
procedure and relevant sections of the site emergency plan.

Contractor personnel, manufacturers' representatives, and other special
visitors who require access to the plant will be logged in, badged, and
escorted.

13.7.3.3 Access Control During Emergencies

Upon hearing of an emergency, the access portal will be locked to ensure
controlled entry and exit. Special visitors who are onsite will be
escorted to the access portal.
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Plant employees will report to the predesignated. stations from which they
will be dispatched as needed to combat. the emergency. All. access control
procedures will be compatible with the CRBRP Radiological Emergency and
Contingency Plans,

13.7.3.4 Surveillance of Vital EauiDment and Material Access Areas

Unit operators will continuously monitor the status of plant systems and
equipment by means of annunciators, indicating lights, indicators, and
recorders. New equipment or material will be inspected on delivery.
Operating logs and computer printout data will be periodically examined for
changes in equipment performance. Most: equipment. will be in continuous
operation and any change will immediately be detected by the operator.
Standby and emergency equipment will be periodically tested .on a routine
basis as required by the technical specifications. Procedures will be
employed to control access to the material access area in accordance with
10 CFR Part 11-1981-82 and Sections 73.45-1982 and 73.46-1980. In
addition, activities in the vicinity of the( material access area will be
monitored i,. The,, combination of these efforts should provide reasonable
assurance that unauthorized physical changes in the status of components of
equipment ,will not be undetected for long periods of time.

Accountabi lity of fissile, and.-fertile material is. inherent in the design of
the CRBRP refueling system for reasons other than security. After
inspection at receipt, the assemblies will not be visually identified again
until shipment of the irradiated assemblies. The assemblies will be
mechanically identified .prior to insertion into the core and .subsequent to
removal from the core as part of the reactor safety program. All movements
of fuel withinthe plant will be monitored and/or recorded on the refueling
system computer for inventory purposes and to insure reactor safety during
core configuration changes.

13.7.3.5 Potential Security Threats

The security system will be designed to deter unauthorized persons from
entering the protected and vital areas and to detect such attempts.
Operating personnel will be trained to be alert for unauthorized persons
and to appropriately notify the security force.

Detailed descriptions of decisions/actions regarding potential security
threats will be included in the CRBRP Contingency Plan. The Contingency
Plan will address actions in the event of an attempt at plant break-in or
an indication of an attempt of theft or diversion or an actual theft,
diversion or sabotage. Planned actions in the event of civil disturbances,
bomb threats, and other emergencies, will be included. Detailed procedures
will be provided plant employees so that they may cope with these and other
events in the optimum manner possible. The Contingency Plan will beI I protected in accordance with the requirements of 10 CFR Section 73.21-1981.

13.7.3.6 Administrative Procedures

In the event of an incident of suspected sabotage or condition which
threatens the security of the plant, the security force will notify the



Plant Manager and initiate a thorough investigation. A report-will be
prepared which includes as a minimum the cause of the event, extent of 0
damage, if any, and action taken to prevent recurrence of similar event.Copies of the report will be sent to the Plant Manager. When appropriate,
the Plant Manager will also report the situation to NRC.

Representatives of the Nuclear ýPower Security Section and Office of Power
Quality Assurance and Audit Staff will make an annual audit of the CRBRP
Physical Security Program: for adequacy of content and performance. Based
on their audit, they will make recommendations for revising and updating
the plant and-related Plant procedures.
13.7.3.7 Test and Inspections

This information will be supplied in the CRBRP Physical Security. Plan.

13,7.4 - Transoortation of Fuel

iThe transportation of fuel for CRBRP will, be the responsibility of the
Departmentl of-Energy-, both:for -delivery of. new fuel and: removal. of. spent
" fuel.: Requirements.virtually, identical in objective,-and scope to those set
forth in 10 CFR Sections 70.20-1981, 73.25-1981, and., 73.26-1981 .will be.
met. All plans. concerning moves of fuel will be controlled in accordance
with :the appropriate 'directives of the agency in charge, i.e., DOE or NRC.

• .) . . . .. . .
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I Figures 13.7-2 and 13.7-v6 through 13.7-11
are considered as Safeguards Information

and are not included in the PSAR.
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