CLINCH RIVER
BREEIER REACTOR PROJECT-S &

, JUNI 3 7975 -

/ ey

R E PQ RT '

[
N

~ VOLUME 8

~ PROJECT MANAGEMENT CORPORATION. -

. 6428




L]

—
.

WO NN NN

- i
.

W W
N

1.5.2

1.5.3

- O

| S - ._ . ) ::_ -

General Information

Overview of Safety Design Approach
Applicabllity of Regulatory Guldes

GENERAL PLANT DESCRIPTION

Site

Englneered Safety Features

Reactor, Heat Transport and Relafed Systems
Steam Generator ~ Turbine and Relafed Sysfems
Offsite and Onsite Power

Instrumentation, Control and Protection
Auxi|iary Systems '

Refuel ing System

Radwaste Disposal System

' Reactor Conflnement/Contalnment Sysfem

Major Str ucfures
o

Comparlsons with Similar Deslgns

‘Detalled Comparlson with Fast Flux Tesf Faclllfy

ENTIE .

. Functions, Responslblilfleﬁ and.Au+horlfles of

Project Participants

Description of Organizations

Interrelationships with Contractors and Suppllers
‘General Qual lfication Requlremenf of CRBRP

- Project Parflclpanfs :

Information Concernlng the- Adequacy of a New
Deslgn
Information Concerning Margln of Conservaflsm of

Proven Design
References

1:1-1:

1.1-1

1.1-2

1.1-3
1.1-5

1 02"'1

—t -
. s !
NN
L
N -

P v S S T 'y
.
— O YWOoO~NOWU,WN

[}
o

1.5-2

1.5-28 -
1.5-47

Amend. 08 -
May 1982




§

"I' 1.6 : MAIEBlAL_lNQQBEQBAIED_BI_BEEEBENQE | 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-1
2.0 SITE CHARACTERISTICS | S 2.4
2.0 GEOGRAPHY AND DEMOGRAPHY - - - 2.1-1
2.1 Site Location and Layout | 2.1-1
2.1.2 Site Description ‘ ‘ 2.1-2
2.1.3 Population and Population Dtsfrlbu?lon 2.1-4
2.1.4 Uses of Adjacent Lands and Waters ) 2.1-8
2.2 NEARBY [NDUSTRIAL, TRANSPORTATION AND MILITARY - '
' CEACILITIES ‘ , 2.2-1
1 2.2.17 Locations, Routes, and Descripflons » - 2.2-1
. 2.2.2 Evaluations 2.2-3
- 2.2.3 New Facility/Land Use Requlremenfs 2.2-4c
2.3 - METEOROLOGY o | 2.3-1
2.3.1 Regional ClImatology 2.3-1
2.3.2 Local Meteorology ‘ 2.3-4
2.3.3 - On-site Meteorological Monlforlng Program 2.3-9
1 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 Hydndloglc Description ' 2.4-1
2.4.2 Floods E 2.4-6
2.4.3 Probable Maximum Flood (PMF) on Sfreams and
- - Rivers 2.4-10
2.4.4 Potential Dam Failures (Seismically and ' ‘ ‘
o Otherwise Induced) ‘ 2.4-21
2.4.7 Ice Flooding ‘ ' ' 2.4-31
2.4.8. - Cool Ing Water Canals and Reservolrs 2.4-31a
2.4.9 Channel Diversions . ' 2.4-32
-2.4.10 Flooding Protection Requiremenfs c2.4-32
2.4 Low Water Considerations : : 2.4-33
2.4.127 . Envlronmental Acceptance of Effluenfs ‘ 2.4-42
2.4.13 -Groundwater ’ ' 2.4-44
12.4.14 Technical Speclflcaflon and Emergency Operation ‘
' ‘ .Requlremenf _ _ L 2.4-55
i . |
_ Amend. 68

- May 1982




N7

8

5 GEOLOGY AND SEISMOLOGY 2.5

2

2.5.1 Basic Geologic and Selsmic Informaflon o 2.5-1

2.5.2 Vibratory Ground Motion : . 2.5-20

2,5.3 -Surface Faulting ' ' ' : : - 2.5-27

2.5.4 Stabil ity of Subsurface Maferlals o 2.5-32

2.5.5 Slope Stability : .2.5-48a
Appendix 2-A Fleld Invesflgaflve 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 Englneering Properties
for Crushed Stone Materials from Commerci al

Suppllers ‘ ~ 2D~1
Appendix 2-E Extracts from u. S Atomlc o
Energy Commission AEC Manual ‘ ' 2e-1

Supplement 1 to Chapter 2 Deleted

Supplement 2 f6 Chapter 2 Questlion and Responses
Related to Chapter Two Information and Critical
For NRC Docketing of CRBRP Environmental Report 1

3.0 DE5lQN_QBlIEBlA_:_5IBuQIUBES;_QQMEQNENIS_EQULEMENI :
' AND_SYSTEMS S . 3.1-1
3.1 £ZHﬁ1HﬂMmEILMUIH_QENEBAL_DESLQN_QBLIEBlA. ' _'3,1?1
3.1.1 Introduction and‘SCOpe' o : . 3.1-1
3.1.2 Def Initions 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 Selsmic Classifications 3.2-1 -
3.2.2 Safety Classifications S . - 3.2-2
3.3 © HIND AND TORNADO LOADINGS o 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 - | DR | L 3.4
3.4.2 Analysis Procedures ' : 3.4-1a
i Amend. 68

May 1982




. 3,104

Missile Barrlier and Loadings
Missile Selection

Selected Missiles

Barrier Design Procedures:
Missile Barrler Features

WITH THE POSTULATED RUPTURE OF PIPING

Systems In Which Pipe Breaks are Postulated
Pipe Break Criteria '
Design Loading Combinatlions

Dynamic Analysis

Protective Measures

SEISMIC DESIGN

Selsmic Input :

Seismic System Analysis

Seismic Subsystem Analysis

Seismic Instrumentation Program

Seismic Design Control '

Appendix to Section 3.7 Seismlc Design Crlteria

_ .

Concrete Containment (Not Applicable)
Steel Contalnment System

Concrete and Structural Steel I[nternal
Structures. of Steel Contalnment

Other Seismic Category | Structures
Foundation and Concrete Supports

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

: | : .
Dynamic System Analyslis and Testing

ASME Code Class 2 and 3 Components
Components Not Covered by ASME Code

AND ELECTRICAL EQUIPMENT

Selsmic Design Criteria




3A.1

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

JABLE OF CONTENTS (Cont'd.)

Analysis, Testing Procedures and Restraint
Measures

_ ‘ .

- ELECTRICAL EQUIPMENT

Equipment identification
Qualification Test and Analysis
Qual iflication Test Results

Loss of Ventilation

Special Considerations
SUPPLEMENTARY INFORMATION ON SEISMIC CATEGORY |
STRUCTURES

Inner Cell System

Head Access Area

Control Buillding

Reactor Service Bullding (RSB)
Steam Generator Bullding

Diesel Generator Bullding
Deleted

Cell Liner Systems

REACTOR

SUMMARY DESCRIPTION

Lower Internals

Upper Internals

Core Restralnt

Fuel Blanket and Removable Radial Shield Reglions
Design and Performance Characteristics

Loading Conditions and Analysls Techniques
Computer Codes

MECHANICAL DESIGN
Fuel and Blanket Design

Reactor Vessels Internals
Reactivity Control Systems

NUCLEAR DES|GN

Design Bases
Description

-Analytical Methods

Changes

Amend. 68
May 1982




B
*ﬁ-"’.”’ - Section | Page
4.4 THERMAL AND HYDRAUL IC DES{GN 4.4~1
4.4.1 ~ Deslgn 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 | - o 5.1-1a
5.1.1 Reactor Vessel, Closufe Head, and Guard Vessel 5.1-1a
5.1.2 Primary Heat Transport System ' 5.1-2
5.1.3 Intermedlate Heat Transport System 5.1-5
5.1.4 Steam Generator System 5.1-7
5.1.5 Resldual 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 S.1-11
5.2 . REACTOR VESSEL, CLOSURE HEAD, AND GUARD VESSEL 5.2-1
J s Design Basls | 5.2-1
5.2.2 Design Parameters ’ 5.2=-4b
‘ - 5.2.3 Speclal Processes for Fabrication and Inspection 5.2~7
~ 5.2,4 - Features for Improved Rellabllity 5.2-8
| 5.2.5 Qual ity Assurance Survell lance - 5.2-10d
. 5.2.6 Materials and lInspections : 5.2-11
5.2.7 Packing, Packaging, and Storage : 5.2-11a

" Appendix 5.2.A Modifications to the High Temp-
l erature Design Rules for Austenitic Stainless Steel 5.2A-1

5.3 PRIMARY HEAT TRANSPORT SYSTEM (PHTS) 5.3~1
5.3.1 Déslgn Bases | , 5.3-1
5.3.2. Design Description g 5.3~9
5.3.3 Design Evaluation : 5.3=33
5.3.4 . Tests and Inspections 5.3=72
5.4  NTERMED|ATE HEAT TRANSPORT SYSTEM (IHTS) - ©5.4-1
5.4.1 . Deslign Baslis 5.4~1
5.4,2 Design Description : 5.4-6
- 5.4.3 Design Evaluation ' ' 5.4-12
vi
: Amend. 68

May 1982




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 ' 5.5f17
5.6 RES[DUAL HEAT REMOVAL SYSTEMS | ﬂ - 5.6-1
5.6.1 Steam Generator Auxl!lary Heat Removal : :
System (SGAHRS) o ' 5.6-1b
"5.6.2 - Direct Heat Removal Service (DHRS) 5.6-20
5.7 'tQMEBALL_HEAI_IBANSEQBI;ﬁXSIENLEMALUAIIQN - 5.7-1
5.7.1 ‘Startup and Shutdown 5.7-1
5.7.2 -'Load Followlng 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 Des1gn 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 Conf Inement/Containment Functional Design 6.2-1
6.2.2 Contalnment Heat Removal 6.2-9
6.2.3 Containment Air Purification and Cleanup Sysfem 6.2-9
| 6.2.4 ‘Contalnment lsolation Systems 6.2-10
6.2.5 Annulus Filtration System 6.2-14
6.2.6 Reactor Service Building (RSB) Filtration System 6.2-16
| 6.2.7 Steam Generator Bullding Aerosol Release
Mitigation System Functional Design 6.2-17
6.3 HABITABILITY SYSTEMS 6.3-1
6.3.1 Habitability System FuncflonallDeslgn » 6.3-1
6.4  CELL LINFR SYSTEM 6.4-1
6.4.1 ‘Design Base 6.4-1
6.4.2 ~ System Design © 6.4~
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

vil

’ Ahend, 68
May 1982




E
g

6.5 - CATCH PAN 6.5-1
6.5.1 Design Base : 6.5-1
6.5.2 - System Design Description and Evaluaflon " 6.5-1
6.5.3 Tests and Inspections A 6.5-1
6.5.4 Instrumentation Requirements 6.5-1
7.0: INSTRUMENTATION AND CONTROLS ‘ 7.1-1
7.1 INTRODUCT1ON - : 7.1-1
7.1.1 Identification of Safety Related Instrumentation
S and Control Systems : 7.1-1
7.1.2 ~ ldentiflcation of Safety Criteria 7.1-1
7.2 REACTOR SHUTDOWN SYSTEM o 7.2
7.2.1 Description 7.2-1
7.2.2 Analysis 7.2-13
7.3 fﬂﬂiLNEEBED_SAEEII_EEAIUBE_JLEﬂEﬂMﬁﬂILAIJLHLJMﬂl
CONTROL : ' 7.3-1
.
QZ;} 7.3.1 Confalnmenf Isolation Sysfem 7.3-1
’ 7.3.2 Analyslis : : 7.3-3
, 7.4 lN§IBuMENIAIlQN_ANDaQQNIBQL;SISIEMS;BEQUlBED_EQB
' - SAFE SHUTDOWN 7.4-1
7.4.1 Steam Generator Auxillary Heat Removal
Instrumentation and Control Systems 7.4~1
7.4.2 ~ OQutlet Steam Isolation Instrumentation and
Control System 7.4-6
| 7.4.3 Remote Shutdown System - ' 7.4-8a
7.5 INSTRUMENTATION AND MONITORING SYSTEM 7.5-1
7.5.1 Flux Monitoring Sysfem 7.5~1
7.5.2 Heat Transport Instrumentation Sys*em 7.5-5
7.5.3 Reactor and Vessel Instrumentation 7.5-13
7.5.4 Fuel Fallure Monitoring System 7.5-14
7.5.5 Leak Detection Systems 7.5-18
7.5.6 Sodlum-Water Reaction Pressure Relief System
(SWRPRS) Instrumentation and Controls 7.5-30
7.5.7 Contalnment Hydrogen Monitoring - 1.5-33b
7.5.8 Containment Vessel Temperature Monitoring 7.5-33b
7.5.9 Contalinment Pressure Monitoring - 7.5-33b
7.5.10 Contalnment Atmosphere Temperafure 7.5-33c
7.5.11. Post Accident Monitoring . 1.5-33¢
viti ,
; ) . Amend. 68

May 1982




Section Page
7.6 OTHER INSTRUMENTATION AND CONTROL SYSTEMS REQUIRED
EOR SAFETY - 7.6-1
7.6.1 Plant Service Water and Chilled Water |
Instrumentation and Control Systems 7.6-1
| 7.6.2 Deleted : . -
7.6.3 Direct Heat Removal Service (DHRS) :
Instrumentation and Control System 7.6-3
7.6.4 Heating, Ventilating, and Air Conditlionlng
Instrumentation and Control System 7.6-3e
| 7.6.5_ SGB Flooding Protection Subsystem 7.6=3f
7.7 INSTRUMENTATION AND CONTROL SYSTEMS NOT REQUIRED
- EOR SAFETY : 7.7+
7.7.1 Piant Control System Description 7.7-1
7.7.2 Deslgn Analysis 7.7-16
7.8 PLANT DATA HANDLING AND D|SPLAY SYSTEM - 7.8-1
7.8.1 Design Description -7.8-1
7.8.2 Design Analyslis ‘ 7.8-2
7.9 OPERATING CONTROL STATIONS 7.9-1
7.9.1 Design Basis 7.9-1
7.9.2 Control Room - 7.9-1
7.9.3 Local Control Stations 7.9-6
7.9.4 «Communications 7.9-6
7.9.5 ~Design Evaluation 7.9-6
8.0 ELECTRIC POWER 8.1-1
8.1 JNTRODUCTION o 8.1-1
8.1.1 Utility Grid and Interconnections 8.1-1
8.1.2 Plant Electrical Power System 8.1-1
8.1.3 Criteria and Standards - 8.1-3
8.2 OFFSITE POWER SYSTEM 8.2-1
8.2.1 Description 8.2-1
8.2.2 Analysis 8.2-4
8.3 ON-=5SITE POWER SYSTEMS 8.3-1
8.3.1 AC Power Systems - 8.3-1
' 8.3.2 DC Power System 8.3-44
Ix
Amend. 68

May 1982




TABLE OF CONTENTS (Cont'd.)

Section Page
9.0 AUXILIARY SYSTEMS 9.1-1
9.1 FUEL STORAGE AND HANDL ING o 9.1-1
9.1.1 New Fuel Storage ’ 9.1-3
9.1.2 Spent Fuel Storage ' 9.1-5
9.1.3 Spent Fuel Cooling and Cleanup System o 9.1-20
9.1.4 Fuel Handling System ‘ , 9.1-33
| 9.2 NUCLEAR ISLAND GENERAL PURPOSE
' MAINTENANCE SYSTEM 9.2-1
9.2.1 Design Baslis 9.2-1
9.2.2 System Description 9.2-1
9.2.3 Safety Evaluation 9.2-3
9.2-4 Tests and Inspections 9.2-3
9.2-5 Instrumentation Applications 9.2-4
9.3 AUXILIARY LIQUID METAL SYSTEM 9.3-1
9.3.1 Sodium and NaK Receiving System 9.3-1a
9.3.2 Primary Na Storage and Processing 932
| 9.3.3 EVS Sodium Processing 9.3-9a
9.3.4 Primary Cold Trap NaK Cooling System 9.3-10
9.3.5 Intermediate Na Processing System 9.3-12
9.4 PIPING AND EQUIPMENT ELECTRICAL HEATING 9.4-1
9.4.1 Design Bases 9.4-1
9.4.2 Systems Description 9.4-2
9.4.3 Safety Evaluation 9.4-3
9.4.4 Tests and Inspections 9.4-3b
9.4.5 - Instrumentation Application 9.4-3b
9.5 JANERT GAS RECEIVING AND PROCESSING SYSTEM 9.5-1
9.5.1 Argon Distribution Subsystem 9.5-2
9.5.2 Nitrogen Distribution System 9.5-6
9.5.3 Safety Evaluation 9.5~-10
. 9.5.4 Tests and lInspections 9.5-12
9.5.5 instrumentation Requirements 9.5-12
9.6 HEATING, VENTILATING AND AIR CONDITIONING SYSTEM  9.6-1
9.6.1 Control Bullding HVAC System 9.6-1
9.6.2 Reactor Containment Bullding 9.6-12
9.6.3 Reactor Service Bullding HVAC System 9.6-25
9.6.4 Turbine Generator Bullding HVAC System 9.6-37
9.6.5 Diesel Generator Buliding HVAC System 9.6-40
9.6.6 Steam Generator Building HVAC System 9.6-45
X
Amend. 68

May 1982




O VOVOWOVW
L] [ ] * ®
* @
BUWN —

.

* o
O OO O o O o & o] NN NN
WU N -

e o e
VTN —

Ye) Yo JiVo JToJRVe) O O O O OO
L]

)
-—
(]

[sNeoNe
WN ~—

O VYW
TN

.
-—
—

9.14.1

Normal Chilled Water System

Emergency Chilled Water System

Prevention of Sodium or NaK/Water Interactions
Secondary Coolant Loops (SCL)

IMPURITY MONITORING AND ANALYS|S SYSTEM

Deslgn Basis

Design Description

Design Evaluation

Tests and Inspection
Instrumentation Requirements

SERVICE WATER SYSTEMS

Normal Plant Service Water System

Emergency Plant Service Water System
Secondary Service Closed Coollng Water System
River Water Service '

COMPRESSED GAS SYSTEM

Service Air and Instrument Air Systems
Hydrogen System
Carbon Dioxide System

COMMUNICATIONS SYSTEM

Design Bases
Description

LIGHTING SYSTEMS

Normal Lighting System
Standby Lighting Systems
Emergency Lighting System
Design Evaluation

PLANT FIRE PROTECTION SYSTEM

Non-Sodlum Fire Protection System

Sodium Fire Protection System (SFPS)

Overall Fire Protection Requlrements -~ CRBRP
Design Compared with APCSB 9.5-1 & ASB 9.5-1

DIESEL GENERATOR AUXILIARY SYSTEM
Fuel Oil Storage and Transfer System

x|

O O OO
® @
o ooo'ooomoo




9.14.2 Cool ing Water System | 9.14-2
9.14.3 Starting Alr Systems ' : 9.14~-4
9.14.4 Lubrication System 9.14~5
9.15 . EQUIPMENT AND FIQOR 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 lnstrumentation Application 9.15~2
9.16 RECIRCULATION GAS COOLING SYSTEM 9.16~-1
9.16.1 Design Baslis 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 JURBINE 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 CONVERS|ON

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 Seal ing 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

xil
Amend. 68

May 1982




Section o A  Page
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
1.1 SOURCE TERMS _ A | 1.1-1
11.1.1 Modes of Radloactive Waste Production S TS B
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 L1QUID WASTE SYSTEM 11.2-1
11.2.1 Design Objectlives 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 i ' 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
1.3 GASEQUS WASTE SYSTEM 11.3-1
1134 Deslgn 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 A 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
1.4.1 Design Objectives ' 11.4-1
1.4.2 Continuous Mon!foring/Sampllng 11.4-2
11.4.3 Sampl Ing : _ 11.4-3
Xt Amend. 68

May 1982




Section Page
1.5 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 Facllities 11.5-4
11.5.7 Shipment : _ 11.5-4
11.6 QEESLIE_BADlQLQGlQALJWMUJDBlNQ_EBQQBAM 11.6-1
11.6.1 Expected Background ‘ 11.6-1
11.6.2 Critical Pathways to Man 11.6-2
11.6.3 Sampl Ing Medla, 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 .65
12.0 RADIATION PROTECTION | 12.1-1
12.1 SHIELDING | 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 YENTILATION : 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 Alrborne Radloactivity Monitoring 12.2-3
12.2.5 Inhalation Doses ' _ 12.2-5
12.3 HEALTH PHYSICS PROGRAM 12.3-1
Program Objectives | 12.3-1
Facilities and Equipment 12.3-3
Personnei Dosimetry. 12.3-6
Estimated Occupancy Times 12.3-7
Appendix 12A - Information Related to ALARA for 12A-1
Occupational Radiation Exposures
xiv -
Amend. 68

May 1982




‘o TABLE OF CONTENTS (ng nt'd.)

. Section - Fage
13.0 CONDUCT OF OPERATIONS 13.1-1
13.1 ‘QBQANlZELUHﬂn_§IBUQIUBE.QE:D&LAEELLQANI ’ 13,11
13.1.1 Project Organization : 13.1-1
13.1.2 Operating Organization 13.1-5
13.1.3 Qual ification Requirements for Nuclear Plant

Personnel 13.1-12
13,2 JRAINING PROGRAM ' 13.2-1
13.2.1 Program Description ' 13.2-1
13.2.2 Retraining Program . 13.2-6
13.2.3 Replacement Tralning 13.2-6
13.2.4 Records 13.2-6
13.3 EMERGENCY PLANNING 13.3-1
13.3.1 General 13.3-1
13.3.2 Emergency Organization 13.3=-2
13.3.3 Coordination with Offsite Groups 13.3-5
13.3.4 Emergency Action Levels - ' _ 13.3-6
13.3.5 Protective Measures _ 13.3-7
13.3.6 Review and Updating : 13.3-7
13.3.7 Medical Support : , 13.3-7
13.3.8 Exercises and Drills 13.3-8
13.3.9 Tralning ' 13.3=8
13.3.10 Recovery and Reentry . 13.3-9
13.3.11 Implementation 13.3=-9

Appendix 13.3A 13.3A~1
13.4 REVIEW AND AUDIT 13.4-1
13.4.1 Review and Audit - Construction - 13.4-1
13.4.2 Review and Audit - Test and Operation ' 13.4-1
13.5 PLANT PROCEDURES v 13.5-1
13.5.1 General 13.5-1
13.5.2 Normal Operating Instructions 13.5-1
13.5.3 ‘Abnormal Operating Instructions - 13.5-2
13.5.4 Emergency Operating Instructions 13.5-2
13.5.5 Malntenance Instructions 13.5-3

Amend. 68
May 1982

Xy




‘ 13.5.6 Survelllance Instructions | 13.5-4
13.5.7 Technical lnstructions 13.5-4"
13.5.8 Sectlons Instruction Letters 13.5-4
13.5.9 Site Emergency Plans 13.5-4

l 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 13.7=3
13.7.3 Security Plan 13.7-6
14.0 ANITIAL TESTS AND OPERATION S 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 Prlnclpal ,

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 ANTRODUCTION - a 15.1-1
15.1.1 Design Approach to Safety . 15.1-1
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 15.2ui
15.2.1 Anticipated Events | 15.2-5
15.2.2 Unl tkely Events : _ 15.2-34
15.2.3 Extremely Unlikely Events 15.2-51

xvl
Amend. 68

May 1982




Section ' Page .
15.3 : uNQﬂ%ZXMJiELDESUHliNENI&:;JNI&MﬂEHJQN 15.3-1

- 15.3.1 Anticipated Events o 15.3-6
15.3.2 Unl ikely Events - : - 15.3-29
15.3.3 Extremely Unllkely Events 15,3-38
15.4 LOCAL FAILURE EVENTS - INTRODUCTION o 15.4-1{v
15.4.1 Fuel Assembly 15.4-2
15.4.2 Control Assemblles : 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 Unl ikely 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 Unl ikely Events o 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 JECHNICAL SPECIFICATIONS 16.1-1
16.1 DEFINITIONS 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 Sysfem Instrumentation 16:.1-3
16.1.4 Safety Limit 16.1-5
16.1.5 Limiting Safety System Sefflng (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 Contalnment Integrity : 16.1-6
16.1.9 Abnormal Occurrence 16.1-6

xvil
Amend. 68

May 1982




16.2 5AEEIi;LJEUJILlﬁﬂLJJ!UJ1NQ_SAEEII_SISIEM_SEIILNQS 16.2-1
16.2.1 ‘Safety Limit, Reactor Core 16.2-1
16.2.2 ~ Limiting Safety System Settings 16.2-1
16.3 LIMITING CONDITIONS FOR OPERATION _ 16.3-1
16.3.1 Reactor Operating Conditions . : 16.3-1
16.3.2 Primary Heat Transport System (PHTS) 16.3-2
16.3.3 Intermedlate Heat Transport Coolant Sysfem 16.3-6
16.3.4 Steam Generation System (SGS) : 16.3-7
16.3.5 Auxillary Liquid Metal System ’ 16.3-12
16.3.6 Inert Gas System Cover Gas Purification System 16.3-13
16.3.7 Auxiltary Cooling System 16.3-14
16.3.8 Containment Integrity ' . 16.3-21
16.3.9 Auxiliary Electrical System 16.3-21
16.3.10 Refuel ing 16.3-24
16.3.11 Effluent Release 16.3-27
16.3.12 Reactivity and Control Rod Limits 16.3-31
16.3.13. Plant Protection System : 16.3-34
16.4 SURVE ILLANCE REQUIREMENTS 16.4-1
16.4.1 Operational Safety Review | 16.4-1
16.4.2 Reactor Coolant System Survelllance 16.4~1
16.4.3 Containment Tests ’ 16.4-3
16.4.4 HVAC and Radioactive Effluents " 16.4-6
- 16.4.5 Emergency Power System Perlodlc Tests 16.4-10
16.4.6 Inert Gas System _ 16.4-13
16.4.7 _Reac?lvlfy Anomal les 16.4-13
- 16.4.8 Pressure and Leakage Rate Test of RAPS Cold
Box Cel 16.4-15
16.4.9 Pressure and Leakage Rate Tesf of RAPS Noble
Gas Storage Vessel Cell 16.4-15a
16.5 DESIGN FEATURES 16.5-1
16.5.1 Site - 16.5-1
16.5.2 Conf inement/Containment 16.5-1
16.5.3 Reactor 16.5-2
16.5.4 Heat Transport System 16.5-5
16.5.5 Fuel Storage 16.5=7
16.6 ADMINISTRATIVE CONTROLS ” 16.6-1
16.6.1 Organization - 16.6-1
16.6.2 Review and Audit 16.6-1
16.6.3 instructions 16.6-4
16.6.4 Actions to be Taken In the Event of Reportable
Occurrence in Plant Operation 16.6-6
xvitl
Amend. 68

May 1982




TABLE OF CONTENTS (Cont'd.)

16.6.5 Action to be Taken In the Event a Safety Limit .

Is Exceeded 16.6-6
16.6.6 Station Operating Records o 16.6-6
16.6.7 Repor+ting Requirements 16.6-7
-16.6.8 Minimum Staffing . , 16.6-8
17.0  QUALITY ASSURANCE - INTRODUCTION 17.0-1
17.0.1 Scope 17.0-1
17.0.2 Qual Ity Philosophy 17.0-1
17.0.3 Participants 17.0-2
17.0.4 ~ Project Phase Approach 17.0-3
17.0.5 Applicability 17.0-3
17.1 QUALITY ASSURANCE DURING DESIGN AND CONSTRUCTION 17.1-1
17.1.1 Organization ' . 17.1-1.
17.1.2 Qual Ity Assurance Program ' 17.1-2
17.1.3 References Referred to in the Text ’ 17.1-6
17.1.4 - Acronyms Used In Chapter 17 Text and Appendices - 17.1-6a

xix .
, Amend. 68
May 1982




. Section
Appendix.

Apbeﬁdlx
Appendlx
Appendl*
Appendlx
_Appéndlx
Appendix
Appendix
Appendlx
Appendix

Appendix

Appendix

Appendix .

Appendix
Appendix

Appendix

Appendix

Appendix

17A

178

17C

17D

17E

17F

176

17H

171

174

A
B
c

x> & m m O

A Descrlpflonvof the Owner Qual ity

. Assurance Program -

A Descrlpflon of the Fuel Suppller Quallfy
Assurance Program

A Description of the Balance of Plant
Supply Qual ity Assurance Program

A Description of the ARD Lead Reactor
-Manufacturer Quallty Assurance Program

A Description of the Architect-Englneer
Qual ity Assurance Program

A Description of the Constructor Quallfy
Assurance Program

RDT Standard F2-2, 1973 Quall*y Assurance
Program Requlrements

A Description of the ARD Reactor Manufacfurer
Qual 1ty Assurance Program

‘A Description of the GE-ARSD-RM Qual ity

Assurance Program

A Description of the ESG-RM Qual ity
Assurance Program

Computer Codes
General Plant Transient Défa
Safety Related Reliability Program

Deleted

-Delefed

Deleted
Plan for Inservice and Preservice Inspections

Post TMI Requirements

XX

Page
] 7A»"1

178-1

17¢-1

17D-1
17E-1
17F-1
176-1
17H-1

171-1

H-1

Amend. 68.
May 1982



. CLINCH RIVER
BREEDER REACTOR PROJECT

‘PRELIMINARY
SAFETY ANALYSIS
- REPORT ‘

CHAPTER 11 |
| RADIOACTIVE WASTE MANAGEMENT

~ PROJECT MANAGEMENT CORPORATION



CHAPTER 11 0 - RADIOACTIVE NAST; MANAGEMENT'

‘"; TABLE OF CONTENTSA

RADIOACTIVE WASTE MANAGEMENT =~

SOURCE TERMS |
Modes of Radioactive Wasfe'PrOducc§6n“'v
Act1vat1on Product Source Strength Mode]s A
F1ss1on Product and P]uton1um Re]eaSe Models

_ Tr1t1um Product1on Sources

1.5 Summary of Des1gn Basis . for D osition of
o Radioactivity in Primary Sod '

and Primary Heat Transfer. S
w1th1n Reactor Aux111ary Sy i

11.1.6 - '_'Leakage Rates v
:'7.2f' LIQUID WASTE SYSTEM |
}fj;z,y' , _ Des1gn ObJect1ves _'
f;?252 'System_DeschptIOn
jf 2.3 Systéh»besién. |
11.2.4 : Operat1ng Procedures andtm
11.2:4.7 _ Operat1ng Procedures Af}:
11.2.4.2 PerformanceuTestsf
‘52;5 _ B Estimated.Releaees
2.6 v_Re1ea§efPo{nfsv.
| 'z;éf6.1 S-Nuc]earAlefahdf
“_;'?v_Aflgz,s.z : Ba}ance_of-Plahtf
‘ . 1;.] 2.7 Dﬂu'tio,n'Factors -
" 1.2 EStimated'DoseS':.

. 11.2.8

n-i

PAGE

.
.
1.
'11{
11.

_‘11;

1.
n

11

11

o

11
11

1

1

11.
11.

.2-7

2-1

.2-2
2-4
2.5
25
;2%6".
.2-6
2.6
2-6

130
2-7
’g

Amend. 34

Feb. 1977



" Doses from Exposuré té-Liquid Effluents

pp idﬁxﬁib'Sécfibn']].ZA

3 GASEOUS WASTE SYSTEM
| _ Design Base

System Description . .= -

Process Flow

Géseous'Radioactjve1Wé$£f

Restricted Area Con@én;rayldﬁs
-System Desfgn |

~ General

Equipment

Instrumentation

| ‘Estimated Re]eésesv
11.3.6 Release Po{nts

“Nuclear Is]ahd

34‘ | 'Béiance of‘Piant.

B » Di]utioh.Factors~

R Dose-EStimates

Dose Rate Estimates

-55073 0 Section 11.3A

S 11-4i

Operating Procedures and Performance Tests =

. PAGE

11.2-9

11341

11.3-1
11.3-1°

11.356
1,36

11.3-7
11.3-8

11.3:9

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

S 11.3-17

11.3-17

11.3-18

Amend. 50
June‘1979'




500
.

” 5o|

AR
.

11!

1.

1.
1.
.
1.

1.
.
1.
11.

1.

1.
11.4.

.

N S I T TN SR S s

T T E

L R~ ] B~ >

=

NN N N

N

W W W

11.4.3.7.

Concen"”

o PROCESS AND EFFLUENT RADIOLOGICAL MONITORING
i SYSTEM e

k Des1gn ObJect1ves o

Contlnuous Mon1tor1ng/Samp11ng

acuum Pump Exhaust and Deaerator
Vents Tr1t1um Samp]er

; ";.”Inerted Cell Atmosphere Mon1tors

- RAPS and CAPS Moni toring

Liquid Systemé Descriptioh

Radwaste D1sposa1 System L1qu1d Eff]uent
Monitor

vMaintenancetand Calibration

Sampling

'Process Samp11ng

\ Intermed1ate Level Act1v1ty L1qu1d Waste
' Co]]ect1on Tanks :

'eeProcess D1st1]1ate Storage Tanks

" Low Leve] Act1v1ty L1qu1d Waste Co]lect1on
Tanks -~ - , _

| Low'Leve1 Act1v1ty D1st1]1ate Mon1tor1ng Tanks

ted Waste Co]]ect1on Tank

o
.h
n

1

1
0

1.
1.

11

;4-5

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

.4-7
.4-7

4-7
4-8

-4-8

Amend. 50

June 1979



6.

e SOLID WASTE SYSTEM

Eff]uent Samp11‘

Des1gn ObJect1ves
Systen anuts,'Owﬁ”}
Equipment Description
Ezkpecté‘af::\[61‘hme's_
:Packaging:' o
| Stdfage-Facilitie;’: =

'; Shipmeht | |

OFFSITE RADIOLOGICAL MONITORING PROGRAM

. Expected. Backgrounid .
Cr1t1ca] Pathways to Man :
- Doses from Gaseous Eff]uents

Internal Doses from L1qu1d Eff]uentsH

Sampling Media, Locations, and‘erquencﬁes‘

Analytical Sensitivity
Data Ana]ys1s and Presentat1on

Program Stat1st1ca] Sens1t1v1ty

11-v

11
n
1
"
C1T.E

11
11

11

11.

11

11.

11
11
11

5-1
5-T
51
.5-3

.5-4
.5-4

.6-1

6-2

6-3
6-4

.6-4
.6-4

.6-6

6-5

Amend. 50

“June 1979 v:v




11141

-2

- 'J1 1- 4;-d

'”“-_;11 1- 4A

5ol 11-1-9

'-11.2+1”A-'
22

Co1.2-3

R 2

7?{11:1432-

C11.155

BT T

Coma-7

' ActivationAProdUCtS'in PrImary Sodium COOIant

Activation Products - Core Structura]
Mater1a1 (Sta1n1ess SteeI 316)

Summary of S1gn1f1cant Informat1on Used 1n -
CRBRP Corros1on Release Est1mates S :

Fission Product Escape Fract1ons' )

‘Comparison of Assumed Escape Fraction from

Failed Fuel Rods with Measured Escape
Fractions 1n BQD S

Parameters Assumed for PIuton1um Re]ease to

Pr1mary CooIant

Rad1oact1ve Argon Cover Gas Act1vat1on and-

- Fission Products Release’ Rates’ and Resu1t1ng

Isotopic ReIease Rate

Act1vat1on, F1ss1on Product and PIuton1um
~ Isotope Concentrations. in the Primary Sod1um'»
" Coolant During 30_Year P]ant L1fet1me =

Design Values -

S1gn1f1cant Corros1on, F1ss1on Product and .
Released Fuel Act1v1t1es on Wetted Surfaces
at Reactor Shutdown _

_ -Rad1o1sotope Inventory in Primary CoId Traps .
- After 15 Years Operatlon S :

Des1gn AnnuaI Re]eased Act1v1ty Inventory

Des1gn Annua] Concentrat1on of Low and Inter-

med1ate Act1v1ty Leve] Input Streams

-Design Act1v1ty Inventory Stored After

Process1ng

Concentrat1on of ‘Radionuclides at D1scharge

| “to CI1nch R1ver Des1gn VaIues S

‘Equ1pment Descr1pt1on of L1qu1d Radwaste |
‘System _ ,

1:1-‘\/‘ :

PAGE
11.1- 12_{

1113

C1L1-14

11.1-15

11.1-16

11117

11.1-18

11,119 - o

11.1-22

11.1-24

Co2a2

11.2-14

11.2-16

11.2-18° -

11.2-20

Amend. 50
June 1979



50

1.
1.
;jn;

ERRIY

2R-1
A2
2B=3
| 1.2aea”

2A<5

._1);; .

0 s

— Indoor Rad1oact1ve Waste Tanks = Prov1s1ons
Jo to) Prevent and Contro] Overflow Cond1t1ons

4v’:->L1qu1d Radwaste Rad1o1sotope Annua] Inventory

- Design Va]ues

"GDes1gn Eff]uent Concentrat1ons, Max1mum l:
Permissible Effluent Concentrations (MPC)
‘j-and Fract1on of. MPC at D1scharge to R1ver §

Estimated Cleah1ng Process Data Intermed1ate

Level System

_Dose Rates Receivedey An Ihdividua] Via

ExposUre to CRBRP’LiqUid Eff]uents (MREM/YR)

_: Water Body w1dth Factors for Est1mat1ng Gamma
‘Exposure from. Contam1nated Sediment 5 _

Dose Conversion Factors For Total Body and_

" Shoreline Depos1ts

Dose Convers1on Factors for Exposure V1a a,
Ingestion of Water .to Radioactive Materials
Re]eased From The CRBRP Radwaste Systems

‘ -B1oaccumu1at1on Factors for Freshwater

Aquat1c Foods

Summary of Var1ab1es Used in Rad1o1og1ca]
Dose Evaluations Wh1ch Are Not Spec1f1c
to the CRBRP L

Max1mum Perm1551b1e Concentratlon In Water
MPC,, for Continuous Exposure to Rad10nuc11des
Released from the CRBRP Radwaste Systems

Rad1onuc11de Input Rates to Reactor Cover Gas

Gaseous Rad1onuc11de Concentrat1on 1n Reactor

Cover Gas

Act1v1ty Inventor1es 1n RAPS Process Vesse]s

: Act1v1ty Concentrat1ons 1n RAPS Process
Gas Streams : :

J]4yi _

-

.

17

11

1.

N

11

i

-1

11

om

11

11

PAGE

.2720a

2-21

.2-23

2-25

.2-26

2A-8

.2A-9

.2A-12
.2A-15
.2A-17
.2A-18
.3-19

.3-20
.3-21

.3-22

Amend. 50

June 1979




1.
11.
| 1.3-

. RAPS Cryost11] P»

Act1v1ty Inventor1es

iance Characteristics

in CAPS ProcesstVesseTs

Activity Concentrat1ons in CAPS Process Streams'
~CAPS Decontam1nat1on Factors |

.Rad1onuc11de Re]ease Rates and Re]ease Paths
_for the Des1gn Va]ue Serv1ce Cond1t1on 3

| Rad1onuc]1de Re]ease Rates and Re]ease Paths |

for the Expected Serv1ce Cond1t1on

Annual Act1v1ty Re]ease Rates for the Des1gn a‘
Servyice Condition :

Annua] Activity Re]ease Rates for the Expected
Service Cond1t1on v .

*Rad1onuc11de Concentrat1ons in Head Access

Area

Rad1onuc11de Concentrat1ons at Site Boundary
from RSB Exhaust '

Radionuclide Concentrat1on at Site Boundary
from RCB Exhaust :

- ATr1t1um Concentrat1on at Site Boundary from
7. G Building Exhaust :

Tritium Concentration at Site Boundary -
from 1B Exhaust

Design Parameters of RAPS and CAPS Process
Vessels

| Externa] Doses at Site Boundary to an

Individual via Gaseous Effluents from CRBRP
Design Re]ease Points =

Release Point Descr1pt1on'of‘1nterna1 Whoie
Body Doses Due_tojCRBRP Gaseous‘Eff]uents'

Effluent Release Points DesignfData

Mevid

PAGE

1.

11
11

]]}

11.

11
17

-1

1.
1

11

11

N

1.

1

11

11.

3-23.

.3-24
.3-25

3-26

3-27

.3-29
.3-31

332

,3r3415;;'

;g;ésguxffi.

.3-36

3-37

.3-38
.3-39

3-39a .

~Amend. 50
June 1979



|

I
Ek

R

.

.
.
1
111.5

=44jl;¢‘

3A2
3A;3e
;3A-ﬁl
3A-5 .
.3A-6

4-1"

5-1

/5-1A
52

'_System

“ﬂFor Isotopes Re]eased A;:
-'1$ystems ’

Factors for Exposure to -
rials. Re1eased from
_szRadwaste System ‘

s .Exposure to. Radionuclides
om- the CRBRP Gaseous- Radwaste L

Ré]easedq

~ Whole Body Dose Convers1on Factors for
Tritium Re]eased Durlng Norma] 0perat1ng _

Cond1t1ons

Enyironmental . Ha]f Lives of Rad1o1sotopes
Re]eased from CRBRP Radwaste Systems

 Summary of Var1ab]es Used in Rad1o]og1ca]

Dose ‘Evaluations wh1ch are not Spec1f1c -
to the CRBRP - -

Process and'Effiuent Sampling and Monitorihg»-

Design ObJectlves in So]1d Radwaste System
Per Year in Terms of Annua] Quantities

Conceptua] Primary. Co]d Trap Remova] Sequence

‘Inventory of Des1gn Annua] Act1v1ty of
Sh1pped Waste : _

. Solid Radwaste Shfpments Per Year

Mevidi

sTble Concentrat1on in Air. (MPC )

PAGE

11

1.

11

1

T
1.

1.5

11.
' 1.

1.

.3A-12

3A-15

3A-16

.3A-17

.3A-18

3A-20
4-10

* Amend. 50
: June 1979




50

1.

'-]};

11

1.
n

11

1.2
1.2

113
R
11ﬁ 
17.3-2

1.
11.
IR B
| _;'l11}

N
n

aE?
mn

21
22

%f3 -
.2-4

:2=5

30
311
32
;3713}f,ff"

LALL Evaporation Lig

."Radioactiye Waste

Flow Diagram - RAPS

 CRBRP Des1gnff_;

Radioactive Waste

“LALL Collection and_Ne' ra]1zat1on L1qu1d

Rad10act1ve Waste. .-
.’Rad1oact1ve Waste

LALL Demineralizati aner1scharge L1qu1d

RadiOactiVe Gas F

Schematlc D1agram of the-Recyc]e Argon C1rcu1t,

Schematic D1agram of CAPS_Process F10w

Flow Diagram - RARS“g

CAPS

Flow Diagram

~__Flow Diagram - ¢

RCB Nitkogen

PAGE

11

11
11

11

11

1"

n
11

11

1
1
11

< - ‘I'l.

1
m 11
1
.
11.
1.

227

2-28
2-29

.2-30
.2-31
1.

2-32

.2-33
.3-40

.3-41
382
.3-03
.3-84
305
R TH

3-46
3-47

.3-48
.3-49
.3-50

3-51
3-52
5-10

’:-Amend. 50
~June 1979




 SECTIONMNO. -~

50

111

1.2
11.3

1.5
1.6

- CHAPTER 11.0 - RADIOACT

LIST OF |
©PAGE NO.

'1i.1-11 
e
C11.3-18c
 11.5-5
1167

S o 7 June 1979




CHAPTFR 11.0 RADIOACTIVE WASTE MANAGEMENT

The purpose of ‘the information prov1ded in this section is to

N provide assurance that the CRBRP has sufficient . installed capacity and

4o

g
!

treatment equipment in the radwaste systems which will result in radio-
activity levels which will not exceed the appropriate 1imits for the plant
personnel and general public and are as ‘low as is reasonably achievable.

~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 obgect1ves of the liquid, gaseous and so11d rad-
waste systems respectively. Section 11.4 provides a description of the :
process and effluent radiological monitoring systems and Section 11.6 *
descr1bes the offs1te rad1o1ogica1 monitoring program

- 1] 1 SOURCE TERMS

11.1.1 Modes of Radicactive Waste Production

This section descr1bes the Dr1nc1pa1 modes of radioactive 1sotope

_production in, and/or release to the primary coolant and reactor cover gas:

- The resuylting radioactive concentrations in the primary coolant and cover gas
-are quantified. . .These isotopic concentrations .form.the predominant sources
of rad1oact1v1ty wh1ch the rad1oact1ve waste management systems are des1gned o

to contro]

The rad1oact1v1ty concentrat1ons in the primary coo1ant and cover
gas. are produced from the following basic sources:

1. Neutron act1vat1on of ;-

(a) sodium primary coo]ant and its trace 1mpur1t1es,
~(b) argon cover aas,

(c) metallic 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 c]add1ng failures,

3E  Plutonium and other actinide 1sotopes inventory and production in

~ core and blanket assembly fuel rods during operat1on and release
through fuel rod c1add1ng failures, ‘ . _

4. The_production (in order of 1mportance) of tritium by the
fo]]owing.neutroﬁ‘interactions: :

(a) The interaction of neutrons with Boron in the control
- assemblies, :

. Amend. 49
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(b) H® from ternary fission in the fuel
(¢) Interaction of neutrons with- Lith1um (L1) contam- '
“inant in the sod1um " _ o

| 11, 1 2 Activat1on Product Source Strength Mode]s :"

A genera] method of analysis was. emp]oyed ‘to determ1ne activa-
tion rates for the primary sodium, the trace impurities in the sodium, -
and the wvarious constituents of other non= fue] core components Th1s
method was as foIIows ' v o '

1. Twenty-six group neutron fluxes were obtalned‘thrOUgHOUt'
the volume within the reactor vessel from a two dimensional
r, z diffusion calculation using the bopP III W computer '
Pprogram.

2. Target atom (the isotopes being . 1rrad1ated) activation
rates were then calculated using the TRIED computer code.
~TRIED: calculates the activ1t1es based: on the 26 group
~ neutron fluxes calculated using DOP- IIT W, the ‘correspon-
- 'ding. 26" ‘group. act1vat1on cross. sections from the ABBN
cross section library' and the number den51ty ‘of ‘the target
atoms in the material. The calculations are performed-
for portions (zones) of ‘the reactor vqume with common
' mater1a1 character1st1cs =

A synopsis of the computer codes used is. g1ven in Appendlx A

‘Activation of the sodium and 1ts trace 1mpur1t1es results in

'rad1oact1vity which is inherent to the primary coolant or directly re-

Ieased to the cover gas. Reactions of this type are shown on Table _]1.1-1,

gether with essential physical data. Direct activation of the Ar38 and
constituents of the cover gas produces a negl1g1b1e quant1ty of
Ar39 and less than 5% of-the Ar®l., The remaining Ar39 and Ar#l is” pro-

~ duced from potassium impurity activation *

Other activation products are re]eased from the fue] cIadd1ng

,;and core structural members by corrosion. The principal activation
" reactions which occur in stainless steel (Type. 316) structura] members

| are shown on Table 11.1-2.

a9l

B *Ar39 + Ar4] production was based on 1000 ppm potass1um 1mpur1ty, when,

4n fact, all reactor grade sodium procurement experience indicates
‘typical K impurity levels less than or equal to 400 ppm.
o ' . S : ' : A Amend. 49
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Ana1ysis of core structures activation and corros1on 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 assemb11es,

removable and fixed radial shield, core barrel and reactor vessel. ' The

-axial regions extended from a 1ower e]evat1on of the inlet modules to

the outlet nozzle elevations.

The saturat1on value of the radioactivity for each of the

.twe]ve reactions shown on Table 11.1-2 was calculated using a TRIED 42
group-R-Z edit of DOT-III 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 I1T).

The nominal corrosion rates for each of the zones were ca]cu-

lated us1ng 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 f]ow rates be1ow 10 feet/
second " These express1ons are:

R = (6.685 x 107) -E‘xp 18]20]

for flow rates >10 feat/second, and

R 7

(¢) (1. 1704 x 10
for flow rates 10 feet/second. The quantities in the above equations
are defined as_fo]]ows: :

R = mils/year

¢ = oxygen content of Na (ppm)

i

T, = temperature (°k) |
V= velocity (feet/second)

The re]ease of radioactive 1sotopes to the- primary sodium from
isothermal regions of the fuel assemblies, blanket assemb11es, control

assemblles, fixed and removab]e shield assemblies, core barre], and reactor

vesse] is as follows:

Amend. 49
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where:

. g _ o o W
A = Sy ;) ® (- - @) ® ® ()
; ISTIEE DY :

_Ai'=, the aCTlulfy of lsefebeAl released to +he:prlmary sodlum due to
“ .. corroslion from a given component with a useful reaclor life of -
_ T, (curles) : :

2)

SA =; surface area 6f zene (cm
’R}:=l equlll rlum rate ef producflon and decay of lsofope l (dls/
T, sec=cm) . N 7 g
ﬁf%:_eorroslon ralev(cm/sec).
: A{.%. decay constant (secfll
_f+ = ] ﬂme (s6c) |

The lemperafure proflles used ‘to evaluafe the corroslon release are based on
"plant. expécted" operating conditions. Parameters associated with this
evaluation.are shown on Table 11.1=3. The corrosion release models discussed
_above.weresmodlﬁled.to:accounfff0r~#hewallowlng-fac¢Ors:“«

1‘.

- two' in all reglons of the reactor.
- released from sTeel surfaces.

The temperature varlaflon of the fuel and blanket assemblles as a

- function of operating cycle were Included In the model. Fuel assembly
- outlet temperatures decrease during thelr residence In the core while -
blanket assembly temperatures increase during their residence in the

core.

. .Theulemperalure variation of the fuel and blanket assemb!ies from

Inlet to outlet were considered as described in Table 11.1-3.

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 experlmenlally observed in hlgh heaf flux

areas . (Reference 5).

The release of Mn24 and cro! are mulflgsled by addlllenal factor of
and Cr are preferentially

The oxygen concenlrafion In sodlum was sef a+ two ppm. -This oxygen level Is.
consldered_fo be a facTor .of three higher Than the nominal oxygen operaling

levels.

11.1-4
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: 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- fo110w1ng equat1on L

| -t -
A '='A- ( ] e i 30 )
T T At
1 -e i
where: A the activity release for 30 years from a component

i hav1ng a useful life of t.

11.1.3 Fission Product-and Plutonium Release Models

During - normal plant operat]on, it is assumed that f1ss1on
products and fuel materials are released to the primary coolant as the
result of fuel rod cladding defects. The model for release of fission
products assumes continuous operation of the reactor with defects in
fuel rods-generating 1% of the core power. For additionalvdiscussion'of
fuel failure and-burnup experience, see Section 4.2.1. 3

Fission product 1sotopes are included in this eva]uat1on on

"the basis of their hav1ng the following:

1. A cumu]at1ve y1e1d fraction greater than 0.1 percent
based on the fast fission data for Pu-239, as reported
in Reference 1. _ -

2. An 1so'.p1c release resu]t1ng’1n epprox1mate]y 10 or
more curies of activity at ten days after shutdown for
one. of” the following sources:

a. The-co]d trap,

b. The reactor plant primaryfcoolant system surfaces,

c.  The primary coolant.

This conresponds to a lower }1m1t depos1t1on of 10 curies
in the cold traps, 0.1 Ci/cm® on primary coolant system ’
surfaces and 0.01] C1/gm of primary sodium.

3. ‘A11 noble gas fission products with ha]f Tives in excess'
of ten minutes.

~ The above criteria leads to fission.product source termsvwhicn -
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 act1v1ty of other isotopes. Na-24 completely dom1nates_operat1ng‘-

- - Amend. 49
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primary sodium sources. Therefore, non- gaseous isotopes with half Tives
shorter ‘than, or comparable:to, the Na-24 .do not have design significance
unless they are daughter products-of Tonger. half 1ife parents. ‘Daughter
products of this type are retained in the model. No-significant fission
product activities have been deleted because of this criteria,

: : o Amend. 49
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“The released fission product inventory was calculated using the

equation:_
1= P x Kx EFx FF x YLD(1-e7*%)/3.7 4 1010
where, V.v | '. - |

I = released inventory in (Cif'

P = reactor power = 975 MwT o

K = fissions/sec—Mw = 3.09 x..10]6 |
EF = escape. fraction from a failed rod us1ng ‘the release fract1on_
- for the various escape classes (see Tab]e 11.1-4) :
YLD = isotope y1e1d;fract1on

A= decay’constant (sec—])
t = time (sec)

fraction of failed fuel = 0.01

i

The fission product escape fractions shown on Tab]e 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 Nob]efgases (Kr,‘Xe) & Cs-136

Class 2 - (s-134 and Cs-137°

Class 3 - lodines, Antimony, Tellurium
Class 4 - Strontium
Class 5 - All other'fission‘products

The release of nob]e gases from failed fue] during actual operation

will be a function of half -1ife. The escape fraction model used accounts for

only the decay dur1ng release from the oxide fuel and conservatively assumed .

" no subsequent delay in transit through the fuel to the clad gap, the fission
- gas- p]enums, or the sod1um 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 noble 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 ce51um 1sotopes is demonstrated by data in Reference 3 and Table 11.1-4A.
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The ‘halogen; antimony and tellurium isotopic releases 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 11.1-4A. . o

11.1.4 Tritium Production Sources

v The major source of tritium results from the~B]Q (n, 2a)H3 reaction
which occurs in the boron carbide used in the control assemblies. The ‘H3
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 Bl! (n,'H3)j
Be9 and B10 (n, «) Li/, were investigated and found ‘to be-significantly '
smaller contributors. The production of H3 in the B4C 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 L
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. o

: ‘The third significant source of'H3 is from neutron interaction
with the_lighium contgminant 19~the primay coclant. Two reactions are
present, Li® (n, o) H°, and Li/ (n, na) H3. The first of the reactions
dominates this source. The estimated production rate for this source 1s
5 Ci/day. o : - :

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

11.1.5  Summary of Design Basis for Deposition'of Radioactivity in.Prjmagx;p
‘ Sodium on Reactor and Primary Heat Transfer Surfaces and Within
- "Reactor Auxiliary Systems

o © 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 fue] form ‘the major portion of activities to the cover gas. The
production rate of radicactive 1sotopes d1scharged to the cover gas together -
with the max1mum concentration in the cover gas 1s shown on Table 11.1- 6.. .

- The prxnc1pa1 non- gaseous activation, f1ss1on product and p]uton1um ;
“radioactive 1sotope 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 Tab]e 11.1-8 shows the estimated isotopic surface deposits on the
wetted surfaces in the reactor and primary heat transfer system

Cesium, 1od1de and antimony isotopes are known to be highly soluble

in 11qu1d sodium. A1l 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 1sotopes (Cs-137, Cs-134, and Sb- 125)

are effectively cold trapped as shown on Table 11.1-7. The so]ub]e short half-
1ife isotopes, iodines, remain in solution because of the re]at1ve1y small
.groport1on of the p]ant volume processed through the cold traps prior to their

ecay _

The . "best est1mate" 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 yrs and:2°yrs; respect1ve1y) The proportion of Cs-137 est1mated
in..the. coo]ant was increased to 20 percent to-allow. for - proce551ng
uncerta1nty Eva]uat1on of cold trap performance for removing 1ong ha]f
life 1sotopes as ‘a function of hydride and oxide content of the primary
system is continuing.

: ““Tellurium, strontium and all other f]ss1on product 1sotopes 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 1sotopes are included in both the cold traps and primary sodium
.sources. ~ Additional details of the deposition estwmates are shown on

Table 11.1-7 and 12.1-7.

. A1l other isotopes, except for strontwum, 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 h1gh solubility in sodium.” The relative release factors
of 0.001 and 0..005 for other fission products and strontium is based on the
re]ease data. shown in Reference 2.
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The constants used for escape classes 1 and 3 are the same as those

establ Ished for the Phenix design. The key parameters which establish these
constants; diameter of fuel rods, centerline fue! temperature and fraction of
the fuel cross secflon undergolng grain growth, are similar for CRBRP and
Phenix : :

Cs-134 is largely an activation proddcf daughter from Cs-133 and fTs release
rate Is estimated as a fraction of the Cs—137 release rate according to the

(atoms/sec)

: equafion
- A137 ~
=" : ) 0.1):
Riss = Rygz Cxpzg) O
where
R134 and R137 = +the refease rates of Cs-134 and Cs-137, respecfively

the decay constants (sec”!)

'*134 and 137

' The design basis |imit for plufonlum released to the primary coolanf is 100

ppb (part per billion) over a 30 year plant lifetime. The quantities of
pfutonium and related actinides are based on the presence of 100ppb of
plufonium being ‘In the sodium after 30 years.

Using an escape ra+e coefficient of 9.71 x 1014 afoms/cm -sec, this Pimit
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 lnch

hole) fuel rod in a forced convection sodium GETR capsule.

The design parameters for the release of plufontum to the primary uoolanf are

shown in Table 11.1-5.

The estimates of plutonium deposition within the primary sodium and on the
wetted primary surfaces are based on a distribution coefficient K which was

' der!ved from data +abula*ed in Reference 2. The distribution coefficlient is
;defined as follows

concenfraflon per unit volume

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

11.1-9
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- The re]ease of other act1n1des (Np, Am CM) has been est1mated
based on the f0110w1ng formula:
' ot
_)\] ) .

B
() (3.7 %10

4) -

where: ”Ai =" actinide isotope release_fOr iSotope i (uCi)v
A»Ni.= :aet1n1de isotope i in the equ111br1um cyc]e reactor '
. core assemblies (atoms).
PYE decay constant (sec™!)
RPU'=.'re]ease rate of Pu, assoc1ated w1th the bu11d1ng of 100
, ppb of Pu over 30 years (atoms/second)
'-N vf-Pu jsotope 1nventory in the reactor core (atoms)

s -]
i

o The deposition of the dctinides w1th1n the reactor system is
treated’in the same manner as: that of Pu

oo ~ Table 11.1-9 shows the radioisotope inventory in the primary
cold traps after 15 years of operation. Ten percent of the corrosion and
irsoluble 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 trlt]um

» ‘release is removed by the intermediate cold traps.

Calculations show that about 98% of the tritium generated in

the piant will be trapped, about 1.5% transferred to the steam in the

steam generators, and the balance to decay and loss through 'sodium pipes;

Variations in the distribution of tritium in 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 un ertainties in cold trap eff1c1ency will have 11tt1e effect on
tritium d1str1but10n _
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~ ANL - is currently conductlng tests on mode] cold- traps under B

~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 03 ps packed with wire mesh with a
specific surface area of 260 ft /ft as planned in.the design of the CRBRP
cold traps. The specific surface is the 51gn1f1cant wire mesh character-

“jstic because it provides 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 th1s
-fiscal year (June 1976). Some preliminary data on eff1c1ency 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 eff1c1ency 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 trap by 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
Sectlon 11.1) are believed to be conservative.

Additional data resulting from the tests will be reviewed to

_’esfablfsh that the cold trap efficiencies are indeed conservative. Should

revised cold trap efficiency assumptions be necessary, the tritium trans-

.port calculations will be revised.

- 11.1.6 Leakage Rates

Liquid and gaseous radwaste and control are discussed and

‘quantified in Sections 11.2, 11.3, and 12.2.

Amend. 49 -
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TABLE 11.1-1

ACTIVATION‘PRObUCTS IN PRIMARY SODIUM COOLANT*

Material

o . - o -Natural _ :
Activation Weight Density** ~ Abundance | Atomic** 'Atom - Density
_ Reaction (%) in Na (gm/cc) | (%) © Weight (atoms/cm3) -
“Na23(n,y)Na24 99.9.. 0.817 to 0.852 | 100 (Na23) 22.997 " (2.144 to 2.234) x 1022
Na23(n, 2n)Na22
| Na23(n,p)Ne23 |
| K81 (n, p)Ard1 . o L) 6.91 (K41 ) 8.90 x 1017
| K+ (n,p)Ar®: | {o_,];/. | {~8.35 x 107 SR - B oo | |
K39(n,p)Ar39 T R ‘ 93.08 (K39) | - 1.20 x 1019
L6 (n,H3)Het -~ 0.002 418 x 1006 | 7.42 (1;6) 6.939 1.08 x 1017

2l-L" L

. *Act1vat1on 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).A

Atom-Density

o Nominal Nominal ' (AW)
- Activation Material Density Natural Atomic . Atoms
t teria : (
| Reaction We1ghL % gm/cc Abundance (%) Weight '—253"')
C ep50p 51 ' - 20 .
491, Cr(n,yier 18.00 (Cr) 1,436 (Cr) 4.31 (Crso) 52.0569 (Cr) 7.162 x 1020 (cr59)
| 54, | . ’ N
Fen, o) o 65.17(Fe) 5.201 (Fe)  5.82 (Feb4) 55.9121 (Fe)  3.261.x 1021 (Fe54)
e54 ' _ _ | ' ‘ :
49' - Fe(n.p) > 65.17 (fe) 5.201 (Fe)  5.82 (Fe®%) - 55.9121 (Fe) * 3.261 x 10°" (Fe”")
5 A . R |
M55 (N, 2n)Mn 2.0 (Mn) 0.160 (Mn)  100.0 (MS5) - 54.9380 (Mn) 1753 x 1021 (Mn55)
keS8 59 | | -
49[ Fe ("’Y) 0 65.17 (Fe).  5.201 (Fe) . 0.33 (Fe%8) 55.9121 (Fe) 1.849 x 1020 (Fe%)
| (n,p) o8 (Co) 0.004 (Co)  100.0 (Co™) 59.0000 (Co) 4.08 x 1019 (Co59)
o N162(n;*) Fe59 14.00 (Ni) 1117 (M) 3.66 (Ni62) 58.7947 (Ni) 4.186 x 1020(N1®2)
 Ni%(n,p) 0% . 14,00 (N4) 1.117 {N)  67.88 (Ni58) 58.7947 (Ni) 7.769 x 1021 (N‘ss)
9] ¢ Co59(h,2n).. Co%9. 0.05 (Co) 0.004 (Co) 1000 (Co%%). - 59.0000 (Co) - 4.08x 1019 (g59)
COsg(n v) o  0.05.(Co) . 0.004 {Co)  100.0 (Co%) '59.0000 (Co) . 4.08 x 10'° (Co59) -
4160 60 | . 6o - e |
(nyp) C° — ° 14.00 (N4) 1.117 (Ni) 26.16 (Ni60y 587947 (Ni) - 2.992 x 1021 (Ni60)"
182 : L -
ol Ta'®(n,0) Ta 0.02%(Ta) 0.0016 (Ta)  99.99 (Ta'®l)

Ap Stain]ess Steel ~ 316 =

7.98 gm/ce)

181.0000 (Ta)

5.32 x 1019 (T 18‘)s

*The nom1na1 LantaTum-columb1um mater1a1 weight of 0.02 is assumed to be 100% tanta]um - the. more significant.

component
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IABLE 11.1=3

‘SUMMARY OF SIGNIFICANT INFORMAT ION
USED IN CRBRP CORROSION RELEASE ESTIMATES °

i Plan+ Expected ’ 1.. Nominal Plan+ TemperaTures -

Thermal and Hydraulic fnlet 711 F
Conditions _ Outlet 965°F
2. Nomlnal Total Reactor - 44.044 x 10°
Ibm/hr Flow
I1.  Fuel Assemblies 1. Average Initial Duc+ 0u+|ef

Temperature - 1036°F

2. Average Duct: Ouflef Tempera#ure After

2 Cycles - 980 F
3. Inlet Temperafure -.711°F
4. Flow Rate >10 feet/second
5. Residence Timé - 2 reactor cycles -

I1l. Inner Blanket Assemblles 1. Average Initial DucT Ouflef
Temperature - 819 O

2. Average Duct Outlet Tempera#ure
After 2 cycles - 989°F

3. Inlet Temperature ~ 711°F
4. Flow Rate - >10 feet/second
5. Residence Time - 2 Reactor Cycles

IV. Radlal Blanket Assemblies 1. Average Initial Duef Outiet
‘ ” Temperafure - 783

2, 'Average Duct Outlet Temperafure
After 4 or 5 Cycles - 935~ °F

3. Inlet Temperature - 711°F

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

5. Reslidence Time - 4 and 5 cycles

11.1-14 .
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TABLE 11.1-4
FISSION PRODUCT ESCAPE

Class 'ETement
T o Kr+, Xe', cs '3
. o138, 137 .
3 Sb, Te, I CEF =
4 sr EF.
5 A1l other EF
Fission -

Products

*) in (sec™1) decay constant of ith isotope.
,fAssumed to be released to cover gas. .

CEX =1 x_]OX |

11.1-15

EF =

FRACTIONS

AEscapeuFractionsA;
1 o -(1.5E5))
(TsEs)y (e N

= 1.0

0.2
(T.5E6) 2

10.005

(1;e-(].5E6)A)

"

0.001




TABLE 11.1-4A

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

Fission Product

Design

Escape Fraction -

Escape Fraction
Observed in B9D
Capsule (Reference 2)

Cs ]37
Sb 125
Te 129m
1131
Sr 89‘_
- Sr 90
Y
'II’_. ] Ir 95
3] mos
( ‘Ru 103
Ru 106
Ce i41
Ce 144
~ Pm 147

1.0
0.20

o

168
1039
005
005
001
001
001
001
001
001
001

(o] o o D (@) o o [ow) o O (e

. 001

0.27
0.046
:013
.052.
00045
L0012
00049
.00021
. 00051
.00013
.00035
.00025
.00013

O o . o o o o o o o o o o

. 00077

11..1-16




TABLE 11.1-5

“ PARAMETERS ASSUMED FOR PLUTONIUM RELEASE TO PRIMARY COOLANT

Parameter

‘EduLJlbrlum core (MOL)¥* .

Pu composition

Total number of - fuel rods

‘Failed fue! rods contain-

inga postulated 0.03 in.
dia. hole in the fuel
zone - o

Plutonium escape rate
coefficient .=

*MOL = Middle of Life

i#otope
py239
Pu24°
pu241'
py242
'-p;238
42066

.43

9.71 X

11.1-17

Data

Welght. Fraction
.65 |
.23

.083

.029

.009

14 _atoms
10 2
cm=-secC

Amend. 65
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Table 11.1-6"

RADIOACTIVE ARGON COVER GAS -ACTIVATION ‘AND FISSION' PRODUCTS
RELEASE RATES AND RESULTING ISOTOPIC-RELEASE RATE.

Release Rate to

Isotope ____atoms/sec
Xe-131m 7.16 x 10'2
-133m  4.54 x 104

133 1.84 x 10'6
-135m  5.56 x 10'°
o135 6.82 x 1017
-138 8.94 x 1012
Kr-83m 6.74 x 10'3
-85m 2.94 x 1014
-85 4.28 x 1014
-87 1.47 x 1014
-88 14.00 x 1014
Ar-39 6.81 x 10'4
-a1 © 2.3 x 102
Ne-23 . 3.34 x 10'6
W3 813 x 108

' SCC = Standard Cubic

1 Cover Gas

' Concenfraffon in

0.883

28.5

502

M
" 2250

180

70.5
175
0.016
186
325
0.789

2.25

7.71 x 10°

2.62 x 1074

Centimeter (70%, 1 atm). -

11.1-18

¢

Inventory.
‘tn Fuel GAPS

and _Gas Plenum (Ci)

1.94 x 10°

1.23 x 100

4.97 x 10’
1.50 x 10°

1.84 x 107

Amend. 65
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. Na

Na™

22

' Rb86
.:Csi37
C%136
05134_.
gbfzs'
131
_Te132
|132-'
T612§m 
Te129
Sr89'i:
Srgo.

90

‘Y91

TABLE 11.1-7.

ACTIVATION, FISSION PRODUCT AND PLUTONIUM |SOTOPE -
CONCENTRATIONS - IN. THE PRIMARY SODIUM COOLANT DURING
30 YEAR PLANT LIFETIME - DESIGN VALUES =~

uCi/gm*, +

: gi;jkaUun4
©2.94 x 10

3,49

2.00

84.2

17.4
" 10.7

0.483

49.7
3.53

33.5

1 0.718

0.718 -

- 0.110°

0.068

0.068

1 0.0313

Percenfage**
100 |
100
95
,26_
9
.40
10
o5
10
95
10
10
 10 .

10
10

10

S 11.1-19

" of ‘Isotope. Inventory.
: : n

.Source for
__lIsotope-
Na Activation

“Na Activation
Failed Fuel-
Fission Product Release
Falled Fuel-"
Fission Product Release
Falfed Fuel-
Fission Product Release
Falled Fuel-
Fission Prdduc? Release
Falled Fuel-
Fission Product Release
- Falled Fuel-
Fission Product Release
Failed Fuel-

"Fisslon Product Release

~ Falled Fuel-
Fission Product Release
" Falled Fuel-

’Ejssion Produc+ Release

Falled Fuel-

Fission Product Release
 Falled Fuel-

Fission Prbducf Release
_Falled Fuel-

. Fisslon Product Release

 Falled Fuel-
Fission Product Release
Failed Fuel-

Fission Product Release

Amand. AR




1§QIQEE
'ngs

N2

Ry103

"Ru106 '

Sb127

Te127m
Te127-

Bal40

La140

celé!

cel44.

pri4d

cel 43

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**
uCi/gm*, of lIsotope lnvenfory . Source for
0.0583 _ 10 | Falled Fuel-
. i ' Fission Product Release
0.0583 0 - Falled Fuel-
' ' : : Fission Product Release
0.0831 - 10 Falled Fuel-
- ' Fission Product Release
0.0575 . 0 Failed Fuel- 4
: 3 ’ : Fission Product Release}
0.0575 . 10 : Falled Fuel-
1_ Fission Produc+ Release
3.65 : 95 - , Falled Fuel-
' Fission Produc+ Release
0.208 10 | Falled Fuel-
} ' ' Fission Product Release
0.248 10 " Falled Fuel-
' Fission Product Release
0.0654 10 _ Falled Fuel-
: » ’ Fission Product Release
' 0.0654 | 10 " Falled Fuel-
, : Fisslon Product Release
0.0775 a 10 Falled Fuel-
- Fission Product Release
10.0459 10 )  Falled Fuel-
o Fisslion Product Release
1 0.0459 . 10 Falled Fuel-
s _ Fisslon Product Release
»‘0,0549 | 10 Falled Fuel-

Fission Product Release

* The above concentrations are based on a primary sodium mass of 6. 4 x 108 grams.
1 Zero decay time

“Percentage based on isotopic solubility 1n sodium, cold trap eff1c1ency for
isotope and tendency for plating. out



Pf143

Nd147

Pm147

*Pu238

pu239

P20

Pu241"
pu242

Np238

‘Np239

Am?H!

Am242m
Am242_

23

.Cm242

n243

omZ 44

W

. 5.54 x 10~

uCi/gm*, +.

of Sodium

" 0.0549
0.0257
- 0.0257

1.6 x 1072

4.24 x 1073

3

0.46

“1.18 x 107°

 4.91 x 107
1.58 x 1072

1.64 x 107

6.46 x 107

7.39x 1077

2,64 x 107

1.20 x 1073

1.59 x 107

'3.32 % 10°%

2.34

TABLE 11.1-7 (CONT INUED)
' Percentage¥* |
of 'lIsotope -Invent

 ‘10

10

95
95
95

95

9
95

g5

95

95

%
%
95
95
95

-2

11.1-21

" Source for

" _lsotope
Falled Fuel-

Fission Product Release

Failed Fuel-

Fission Product Release

Failed Fuel-

Fission Product Release

‘Released Fuel

Released Fuel
Réleégéd Fuel
Released Fuel
Reléaséd Fuel

Released Fuel
Byproduct

Released Fuel

Byproduct

Rel eased Fuel
Byproduct ‘

Released Fuel

‘Byproduct

Rel eased Fdel
Byproduct

'Released Fuel

Byproduct

Released Fuel

. Byproduct

vRe[eased'Fuel
. Byproduct

Released Fuel .
Byproduct

B and K Activation
Ternary Fission

Amend. 65
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) o |  TABLE 11.1-8

~ SIGNIFICANT CORROSION, FISSION PRODUCT AND RELEASED
FUEL ACTIVITIES ON WETTED SURFACES
| AT REACTOR SHUTDOWN

' Surface* Surface Surface .
Fisslion ~Activity = Corrosion Activity Released Activity
Products —  Products . Fuel -
sr89 T 735 o 1.20 pu?>8 9.66 x-16'3
5r90 46 Co” 8 470 P®®  2.68 x 107
Y0 4.6 un4 5.6 py240 3.51 x 1073
L RP: Fe?? 0.039 pu24] 0.316
7r95 3,04 ol a7 pu42 7.71 x 1078
w> 3.94 Ta!82 .25 | Np238 3.18 x 1070
. ome® 4.82 WP oz x 1072
- Ru!03 5.6 o o M2 106 x 1073
4;> R s 42 4019 x 107
Rh106 3.8 | P R
Ag't! - .32 a2 1.71 x 1072
Te! 27 14.0 cmZ 42 7.78 x 1074
Te!Zim 140 cn®®  1.03 x 1077
Te!32 238 D o 205 x 1074
Te!Zm 484
Te!29 8.2
Ba'40 4.2
a0 4.42
cel# . 5.23
‘ ce!¥® 370
‘ el 3.70
11.1-22
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TABLE 11.1-8

SIGNIGICANT CORROSION FISSION PRODUCE" AND RELEASED
' FUEL ACTIVITIES ON WETTED SURFACES
AT REACTOR SHUTDOWN

o Surface* | ‘Surface - Surface
15123382S - ﬁz?}z;}y ggggszign : ,Aigjzity - Released :Acyivigy
oauct pci/cms Fuel v uci/cm
N R
pri4d, 3.10
N 17
~ pml47 1.74
pmi49 1.14 | .
Eu?5% 0.17
g9| IS 0.13

* Some 1sotopes 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
c1ean1ng

' Amend; 49
April.1979
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Activated

Corrosion

Pro S

co®0

0058‘

mp24

TalBZ

Cr51
Fe59

- Fisslon

Products
RbE6

89
90

Sr
Sr

: Y91

Zr95

Nb>2

Ry103

: _:Rutos.
Rn108

55125
Te!Z7m

Te127

Percentage

Of lIsotope

Released In

_Cold Trap

10
10
50
10
10
10

10
10
10
10
10
10
10
10
90

TABLE 11.1-9

15 YEARS OPERATION

RADIOISOTOPE INVENTORY IN PRIMARY COLD TRAPS AFTER

Activity In Primary Cold Trap (Ci)

Shutdown

10.0
44.7
307
2.4
9.2

0.37

64
70
25.9
20.1
37.3
37.3
 53.2
38.0
38.0
2710
123
133
146
460

11.1-24

10.0
40.6
300
2.3
7.2
0.32

44.2
60
25.9
17.8
33.5
33.5
44.6
37.2
37.2
2680
20.5
125
125
376

Amend. 65
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Péréénfagé
~ Of lIsotope
Released in

-Lold Trap

FIssion

_ Ecszm_m:ts
' Te’z9

|131‘v
Té132
132
: 05134
136

" 10

. .'60

TABLE 11.1-9 (continued)

As11;11i.1n_Enlhacx.cnld_InanfLQLL

460
1675
1110
1110
10340
583

11.1-25 -

376
750
132

132

10340

342
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Fission-

brodiots:
cs137
Bal40
fLa1AO
col 41
¢é144'
pp143

pr1 44 |

e

Re| eased*

_éuzsa
Pu239
py 240
P28
pu242

A2 41

An242m

Am242,

AmZASvA

o242

w2t

on24

Np2>8

Np239

TABLE. 11.1-9 (CONT INUED)

Percentage -
Of Isotope Activity In Primary Cold Trap (CL)
Released In : '
80 124 x 10% 1.24 x 10°
5 20.9 12.2
5 20,9 12.2
10 49.6 40.0
10 29.7 28.9
10 35.1 21.0
10 29.4 28.6
10 - 2j.§ 21.7
100 5.85 5.85
100 1.46 1.46
100 1.88 1.88
100 218 218
100 0.004 0.004
100 ©.525 .525
100 .021 021
100 .021 .021
100 .0084 .0084
100 .768 .736
100 ~.0059 .0059
100 136 .136
5 ©.0002 .0000
5 506 .028
11.1-26
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Actlvated
~Sodium
N2

NaZ*

S

Estimates of uranium release to the primary sodium are based on the release of

TABLE 11.1-9 (CONTINUED)

. 1o i Tren. 0
Shutdown - 10 Days After Shutdown
35 3.5
66,543 1.0
185,000 185,000

RADIOISOTOPE INVENTORY IN- INTERMED |ATE

QQulJBAE&lﬁlﬂiﬁ;ZiJEARSJEEBALKM** o

42,600

42,600

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
’ **Infermedlafe Cold

Trap Life 3.25 Years.

13127

’

Amend. 65

| N N

14 NON




T

Jable 11,1-9 (Continued)

The resulfing uranium concentrations In fhe primary coolan+ for t+ = 30 years
will be:

u-235 . o5 x 1078 [Ci/em
U-238 | 5.6 x 1078 Ci/gm

Comparlson with 1he Pu values of PSAR Table 1. 1—7 shows a 5 order of
magnitude lower value for uranium than the longer |ived 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 Ieas% 3 orders of magnitude lower than the

relative plutonium 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.

* Plufonium 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 reacfor coolant indicate: a higher release coefficient for
plutonium than for uranium.’ However, even if it is conservatively assumed
that the uranium and plutonium release coefficienfs 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 10CFR20 concentrations for
plutonium are lower than those for uranium, therefore, the overall
consequences of accidents evolving fuel releases from cold fraps are
controlled by the plutonium releases.

_Lﬁg_Qp.e_ Reactor Coolant Activity led.Iﬁln_Asimnz

uCi/gm Ci

Pu~238 2.92 x 1070 5.85 .
Pu~239 7.05 x 1074 1.6
Pu~240 9.8 x 174 - 1.88
Pu-241 134 x 1070 2.18 x 102
Pu-242 1.96 x 1076 4.0 x 107
Total Pu © 1.38 x 107! C 2.27 x 102
U-235 5,20 x 1078 1 x 1070
U-238 1.19 x 1070 2.4 x 107
Total U 1.24 x 107 2.1 x 1070
3 :

11.1-28 o
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. the decontamination factors are 10

11.2 LIQUID WASTE SYSTEM
11.2.1 Design Objectives

The Liquid Radwaste System Is designed to process contamlnated |iquids from
the Clinch River Breeder Reactor Plant prior to reuse or .release into the .
~environment. The design objectives are to purify ‘and. reuse waste | iquids _
where possible and to minimize the total activity in Iiquid ef fluents and the
total volume of concentrates that will require drumming.: The basic approach
is to process |iquid radwaste so that virtually all of the radloactive
material is contalned In solid material, to load all sollid.radioactive ‘
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 Iess
Than the Iimifs set by 1OCFR20

Table 11 .2=1 shows the esflmaTed design annual Inventory of radloactivity by
nuclide which may be ‘discharged after dilution Into the Ciinch River. .The
‘first column 1ists the Isotopes, the second column gives the half-lives. The
third column |'ists the design annual activities released from the moanorIng _
tanks. of the Low Activity Level Liquid (LALL) Sysfem., The fourth column. tists.
‘fhe-annual activities which may be released from the storage tank of “the -~ . .
Intermediate Activity ‘Level Liquid (IALL) System, The fifth column 1ists The_

~ sum-of “the discharged activities per Isotope. - The fwo sysTems .are descrlbed

In detail in the following Section 11.2.2. Activity. ln the-LALL System comes ..

from floor and equipment drains, Iaborafory drains, personnel ‘decontamin Tlon
. shower drains, and malntenance shop drains. : Listed activitiés in the
. System come- from fission products, plutonium, and corrosion products th
“plated out or deposited on components washed In the Large Component Cleaning. ..
. Vesse! (LCCV) and the small component autociave (SCA). -Activity levels of the
"~ fission products are based on an assumption of 1 .0% falled fuel, 30 year
1irradlation and 10 day decay time. Corrosion product activity is based on 30
* year Irradiation and 10 day_decay. The activities |isted in the column
"represent a reduction of 105 by decontamination procedures of all isotopes
entering the liqulid radwaste sysfew except for lfodine and tritium for which N
and 1 respecfively. A p|u+onlum fimit .of
~100 ppb In the primary sodium Is assumed. S » -

_ The estimates. of the released radloacflvlfy levels shown in Table 11.2-1 are’
‘conservative. The decontamlnation factors (DF) are conservatively estimated
trom operating experience of Light Water Reactors. Collection of activity In
" the LALL System Is based coRServaTlvely on the ‘assumpfion of a 850 gallons per
day drainage confalnlng 107 pCi/ce.

11.2-1 o
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It shou!d be noted that no- planned release of acTIvITy from The TALL Sysfem Ts
contemplated under normal operating procedures. |t may also be noted that the
activity assoclated with the IALL System accounts for the major fraction of
‘fhe To#al ac+lv1+y llsfed in Table 1 2 1. : '

The decon+amlna+ed water In The IALL Sys+em will be recycled for use In
washing components In.the LCCV.. Processed water -in the- LALL Sys+em monitor -

“tanks will not be reused, since to reuse It would mean injecting radloac+1vl+y; -

‘Into the laboratories and showers used by plant. personnel. In addition, reuse
" would require control of the water being supplied to many areas which is both

-complex and costly. Instead, the llquid radwaste, after mon!forlng to assure

compliance with all appropriate Federal and State regulations, will be
-released ‘Into a diluting stream or used as makeup water .for the IALL system, -

11.2.2  Systen Description

fFlgure 11.2-1 shows- The schemaf!c for the liquid radwasfe sys+em. The sysfem'
consists of two subsystems. The first Is designed to process liquids with
‘intermediate levels of - radloactivity that are reused; the second s designed

. _fo process Iiquids with low levels of radiocactivity that are diluted by water .

from personnel deconfamlnaTIon showers and other sources and then released
into. the common plant dlscharge header with the Cool'ing Tower Blowdown Stream
(CTBS). The decontamination of liquid radwastes in both systems Is carried -
“out in the following sequence: +the liquids are collecfed, neutral ized it .
ﬂnecessary, ‘and then treated in batches to one or more cycles of filtration, .-
evaporation, and- demlnerallza+lon.j Normally, the stream in the LALL and -IALL
Systems are kept complefely separate. However, the design provides. the option

of ufillzing elther evaporator as a backup for the_other. The Radwaste System . -

provides a gross decontamination factor ‘(DF) ‘of 10 ‘except for lodine and

~ tritium where ‘the decontamination factors are 10" and 1 respectively. These .
DFs are based on operating data compiled In: WASH-1258. The concentrated
Tquid radwaste Is collected from the bottom of the evaporator and transferred
1o a solld radwaste system for ‘sol'idification and disposal by burial off- site.
" The confaminafed resins in the demineralizer and the contaminated t1lters are
- also transferred to fhe solld radwaste sysfem for packaging and disposal.

.'Table 11.2-2 shows the deslgn annual concenfraflon of activities by isofope-
flowing Into the LALL and !ALL systems. The flssion product activities are - .-
;calculafed on *he basls of 1 01 falled fuel, 30 year Irradiaflon; and 10 R

11.2-2
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‘primary sodium. The estimated volume of 3.1 x 10
.comes .from personnel decontamination showers and other sources (floor drains,

days decay. Thg concentrations in the LALL System (column 3) are based on an
estimate of 10~ uCi/cc. The concentrations and volumes are based upon
extrapolation of typical experience from light water reactors. - This
combination would result in-processing an equlvalgnf value of 3.5 Ibs. of -

gallons of water per 'year

laboratory drains). - The levels for the lALL Sysfem come from sodium removal:
from components In +he LCCV and fhe SCA. :

The cleaning process, described In Section 9.2.2, is briefly summarized as
fol lows: :

A componenf Is removed and transferred to an inerted cleaning cell. . Molist"
- nitrogen is added to the cell and the sodium coating on the component Is.

converted to sodlum hydroxide. The component Is Immersed In water and after a

suitable time the water 1s pumped to the Liquld 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 acld etch with a design frequency: of. six.

times In the plant life.” The acid etch. process is also followed by a .rinse.

Expected actlivity concentration levels In the LCCV outflow have been made by
~utilizing models which compufe the fission and corrosion, tritium and-
transuranium specific activities. In the sodium that Is deposited on the.

exposed surfaces in the primary system. Expected concentrations have beeh

“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 cleah
each componen+

Column 4 of Table 11.2-2 shows The average achvales ln the flrsf 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 acld 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 bafch volume of 16,000 gallons :

Figures 11.2-2 to 11.2-4 provide a piping and lnsTrumenfaflon dlagram of The

| _IALL System. Figures 11.2-5 to 11 2-7 provide a piplng and lnsfrumen?aflon
_diagram of the LALL SysTem.: :

Nofei'fhaf Ilquid radwaste can leave- +hé system In only two ways: concentrated -

radwaste from the evaporators are transferred to the solid radwaste system for
solIdification and disposal: decontaminated |iquids can be discharged Into

- the common plant discharge header with the cool ing tower blowdown stream at a

single discharge point that Is connected to the monitoring tanks of the LALL
System. 1f a portion of the IALL System |iquids Is to be released, |iquids

will be diverted to the LALL System monitoring tanks for analysis before
discharge. 1ALL System release will be an abnormal occurrence.
11.2-3
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o when a preset radlaflon level is exceeded

- Table 11.2-3 shows the deslgn ‘annual stored  Inventory of radioacflvify by |
nuclide, The first column Iists the Isotopes, the second column glves the

half-lives. "The ‘third cofumn lists the activities. collec?ed In.the monlforing _‘

tanks of the LALL System. The fourth column Lists the activities collected in
the -storage tanks of the IALL: Sysfem._ One cycle of evaporafion and
dempnerallzaflon has been. assumed. : :

~ The processed IALL liquid is reused after decontamination.  For this reporf
the 40,000 gallon total stored Inventory of Intermediate System Liquid

. Radwaste Is conservatively assumed to contain 16,000 gallons of acld etch
solution and 24, 000 gallons of sodlum cleaning solufion.

Table 11.2-4 shows the concenfra?ions of radioacflvify by Isotope at the

discharge point shown on Figure 2.1-5. (See foo*nofes ‘at end of Table for
assumpfions ) : : . S . : ,

11 +2.3 System Desig

"Table 11.2-5 lists The componenfs in the liquid radwasfe sysfem. The fypes of

components are simllar to those normally used In |ight water reactor planfs. ;
~ The capacity or flow rate, the size, weight, design code, -and seismic
- classifications are shown for -each fitem .of -equlpment. All collection and
~storage tanks are designed for Quallfy Group ‘D' based on classifications in
Section 3.2. The ‘pipes are standard schedule. The seismic classification of.

~ the building Is discussed In Section 3.A.4. - Reactor Service. Buflding. Design

-lnvenforles for shlelding are the same as those reported in Section 11.2.2.

- Table 11.2-5A lists +hose tanks located in the radwaste area which confain
potentially radloactive materials, and provisions for monitoring tank 1iquid .

- levels, for annunclafing potentlal overfiow conditions, and. for collecflng and
-,processlng llqulds In the evenf of an overfiow. »

- Process insfrumenfaflon and radiaflon insTrumenfaTlon are shown In each
diagram. Standard symbols are used to designafe sensors for flow, pressure,

temperature, 1iquid level, radlation level, and pH. The diagrams utilize the.

. .symbology of reference 1. Discharge from the LALL monitoring tanks Is
. monjitored by a radiation detector that will automatically sfop the discharge

Y
4

Radlation level of the dlscharge Is conflnuously dlsplayed fo the operator in

_the confrol area. High radiation will Initiate an alarm and terminate the
~dlscharge. A holdup volume Is provlded between the radiation monitor and the
isolation valves to ensure. that fluid initiating 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
~ Inferlock is provided to ensure that a flow rate of at least a 1000 gpm Is’

' presen+ ln +he blowdown pafh in-order fo permi+t dlscharge. :

“11.2-4
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.'Thé_ITQUid-radwasfe system is designed To.malhfa!n-safe OperaTIng.condifions }
- by minimizing radiation hazards-to plant personnel. Equipment will -be

selected, arranged, and shielded to permit operation, Inspection, and

- malntenance with minimal- exposure to personnel; the radiation levels will be

within the limits set by 10CFR20. Pumps,- valves, and Instruments will be

- located. In accessible areas. Tanks and processing equipmenf which may contain
_significant quantities of radioactivity will be appropriately shielded from
_personnel access areas -and controls or equipment requiring regular
. malntenance. The activity levels in the various discharges and potential
‘discharges as presented In Table 11. 2-7 do not pose any hazard to operafing

personnel

. Section 15.7.2.5 has analyzed an assumed in+ermedla+e sysfem storage +ank

fallure, an occurrence involving the largest Inventory of radloactivity In the

1iquid waste system. The resulting doses at the site boundary are decades

below 10CFR20 limits.

‘1124 ngcaﬂing_EEMLs__and_Eth_Qﬂna_c_e_le_sﬁ

Opera+lng procedures whxch will be used for the liqulid radwaste system are.

‘analogous  to those currently being used In light water reactor plants. The

basic unit operations used in this system are evaporation and [on-exchange.
These operations coupled with the ancillary collection, storagé and fluid:

_;+ranspor+ equipment make up the unit process for. separation of acflvlfy from .
. the liquid wastes. Detalled procedures are part of the light water reactor -
‘+echno|ogy and can be found In reference safety analyslis reports for o "

standardized lighf wafer reactor plants and In planf procedures for opera+Ing
reac+ors

r -2‘4 L ngr_aj'_Lng_Er_Qc_adums

_Before there ls any release of Ilquld radwastes from the. LALL monitoring +anks-:--
.Into the discharge line, a sample wil!l 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 IaboraTory' .
report and a standard operating procedure, the operator wii{l manually set a -~

discharge flow rate. His supervisor will check the laboratory report and
- verify the discharge flow rate setting. The key operated. dIscharge valves o
~ _wlll then be unlocked by.the operator. A flow rate meter and radlation .
".detector will monitor the flow rate and radiation levels of the discharge - -
- stream.. When the radlation levels exceed a preset level, the. radIaTlon

defecflon system’ wlll au+oma*lca|ly stop the discharge.-

11.2-5 .
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The sfandard operaf!ng procedure manual will provide instructions for the
: operafor on setting the discharge flow rate on the basis of the laboratory ,
analysls of the ligquld in the monitoring tank. The instructions will be based -
on the known flow rate of the diluting stream and on the design. criterion that
thee . discharge of radioactivity In+o the environmen+ will be as low..as :
reasonably achievable.,» - -

11.2.4.2 Performance Tests
Tests by the eqﬁlpmenf suppl ters prior to shipment as-ﬁell as tests af‘fhe

time of 1installation to check out structural and performance requirements will
bé performed on each component 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 Iimits.
" The deconfamlna+len factors (DF) will be periodically checked on the basis of -

the routine in-1line monitoring of radioactivity levels throughout the system
coupled with supporting radlochemistry laboratory analysis for contributing
nuclides. OF assump+lons used In all calculations are from AEC WASH-1258.
Reference (6).

1125 Es_ﬁ_maj'_e_d_Re_Leas_e_s

Table 11.2-6 shows the estimated activity inven#ory due to the: quuld ‘
radwaste.” Column (1) 11sts the Isotopes; column (2) Is the hal f-1lfe; column
(3) Is the amount each year solldified for disposal; column (4) Is the amount-
-released In the common plant discharge header; and column (5) shows the amount
stored In the IALL System. Under design operating conditions, the amount of
radloactivity 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 quantities 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 Polnts
- 11.2.6.1 Nuclear lsland

‘The release location for the llquld radwaste Is provided on- +he site loca+lon'
‘drawing, Figure 2.1-5. The release station Is identified In the process and :
Instrumentation diagram and in the flow d!agram, Flgure 11 2-7, -

There Is another route by which the Ilquld radwasfe 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. : ' o
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: b]owdown from. the steam water cycle via the waste water treatment system

cycle. MWaste water treatment plant discharges include all steam cyc]e

11 2.6. 2 Ba]ance of Plant

Descrlpt1ons, des1gn bases: and eva]uatTOn of the Balance of P]ant
(BOP) are proyided in-Section 10. 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 sodlum 10Qp
Pressures on the water/steam side of the steam-genérator will be greater
than those on the sodium side and preyent 1eakages 1nto the water side.

_ Tritium which enters the main steam in the steam generator
becomes chemically bonded to form tritiated water vapor. The steam is.

.condensed and the water contains tritium. Any outflow from the steam

water system contalns tritiated water which cannot be separated from the
non-tritiated water. A radioactivity 1nput (100% Reactor Power) to the

“steam-water system of 0.016 Curies/Day is expected. Balance of Plant
release assessments are based on a p]ant capacity factor of 0.68.

CRBRP operation will utilize discharge 1nto the cooling tower
to maintain equilibrium-tritium concentrations in the steam/feedwater

equipment drains, overflow from the mechanical vacuum pump reservoir

as well as secondary plant sampling blowdown of approximately 5 GPM.

The d1scharge from the steam-water cycle based on end of p]ant311fe con-
ditions will result in a design curie release rate of 8.45x10 ~ Ci per

" day into the cooling tower blowdown. Discharge point to the Clinch . 2
River is the same location identified for liquid radwaste system releases.

" This tritium source has been 1nc1uded in the ca]cu]at1on of

= est1mated doses and the results presented in Section 11.2.8.

_5133 uj

w

Condenser cooling ‘tower blowdown will be mon1tored and sempied

"to ‘assure release of radioactivity to the environment is in accordance

with Federal and State regulations.

11.2.7 Di]dtion'Factors

_ _ The dilution factor in discharging the Tiquid ‘radwaste and BOP
tritium is assoc1§ted with release into ghe cooling tower bjowdown. A~
flow of 3.0 x 10°" cc per year (3.2 x 10° gallons_per day) has been used
on the basis of the cooling tower design in calculating the final concen-
tration of the released radioactiyity. _

Sect1on 11.2.2 has previously descr1bed internal dilution

processes. including the component cleaning process (ILS) and plant.drain

~ water sources (LLS).

: The,concentration of'radibaCtivity fn.the evaporator and demi-
nera]gzers has been discussed in Section 11.2.2.. The decontam1nat1on factor
of 10° for the radwaste system is a conservative est1mate - based on
operat1ng experience listed in AEC Docket RM-50-2.

11.2-7 . ATend: pm -



11.2.8 Estimated Doses

Performance of the 11qu1d waste processing. system and comp11ance
with license limits will be established by plant operators utilizing moni-
toring equipment ‘which. measure radioactive liquid concentrations. Consistent -
- with the means provided for. demonstrating operations within licensed Timits,
Table 11.2-7 presents the fraction of the 10CFR20 MPC. 11m1ts (on an isotopic
_ bas1s) for release of radioactivity in 11qu1d eff]uents to unrestr1cted
areas. The discharge concentrations listed in Table 11.2- 7 were established -
using the plant design parameters and assumptions discussed in Sec-
tion 11.2.2 and 11.2.7. Total concentrat1on ‘as presented in Table 11.2-7
is well w1th1n 10CFR20 limits. : ,

The pathways whereby the pub11c will be exposed to the rad1oact1v1ty
released to the Clinch River are determined by the various public uses made
of the river water. In Sect1on 2.1.4.2 the public water supp11es and
jndustrial water supplies that could possibly be 1mpacted 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 1nto o
aquxfers used as sources of dr1nk1ng water is very un11ke1y

L Recreat1ona1 ‘uses of the Clinch R1ver 1nc1ude f1sh1ng, boat1ng, _
- and swimming., Public exposure to radioactivity in the Clinch River during
“fishing and’ boat1ng activities would generally be restricted to the small
amounts of rad1at1on escap1ng from a small area ofthe river surface. The
~closest swimming area is located approximately one mile upstream of the
'po1nt of 1liquid effluent d1scharge Uptake of rad1oact1v1ty from a contami-
nated aguatic environment is alse possible through 1ncreas1ng tropic levels
- beginning with phytoplankton (such as algae) which in turn are assimilated
by’ zoop]ankton, sma]] 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 f]Sh 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 ba1t and is- not generally
part of 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). A]though Watts Bar Reservoir produced a
commercial fish harvest of 95,000 1bs. in 1973, catches within a 10 mile
rad1us of the site amounted to only 1% of th1s tota] (Ref 4).

: Doses are calculated for those liquid exposure pathways that may
poss1b1y exist. 'These include external doses received-while swimming,
‘boating and fishing and internal doses from 1ngest1on of f1sh and potable
_-water ‘

11.2-8
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11.2.8.1 Doses from Exposures to Liquid Effluents

Doses received from exposure to the liquid eff]uents 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 ana]ys1s in the CRBRP Environ-
mental Report (section 14.6), an assumed dilution factor of 1.0 in the
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 assoc1ated w1th CRBRP liquid
effluents.

“Assuming a dilution factor of 1.0 ex1st1ng at the CRBRP d1s- _
charge, the plume analysis results can be extrapolated to establish’
that assuming a dilution factor of 0.]71 at the nearest intake point for

| +-thedrinking 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 10-3 is the result of a conservative extrapo]at1on of typical
. summer flows. This set of dilution factors has been gtilized in the gon--
.. servative assessment 6f individual doses due to ingestion of potable

.. water.

Doses due to ingestion of aquat1c food conservatively assumed a

mﬁd11ut1on factor of 1.0 associated with an extended (30 day) period of
-.zero flow. - A DF of 5.5 % 110-3 as discussed before, was assumed for the
other 11 months of the year.

- . In the dose assessments no credit is taken for remoyal of
act1v1ty from the water through absorpt1on on solids and sedimentation,
by deposition in the biomass or by processing within water “treatment
systems. Dose rates via the various exposure pathways to 11qu1d ef-
fluents are presented in Table 11.2-9.

Eva]uat1on of dose via exposure to shoreline depos1ts (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
and . f1sh1ngg of 600 hr/yr were assumed. The exposures involved are-
conservatively postulated to occur during the assumed 30 day no flow period.
Time between release of the isotope and exposure is assumed to be 0.5 days.
Conservative total body gagma and total s§1n doses to an individual are
calculated to be 2.0 x.10™” and 2.6 x 10 mrem/yr, respectively. Such .
~doses are less than one-millionth of natural background

- _ | ” - Amend. 41
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radiation.

above-water act1v1t1es were ca]cu]ated assum1ng.

man rem/yr

h large annual catch of 9

A breakdown of the dose contr1but1on from each pathway is
- presented in Tab]e 1n.2-9.. .

Popu]at1on doses: for exposure  from immersion in water and from

“a. The maximum dilution factor (1.0) of the zero flow con-
dition is assumed to ex1st 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 100 hrs/year 1n the 1mmed1ate area of the

plant d1scharge

c.. 45 persons spend 600 hrs/yr in above-water act1v1t1es

(100 hrs/yr boating and 500 hrs/yr fishing etc.) in the
immediate area of the plant discharge. X

The popu]at1on dose from aquat1c foods based on a conservatively ¢
500 pounds of fish within a 10 mile radius of the

D Ind1v1dua1 annua] dose from: 1ngest10n of aquatic foods (50 g
per ‘day) -was evaluated using the:bioaccumulation factors listed- 1n Tab]e
‘11.2A-<4 of -the Appendix-11.2A and are tabulated in Table 11.2-9.

'fsentlally the entire whole body 1nterna1 dose resu]ts from-ingestion of
tr1t1um ,

Total popu)at1on dose from a11 aquat1c act1v1t1es is 1 1 x 107 -6

"Es=

plant site is 4.1 x.’TO'3 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 s1gn1f1cant exposure v1a

su]ts from tritium.

"th1s pathway can be expected.

AN

Essent1a11y the ent1re whole body dose due to 1ngest1on re-

of 1OCFR20 annua] dose limits for unrestricted areas.

The whole:body dose is a factor of less than 3 x 10'4

‘Population dose assoc1ated with ingestion of drinking water is

" “"based. 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 with

the 30 day no flow condition is- conservatively assumed to impact the water
‘-.vsupply at the nearest downstream intake with a dilution factor of 0.1
~ 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 calcu]at1on accounts for both the general

11.2-10
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~public and industrial workers (1100 cc intake per 8 hr day) at _pearby

industrial facilities. Associated populat1on dose is 8.1 x 107" man-rem
per -year. Even allowing for water usage increases during plant lifetime,
based on an average annual internal dose due to natural radiation of -

18 mrem per individual (Ref. 5), the_lnternal dose due to ingestion

of water is a factor of less than 107" of that which the population would be
rece1v1ng due to natura] sources of radiation.

Amend. 41



N

o

. 49

REFERENCES - SECTION 11.2

.. Clinch Riyer Breeder Reactor Plant Nuc]ear Is]and Standard Symbology

for CRBRP Drawings, WARD-D- 0036 Rey. 0 Apr11 1974

2. Telecon, Colick J., Westinghouse Enyironmental" Systems Dept to

Hatcher R. M. Tennessee ‘Game and F1sh Cemm1ss1on, Nashyille,

" Tennessee, June 15, 1974

. Letter, Sewell, William, Tennessee’ Game and F1sh Commission, Knoxv111e,

Tennessee, to Co11ck J., Westinghouse Env1ronmenta] Systems Dept.,
March 13, 1974. _

. Letter, Allen, Elmer C., Fishery*Reporting Specia]ist, National

Fisheries Service to Colick, J., Westinghouse Environmental Systems

Dept., March 1, 1974.

. Effects on Population of Exposure to Low Leve]s:of Ionizing Radiation,.

Report of the Advisory Committee in the Biological Effects of Ionizing: -
Radiations, National Academy of Sciences, National Research Counc11
Washington, D.C. 20006, November, 1972.. p 12. ‘

. WASH-1258, Proposed Rule Mak1ng Act1on Numerical Guides for Design

Objectives and Limiting Conditions for Operation to meet the Criterion

- "As Low as Practicable for Radiocactive Material in Light Water Coo]ed

Nuc]ear Power Reactors Effluents”, Ju]y, 1973.

11.2-1 - |
Amend. 49
Apr. 1979



\
-/

DES IGN ANNUAL RELEASED ACTIVITY INVENTORY(1)

ﬂ@LEIIZI

Low Level(Z)

InfermedlaTe(3)

Totatl

l.s.QIQQQM)HQJ_f_l_Lng_AQﬂy_H_(QD. Level Actlvity (CI)  Actlvity (CI)
H=3(6) 12.3Y 2.86(=3)*% 4.28(-2) 4.56(=2)
Na-22 2.6Y 5.34(-8) 6.24(=7) 6.78(=7)
Na-24 15H - 6.65(~9) 7.76(-8) 8.42(-8) "

- Cr-51 28D - 8.70(~7) 8.70(-7)
Mn=-54 312D - 6.27(=6) - 6.27(=6)
Co~-58 71D - 5.34(=5) 5.34(-5)"

" Co~60 5.2Y - 1.50(~5) 1.50(=5)
Fe-59 45D - : 3.91(-7) 3.91(=7)
Sr-89 51D 1.48(=9)  6.58(~7) 6.60(=7)
Sr-90 - 28.8Y 1.04(=9) 4.73(-7) 4.74(-7)

Y=-90 64.1H 1.04(~9) 4.73(=7) 4.74(=7)

Y~91 58D 1.47(=9) 1.93(-7) 1.95(-7)
Nb-95 35D 2.28(~9) 3.92(=5) ° 3.92(=5)

Zr-95 64D 2.28(=9) . 3.92(=5) 3,92(-5)

- Mo-99 67D - ~ 4.01(=8) 4.01(-8)
Ru=103 ' 40D 3.36(=9) 5.20(=5) .5.20(~5)
 Ru~106 1Y 4.23(-9) 4.21(=5) 4.216=5)

Rh-106 2.2H 4.,23(=9) 4.21(=5) 4.21(=5).
Ag~111 7.5D - 1.30(~8) 1.30(-8)
Sb-125 2.7Y 7.40(=9) 8.63(=8) 9.37(-8)

_ Te=127m 109D 3.00(-9) 1.35(-6) 1.35(-6)

. Te=127 9.35H '3.00(~9) - 1.35(=6)- 1.35(=6)

 Te~129m 34D 1.20(-8) 4.05(-6) 4.06(-6)

- Te~129 70M 1.20(-8) . . 4.05(~6) 4.06(=6)
Te-132 78H 6.41(=9) 2.91(-6) 2.92(-6)
S 1-131 8.1D 3.23(~6) 1.28(=5) 1.60(-5)
1-132 2.3H 6.09(~7) 7.12(-6). 7.73(=6)
Cs-134 2.1D 1.63(=7) 2.28(~6) 2.44(-6)
Cs-136 | 13D 1.96(=7) 2.26(=6) 2.46(-6).
Cs-137 30Y 1.30(-6) 1.80(=5) 1.93(=5) -

. Ba-140 12.8D 5.86(=10) 2.84(-5) 2.84(=5)

~La-140 40H 5.86(=10) 2.84(-5) 2.84(<5)
Ce-141 32.5D 1.55(=9) 4.35(=7) 4,37¢-7)

Ce-143 . 33,7D 5.08(-10) 7.61(=7) 7.61(-7)

- Pr-143 13.7D 5.08(~10)  7.61(=7) 7.61(=7)
Ce-144 285D 6.90(-10) 3.11(-7) 3.11(=7)
‘Pr-144 7™ 6.90(=10) RGN 3.11(=7)
Nd-147 11.1D 2.97(~10) 9.58(~8) 9.60(-8)

. Pm-147 2.7D 3.93(-10) © 9.31(=8). 9.35(-8)
Eu-155 1.8Y " - 1,70(-8) 1.70(-8)

© Ta-182 115D - 2.54(-6) 2.54(-6)
" Pu-238 86Y 2.46(=10) 3.86(=9) 4.11(=9)
CPu=239 . 2.0(4)Y 6.54(~11) 1.03(=9) 1.09(~9)
Pu-240 =~ 6.7(3)Y - 8.54(-11) 1.34(=9) 1.42(-9)
 Pu-241 13Y 7.08(=9) 1,14(=7) 1.21(-7)
- Pu-242° 3.8(5)Y 1.81(=13) 2.89(~12) 3.07(-12)
11.2-12
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Np238

~ Np239
. Am=241
: Am—242m_-

Am-242
Am=243

. Cm-242

Cm-243

Cm-244

)
2.4D
433y
152Y
16H
7.4(3)Y
163D
30Y
18Y

'ﬁ2;17(f35)
S 1.27(-11)
©.2.52(=11)

9.95(~13)
9.95(-13)
4.07(-13)

S 1.77(-11)

2.45(-15)

 5.12(-12)

- TABLE 11.2-1 (Coh*[nued)

Low Level (2 Infermedlafe
EiEny

'2.05(-10)

4,01(<10)
1.58(-11)

1.58(=11).

1.85(-11)

. 2.84(-10)°

3.89(-12)

8.14(-11).

lTofal

4.51(-14)

2.17(-10)

'4.26(-10)

1.68(-11)
1.68(=11)
1.89(-11)
3.02(-10)

3.80(-12y = .
8.65(=11) - .

:(1) 1.0% failed fuel “for flsslon products and - 100ppb Pu In +he prlmary

sodium.

(2) Total discharge of mlO-AuCi/cc

a+ 850 gallons per day

(3) 10% of The annual sfored lnvenfory is released

(4) Al released acfi
for lodine (DF=10

‘ (5) Y=yéars, D=days, H=hours, M=minutes.

Ify has been deconfamlna+ed by a facfor of 105 excep+
) and tritium (DF=1).

_ 30 year Irradiations and 10 day decay for flsslon and
;'ac*Iva+ed corrosion producTs.

(6) The frlflu? val ues, do not include Balance of Plant +ritium release of
See Section 11.2.6.2. '

8.45 x 10

Ci/day.

* 2.86(-3) = 2.86 x 107> -
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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=85

" Zr-95

‘ . Mo-99
SR Ru-103

. Ru~106
- - Rh=106
) . Ag-111
== Sb=125
© Te-127m
Te=127
. Te=129m
Te=129
Te~-132
- 1=131
L 1=132
Cs~134 .
Cs=-136
Cs=137
.} Ba-140
. La=140

Ce~=143
Pr-=143
Ce-144
Pr=144
b Nd-147
] Pmet47

o ' ‘Eu-155
‘ 1 Ta=182
R Pu=-238

- ._Pu+239

Ce~-141

12.37
2.6Y
15H
28D
312D
71D
5.2Y
45D
51D
28.8Y

64.1H o

58D
35D
35D
67D -

1¥Y.

2.2H
7.5D
2.7Y
109D
9.35H
34D
70M
" 78H
8.1D
2.3H
217
13D

307 .

12.8D-
- 40H.
32.5D

13,7D.
285D

CIM
11.1D

2.7D
1.8Y

115D .

- 86Y

2.0(4)Y

CTABLE 11.2-2

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)

f6u31(f7)
2.56(=7)

2.56(~7)
7.70(=7)

5.46(-7)

2.75(=5)
5.19(-6)
1.39(=5)

1.38(=5)

1.11(=4) .
4.99(-8)
© 4.99(~8)

S 8.22(-8)
33.7D -

4.33(~8)

4,33(-8) -
. 5,88(-8)

5.88(=8)

1.81(-8)

2.10(-8)
5.57(=9)

lnfermedlafe
Sodlum’ Cleanln
Soluf[on

1.13(-3)
- 1.65(~3)

2.05(~4)

2.01(~4)
1.45(-3)
1.13(=3)
3,17(-4)

8.72(-6)

- 1.74(-3)
1.25(=3)
- 1.25(-3)
5.11(-4)
8.78(~-4) -
- 8.78(-4)
- 1.,06(~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(=3)

9.99(~4)

1.88(-3) .

5.04(=3)

4,99(-3)

4.00(~2)

 6.97(-4)
6.97(=4)
S 115(=3) -
2,01(-3)

' ,2;01(+3)

'8.22(=4)
8.22(-4)

2.53(=~4)
2.46(~4)

4.,49(-5)
6.08(=5) .-
1.02(=5)

. 2.73(-6)

11.2-14

Intermediate

'ACIQ'EiQh(A)

1.31(-2)

19.45(=2)
8.75(~1)

2.45(-1)
6.40(=3)

6.42(=1)
6.42(=1)

8.50(~1)
6.88(=1)
6.88(=1).

©1.49(-2);

6.10(=3) -
6.20(=3) -

T 476(-2).
L 440-1) -
4.64(=1)

4.15(=2)
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llﬁ.om&eﬂaj_f__LJ_tQL_u_LmL_

Cm=244

6.7(3)Y
13Y

3.8(5)Y
2D

- 2.4D

433Y
152Y
16H

7.4(3)Y
1630
30Y |
18Y

TABLE 11.2=2 (Contlnued)

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)

lnfermédfafe 7 
" Sodium Cleanlgg
____S.Ql_uj'_l_QL_

3.55(-6) '

3.01(~-4)

7.65(=9) -
1.12(-10)

5.41(-7)

1.06(-6)
1 4.18(-8)
- 4.18(-8) .

4.,90(-8)
7.52(-7)
1.03(-8)

2.15(=17)

:..lnfermedi?z?

Acid Etch

H(I)- 1.0% falled fuel for flssion products and - IGOppb Pu In the primary

‘'sodlum.
"~ corrosion products.

30 year irradiation and 10 days decay of fission and activated’

Decay times during collecflon, processing and
‘hol dups are neglected.

(2) Low activity concenfra+lons are compufed by assuming that the Ils+ed

Isotopes

gare present in 3.5 Ibs of primary- sodlum per year dllufed by
3.1 x 107 gallons of water per year,

(3) Intermediate activity concentrations for the sod{um cleaning solution’
are computed assuming 10% of plated out activity and 100% of sodium
activity .adhering to the processed components Is dissolved In 100,000

gallons of water per year.
"+o +he collecfion fanks

The solution is present in the input streams

1 4 The average annual acid etch solution conslsfs of the remalnTng 90% of
’ the plated out activity from the processed components In an average

annual ‘'volume of 3200 gallons.
been removed in the first water rinse.

aCld etches during the plant |lfe.

11.2-15

Cell sodium activity Is assumed to ‘have .
This !npu+ is based upon six 6"

Amend. 65




lsotope
B3
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
Ag-111
)| sb-125
1 Te=127m
Te=127
Te-129m
Te-129
Te-132.
" 1-131
- =132
~ Cs~-134
Cs-136
- . Cs~137
- Ba-140

‘Rh=106

La=140"

TABLE 1 1 2-3

DESIGN ACTIVITY INVENTORY STORED AFTER PROCESS)NG“)

2.6Y

J15H

28D
312D
71D

5.2Y

45D .

51D

28.8Y
64.1H
58D
35D
64D

67D

40D.
1Y
2.2H
7.5D
2.7Y
109D
9.35D

34D
70M

78H
8.1D

- 2.3H

2.1D

. 13D

30Y

12.8D
40H

A amamam AU~ NW
[ ]

: ; Low. Level Acnv1+y<2)
: umLumv_JmmmeLmu_
12.3Y

2.31- ( =5)
4.31 (~10)

5,36 (-11)

i

. |

e o ® ®
A= OO ONNN

11.2-16

Internediate Actiyity(3)

1.01
1.50
1.86

8.16

'5.85
5.31
1.49

3.88

1.58

1.14
1.14

4.64

3.90

(
(
(
(
(
(
(
(
(
(
(
(
-3.90 (
19.63 (
5,16 (
«
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

7.84
7.84
3,12

2,07,
3.23

3.23
9.72
9.72
6.99
1.81

1.7

8.26
8.29
3.25

2.82
12,82

(

Storage Tank (CI)

-1)

=6)

-7)

. ~6)

-5)
-4)
-4)

- -6)
=6)

-6)

=7
=4)
=4)

-8)
-4)
-6)
-6)

=8)

;7)

=6)
-6)

-6)
~6)

-6)

-4)
-5)
=6) .
~6)
-4)
-4).

-4
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lsotope
Ce-141
Ce-143
" Pr-143
Ce-144 -
- Pr-144
Nd-147
Pm-147
Eu~-155
Ta~182
- 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

,32 5D
33.7D
13.7D

285D ¢

M

11.1D

2.70

1.8Y

1150 -

- 86Y
2.0(8)Y
6.7(=3)Y
’ 13Y

3.8(5)Y

2D
2.4D

433Y

152Y
. 16H
7.4(3)Y
163D
30Y

18Y

(1) 1.0% fa!led fuel for fission. producfs and 100ppb in the primary sodium.’
30 year Irradiation and 10 days decay of - flssion and activated corrosion
producfs. Decay due +o collecflon, processlng and holdup are neglected.

(2) Low activity Is base

- except lodine (DF= 10

volume

:‘TABLE'11.2-3 (con+|nUed)

Low Level Ac+lvl+y
___lkuuj;l;limhigl)

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)

~Intermediate Activity
____§1gnagg_lanh_icll

1, 04(-6)
1.83(-6)
1.83(-6)
7.47(=7)
T1.47(-7)
2.30(=7)
2.23(-7)

-4.08(~8)

2.52(=5)
9.26(=9)
2.48(-9)

. 3.24(=9)
. 2.740-T) .
6.96(~12)

1.01(-13)
4.92(-10)
9.62(~10)

. 3.80(~11)

3.80(=11)

4.46(~11)

6.84(~10)
9.44(~12)
1.96(-10)

on Table 11.2-1 with a DF=10° for al| Isotopes
) and tritium (DF=1) 2400 gallon monitoring tank.

(3) ‘In+ermedla+é Activity Is based on 40.000 gal lon sforage capaclty

containing the activity Inventory in 16,000 gal. of acid etch solution
gal. of sodium cleaning solution.

and In 24 ,000
of 107 is applled to all. Isofopes excep+ fodine (DF=10") and

factor

Trlflum (DF=1).

11.2-17

"A decontamin




- lsotope
H-34
- Na-22 .
Na=24
Cr-51
Mn-54
Co-58
Co-60
Fe-59
- Sr-89
. Sr-90
© Y=-90
o Y=91.
- : Nb-95
' - Zr-%5
‘I"- 1 Mo-99
. . Ru-103"
» - " Ru=106
TN ~ Rh=106
ﬁgf ' Ag-111
Sb-125
Te=12Tm
~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

. Pu-239

‘ | Eu-155
C Ta-182

Pu-238

12.3Y
- 15H

28D -

312D
71D
5.2Y
~ 45D

51D

28.8Y
64.1H
58D
'35D
64D
67D

40D

1Y
2.2H
7.5D

2.7Y
109D
'9.35H

34b
70M

78H

8.1D
2,3H
2.1D

13D .

30v

12.8D

40H
32.5D

32.5D
13,70
2850
17M -

11.1D

2.0
1.8Y
1150

86Y

2.004)Y

TABLE 11.2-4

Low Activity

CONCENTRATION OF RADIONUCL IDES: AT DISCHARGE |
B TO CLINCH RIVER DESIGN VALUES

Intermediate

19.53(-10)
- 1.95(-14)

2.22(-15)

4.93(-16)
3.47(-16)

3.47(~16) -

4,90(-16)
7.60(~16)
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)

(uCi/ce) (1) - Activity (uCi/ec)(2)

3.26(-8).

4.84(-14)

6.00(-14) .

2.63(-12)

1.89(-11)

1.71(-10)
4.81(-11)
1.25(-12)
5.10(-13)

3.68(-13) .
3.68(-13) -

1.50(-13)

1.26(-10),
1:26(-10)
3.11(-14)

1.66(-10)

- 12.53(-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(-11)
5.52(-12)
2.66(-12)

2.67(-12) :

1.05(-10)
9.10(-11)

. 9.10(-10)
3.35(-13)
15.90(-13)

5.90(-13)

2.41(-13)

2.41(~-13)
7.42(-14)

- 7.42(-14)
S 1.32(-14)
©8.13(-12) -
1'2.98(-15).
-8.00(=16)

Total Activity -

.(uCi/cc) jB).v_:

3.36(-8)
6.79(-14)
6.22(-14)
2.63(~12)
1.89(-11)
1.71¢-10)
4.81(-11)
1.25(-12)
5.10(=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(-12)
1.04(-12)

3.14(-12)
3.14(-12)

2.25(~12)

. 5.95(-11)

5.72(-12).
2.71(-12)
2.73(-12)
1.05(-10)
9.10(-11)

9.10(~11)-""
3.53(-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)
3.06(~15)

8.22(-16)

Amand - AR



_ 'isgigug
Pu-240

- Pu-241

. Pu~242
- Np=-238
- Np-239 .
Am-241
Am-242m

Am~242 -

Am-243
Cm-242
. Cm-243

Cm-244

. Notes of

TABLE 11.2-4 (Continued)
CONCENTRAT JON- OF RADIONUCLIDES AT DISCHARGE .
TC' OL INCH- RIVER. DESIGN -VALUES

" Low Activi Total Activity

o . _ Intermediate

‘Half-Life  (uCiZce) (1) Activity(uCifee)(2)  (uCi/cc)(3) _ ~
6.7(3)Y 2.85(-17) 1.05(-15) - 1.09(-15)

13y 2.36(-15) 8.84(=14). 9.08(-14)
3.8(5)Y 6.03(~20) 2.24(-18) 2.30(-18)
2D : 19.23(-22). 3.28(-20) 3.38(~20)
2.4D 4.23(-18) 1.59(-16) 1.63(=16)
433Y 8.40(-18) 3.10(-16) 3.18(-16)
152Y 3.32(-19) 1.23(-17) 1.26(-17)
16H 3.32(-19) 1.23(-17) 1.26(-17)
7:4(3)Y 1.36(-19) 1.44(-17) 1.45(-17)
163D 5.90 (-18) 2.20(-16) 2.26(~16)
307 8.16 (~22) 3.04(=18) 3.04(-18)
18Y S 1.71 (-18) ¢ 6.32(-17) 8.04(-17)

Table 11.2-4

(J)"LsmLfdeJde;Ligyig;ﬂasIgfassumpiignﬁ

. a)

by

¢5

‘to the common plant discharge header of 3.1.x 10

1.0% failed fuel and 100 ppb Pu in the primary sodlium 30 years
irradlation and 10 days. decay of flssion and activated corrosion
products. Decay times In collecting processing and holdup are
1gnored. ' :

850 gallons per day contalning qugauCi/cc_ Is deéonfémfnafed by a
factor of 10” except jodine (DF=10") and +r.lﬂum1 DF=1) and released
cc/year. . :

The activity level of 10" %uci/cc comes from spillage of 3.5 Ibs pér
year of primary sodium into the drainage stream of 850 gallons per
day. o ' o : '

a)

- ignored.

by

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

*40,000.gafléhs per‘yeafldfscharged to thé.ébmmon plagf.dISChargei .
is used for-all :

header. through the LALL monitoring tanks. A DF =10

‘Isotopes except iodine (DF = 107) and tritium (DF=1). This IALL .-

activity Is based on the Inventory In 16000 ga!. of acid etch and In

+24,000 gal. of sodlum cleaning solution In the IALL moﬁftqung tanks.

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

© (4) . BOP discharge concentration of 7.0 (-7)uCi/cc Is not included.

~Amend. 65



TABLE 11.2-5

EQUIPMENT DESCRIPTION OF LIQUID RADWASTE SYSTEM

02-¢°11

: - ‘ Qual ity Seismic - . Deslgn -
Equipment ) Capaclty Number of Throughput Class Category i S Temper- Design
Description ' - (gal) Components Rate (gpm) (RG 1-26}*% (RG 1-29)% Codes Material ature OF - Pressure
Piping and Valves. - - 1-125 0. i ANS 831.1 sS 200 150 PSI
JIALL/LALL Filters . - 2/2 125/50 D 1L ASMEVIN  SS 200 150 PSI
IALL Collection Tank 24700 2 - b oy AP1 650 ss 200 Atmos.
LALL Collection Tank 2400 2 - D, Ty AP! 650 ss 200 © Atmos.
Evaporator Prefilters - 4 » 10 0 L  ASME viny SS’ 200 150 PSt
Evaporators - - 2 10 D S ASMEVINLSS 200 150 PSI
Distillate - - 4 .10 D i ASME VI SS 200 150 PSI
Demineral fzer C ' ’ ' o
Resin Traps , ) - 4 10 D Y CASME VIII SST 200 150 PSI
" IALL Distlllate 24700 z - D i AP 650 sS © 200 _ _ Atmos.
© Storage Tank — . ’
" LALL Monitoring Tank ._ 2400 2 - D i APl 650 SS 200 Atmos.
Pumps - - 14125 ) Ty Manufactu-  SS 200 Atmos.
} ’ ers Std. _
Caustlc Neutral izing/ --2500 o - - D e APl 650 - ss 200 . Atmos.
' Storage Tank e o ' - . ' .
Caustic Féed Tank 150
Antitoam Tank,
Resin Feed Tank -
Acld Feed Tank ' 700 1 - 0 t AP 650 HNA 200 Afwos.
* RG - Reguiatory Guide ’
o
5]
‘-*

¢L . Tpuswy

2861




TABLE 11.2-5A

INDOOR RADIOACTIVE WASTE TANKS ~ PROVISIONS TO
PREVENT AND CONTROL OVERFLOW CONDITIONS

ow. Act. eV i

(LALL) Collection Tank A & B

(a)

(b)

(c)
(d)
(e)

(a)

- (b)

(c)
-+ to the radwaste sump.
TN

“and return any leakage to the radwaste
sump.

Provisions

Liquid Level Indicator in Radwaste
‘Control Room.

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

IALL Col tection Tanks sized so that the

~1wo of them can _hold the entire system
- inventory. overflow for both tanks Is

connected to the radwaste sump.

Cel | walls are capable of containing -

‘any leakage.- The contained liquid is

returned to the radwaste sump via floor
drains,

A common Main Control Room alarm from'

+the Radwaste Cortrol Room to annunciate

abnormal system conditions in the
Radwaste Area. ‘

Liquid Level Indicator in Radwaste

&mﬂ@lRmm.

Htgh and Low Liquid Level Annunciator/
Alarms In Radwaste Control Room.

0verflow for bofh Tanks is connecfed

A

Floor drains are provided to col lect

11.2-203




3.

4.

st

1-

Qollecflon lgnk A&B‘(con+ )

torage

TABLE 11.2-5A (cont?)

'-'(é)

‘Concentrated Waste ‘Collection - (a)
Tank | :

(b)

()

(e)
(a)
(b)

(¢c)

E[ oylsign S

A common Maln Control Room alarm

- from the Radwaste Control Room to

annunclate abnormal system conditions

1n The Radwas+e area.

Liquud Level IndicaTor on ‘Solid
Radwaste Control Console In Radwasfe

Control Room.

ngh and Low Liquid Level Annunciator/

“Alarms on Solid Radwaste Control Panel

In Radwas+e Control Room.

A 2500 gallon capaclity tank provides
sufficient volume for several weeks: of
concentrated waste discharge from both
evaporafors.

A floor drain Is provided to ¢ollect

and-return any leakage to the radwasfe R

sump.

Overflow Is piped directly to The
radwasfe sump,

Liquid Level Indicator in Radwaste -

-~ Control Room.

ngh'and'Low L]quid.Level Annunciator
Alarms In Radwaste Control Room.

TALL Distillate Storage Tanks sized so
that two of them can hold the entire
- system invenfory, overflow for both

‘tanks. 1s connecfed to the radwas*e .

. sump.

(d)

11.2-20b

Floor dralns are.provlded to col lect

“and return any leakage to +heAradwas*e-

sump.



5.

TABLE. 11.2-5A (cont.) -

Etoylslgn s

(e) A common Main Control . Room -alarm

»:(conf ) from the Radwaste ‘Control Room to. -

annunciate abnormal system condlflons
In the Radwaste area. .

(a) Liquid Level lndicafor in Radwasfe
Con+r0| Room.

(b) ngh and Low Liquid Level Annunciator/
"Alarms In Radwaste Confrol Room.

~ (c) Overflow for both tanks Is connected to -

the radwasfe sump.

(d) Floor dra'ns are provided to collect

and return any leakage to the radwasfe E

sump.

(e) A common Main Control Room alarm from

. the Radwaste Control Room to annunciate
abnormal system conditions in the
Radwaste Area. '

- 11.2-20c . o
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150+oge

s

‘Na=22

‘Na-24

Cr=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=tn1
Sb-125

Te=127m

Te=127

. Te=129m
. Te-129

Te=-132
I-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

meRwMﬂEmmmwm%AWMmemmﬁ

12.3Y4+

2.6Y
15H
28D
3120

© 71D
5.2Y

45D - -
51D
28.8Y
64.1H

58D

35D

64D

67D

© 40D
1Y

2.2H
7.5D
2.7Y
109D
9.35H
34D
70M

78H
8.1D°

2.3H
2.1D
13D
307

12.8D . .

40H

'32.5D

33,7D

13D
285D
M

11.1D

- 2.7D
1.8y

TABLE 11.2-6"

‘" DESIGN‘VALUES

Solidifled!(Cl) = Released (Cl)

4.3 (1) ~ 4,56 (~2) +
6.24 (-1)- 6.78 (=7) -
7.76 (~2) 8.42 (-8)"
2.35 (=-1) . 8.70 (=7)
1,70 ( 0) - 6,27 (-6)
1.10 ¢ 1) -5.34 (=5)
3.09 ( 0) 1.50 (~5)
8.08 (-2) 3,91 (-7)
-6.58 (=1) 6.60 (~7)
4.73 (~1) 4.74 (-7)
4.73 (=1) 4,74 (=7)
1.93 (-1) 1.95 (=7)
.8.09 ( 0) 3.92 (=5)
8.09 ( 0) 3,92 (=5)
4.01 (=2) .01 (-8)
1.08 (1) '5.20 (=5)
8.73 ( 0) 4.21 (-5)
8.73 ¢ 0) - 4.21 (=5)
1,30 (-2) ~ 1.30 (=8)
8.63 (-2) 9.37 (-8)
-1.35 ( 0) - 1.35 (=6) -
1.35 (-0 1.35 (=-6)
© 4.05 ( 0) 4.06 (-6)
4.05  0) 4.06 (-6)
2.91 ( 0) 2.92 (=-6)
9.70 (~1) - 1.60 (=5)
1.92 ( 0)° 7.73 (-6)
2.00 ( 0) 2,44 (-6) .
1.98 ( 0) 2.46 (-6)
~1.58 (1) "1.93 (-5)
5.88 ( 0) 2.84 (=5)
2.55 ( 0) 2.55 (=6)
4,35 (=1) 4,32 (=7)
7.60 (=1) 7.61 (=7)
7.60 (=1 7.61 (=)
3.1 (-1 3.11 (=7)
- 3.1 (1) 3.1 (-7)
7.57 (=2) 9.60 (-8)
9,31 (=2) © 9.35 (-8)
1.70 (=2) 1.70 (-8)
11::2-21

Intermediate
" Stored

1.01
1.50
1.86
8.16
5.85

5.30-
‘1.49
3.88
- 1.58

1.14
1.14
4.64

3.90 ¢(

9.63

- 5.16

7.84

7.84
3,12

2.07
3,23
3,23
9,27

9.72°

6.99

1.81
1.7

8.26

8.29 °
3,25
2.82 -

9.88
1.04
1.83
1.83

7.47
7.47

2.30

2,23
4,08

cn -

=1

(-6) .

(-7)~ﬂ

(-6)

(=5) -
(=4)

(=4)-
¢=6) : |
(=6):
(=6) "
(=6)

(-7)

Amand AR



'~ lsotope -

Ta-182
Pu~238

- Pu~-239

Pu-240
Pu—241
Pu~242
Np-238
Np=239
Am-241

Am-242m

"~ Am=242

1" Am-243
| Om-242 -
Om-243.

- Cn-244.

- TABLE 11.2-6 (Contlnued)

8.65 (-

Half=L[fe ‘Solidified! (CI)- - Released (Ci)
115D "5.26 (~1) - 2.54 (-6)
86Y '3.86 (=3) 4,11 (=9)
2.004)Y “1.03 (=3) . 1.09 (-9)°
F2.7(3)Y . 1.34 (-3) 1.42 (-9)
13y 1.14 (-1) - 1.21 (=D
3.8(5)Y - 2.89 (-6) . - 3.07 (=12)
20 4.23 (-8) 4.51 (-14)
2.4D. 2.05 (~4) - 2.7 (-10)
433Y 4,01 (-4): 4.26 (-10)
152Y 1.58 (=5) 1,68 (-11)
16H - 1.58 (=5) - 1.68 (-11)
7.3(3)Y 1.85 (=5) 1.89 (-11)
163D - 2.85 (-4) 3,02 (~10)
30Y 3.90 (-6) . 3,89 (-12)
18Y 8.14 (-5) (-11)

Intermediate

Stored (Ci) - .

(-5) "
(=9)
(-9) .
(-9)
(=7)
(-12)
(=13)
(-10)

(-11).
(-11)
(-11)
(-10)"
(-12)
(-10)

ORDBOAOONN—OBRDDN

OO EWWOB—=ONWNON
L]
OHBPHLOONOOONNBENW

1 Solldlfled Ac+lvl+y Ingludes confrlbuflons from all sodium cleanlng

“solutions and acid e+ches of the componen+ cleanlng process.
| + Does nof Include BOP deslgn release rate of 8. 45x10‘3 Ci/day

e+ Y—years, D—days, H~hours

11.2-22 -

Amend: 65
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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

lsofoge ’
He3(2)

Na-22
Na-24
Cr-51
Mn=54
Co-58

~ Co—-60
Fe-59

"Sr=89
Sr-90
Y=~30 -
Y=91.-

K " Nb=95 .
- Zr=95

. o Mo-99
. Ru-103

- Ry-106
Rh=106

e
W
e

' $b-125

- Te~127
Te=129m
Te=129
Te=132
=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

Ag-111

Te~127m

12.3Y

- 2.6Y

15H.
28D
312D
71D -
5.2Y
45D
510
28.8Y
64.1H

- 58D

35D
64D
67D
40D
1Y
2.2H
7.5D
2.7Y
109D
9.35H
34D

~70M

78H
8.1D
2.3H
2.1D
13D
307
12.8D
40H
32.5D
32.5D
13.7D
285D
1M
11.1D
2.7D
1.8Y
115D

Effluent (3)
centrat Qn.(uC

3.36
6.79

2.63
1.89

1.71
4.81
1.25
5.10

- 3.68

3.68
1.50
1.26
1.26
3.11

1.66
2.53

2.53

1.01

6.96

1.04

1.04
3.14

© 3.14

2.25

"5.95

5.72

2.7

2.73
1.05

©9.10
9.10
3.53

5.90
5.90
2.41
2.41

7.42

7.42
1.32

8.13

Concentratjon {Ht1/cc)

(-8)
(-14)

(-14) :
(-12)

(=11

(-10) -

(-1
(-12)
(-13)

(-13) -

(-13)
(-13)
(-10)

(=10)
(-13)
(-10)
(-12)

(-12)

(-14)

(-14)
(-12)
(-12)
(-12)
(-12)

(~12) .
(=11) .

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

-11)
(-11)

(-13)
(~13)
(-13)

(-13)

(-13)

(-14)

(-14)
(-14)

(-12)

11.2-23

MPC 10CFR20 |

| Fraction
(uCi/ce) MPC
(-3) - 1 (=5)
(=5) 2 (~9).
(-5) 2 (=9).
(=3) 1 (=9)
(~4) 2 (*7)
(=5) 2 (~6).
(-5) 2 (=6) .
(-5) 3 (~8)
(-=5) 2 (-8):
(=7) 1 (=6)
(=5). 2 (~8)
(=5) 5. (=9)
(-5) 2 (=6)
(-4) 1 (=6)
(-5) 8 (-10)
(=5) 2 (-6)
(=6) 8. (=7)
¢=5) 3 (=1
(-5) 3 (=10)-
(-4) 7. (=10) -
(~4) o4 (-9) .
(=5) 4 (-8)
(-5) 2 (=7
(-4) 4 (-9
(=5) 1 (=7)
(=7) 2 (=4)
(-6) 7 (=7)
(-6) 9 (-7)
(-5) . 5 (-8)
(=5) 5 (=6}
(-5) 5 (-6)
(-5) 5 (=6)
(-5) 4 (-9)
(-5) 2 (-8)
(-5) 1 (=8)
(=5) 2 (-8)
(=6) 8 (-8) .
(-5) -1 (=9)
(-5) 4 (=9)
(-4) 7 (-11)
2 (=7

BNNOUWSURNONNNOWOURNORN WK=& = WD &= WNWWR WO =N WWW

Amnnd; AR



Ingqpé-

Pu-238 .

Pu-239

Pu~240

Pu-241

Pu-242

Np-239 .

Am-241

Am-242m

Am-242
~ Am-243
. Om-242
Om-243

Cm-244-

(1) 10CFR20, Appendix B, Table 11, Column 2

- (2) poes not Include BOP releases of 7.0E-7

£~
86y |
2.004)y*
6.7(3)Y
13Y
3.8(5)Y
2.4D
433Y
152Y
16H "

163D
30Y
18Y

(3)  See -Table 11.2-4

e

7.4(3)Y

TABLE‘11.2-7 (Continued)

Effluent (3)
cen io

- 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

* 2.0 (4)Y = 2.0 x 104 Years

(-15)
(-16)
(=15)
(-14)
(-18)
(-16) .
(~16)
(-17)
(-17)
(-17).
(-16)
(-18)
(-17)

C11.2-24

© MPC 10CFR20

BRUET ERY N G GRTENRC RC R

Awnam A

- Fraction
(uCijec) (1) _MPC
( -6) 6 (~10)
( =6) . 2 (-10)
( -6) 2 (=10)
( -4) 4 (-10)
( -6). 5 (-13)
( -4) 2 (~12)"
( -6) 8 (-11)
( ~6) 3 (~12)
( =-4) 1 (-13)..
( -6) 4 (-12)
( =5) 1 (=11)
( -6) - 6 (=13)
( ~6) 9 (~-12)

<~




TABLE 11.2<8 DELETED




41

49

TABLE 11.2-9

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

Kidney

Contaminated Ingestion
' River Above- of Aquatic |Ingestion .
Doses Sediment Immersion |Water Activities " Food of Water -
Total Body 1.6 X 100 la6x T!-O_,6 1.4 x 107° USRI PRSP
(Gamma _
e -6 -6 1n=D
Beta Total| 1.9 x 10 6.0x 107 1.8x 10" | ool | cmmeo
[Skin. _ »
Whole Body | --~------- Rttt T T NPT 3.4 x 10 7|1.3 x-To']
1l [Internal o
. ' - -3
Bone A FU B 2.4 x 107%{3.3 x 10
GI Tract | ecmme-mmce |occmccmeee | mmmeemee- 1.8 x 107346 x 1075
“Thyroid | ==-=cemome Jommmmemmen | mmmeo 1.9 x 10'3 5.3 x 10_4':
(Adult) _ : '
------------------------------- 5.4 x 1o:fJT.5.x 10—5, ok

+Based on 1.0% Failed Fuel for fission products and 100 ppb plutonium in
primary sodium.

11.2-26
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FROM SODIUM REMOVAL
AND DECONTAMINATION SYSTEM

|—— FILTER

——— RECYCLE

NEUTRALIZATION

COLLECTION COLLECTION

‘ STCRAGE STORAGE
',

FILTER 7Fn EVAPORATOR -fo- DEMINERALIZER J— TANK TANK
INTERMEDIATE ACTIVITY
' SYSTEM -8 RECYCLE
PLANT ' - 7T ' . REUSE |
DRAINS :
(=0 I
— RECYCLE |
. FILTER !
n | NeuTRALIZATION i
nN & |
~ . ]
COLLECTION COLLECTION - . r__i 16
TANK TANK ‘, o o ozl
. FILTER EVAPORATOR  [L8% DEMINERALIZER TANK TANK
LOW. ACTIVITY SYSTEM
C & REUSE
DISCHARGE
/ CONCENTRATE SOLID

RADWASTE SYSTEM

Figure 11,2-1 LIQUID RADWASTE SYSTEM FLOW DIAGRAM
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GENERAL NOTES

L. UKE NUMBERS 1M THE LIQAWD AND
3OLID WASTE SYSTEM ARE
AS FOLLOWS: 2-HCDT-2400D-24 1S
WRITTEN 2-D24 § 2-HCOT-M3WD-24
1S WRITTEN 2-3\W-024.ALL OTHER
LINE DESIGMATIONS ARE AS NOTED
ON EACH INDIVIOUAL LIME,

»

EQUIPMENT NUNBERS FOR MOTORS.
ARE IDENTICAL TO THE EQUIPMENT
NUMBER FOR THE DRIVEN EQUIPMENT
EXCEPT THAT THE LETTER *K" IS
%uBSTITUTED FOR THE EQUIPMENT

Ll

ALL INSTRUMENT AND CONTROL.
VALVE NUMBERS ON THIS DWG
SHALL BE PREFIXED BY 24LW
UNLESS NOTED OTHERWISE  ~

>

UNLESS OTHERWISE INDICATED BY
SYMBOLOGY ALL DIAPHRAGM VALVES
ARE SPRING OPPOSED WITH
POSITIONER AS APPLICABLE .

Ld

PIPE LINE REDUCERS ¢ INCREASERS
SHOWN ARE PRELIMINARY. AFTER
PIPE ROUTING HAS BEEN COMPLETED
THE ACTUAL PIPE CONNECTIONS

WilL BE DETERMINED ¢ THE LOCATION
OF REDUCERS ¢ INCREASERS SHOWN
ACCORDINGLY.

ALL INSTRUMENTS, VALVES ¢ CONTROL
YALVES HAVING AN ASTERISK (%)
SHALL BE PREFIXED BY 24 SW.

SYMBOLS § ABBREVIATIONS AS PER
WARD DOC. D-0036.

SYSTEM CLEANLINESS CLASSIFICATIONS
ANSI CLASS B FOR INSTRUMENTATION,]
ANSI CLASS G FOR ALL OTHER
COMPONENTS 4 PIPING.

o

=~

”

REFERENCE DRAWINGS

P§1DIAGRANS
NN528 COMPRESSED AIR SUPPLY
NN530 SOLID RADICACTIVE WASTE
NNS34 IALL EVAPORATION .
NN535 tALL DEMINERALIZATION 8 DISC
NN539 LALL COLLECTION& NEUTR.
NN540 LALL EVAPORATION
NN541 LALL DMNRLZTIONS DISCH.
NN570 COOLING WATER SUPPLY SDD75A
NN58! HTHW SUPPLY SDD 75A

BMS550 WASTE WATER DISPOSAL SYSTEM
SDD 76 —

N033000596 RSB SMALL COMPONENT
AUTOCLAVE SODIUN REMOVAL
SYSTEM SDD445R

N093443009 LCCV SYSTEM #
aNV520 R5B-Rw AREA HYAC .
INSTRUMENT LOOP DIAGRAMS

NE4704 IALL COLLECTION ¢ NEUTRALIZATION
NEAT85 TALL COLLECTION4NEUTRALIZATION
NE4734 IALL COLLECTIONS EVAPORATION
NE4T87 IALL COLLECTION { EVAPORATION
NE47188 JALL RADWASTE PROCESSING

IALL Collection & Neutraliza-
tion Liquid Radioactive Waste
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EXTERNAL

APPENDIX 11.2A DOSE MODELS: LIQUID EFFLUENTS

plane is

DSED = 102 (TS) (W) £ (TRN), (CW). (DSD)

where,

WHOLE BODY DOSE.TO MAN FROM SHORELINE DEPOSITS
Gamma dose rate to an individual above a uniformly contaminated.‘

calculated by the following equation:

i
i v

-0.693 TTS -0.693 TIM
x |1 - exp< ) (DFS) exp( )
ZTRNSi (fRNSi
DSED = Whole body dose rate from contémfnated shoreline, mrem/yr

TS = Time of exposure to sediment, hrs/yr

WW = Water body width factor, no units. Values.are tabulated
~ _in Table:11.2A-1. :

(TRN)i = Radioactive half-life of isotope, i, days. Values are
tabulated in Table 1].3A-1 :
(CW),; = Concentration in water of isotope, i, pCi/cc
(DSD)i = Dose conversion factor for shoreline sediment, mrem/hr
per pCi/mz. Va]ues are tabulated in Table 11.2A-2.

TTS = Total time of 1mmeksion 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 betweehvisbtope release and éxbosure, 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)

11.28-1

(1)



EXTERNAL DOSES TO MAN FROM IMMERSION IN CONTAMINATED WATER

- The whole body gamma dose rate from- immersion inleffluent_waters~ist
calculated as: : , _ =2l

= L v . ' —O5693 TIMYI. a9 /5y
DGIM = 3 (cw)i (DFGAM)T (TI)A(DFAC) exp(}—rfﬁﬁy;——> x 10 - (2)
where,
" DGIM = Gamma dose ‘rate, mrem/yr
(cw)g = Concentration in discharge water of isotope, i, uCi/cc
(DFGAM)i = Whole body dose conversion factor for immersion in water-
. . containing isotope, i, mrem/hr per pCi/1. Values are
tabulated in Table 11.2A-2.
TI = Time of exposure, hrs/yr
DFAC = Dilution factor of isotopes in receiVingfwater,51.0 
“TIM = Elapsed “time ‘between isotope: release -and.exposure;.days -
(TRN), = Radioactive ha]fAJffe df-isotopé, i, days; Values are
-V tabulated in Jable 11.3A-1.
10° = Factor to convert uCi/cc to pCi/l.
'41| The total skin dose rate from immersion in effluent waters is calcu-
lated as: ' : : ' ‘
] Ty (nEac -0.693 TIM\| . 109
DBIM = ? (CW)i (pFBETA)i (T1) (DFAC) eXp<}~(T§N7;~_>n x 107 . (3)
where, _ _
41] | 2 o -
DBIM = Dose rate to the skin, mrem/yr
:>;.:'. :(CW)i'=:Conéentration in discharge water of isotope, i, uCi/cc
41[ : (DFBETA)1'= Skin dose conversion factor for 1mmersion in water
containing isotope, i, mrem/hr per pCi/1. Values are
tabulated in Table 11.2A-2.
TI = Time of immersion, hrs/yri

Amend. 41
- 11.2A-2 . | Oct. 1977




where,

Dilution factor of isotopes in receiving water, <1.0 -

I}

DFAC

TIM = Elapsed time between isotope release and exposure, days
(TRN)i = Radioactive half-1ife of isotope, i, days. Values are-
tabu]ated in Table 11.3A-1. : ‘
'A1b9 = Factor to convert uC1/cc to pCi/l.

The population dose from water immersion is:

DPIM = (DGIM) (PIM) x 1073

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

DPIM =

1073 = 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

Externa] gamma exposure from above-water act1v1t1es is calculated '

:Zby the fo]low1ng method

where,

al

1 TAW oy
DGAW = §-(DGIM) (TI > > (5)
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 act1v1t1es, hr/yr
' Data are presented in Tab]e 11 2A-5.
TI-=-Number of hours spent in 1mmers1on hr/yr. Data are .

presented in Table 11.2A-5.

%-= Geometfy factor for above-water activities, no units.

Tota] exposure to the sk1n from above-water act1v1t1es is ca1cu1ated as:

1 TAW o

DBAW = 7 (DBIM) T (§)
Amend. 41
Oct. 1977
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where, -

- DBAW = Beta dose rate to the skin from:above-water activities,

_ . mrem/yr
"DBiM = Beta- dose rate to the skin: rece1ved from immersion in
effluent water, mrem/yr '
TAW-= Number of hours spent in above—water act1v1t1es, 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. ;

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

PopU]ation dose from above-water activities is:

" DPAW = (DGAW) (PAW) x 1073 (7)

where, | |

DPAW = Population dose, man- rem/yr _

~ DGAW = Whole body gamma dose to an 1nd1v1dua1 from above water
- activities, mrem/yr ‘

“PAW = Popu]atlon engaged in above water act1v1t1es on the eff]uent

N discharge waters

107 -3 Factor. to convert mrem to kem.

INTERNAL DOSES TO MAN FRCMAiNGESTION OF POTABLE WATER

The dose to whole body and various organs received by 1ngest1on of
potable water contaminated by liquid effluents can be ca]cu]ated us1ng the
'f011OW1ng equation:

P - 3 Mp?w exp(20:693 TIM\ | oy | (8)
T o e\ =y, ) |(OF

11.2A-4




k/. 3
‘Q .
! .

where,

(),

- DWP

MPC

(cw),

GWA

TIM
(TRN).

DF

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

= Dose conversion factor, mrem/yr per uCi/cc, which is the

maximum permissible dose (MPD) per year divided by the

~ maximum perm1ss1b1e concentration in water (MPC ) for

1

isotope, i. Dose conversion factors for calculating

internal doses are tabulated in Table 11.2A-3.

The concentration in d1scharge water of isotope, 1,
uC1/cc .

The amount of water ingested, g/day

Amount of water 1ngested by an adu]t g/day (a va]ue of
2,200 g/day is assumed)

Elapsed time between isotope release and ingestion, days

Radioactive hajf—]ife for isotope, i, days. Values are
tabulated in Table 11.3A-1.

Dilution factor in receiving water, <1.0.

“INTERNAL DOSES TO MAN FROM INGESTION OF AQUATIC FOODS

where,

The dose to whole body and various organs received from ingestion

DOSE = (

(

DOSE

MPD >
MPC./

(BCF)

‘of aquatic food contaminated w1th radioactive mater1a1 js calculated as:

o _ o
m;’,g) (BCF) (GE,A> (cH), exp(%%%,—r—% (OF) (WE) (9

The dose rate from 1ngest1on of isotope, ], mrem/yr

=_Dose conversion factor, mrem/yr per uC1/cc which is the

maximum permissible dose (MPD) per year divided by the
maximum perm1ss1b1e concentration in water (MPC ) for
isotope, i. Dose conversion factors for ca]cu]gt1ng
internal doses are tabulated in Table 11.2A-3. ’

Bioaccumulation factor for isotope, i. VaTues are
tabulated in Table 11.2A-4. : '

Amount of food ingested, g/day

11.2A-5



GWA = Amount of water 1ngested by an adu]t g/day (2 200 g/day

, i assumed)
'(Cw)g = Concentration in discharge water df_isotope, i, uCi/cc
, TIM-='ETapsed‘time betweeh’fsotobe réTease and ingestion, days
(TRN)i = Rad1oact1ve half- 11fe of _isotope, i, days Values are-
tabulated in Table 1] 3A-1.
DF = Dilution factor in receiving waters, <1.0 |

HF = Fraction of year water is ingested, <1.0.

- Doses should be ca]cu]ated'separateiy for each kind of équatic food
_ingested ‘and then summed to obtain a total dose from ingestion of aquatic
" foods.

The population dose from 1ngest1on of aquat1c foods is ca]cu]ated
_in the fo110w1ng manner:

(W).'(WF). (DOSE).' ‘ A
PODA = 1073 ¢ l: J -(G%'~ 1 - (10)
‘ J RS
_wheke, | .
PODA = :Whole body gamma dose from 1ngest1on of a]] aquat1c
B foods, man-rem/yr .

(W), = Respective total weights of fish, crustacea and mollusk

J taken from the v1c1n1ty of the eff]uent d1scharge, /day
(WF). = Fractional weight of each of the species which is

J edible, <1.0

(DOSE). = Dose rate to an 1nd1v1dua] from food J, ca1cu1ated
o J above in equation (9), mrem/yr

'(G). =-Amount of food Js 1ngested by an 1nd1v1dua1 g/day4
. person. Data are presented in Table 11.2A-5.

10 © = Factor to convert mrem to rem.

_ Amend. 41
' - Oct. 1977
11.2A-6 o
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TABLE 11. 2A 1

WATER BODY WIDTH FACTORS FOR ESTIMATING GAMMA EXPOSURE
: FROM CONTAMINATED SEDIMENT (REF. ]) '

Width Factor

nN—=O0O0O000
OO CTWN —

11.2A- 8

_Exposure Situation

Discharge canal bank
Riverbank

Lakeshore

Nominal ocean site
Tidal basin

Crustacea or shellfish



Isotope
- H-3
Na-22 -
Na-24

Ne-23

Ar-39
Ar-41
Cr-51"
-Mn-54 -
Fe-59
Co-58
Co-60

.'vKr—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*

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

~N S

G AW NN WRE =~ o
BSOYW N 0N —- 0NN g NS N

W O P - o —
© W NS =W

TABLE 11.2A-2

Immersion in Water

Total Body Skin
(mrem/hr per pCi/1)
0 | 0
0 x 1070 4.8 x 107°
8 x 1070 9.3 x 1070
NA NA
X 10710 1.3 x 1077
x 1076 3.2 x 107°
x 1078 6.4 x 1078
x 1070 1.8 x 107°
x 1070 2.9 x 1076
x 107° 2.3 x 107°
x 1079 5.4 x 1070
x 1077 7.9 x 1079
x 1072 1.8 x 107/
x 1077 5.1 x 107/
x 1078 4.6 x 10°°
x 1078 4.1 x 107°
x 1072 5.4 x 1077
x 10710 1.5 x 1077
NA NA
x 1078 9.6 x 107
x 1072 5.6 x 107/
x 107° 1.8 x 1070
x10° 1.6 x10°
x 107 9.1 x 1077
x 1077 1.1 x 1078
x 1077 1.9 x 1070

11.2A-9

- N o » N
N~ o o ® N

~ A= ;NN
L = )

Shore]ide*DepositS

Total Body Skin
(mrem/hr per pCi/me)
o 0
6 x 1078 1.8 x 1078
5 x 1078 2.9 x 1078
“NA NA
0 0
0 | 0
x 10710 2.6 x 10710
x 107° 6.8 x 107°
x 1077 9.4 x 1072
x 1072 8.2 x 1077
x 1078 2.0 x 1078
0 0
0 0
0 0
0 0
0 0
6 x 1071° 6.5 x 10713
0 0
NA NA
x 10712 2.6 x 10712
x 107 . 2.7 x 107!
x 107° 5.8 x 1072
x 1072 6.0 x 1077
x 107 2.2x1077
x 1072 3.6 x 1077
x 1072 1.5 x 1072




TABLE 11.2A-2 (Continued)

Immersion in Water Shoreline Deposits
Total Body - Skin Total Body Skin
Isotope = - (mrem/hr per pCi/1) A (mrem/hr_per pCi/m2)
Rh-106 NA NA ' NA NA
Ag-111 4.8 x 1078 “3.8x107  21x10710 1.8 x 10719
Sb-125 7.8 x 107’ 9.5 x 107 3.1 x 1072 3.5 x 1077
Te-129 1.9 x 107 7.0 x 1077 7.1 x 10710 8.4 x 10710
Te-129m* 2.1 x 1077 7.4 x 1077 7.7 x 10710 9.0 x 10710
Te-132 4.0 x 107/ 4.8 x 107 1.7 x 107 2.0 x 107
1-131 6.8 x 107 9.3x 1077 2.8 x 1077 3.4 x 107
1-132 4.4 x 10°° 5.5 x 107 1.7 x 1078 2.0 x 1078
Xe-131m 6.2 x 1077 5.6 x 1078 0 0
Xe-133 5.7 x 1078 1.1 x 1077 0 0
Xe-133m -~ 6.0 x 10°° 1.0 x 1077 0 0
Xe-135 4.5 x 1077 7.9 x 107 0 0
Xe-135m 7.6 x 1077 1.0 x 107° 0 0
Xe-138 2.6 x 107° 3.4 x 107° 0 0 |
Cs-134 2.9 x 107° 3.5 x 107° 1.2 x 1078 1.4 x 1078
“Cs-136 5.6 x 107° 4.9 x 107° 1.5x108 . 1.7x108
Cs-137 1.0 x 107° 1.4 x 1070 4.2 x 107 4.9 x 1072
Ba-140" 4.9 x 107 76x107 2.1 x107° 2.4 x 107°
La-140 4.1 x 1078 53x10°% 1.5 x10° 1.7 x 1078
Ce-141 1.3 x 1077 2.4 x 107 5.5 x 10710 6.2 x 10710
Ce-144% 8.6 x 10°° 1.4 x 1070 3.2 x 10710 3.7 x 10710
Pr-143 1.6 x 1077 2.8 x 107 0o 0
Pr-144 5.6 x 107/ 1.3 x 107° 2.0x10719  2.3x 710
Nd-147 2.8 x 1077 5.0 x 107/ 1.0°x 1077 1.2 x 107
Pm-147 - 7.5 x 107" 1.3 x 1078 0 0
Eu-155 NA NA NA NA
NA NA NA

 Ta-182 NA

11.2A-10
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TABLE 11.2A-2 (Continued)

Immersion in Water

Pu-242 1.1

' ~Total Body Skin
Isotope . - - (mrem/hr per pCi/1)
Pu-238 1.5 x 10710 4.0 x 107°
Pu-239 1.2 x 10719 1.7 x 107°
Pu-240 1.4 x 10710 4.0 x 1072
Pu-241% 6.1 x 1011 9.5 x 101!

x 10710 x 1072

10 ' 3.6

*Includes contribution from daughter products.

NA - Not available.

11.2A-11

' Shore]ine'Deposists

1.3

Total Body Skin
(mrem/hr per pCi/m?)-

x 10712 1.8 x 10

7.9 x 10713 7.7 x 10
1.3x107% 1.8 x 10
4.6 x 10712 6.8 x 10
x 1672 1.6 x 10

1.1

-1
-12
-1
-12 .

11
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LL6L *330

Ly *pusuy

TABLE 11.2A-3
. DOSE CONVERSION FACTORS* FOR EXPOSURE VIA INGESTION OF WATER
O RADIOACTIVE MATERIALS RELEASED FROM THE CRBRP RADWATE SYSTEMS
mrem/yr per uCi/cc
: _ Thyrofd _ o
Isotope Whole Body , Bone GI Tract** (adult) ~ Kidney
H3 1.0 x 10° - | -- - --
Na-22 1.3 x 10 B 5.0 x 10 - | -
Na-24 1.3 x 10° B 7.5x10% -- e
Cr-51 2.5 x 10 - 7.5 x 10° 3.0 x 10 7.5 x 10°
» Mn'.'54v A 6.3 X 105 , - 1.5 x ]‘07 - L ' o
 Fe-59 2.5 x 108 3.0 x 10° 3.0 x 107 | —- —
Co-58 1.3 x 10° -- 1.7 x 107 ' -- 2.1 x 10°
Co-60 5.0 x 10° | -- 5.0 x 107 - 5.0 x 10°
Sr-89 7.1 x 10° 1.7 x 108 5.0 x 10 . -
41l sr-90 1.3 x 10° 1.7 x 10° 3.8 x 107 - -
Y-89m NA -- - -- SR
Y-90 1.7 x 102 7.5 x 10° 7.5 x 107 B -
Y-91 2.5 x 10° 1.0 x 10° 5.0 x 107 S -
Zr-95 5.0 x 10° 1.5 x 10° 2.5 x 107 - 7.5 x 10°
Nb-95 1.3 x 103 4.3 x 105 1.5 x 10/ S 2.5 x 10°
Mo-99. 6.3 x 10° -- 3.8 x 107 -- 7.5x 10
Ru-103 6.3 x 10% 1.5 x 10° 1.9 x 10/ -- 5.0 x 10°
Ru-106 2.5x10°  3.0x10% 1.5 x 108 - 3.8 x 10°
Rh-106 NA - - e --
Ag-111 1.0 x 104 5.0 x 107 3.8 x 10 - 7.5 x 10




gL-ve Ll

TABLE 11.2A-3 (Continued)

Thyroid

Isotope ~  Whole Body - __ Bone- - - GLTract*™ - _(adult) . Kidney
Sb-125 2.5 x 10° 1.5 x 108 1.5 x 107 1.5x 100 -
Te-129 1.0 x 104 3.0 x 10 1.9 x 108 3.0 x 10 5 x 10°

Te-129m 2.5 x 10° 1.0 x 107 7.5 % 10/ 3.8 x 10° 8 x 107

Te-132 1.0'x 106 1.5 x 108 7.5 x 107 1.5 x 10° 7.5 x 108
1431 2.5 x 10° - 1.5 x 10° 1.5x 10° -

1-132 1.3x 10° -- 3.8 x 10° - 5.0 x 10 -

Cs-134 5.6 x 107 4.3 x 107 3.0 x 10° - 3.8 x 107

Cs-136 5.6 x 10° 3.0 x 10° 1.9 x 10° - 5.0 x 108
 Cs-137 2.5 x 107 6.0 x 107 1.9.x 108 - 3.0 x 107

Ba-140 1.0 x 10% 1.5 x 107 7.5 % 100 . 5.0 x 103
La-140 C2.5x10%7 1.5 x 100 7.5x 100 . -

Ce-141 5.0 x 10% 6.0 x 10° 17 x107 e 2k’

Ce-144 1.7 x 10% 3.8 x 10° 1.5 x 108 ~ - - 7.5 x 10

Pr-143 5.0 x 10° 7.5 x 108 “3ox0 - 1.7 x 103
Pr-144 _NA -- - -- ol

Nd-147 5.0 x 102 5.0 x 10° 2.5 x 107 - 3.0 x 10°

Pm-147 2.5 x 10° 6.0 x 10% 7.5 x10° - 7.5 x 10°

Eu-155 5.0 x 10° 3.8 x 10% 7.5 x 10° - 2.1 x 104
Ta-182 7.1 x 108 1.5 x 104 3.8 x 107 - 2.1 x 104

Pu-238 1.3 x 10/ 6.0 x 10 5.0 x 107 - 5.0 x 107




TABLE 11.2A-3 (Continued)
. 5?_ - S ' | 2 Thyroid '
Isotope Whole Body Bone GI Tract** (adult) Kidney
Pu-239 1.7 x 107 6.0 x 10° 5.0 x 107 R 7.5 x 107
Pu-240 1.7 x 107 6.0 x 108 5.0 x 107 -- 7.5 x 107
Pu-241 2.5 x 10° 1.5 x 107 1.5 x 106 -- 1.5 x 10°
Pu-242 1.3 x 10 6.0 x 10° 5.0 x 10 -- 5.0 x 107
*Calculated from datavtabulated in Table 11.2A-6 maxfmum permissible dose : maximum permissible
concentration in water, %gg—)'
W

**MPC for insoluble compounds used for all elements except IZ,‘Cs‘and Na. CRBRP releases of 12,
Cs and Na will be in soluble form only. ' ’ :
NA - Not available.
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Isotope

H-3
Na-22
- Na-24
Ne-23
Ar-39
Ar-41
Cr-57
Mn-54
Fe-59
Co-58
Co-60
Kr-83m
Kr-85
Kr-85m
Kr-87
Kr-88

-89

Sr790

-1 Y-89m

¥=90 .
Y-91.
Zr-95
Nb-95
Mo-99
Ru-103
Ru-106
Rh-106
Ag-111
Sb-125
Te-129

- Te-129m

Te-132

S I-131
I-132

Xe=131m

Xe-133

Xe-133m

Xe-135

Xe-135m

- Xe-138

" Cs-134

Cs-136

Cs-137

BIOACCUMULATION FACTORS FOR FRESHWATER AQUATIC FOODS (REF. 1)

Fish

1

2,000
2,000

TABLE 11.2A-4

Crustacea-

Mollusks

1
200
200

NA

1
1
2,000
90,000
3,200
200
200

770

100
100
100

11.2A-15

-Algae -

.
500
500
NA
1

4,000
10,000

1,000

200
200
1

1

.

1
50
- 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

— ) ——t —

500 .

500

] .

—

Plants*

50
50
NA

400

1,000

100

500
500

100

150




P

)

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

*Plants are assumed to contain 1/10 as much radjoactivity as would be
predicted using bioaccumulation factors for algae.

TABLE 11.2A-4 (Continued)

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

11.2A-16

Algae

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

5,000 -
- 5,000
5,000 -

5,000
NA
350
350
350
350
350

Plants*

50
500

400

400 |
500
500
500
500.
500
NA

- 35

35
35
35
35



TABLE 11.2A-5

SUMMARY OF VARIABLES USED IN RADIOLOGICAL DOSE EVALUATIONS

" Exposure Via
- Above-Water

Activities

O TI

TAW

WHICH ARE NOT SPECIFIC TO THE CRBRP

Time spent immersed = 100 hr/yr (Ref. 1)
in effluent water . .

Time spent in above Boating - 100'hr/yk (Ref. 1)

water activities

Shoreline activities
500 hr/yr (Ref. 1)

11.2A-17
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TABLE 11.2A-6
MAXIMUM PERMISSIBLE CONCENTRATION IN WATER, MPC,, FOR CONTINUOUS EXPOSURE
70 RADIONUCLIDES RELEASED FROM THE CRBRP RADWASTE SYSTEMS (REF. 2)
. uCi/cc -
R . o - Thyroid. o
Isotope Whole Body , Bone - GI Tract** (adult) Kidney
H-3 5 x 1072 - B - -
"y -4t ) -3 ‘
,Na-22 4 x 10 -—- 3 x 10 . - -
Na-24 4 x 1073 - 2 x 107 -- -
Cr-51 2 x 107 4 - 2 x 1072, 1 x 10° 2 x 10°
Mn-54 8 x 1073 - 1 x 1073 - --
-3 =2 -4t ,
Fe-59 2 x 10 1 x 10 5 x 107" -- --
Co-58 4 x 1073 | - 9 x107% - 7 x107%
-3 PCY Lo , o : -2
Co-60 1 x 10 e 3wt -- 7 x 10
SP-89 7 x 107 1.8 x 10'4++ 3 x 1074 - 3% 107
411 sr-90 4 x 1078 1.8 x 1070 4 x 107 - -
Y-89m NA C e ' -- -- -
1 | 0 et | B “
Y-90 3x10 4 x 10 2 x 10 - -
0 -1 -4t _ ' _
Y-91 2 x 100 3x10 3x10 - --
- 0 0 -4t | .0
Zr-95 1 x10 2 x 10 6 x 10 -- 2 x 10
a0 0 -3t _ 0
Nb-95 4x100 7 x 10 1x 107 -- 6 x10°
Mo-99 8 x 1073 - 4 x 107 -- 2 x 1073
Ru=103 8 x 1072 2 x 107 gxw0t 3 x 1072
Ru-106 2 x 1072 1 x 1072 1 x 107 - 4 x 1073




6l-yz° 1L

TABLE 11.2A-6 (antinued)

' . ' Thyroid

Isotope . = Whole Body " Bone - GI Tract** (adult) - Kidney -
Rh-106 ONA o - L S
A - w1077 . 1071 | o 107
Ag-111 5 x 10 6 x 10 4.x 107 - 2 x 10
Sb-125 2 x 1072 2 x 1072 2 x 1073 - 2x10 -

> gl 0 3t ' 0 | =1
Te-129 5x 10 ° 1 x 107 ° 8 x 10 N 1 x 10 1 x10
Te-129m 2 x 1073 3x 1073 2 x 1074 8 x 1073 x 1074
Te-1 -3 0-2 ' -4+ -2 -3
e-132 5x 10 2 x 107¢ 2 x 10 2 x 10 g 2 x 10
1-13] 2 x 1073 - 1 x 1072 2 x 10'5V' --
1132 4x10% - 4 x 1073 6 x 107 -
c | -5+ -4 o3 | S

Cs-134 9 x 10 . 7.x 10 5x 10 - 4 x 10
Cs-136 9 x 107" 1 x 107 8 x 107 o 3 x 1073
Cs-137 2.x 1074 5 x 107% 8 x_10f3;' S 5 x 1074
Ba-140 5 x 1073 2 x.1073 2 x 107 R 3 x 100
La-140 2 x 10 2 x 10 2 x 107 - --

. 1 100 -4* 0
Ce-141 T x 10 5x 10 9 x 10 . -— 7 x 10
Ce-144 3x 1070 8 x 1072 1 x 1074 | -- 2 x 107

f 1 10 ‘ -4t 0
Pr-143  1x10 4 x10° 5x 10 | -- 9 x 10°

Pr-144 NA - - -- -

| | - | | |
Nd-147 - 1 x 710 6 x 10° 6 x 1074 -- 5 x 10°.

. . _ 0 . . '_-I _3+ 0
Pm-147 2 x.107 - 5x 10 2 x 10 v -~ 2 x 107
Eu-155 1x1e? 8 x 107 2 x 107 - x0T

Ta-182 0 7x107 2 x 10° 4x 10t - 7 x 107
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TABLE 11.2A76_(Cont1nded)

_ o - - ' - Thyroid
Isotope ‘Whole Body - Bone - GI Jract** (adult)
. ) _ . - + ) -
Pu-238 4 x 107 5 x107° 3% 10 4 -
-4 -5* . 1n-4 ’
Pu-239 3 x10 5x10 3% 10 --
1a-4 C a5t : -4 ‘
Pu-240 -3 x 107 5x 10 3x 10 --
-2 1g-3t -2
Pu-241 2 x 10 2 x 10 1x10 -
-4 -5t -4 '
Pu-242 4 x 10 5x 10 3 x 10 --

*MPCy,, for soluble compounds :

**MPC for insoluble compounds used for all elements except 12, Cs and Na.
CRBRP releases of I2, Cs and Na will be in soluble form only.

+MPC,, in 10CFR20, Table II, column 2 is based upon a maximum perm1ss1b1e dose 1/10 of the
occupational exposure levels reported in ICRP-2 (Ref. 2).

VMPC,, presented in 10CFR20, Table II, column 2 is based upon a maximum permissible dose of
1,500 mrem to a child thyroid. MPC, 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, in Test1mony of C. C. Gamertsfelder from Hear1ngs, DOCKET RM50-2,
Washington, D. C., 1972. _

_KidneXa
1074

W - NWw
X X X X X

10
10
10
10

-4
-4
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11.3 GASEQUS WASTE SYSTEM.

11.3.1 Design Base

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 T

el Iminating planned releases of radloactive material to the environment during
normal plant operation. Plant design objectives Include conformance with the
requlremenfs of 10 CFR 20.

The design base and the expected values of the annual activity release for
each gaseous radionucliide are |isted In Tables 11.3-11 and 11.3-12,
respectively. The summed annual dose at the site boundary from gaseous
radloactive effluent for the deslign base conditions Is approximately 7.1 mrem
total skin dose (which Includes both y and B ), 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 bullding which Is.
based on a plant capaclty factor of 0.68. Thls annual-dose is well below the
requlirements of 10 CFR 20 for unrestricted areas. Dose rates within
accesslble restricted areas are below the requrremen#s of 10 CFR 20.'

The Radioactive Argon Processlng Subsys*em (RAPS) shall maintain The primary
sodium system cover gas at an acceptable level of radloacflvlfy and shal |

- provide a source of low-radioactivity gas for use in reactor seals and" cover

gas pressure control. The cover gas Is to be contalned within the RAPS
clrcult during Its radioactive decontamination and reuse, excepf for Ieakages
and- cover gas samples taken for failed-fuel and lmpur!fy monlforlng.

The Cel |l - Atmosphere Processlng Subsystem (CAPS) shall process plant effluents
that contaln or might potentially contain radioactivity, In order to reduce.-

~ the radloactivity to levels that are as low as reasonably achievable during

+he 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, fhe release of radloactivity.

11.3.2 System Description
11.3.2.1 Process Flow

The origln, flow paths, and release polnts of the gaseous radioactive waste -
system are shown schematically In Figure 11.3-1. The radloactive gases
generated In the reactor (see Sections 11.3.2.2 and 11.3.2.3 for composition,
fiow 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 Radloactive 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 1s shown In Figure 11.3-2. ' :

11.3-1
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No significant quantities of lodine nor particulate forms of radloactive

I sotopes, 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 |iqulid 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 lodide. Continuous radlation
monitoring of the gases Is provided by the process monitoring of RAPS and CAPS
and monitoring of the CAPS exhaust.

. Radioactive gas Ieakages Info the Inerted cells of the Reactor Contalnment .

Building (RCB), and Reactor Service Bullding (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 generafed forms a hydride in the sodlum; 1+ Is .
then partially removed from solution in the sodium by cold trapping. A very
smal | portion diffuses Into the cells of the Intermedlate Bay of the Steam
Generator Building. . A detalled description of all the Idenflflable leakage
and discharge paths Is glven In The following paragraph. :

In Figure 11.3-1, certaln paths have been asslgned "numbers" that correspond
“with the following dlscusston.

Path 1a. Reactor cover gas Is conservatively estimated to diffuse +hrough the
reactor head seals at the rate of 0.0044 scc/min. This leakage
dlffuses Into the head access area.and is discharged to the
atmosphere through the RCB heating and ventilating-exhaust duct.

Path ‘1b. The buffered head seals are»eXpecféd to leak (to the head access:
area) a maximum of 7 scc/min of recycle argon cover-gas.

Path 2. Although the cover gas |ines 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 heaflng and
ventilation exhaust.

‘Path 3. = Although +he RAPS and CAPS pliping 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 basls evaluation. This assumed |eakage
diffuses Into the RAPS RCB cell atmospheres, and Is ultimately
discharged to the atmosphere through the RCB heating and ventilating
exhaust duct. - : :

11.3-2
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Path 4. A9 and Kr
: bled Into CAPS; these ‘also are d!scharged to the CAPS heafing and :
. ventilation exhausf. o

85 col lected and stored in RAPS (see further below) are

Path 5. The Faliled Fuel Moniforlng Sysfem dIscharges reacTor cover gas .
: samples to CAPS. After processing, ‘this gas also s dlscharged to
The CAPS heating and venf!|afion exhausf. = o : o

Path 6. * Other plant systems, spec!flcally Refuel ing, Impurity Monlforlng,
- Malntenance and Auxillary Liquid Metal, intermittently discharge:
" radloactive or:potential ly radloactlive gases: Through CAPS to +he CAPS .
'heaflng and venfilaflon exhaust. .

Path 7. Tritium dlssolved in the sodium of the PHTS wlil 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 Bulldlng and will mix with the ventilation streams ln
that bulldlng :

Radioactive gases are thus released to the Heating and Ventilation Sysfems of

-the 1B, the RCB, and the RSB (Paths 7, 8, and 9 on Figure 11.3~1). The

dlI'scharge of these streams to the envlronmen* Is discussed in Section
11 .3, 2 6.- '
Balance of Planf (BOP) tritium release (PaTh 10, Figure 11.3-1) is dlscussed
in Sec*lon 11.3.6.2.

A schema+lc diagram of the proéess flow In the cover-gas recycle system, which

includes the reactor, the overflow vessel, and the PHTS pump cover-gas spaces,
the ofl 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 princlpal processing portion of the system, although
isotope decay occurs In all parts of the system. The function of this system
1s to continuously draw radloactive gases from the cover-gas spaces, so that
nobie gas Isotopes, both stable and radioactive, are extracted from the cover-
gas spaces by condensation in a cryostill, and then to return' 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 dralning of the
cryostill 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 oll traps and enters
the RAPS input (vacuum vessel); the other 0.75 scfm bleeds to the common
pressure-equal Ization Iine that joins the reactor, the reactor overflow

11.3-3
Amend. 64



vessel, and the PHTS pumps' cover gas spaces. From this pressure-equal ization
line, 1.0 scfm of the gas passes through a sodium vapor trap and through the

- Falled Fuel Monitoring System before entering the RAPS Input; the remaining
3.4 scfm goes through the overflow vessel cover gas space, Then +hrough 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 dellvered to the recycle argon vessels. The RAPS cryogenic
distitlation column operates with liquid argon as the still bottom. This
- liquid absorbs the krypton and xenon [sotopes and permits thelr 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 controlied,
low rate from the noble gas storage vessel Into CAPS, and through CAPS to the
RSB H&V exhaus+ The release process will occur over a period of several
monfhs. ‘

The Cell A+mo$phere Processing Subsystem process flow clrcult is shown In
- detall in Figure 11.3-3. The Individual Inputs to CAPS, grouped as shown In
+he five upper boxes in the dlagram, are as follows:

1) Ce!ls and Pipeways - During normal operation, there will be a small

"~ but finite diffusion and leakage of radioactive gases through the
piping and:components. This source of activity will be accumulafed In
the atmospheres of respective RCB and RSB cells<and when the cells are
purged to CAPS, the contalned radioactivity will be collected and
processed In CAPS. 1t Is conservatively assumed for calculational
purposes that an average 1 scc/min of reactor cover gas will be |eaked
Into the cells; further, they will be exhausted to CAPS without delay,
except that Ne23 is asslgned 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 setpolint value. For
RCB cells, normal cell-atmosphere nitrogen passes directiy to CAPS.

2) Falled Fuel Monitoring System - This equlpment periodically samples
reactor cover gas and discharges portions of the. samples into CAPS.

A
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3) Gas Services Exhausts, - Jnfefmlffenfly, CAPS will recelve exhausted.
nitrogen, argon, or alr from vessel cover gases, coollng gases,
cleaning, bagging, and fuel handling operaflon, and other services.

4) RAPS Cold Box - These CAPS lnpufs pofenflally |nc|ude purge of the .
- RAPS cold box for. component malntenance, RAPS cold box effluent '
 dlversion, 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 only for short
periods of time; as for -a repalir or correction. With the exception of
the noble gas bleed, these sources will not normally contribute a
-significant amoun+ of radioacflvlfy relaflve to sources (1), (2), and
(3). :

The nomlnal wvolume - Inpu+ of gases 1o CAPS is the +Ime-averaged sum of the
Inputs I|s+ed whlch Is-38 scfm.

A reclrculaflon Ioop, shown by a broken—llne in Figure 11 3—3 will re+urn +he
CAPS output to the vacuum vessel if radioactivity above an acceptable level
detected: by the radiation monitoring system. Also, If the effluent
radloactivity Is high, fhe CAPS compressors will be shut down.

The +rIqum-wa+er and alcohol removal process uses an oxldlzer and a freeze-

" out. dryer; it oxidizes tritium, collects tritiated water and -al cohol and

passes them to the Radlioactive Liquid Waste Sys+em, where they are prepared
for off-site dlsposal. o

The. deconfamlnafion of rad-waste gas Is performed in two cryogenlcally-cooled
charcoal delay beds. In the beds, thé short-lived gaseous radlioactive species
are .adsorbed and then decay; they are thus removed from the process gas
s*ream.

RAPS .and .CAPS have different process methods, I.e., the distillation-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

-1n RAPS permits maintaining a s+eady throughput under conditions of changing

oufpuf demand requlremenfs. _ <
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11.3.2.2

The radiocactive waste gases consist of noble gas radionuclides and tritium
that are generated by fission and/or neutron activation. The noble gas
radionuci I des migrate to the reactor cover-gas space, "although a time lag

. occurs in the leakage from. rupfured fuel .and In the movement to the cover gas.
The +ritium remains- prlmarlly in the sodium, from which it is removed by cold .
trapping. The tritium concentration In the cover gas will be affected by the
sodium +empera+ure, the cover gas temperature and pressure, the cold Trapplng
efficlency, and the concentration-of hydrogen In the sodium. The |atter
factor, In turn, depends on 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 Iists the radlonuclides of concern, their half-|ives, 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 thelir release from falled fuel (modeling described
In Section 11.1). * The assumed‘condlfion of 14 failed fuel Is the design base

Poln+ for RAPS. - B : o ' P

11323 Agj;lltty_Lnxs.n_QLLé_and_ans_eniLaﬂm

: Gas i~ The- sfeady-sfafe Invenfory of -a speciflic _
radionuclide in the bulk volume of the reactor cover gas can be calculafed
;from the following formula:

_Ir | LW
A+ F/v '
Where, I = Inventory (Ci),i = Input rate (Ci/min), , = decay constant

(min 1) (0.693 + half-life), g = processing efficliency factor (typically:

taken as unity), F = purge rate (3.65 scfm), and V = cover-gas-space
~volumé (410 scf). F/V is the "purge factor". The concentration of a
radionuclide In the cover-gas space Is Its Invenfory divided by the total
'gas volume adJusTed to sfandard conditions (68 F "14.7 psia).

Table 11 3-2 lists, for each lsofope of concern, the lnvenforw _
concentration in the reac#or cover gas for the design-base condition of 1%
‘ falled fuel. :

b. RAPS Process Stream - Table 11.3-3 lists the Inventories In the prlnclpal
' RAPS vessels, and Table 11.3-4 lists the concentrations of activity at
'selected points In The RAPS -process stream. The values |isted under
"design" correspond to the design base condition of 1% falled fuel. The
values |isted under “expected" correspond to operation with 0.1% failed
fue!l. The effective decontamination factors of the RAPS cryostill are
given In Table 11.,3-5.
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c. CAPS Process Stream - Tables 11.3-6 and 11.3-7 list, respectively, the

- Isotope. Inventorjes and concentrations of activity at selected points In
‘the CAPS process stream. The effective. deconfaminafion facfors of CAPS
are glven in Table 11.3-8. s

For all -tables in Secton 11.3 involving the CAPS inpufs,‘CAPS processes, and:
radloactive releases through CAPS, the terms "Deslgn" and "ExpecTed" are
fur%ﬁer defined and |imited as follows: :

"Design": The CAPS input activities correspond to the deslgn base
. condition of reactor operation with 19 falled fuel (350 failed

~ fuel pins), after one year; In addition, the Falled Fuel
‘Monitoring System Input corresponds to operation with 0.17%
falled fuel (60 falled fuel plns) and, elght samples per day.
belng processed. (The Falled Fue! Monl*oring System Is not
required to operate when there are more than 60 falled fuel
pins.) The Reactor Refueling System Inpufs are the sum of those

~ for normal and anflcipafed events. :

"Expected": The CAPS ‘input activities correspond to the expected condition
I of reactor operation with 0.1% failed fuel, (35 falled fuel -
pins) after one year; the Falled Fuel Monitoring input al so
corresponds to 0.1% failed fuel with two samples per day being
- processed, The reactor refuel ing 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 conservafive than using 30 year averages
since some Inputs Included In the yearly average have an actual
frequency which is less than once 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 Secfion 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% falled fuel.
. The accldent '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 Caiculations

The various release paths listed In Section 11.3.2.1, Péfhs 1 through 10, and

 shown in Figure 11, .31, were evalua?ed to obtaln the activity release rafes,

as follows:
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Path

-~ Path

" Path

Path

Path

Path

Path -

Path

Path

~Path

Path

la. Reactor Cover Gas Leakage - The leakage of 0.0044 scc/min was .

tb.

8.
9.

10.

- seals was not consldered except for Ne™:

‘multiplied by the data In Table 11.3-2 ("Concentration" column) and

was converted to give dally leakage. ggay during transit through
(5 mlnufe delay).

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

Primary Piping Leakage - The leakage of 1 scc/min of reactor cover

gas from the equalization 1ine 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 frllium Is also included

fuﬁﬂLJz1u1_BQx_£Qmpgn§ni_L§akagg - The leakage of 1 scc/min was
multiplled by the data In Table 11.3-4 ("RAPS. Surge Vessel Effluent®
column) and was converted to glve daily leakage.

RAPS Noble Gas Bleed to CAPS - Based on a-bleed perlod'of'oné year,

an average gal adloacflvl?y-releaSe,rgge to CAgglwas calculated = .
for the Kro ’ , and tritium. The Kr”~ and Ar~~ pass through CAPS"
with no aflenuaflon. The three long-lived Isotopes are the only ones
present since all of the Isotopes are held unlll fhe shorf—llved :

-Isotopes are, essenflally gone.

~ These con+rlbu+lons to The CAPS

Ampurity and Failed Fuel Monitoring
input were divided by the CAPS decontamination factors (Table
11.3-8). .

EQS_SQEMlggi;Exhauﬁi - 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).

: JnigLmgalaig_EQLJZﬂJ:LLgakagg - 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 ln the
Primary and Intermediate Sodium Systems, and using appropriate

- assumptions of cold-trapping efficiency, and the hydrogen-frlflum :

permeabil ity of componenls and plplng
BQB_H&M_EthMEI - The sum of Pafhs la, 1b, and 3.
CAPS H&Y Exhaust - The sum of Paths 2 4, 5, ‘and 6.

-G Building H&Y Exhaust - BOP +ritium release Is discussed in
Section 11.3.6.2. :
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11.3.2.5 Activity Release Tabulatlons

Tables 11.3-9 and 11.3-10 tabulate for each radlionuclide the design and .
expected dally releases, respectively; the first six data columns represent -
Release Paths 1a, 1b, 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 glves 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

’RadibaCtIVe gaseous concentrations in the head access érea, and at site

boundary (based on the annual average x/Q ) have been calculated when
applicable for the following sources; these are compared to 10 CFR 20
unrestricted area MPC |imits. The sources are:

a. The radlioisotope leakages to the head access area given In Section
11.3.2.1, Paths 1a and 1b. The calculated head access area concentrations
and MPC comparisons are shown In Table 11.3-13. :

,b:; The maln ROB H&V radiolsotope exhaust rates given In column 1 of ‘Tables

 11.3-11, and -12. The radlolsotopes are discharged through release polnt
. #5a of Table 11.3-20. The calculated site boundary concenTrafions and MPC
comparisons are shown In Table 11.3-15.

c. The RSB H&V radiolsotope exhaust rates given In column 2 of Tables
- 11.3-11, and -12. The radiolsotopes are discharged through release polnt
#21 of Table 11.3-20. Site boundary concentrations and MPC comparlsons
~ are shown in Table 11.3-14. : :

d. The Tnfermedla+e bay tritium leakage rate given In Tables 11.3-11, or -12.

The tritium Is discharged through release point #1 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 quo*ed at the bottom of Table 11.3- 11, or
-12. The tritium is discharged through release point #7 of Table 11.3-20.

The slite boundary concentration and the MPC comparison are shown In Table
11.3-16.
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_provided, as appropriate, to ensure the capability of detection.

vSechon 15.7.

The two restricted-area locations that present potential occupational exposure
to alrborne radlonuclides are the IHTS piping cells and the head access_grea.
The estimated leakage of tritium into the IHTS piping cells Is 1.6 x 10 *
This Is diluted in 1000 cte of veq?ilafing alr, resulting in an expected
concentration of 3.9 x 18 uCi/gm less than 0.1% of the MPC (occupational)
concentration of 5 x 10~ pCi/cm”. : :

The normal ly accessible area with the largesfvpofenflal,a+mospherlc

‘radionucl Ide concentrations Is the head access area (HAA). As shown in Table

11.3-13, the concentrations In_;his region for operation with 1% falled fuel
will be approximately 1.3 x 10 " uCi/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.

Particul ates are-not,eXpecfed to be discharged from the design release points
of the CRBRP. However, as discussed in Section 11.4, monitors will be

11.3.3  System Design
11.3.3.1 General

The RAPS and CAPS System designs emphasize al |-welded construction, wherever ;
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 Equlpment - ’ ) . <

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 selsmic
categories, the operating pressures and temperatures, the actual volumes of
the components, and thelr capaclties under normal operating condltions.

These components are all located within the RCB and RSB, which are Selsmic
Category | structures, and are tornado-protected by the building.
Consequences of equipment fallures by rupture of leakage are discussed In

11.3-10
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11.3.3.3 Instrumentation

Process Instrumentation is to be installed In RAPS, CAPS, and the Inert gas
distribution systems in order to effect the control, generally in the o
automatic mode, of pressures, temperatures, radioactivity concentrations, and .
flow rates (see Sectlion 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. Radloactivity
concentrations and flow rates have been discussed In previous sectlons of
Section 11.3. :

Radlation monitoring for the nitrogen-inerted cells in the RCB and RSB Is
provided by two separate multi-channel sampling and analysis units, typically
plped 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 nifrogen 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 radlioactivity In the cell aimosphere automatically
directs the cell effluent to vent to CAPS if the radioactivity Is above the
set polnt; 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 radliation monitors In series are provided in a common RSB inerted-cell-

vent header before the cell gases are discharged Into the HVAC ducting. This

. provldes 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 radloactive gases.

The question of whether or not avallable RSB radiation-monitoring equipment
provides adequate discrimination to guard agalinst excessive releases, is
addressed In the following sample calculation:

If a 100,000 ff3 cell Is at, but not above, the threshold of radioactivity
detection (1 E-6 uCi/cm3) and Is then purged within one day to correct its
oxygen concentration, the purge flow will igfer the H&V eff%uen duct.
‘Under these conditions, a nominal (1 E+5 ft°) (2.832 E+4 cm”/f1+") (1 E-6
or 0.0028 Ci, will be In the cell. |In the worst case, all of It (0.0028
Ci/day) could be released in the H&V effluent. This Is only 0.16% of the
normal ly expected daily plant release rate.

11.3-11
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11.3.4 Qperating Procedures and Performance Tests

The gas Inputs to CAPS (listed In Section.11.3.2.1) are drawn Into a vacuum
tank by one or more of four 25-scfm compressors, depending on Input flow rate,
which are Instrumented to automatically maintaln a 7.7 to 12.7 psia pressure
in the tank. The compressors are arranged In parallel and thelr controls are
such 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 psia. The

compressors stop when the vacuum reaches 7.7 psia-In the vacuum tank. If the

11.3-11a
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setpolint vacuum pressure exceeds 13.7 psia, a high alarm [s triggered. |f 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 belng aufomaflc
and with control-room as well as local provislons 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 l!m!fed extent, analogous systems used In |ight-
water reac?ors.

The recelver (surge vessel) of the CAPS compressor(s) normal ly operates at
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 A
pressure reaches the nominal 40 psig, the flow valve will permit gas to flow
to the processing equipment at a flow rate Tha* increases with surge—vessel
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. |f the Inflow exceeds the maximum processing
capability, the surge vessel will act as an accumulator and 1ts pressure can
I'ncrease 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
fallure, the falled compressor can be Isolated and repalrs can be made without
shutting down the remalinder of CAPS. Similarly, individual radloactive gas
flilters, upstream of each compressor, can be isolated and replaced when a high
pressure-drop alarm is triggered from excesslve 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 CO3 which gas been
frozen out of the process gas is sublimed off between -20°F and O°F and is
released through the CAPS effluent to H&V Then, ice formed from tritiated
water vapor Is melted and, between 40°F and 70f °F, 1t 1s drained to the CAPS
rad-water holding vessel. From this vessel, It Is periodically iransferred to
the Radioactive Waste System by manual actuation of the transfer valve. The
waste Is then converted to non-compactible solid form for ultimate offsite
disposal.

11.3-12
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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 thelr decay on the beds. The
‘effluent gas from the second bed Is normally released to the H&V, but if it
contalns radioactivity greater than the preset [imit, the gas stream Is
automatically diverted back to the CAPS vacuum vessel, the CAPS compressors
-are shutdown, and an alarm Is sounded. When the radioacflvlfy 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
_mus* be manually reset.

RAPS is deslgned to process highly radloactive cover gas from the Primary
Sodium System. Under normal operation, RAPS does not dlscharge gas to the
~environment. Any unacceptable’'leakages from RAPS will. be detected and the
cell In which they originate will be Isolated.” Actlon 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 funcfion as that
ln8 APS. A cryogenic still is used to remove stable xenons and kryptons, and
Kr™~, as well as the short-lived noble gas i sotopes. :

RAPS automatical ly processes argon reac+or cover gas, which, when purified, Is
normal ly dellvered to the recycle vessels, |f the radlioactivity 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 will be resumed to the recycle argon
storage vessels. ,

The RAPS cryogenic s+||| removes .xenoh and - kryp+on lsofopes by solu+lon in the
liquid. argon that collects at the bottom of the column. This liquld 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 by
adjusting the out-of-1imit parameter. |f +his could not be accomp!ished, the
RAPS cold box would be bypassed as described above, while the source of the
of f-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 |imit, the operator can
manual ly discharge some of the RAPS gas Inventory to CAPS as a corrective
measure; and (2) prior Yo required malntenance, the-gas Inventory In RAPS
components can be discharged tfo CAPS. ' In all cases, the dlverted RAPS gas Is

taken to-CAPS for additional treaiment.

Performance tests, to be conducted prior to plant opefafion,-wlll verify the
operabllity 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 callbrations of all Instrumentation

- sensors, and checkout of alarm clrcults 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
malntenance periods In order to ensure that critical components, such as the
delay beds, are performing within speciflications. :

11.3.5 Es_thaigd_-Bglga_i

The Cell Atmosphere Processing Subsystem removes fission product gases from
nitrogen cell aimospheres, and those air cell atmospheres that normally or
potentially contalin radioactivity, prior to the discharge of these gases to
the environment. The direct discharge of unprocessed radloactive gases to the
environment Is limited to the radloactive cover gas and buffer-gas |eakages
through various reactor closure head seals, RAPS and CAPS component |eakages,
and to the tritium that diffuses through the piping and components in the
Intermediate Bay cells which vent directly into the SGB-1B H&V exhaust system.
Unprocessed fritium Is also released from the T-G bullding H&V exhaust due to
tritium flux to steam. -

11.3-14
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The RAPS design Is based on operation with 1% falled fuel. Normal operation
and the expected releases are based on operation with 0.1% falled fuel. The
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 condlflon of 1.0% failed
" fuel are presented in Table 11.3-11.

11.3.6 Release Points
11.3.6.1 Nu_c_l_e_a.r__l_s_l_and

There are a tfotal of 16 design release points for the Nuclear lsland
Bulldings. The location, height, discharge flow rate, discharge veloclfy,-
discharge alr 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 I's ducted
to a single exhaust point located in the Steam Generator Bulldtng 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 Bullding Auxiliary Bay
"(release Points 2, 3, and 4 of Figure 11.3-9). Levels of radioactivity In
these ‘areas will make no slgnlficanf contribution to offsite dose rates.

There are +hree deslgn release points provided for the RSB/RWB. One design
release polnt 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 contalnment
isolation valves, and b) the RSB Clean-up Filtration System. .o

Per Sectlion 11.4, monitors will be provlded for +hese exhausts. The locations
of the two RSB exhausts and the Radwaste Area exhaust are Release Points 23,
22, and 6, respecflvely, on Flgure 11 3-9

11.3-15 '
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Eight (8) release points (points 20A thru 20H In Fig. 11.3-9) are associated -
with Thermal Margins Beyond Deslign Basls (TMBDB) design features which receive
exhausts from the Annulus Alr Cool Ing System (this system Is described In
Section 9.6.2). This sysfem Is not required to operate during normal

.operaflons or. to mlllgale the consequences ‘of any design basls accldents.

Actliv.Ity would only be released from these points In the event of - very low
probabil ity acclidents beyond the design basis, such as a hy pothetlical core
disruptive accident. . If required these exhausts would be initiated no sooner

“than twenty=-four (24) to thirty=six (36) hours after the TMBDB scenario. On
Ellne monlforlng for parflculafe, lodlne and radiogas will be provided for

?hese exhausfs ln fhe evenf of such an accldenf

“The'Conlalnmenf Cleanup Sys+em/AnnUIus ‘Pressure: Malnfenance’and Filtration

System have a common exhaust (release point 21 In Fig. 11.3-9). During normal
operation, the Annulus Pressure Maintenance and Filtration System exhausts
thru rel'ease point 21 on top of the R(B dome. °“ In the event of very I ow

:fprobablllfy ‘accidents beyond the design basls (TMBUB) the Contalnment Cleanup

System would exhaust thru the same release point, ‘and the Annul'us Pressire
Malntenance and Filtration System would no longer be in. use. Particulates,
radiolodines, radiogases, and plutonium are monitored conflnuously in the

A small fracﬂon of frlﬂum produced in +he fuel - and con'rrol ‘rods: passes ln'lo
the steam-water system by diffusion through stalinless steel in the IHX and.

‘through the steam generator tubes. Tritium Is expected to- be in“the
steam-water sys+em‘ln the form of tritiated water. The condenser air removal

em‘removes ‘non-condensible gases (vapors). from the: condensfng ‘steam. -
‘ : presen+ Tn the off-gas flow, constitutes.the only .

exkecled'gfseous release conTrlbuflon from +he balance of The planf

‘ Mechanlcal vacuum pumps will remove the vapors +oge+her with the

noncondensible gases and wlll dlscharge them to the ‘exhaust plenum of the
Turblne Generafor Bulldlng (which corresponds to’ release poln+ 7 on Flgure
11.3-9). Fhe vapors will mix wlfh the exhaust alr, "The’ resul+lng gaseous
Trl‘l‘lum release from fhe TGB ls provlded ln Table 11.3- 16._ )

The Deaerafor Exhaus+ and” S+ean Packlng Exhaus+er exhaust are tndependently
vented to atmosphere from the Turbine Generator Bullding (release points 24
and 25 on Figure 11.3=9). The BOP tritium confrlbufion Is included in the
dose calculations presented in Section 11.3-8. Bal ance of Plant tritium
release Is based on the followlng assumptions: (1) Plant Capacity Factor of
0.68, (2) Vacuum Pump Operating Factor of 0. 85, (3) Radioactivity Input to
Sfeam-Wafer System 0.016 Ci/day, and (4) Condenser of f~gas removal 7 sgfm..
The design value release of tritlated water vapor amounfs to. 6 3% 10
Cl/day.

Descrlpflon, design bases, and evaluaflon of the BOP design are provided In
Section 10.

Amend. 74
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L cbnfalr some radioacflvlfy. These‘polnfs are:

.iThe release of . radloac+tve noble gases in the gaseous effluen+ from, +he CRBRP

Thirteen other release points associated with the balance of plant could .

1) 'Planf Service Bulldlng (PSB) exhausts from the hot Iaborafory and
deconfaminafion area,. ldenflfled as Point 19 on Figure 11.3-9. Levels of
n,rad!oacflvlfy in these areas will make no slgnlflcanf contribution to of f-
~ slte dose. rates. . . :

2). Turbine Generafor Butldlng exhausfs recelv[ng venfilaflon excluslvely from
~ the Turbine Generator Bullding atmosphere are Identifled as Polnts 7 thru
18 on Figure 11.3-9. Levels of rad!oacflvlfy 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 afmosphere will periodically be
,:;analyzed ' L . _

The Iocafion, helgh+ dlscharge flow rafe, dlscharge velocl*y, dlscharge alr

,_+empera+ure, and slze and shape of the. dIscharge orlf!ce, for each BOP release
'polnf,_are presen+ed in Table 11 3= 20 :

' The* max i mum dose at the site boundary due to n'ormall releases from the gaseou's '
‘waste system will occur at a point on the boundary that has The hlghest '

average annual x/Q as determined from meteorological” dafa 5 the CRBRP ﬂ

_\‘{:\:sf'l'e, the.average annual. x/Q for this po!n+ is5.10 x 10 s/m_-,. ‘ .

nsam

durling,. normal operaflon will .create.a sllgh?ly radloacflve plume downwlnd of
the" sl+e, fhis will: expose +he publlc located In ‘the. downwlnd dlrec*lon 1o
smal | doses of external gamma and beta radiation. An external ‘beta dose Yo
body tissue will be recelved from the relatively small amount of tritium

_dlscharged o, the, afmosphere.w I+ should be noted that thesé exposure pafhways

Imply a. publlc complefely exposed to the’ envlronmenf whereas, In reallty,
most. persons spend a significant porfion of ‘the llves within structures that
reduce the exposure of these types of radlation. -The reduction In external .
dose could range from a factor of two to 1,000 depending on the type of

: sfrucfure and.the location of the person wlfhin (Ref, n. o ¢

Exposure +o #rlflum In The form of Trlflafed wafer vapor (HTO) can occur
through several pafhways lncludlng._ e

1) Inhalation and skin absorption

2) lngesTlon of mllk confamlnafed by +he fallou+ of HTO to +he cow's forage
and by Inhalation by “the cow f' '

11.3-17
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.3) Ingestion of vegetables confamlnafed by HTO fallout

~4) Ingestion of meat (beef) through faliout to forage and Inhalation of

grazing cattie
5) Ingestion of drinking water contaminated by HTC fal fout.
11.3.8.1 Dos f
Doses received from exposure to gaseous effluents.from the CRBRP were

evaluated, using equations 1 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 assoclafed with the largest value of average annual
x/Q.. The assoclated distance_ls 90 feet in the NW direction, and the
average annual x/Q = 5.1 x 10~ . 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 l. Release point contributions to the dose are tabulated .
in Table t1 3-18. : : S

Based on the population disfrlbu+lon for the year 2010 within 50 mlles 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 radlation (Section 11.6), the assoclated population dose due to naturally

occurring radioactivity iIs es?lmafed to be 98,700 man-rem/yr. The calculated
contribution from the CRBRP Is less than 0.004 percent of the popula#ion ‘dose

vfrom natural ly occurrlng radioactivity.

ln#ernal doses vla the various exposure pathways to gaseous'effluenfs

(Inhalation and ingestion of milk, water, vegetables, and meat) wiil 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 ieafy vegetables In the Eastern Tennessee Reglion Is

-assumed to be 90 days. All other variables used in the calculation of dose

from Ingestion of leafy vegetables, such as total daily intake of leafy
vegetables and yleld 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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Avergge effective grazing area of beef cattle and dairy cows is assumed to be-
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.

Al though some grains produced outside of the Immediate area are used to
supplement their dlet, dalry cows on the farm nearest the CRBRP site are

al lowed to graze outslde all year. It Is therefore assumed that 100§ of the
diet of both cows and cattle comes from the flelds. Al}l 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 closes+ home garden to the sl+e, eats only the meat from beef cattle
grazing In the closest field to the site, drinks one |iter of milk per day
taken only from the closest known cow to the site, drinks water from the
nearest reservolir, and lives in the closest house to the site, Is 0.021

‘mrem/yr. The estimated annual Internal dose from natural radliation to an

Individual s 18 mrem/yr (ref. 2). Therefore, the maximum Internal dose to an
individual from exposure to CRBRP gaseous effluents is approximately 0.12

percent of his Internal dose from nggurally occurring radiation. - The maximum
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
" daughter products of gaseous effluenfs have been Iincluded in the dose
‘evaluaTIons.'

Analys!s of doses due to gaseous fallout on the Clinch River assumes an annual-
.mean depth of a reservolr -from which water Is taken for drinking supplies

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 is3calcula+ed wifh the assumption that total
Intake during 24 ‘hours Is 2,200 cm™ and 1100 cm™ for an 8 hour working day
(Ref. 3). Perliod 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
reservolr, 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, body Internal dose to an
individual from Ingestion of water is 2.0 x’ 10” mrem/yr from the gaseous
fallou+ The analysis conservatively assumes, on an annual basls, one month

of zero flow condition of the Clinch River at The plan+ site and 11 months of

summer average flow (4777CFS).

11.3-18a
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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
associatéd with-the ingestion of beef containing fallout, i.e., a survey of
the beef cattle (Ref. 4) was Incorporated. The population dose assoclated
with the ingestion of leafy vegetables utillzed an extrapolation of nearby
land usage from the plant site to the 50 mile radius area. Ingestion of water
contalning fallout effluent considered nearby reservolrs. Inhalation dose
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

utillized the model speciflcs of section 11.3A and 50 mile radius popula+ion

flgures assoclafed with The year 2010.

11.3-18b
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- Isotope

Xe131m

Xe133m

Xe133.

xe135m

xe!35

Kr85m
Kr8-5

Kr87

Kr88
Ar39
Ar41

Ne23

¥For -the design.
¥*Exclusive .of Ne
*%*%The rate at which fritium

Hal f-Life

11.96 day
2.26 day
5.27 day
15.7 min
8.16 hr

14.2 min

1.86 hr

4.4 hr

10.76 years:

76 min

?,79 hr

269 years

110 min

38 sec

12.5 years

Egndl*ion

TABLE 11.3-1

DecayvCQ?sfanT
)

(day

0.058
0.306
0.131
63.6
1.81

70.2

8.98
5.78
1.77E-4

13.1

. 5.96

7.0E-6

9.07

1576

1.52E-4

TOTAL :

11.3-19

RADIONUCL IDE INPUT RATES TO REACTOR COVER GAS*

Input Rate
(Ci/day).

112

3,760

65,100‘

95,60b

334,000 .

170,000

16,400
30,000

2.05 .

52,000

64,400

0.129
523

AN

1.42E49
1.95E-7%%x

832,000 **

'dlffuses into the cover gas to replace
losses and maintain equilibrium concentrations at the liquid
metal-to~-gas Interface.



Isotope

xo!31m
Xe133m
xe!33

xe!35M
ye135
xe!>8

Kr83m

Kr
Kr85

Kr87

Kr88.

Ar39

Ar41
Ne23

Ho

85m-_7

TABLE 11.3-2

GASEOUS RADIONUCL IDE CONCENTRATION IN

REACTOR COVER GAS*. -

Inventory .
- (Ci)
8.6
2.8E42
5.0E+3
1.2E+3
2.3E+4
2.0E+3
7.5E+2
_1.8E+3_
0.16
2.0E+3
| 3.4E+3
9.09%x
24,
8.9E+5

1.76-4

*For the design condition
**After 30 years' operation

11.3-20

Concentration

- MACi/scc

0.74

- 24.

4.3E+2

1.1E+2
1.9E+3
1.8E+2
64
1.5E+2
1.4E-2
1.7E+2
2.9E+2
0.783x%%
2.0
7.7E+4

AN

1.5E-5

Amend .
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TABLE 11.3=3
ACTIVITY INVENTORIES IN RAPS PROCESS VESSELS

RAPS Vacuum RAPS Surge Recycle Argon’

2861 ‘uep

Vessel - ’ Vessel 'RAPS Cryostil| Vessels
| sotope Design | Expec’red Deslgnb -Expected Déslg_n Expec+éd Deslgn : Expected
| (cH  (Cn «ch (ci) (c1) (cn €1y - (cn
3™ 42 oaz 28 2.8 198 1.982 113 1.1E-4
xe!33m - 38 3.8 8282 82 1IE4  1JE3 362 3.0E-3
xe!33 6.9E2 69 1.6E4  1.663 4.7E5 474  0.61 6.1E-2
_ xe'3™ 20 2.4 32 3.2 2.0 0.20  6.6E-5  6.6E-6
Lo X' 2B 252 4.0E4  4.083 8.8E4  8.8E3 1.1 0.1
= x5 35 4 4.4 2.5 0.25 8.26-5  8.2E-6
ke8I 5o 5.0 3.6E2 36 . 1.6E2 16, 3.96-3  3.9E-4
ke®™ 472 17 2,088 2.02 2.8  2.E2  3,8E-2  3.8E-3
Kr83 2,262 2.26-3 0.52 5.26~2 1.262 72 2.1E-5  2.1E-6
k'8  1aE2 11 6.0e2 60 1.822 18 . 5.06-3 5.0E-4
X8 272 2 2,563 2.5E2 178 1782 3.76-2 3.76-3
a3 35 81 81 28 28 9 a9
z | At 1.8 1.8 13 3 25 25 22 - 2.2
2 Ne? 17 17 0.97 0.97 3.4E-4  3.4E-4 1.36=3  1.3E-3
S 6JE-5  6.IE-5  1.6E=3 5.4E-4  Qu5E-4  Q.5E-4
Total  3.983  4.1E2 6.2E4 5.8E4 53 51

;o .ffer 30 years' operation
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I sotope

.x8131m

Xe133

xe1 35m

xe!3?

x6138

Kr83m
Kr85m
k82
kr88

Ar>o*
ardt

N823

-

Total

TABLE 11.3

-4

ACTIVITY CONCENTRATIONS IN RAPS PROCESS GAS STREAMS*

RAPS Vacuum Vessel

Effluent
(uCi/scc)
Design . Expec+éd '
0.27 2.7€-2
8.6 0.86
1.6E+2 16
5.4 0.54
5.7E+2 57
8.0 0.80
1 1.1
38 3.8
5.0E-3 5.0E~4
25 2.5
61 6.1
0.78 0.7
0.42 0.42
3.8 3.8
1.56-5 1.5E-5
8.9E+2 o

#After 30 years' operation

RAPS Shrge,Vessel

Recycle Argon Vessels

Effluent Effluent -
(uC1/sce) (uCi1/scc)
Deslgn. Expected Design ' Expe¢+ed
0.27 2.7E-2  1.8E-5 .8E-6
8.0 0.80 4.9E-4 4.9E-5.
1.5E42 15 9.6E-3 9.6E-4
0.31 30E-2  1.0E-6  1.1E-7
3.9E+2 39 1.7E=2 1.76-3
0.42 4.2E-2 1.3E-6 1,367
3.4 0.34 6.3E-5 6.3E-6
19 1.9 6.0E-4 6.0E=5
5.0E-3 5.0E-4 3.4E-7 3.4E-8
5.8 0.58 7.9E-5 7.9E-6
24 2.4 5.86-4  5.8E-5
0.78 0.78 0.78 0.75"
0.13 0.13 3.56-2 3.5éf2
9.4E-3 9.4E-3  2.0E-5 '2.05-5
15E-5  1.56-5  1.5E-5  1.5E-5
6.0E42° 61 . 0.84 0.82

11.3-22
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TABLE 11.3-5

RAPS CRYOSTILL PERFORMANCE

CHARACTERISTICS |
e ~Decontamination™
Tsotope Factor
xeldm >>1.50E+4
xel33m >>1.50E+4
xel33 5>1.50E+4
xe!3M >>1.50E+4
xel3® © >>1.50E+4
xel®8 >>1.50E+4
kr83m >1.50E+4
ke85 >1.50E44
kr32 >1.50E+4"
s >1.50E+4
krE8 >1.50E+4
ar3d 1.0
At 1.8
Ne?3 1.2
W 1.0

*Decontamiﬁation Factor = Ratio of input

activity to output activity. -

**This quantity experimentally determined

by CVI corporation.

11.3-23
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N TABLE 11.3-6

ACTIVITY. INVENTORIES IN CAPS PROCESS VESSELS -

CAPS Vacuum Vessel CAPS Surge Vessel
- (C1 (chH

I sotope Design Expected Design Expected

CoxeP!™  19E-3 6.8E-4 1.76-2  1.0E-2
xe!33™ 7,43 4.6E-3 0.11  6.8E-2
Xe'33 0.27 0.21 4.0 3.2
Xe!>>™  1.4E-3  6.86-4  5.86-3  2.7E-3
xe!>? 0.23 3.46-2 3.2 0.48
| xe'>8 1.2E-3 1.56-4 4.5E-3  5.4E-4
" B kr®M 45E-3 6.4E-4 - 4.9E-2  7.0E-3
= kr85™ - 1.5E-2  2.2E-3 - 0.20 2.9E-2
. kr® '9.4E~3 4.6E-3 0.14 6.9E-2
kr87 9.1E-3  1.3E-3 8.86-2  1.3E-2 .
kr88 - 2.5e-2  3.6E-3 0.30 4.4E-2
Ao 1.1E-3  6.6E-4 1.6E-2  9.9E-3
Ard! 5.36-4  2.3E-4  5.86-3  2.5E-3
NeZ> 8.8E-6  8.8E-6  1.9E-6  1.9E-6
Total ~ 0.57 0.27 T 8.2 4.0

¥After 30 years' operation

11.3-24"



TABLE 11.3-=7

ACTIVITY CONCENTRATIONS IN CAPS PROCESS STREAM

Influent to Vacuum Effluent from the

Vessel Second Charcoal Bed
Isotope (uCi/scc) ‘ (wCi/scc)
o Design  Expected. Desfgn.‘ Expected
xe!3MM. . 2. 6E<4  1.56-4  1.1E-10 *
xe'33m 1763 1,083  x
xe'’>  6.1E-2  4.8E-2  * : o
Xe!>®™  3.86-4  1.8E-4 %
xe!? 5.28-2  7.7E-3 % *
xe!38 . 3.2E-4  3.96-5 * s
krB3m  1.0E-3 1564 3.3E-10 %
kr89™ . 3.56-3 . 5.1E-4  5.566  8.1E-7
kr®2 . 20E-3 1.0E-3  1.7E-3  8.2E~4
k87 2.1E-3  3.0E-4 * B N
kB8 5.7E-3  8.4E-4  2.6E-7  3.8E-8
AP 2.4E-4 1.5E-4  1.9E-4  1.2E-4
acdl 12B-4 5.4E-5 3.76-5  1.6E-5.
NeZ> 1UE-5  1.E-5 % % o
W 1.9E=6  1.9E=6  1,5E-8  1.5E=8
. Total 0.13° 6.16=2 ~ 1.9E-3 ~ 9.6E-4
*<<E-10 o o

*%After 30 years' operation

11.3-25 ' -
IR Amend, 64




K

TABLE 11.3-8

- 49

49

CAPS DECONTAMINATION FACTORS
Isotope Decontamination Factors
xel3lm 1.8E+6
xe133m *
vol33 .
Xe1_35m %
yol35 .
vo138 .
kr33m 2.58+6
Kr85m 5.0E+2
Kr85 ' 1.0
kr87 2.2649
kr8 1.86+4
Ar3d 1.0
ardl 2.6
o2 .

13 1.0E+2

*S5E + 10

Amend. 49

April 1979
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TABLE 11.3-9

PADIONUCLIDE RELEASE RATES AND RELEASE PATHS FOR THE
- DESIGN VALUE SERVICE CONDITION
* (Sheet 1 of 2)

Cover Gas Buffef , RAPS +++ Com- Noble Gas Fuel Failure

Leakage "~ Seal Primery Plping ponents Leakage Effluent " Monltoring System
1sotope RCB H&V - Leakage- Leakage-R(CB ) - RCB Cells to to CAPS to "~ Effluent to
: Exhaust RCB HIV Cells to CAPS to RCB H&V Exhaust RSB H&V Exhaust  CAPS to RSB HAV
(Ci/day) Exhaust RSB H&V Exhaust (Ci/day) (Ci/day) Exhaust
, (Ci/day) (C1/day) (Ci/dsy)

Xe!31m 4766 . 1.8E-7  5.9E-10 3.96-4 o ﬂ 2.0E-8

xe!33m 1,564 4.96-6 . e , 1.26-2 Coa N T

xe'33 2,763 9.7E-5 3 . 2.26-1 , * . "

xe!35m 7.06-4  1.0E-8 » ’ 4564 o I

xe!3° 1.26-2 1.76-4 . 5. 6E-1 . *

Xe'38 1.1€-3 1.36-8 o 6.0E-4 » *

kM 4gEa O 6.7 - 3.7E-8 4.9E-3 » | 6.0E-7

kr85m 9.56-4  6.0E-6 4.3E-4 2.7€-2 . 1.0E-2

kr® o _ e + ' 1.9 S+
ke®7 1.1E-3 © 8.0E~7 1.1€=10 B.E3 * o 1.4E~9
kB8 C1.8E-3 . 5.86=6  2.3E-5 ' 3562 *  47E-s

a9 5.0E6  7.9E3 19E3 13 7.86-2 . 0.18

art! 1.36-5 3.5E-4 1,13 | 1.86-4 0.2

NedS * : * » Cow _ * - » "

wH 9.5E-11 L.SE=1 1‘é£:§ 2.26-8 . WEs  L.e8

Total 1.8E-2 8.5E-3 27853 CBLTE-1 ' 2.0 0.31

#Less than E~48
%%l ¢ss than E~12
+Leakage of Kr85 Is no+ lncluded since ]f Is’ removed by ‘the cryostill) and, *herefore, accoun*ed for ln the Noble Gas’
‘Effluent Column
++B0P Tritium Release (6.3E-5 Cl/day for a plant- capaclfy fac*or of 0, 68) from T=G Bulldlng Exhaust no+ Included. -
Also, aflowance for 2 weeks per year bypass of fhe oxidlzer unlf (amounfs to 0.04 curles of. tr1tium exhausted to the:
RSB H&V exhaust) Is not Inciuded. o . :
+++CAPS components leakage Is negllglble.
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TABLE 11.3%9
RADIONUCLIDE RELEASE RATES AND RELEASE PATHS FOR THE

DESIGN  VALUE SERVICE CONDITION
(Sheet 2 of 2)

: Refuellng S Malnfeﬁancé“ " Aux, Lliquld Mefal o ]hperfy"Monlforlng _ C
o - Effluent to Effluent to Effluent to & Analysls Effluent Interme- Totals
{sotope : CAPS to RSB CAPS 1o RSB CAPS to RSB to CAPS to RSB dlate Bay (Sheets
H&V Exhaust H&V Exhaust H&V Exhaust H&V Exhaust Leakage 1 and 2)
v (Ci/day) ~ (Ci/day) (Cl/day) {Ci/day} (Cl/day) (C1/day)
xe!>1m 1.2E-7 o " 7.8E-8 2,981 0 3.96-4
xe133.rn". " : - * v . T ' ) 1.26-2
)(e133 . . %% . 1 *% *# -0 0.22
xe!3%m . o . Sk o 0 1.1E-3
xe'3% * * o ' . . o ©0.57
xe'28 » . * . 0 1.76-3
krB3m : * * * 1.8E-9 0. 5.3€-3
ac » ' » * 2.2E=5 0 3.7E-2
ke 1.4 o _ * " 9.7E-7 0 3.3
k87 » * * o 5.5E-12 0 9.4E-3
kr88 . * o 1.2E-6° 0 3.76-2
a? 0.11 » » 5.6E-5 0 0.38
At e * » ‘ 3.46-5 0 0.12
NeZ> * * _ » o * 0 *
wh * . * * LJE-11  L.6E=d 1.9E-4
Total 1.5 o 7.86-8 C 1.E-4 1.66-4 © 4.6
*Less than E-50
*# oss than E-13"
++BOP Tritium Release (6.3E-5 Cl/day for a planf capaclty factor of 0 68) from T-G Bullding Exhaust not Included.
Also, allowance for 2 weeks per year bypass of the oxIdlzer unit {(amounts t0 0.04 curles of tritium exhausfed to the

RSB H&V exhausf) Is not Included,
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TABLE 11.3-10 :
RADIONUCLIDE RELEASE RATES AND RELEASE PATHS. FOR THE.

62-€°11

EXPECTED SERVICE CONDITION
(Sheet 1 of 2) ‘
L P S _ L " Fuel Fallure
v Cover Gas . ‘Buffer ’ . - . RARS +++ Com= . ~ Noble Gas _ Monitoring -
L "Leakage Seal Primary Plping - ponents Leakage. ~  Effluent. . ‘System
Isotope ‘RCB "H&Y Leakage~ Leakage~-RCB . - RCB Cells to to CAPS. to Effluent to
’ Exhaust RCB Hav Cells to CAPS to RCB H&V Exhaust RSB H&V Exhaust CAPS to RSB H&V
(Cl/day) Exhaust RSB H&V Exhaust (C1/day) ' (C1/day) Exhaust
' _ (C1/day) (Cl/day) (Ct/day)
xe!>1m 47657  1.8E-8 5.9E-11 3.9E-5 * 2.9€-9
Xe'3>M 1.5€=5 4.96-7" D 1.26-3 » _ - *
xe!33 2.76-4 9.7E-6 - _ 2.26-2 . L
xe!23m 7.0E=5 1.1E-9 L © 4.5E-5 R ok
‘xe'33 1.26=3 1.7€-5 » 5.6E-2 ' . *
xe'38 1.1E-4 1.36-9 » 6.0E-5 » , »
kr83m 4.1E-5 6.4E-8. 3.7E-9° 4.9E-4 R 8.9E-8
kr85m - g 5E-5 6.0E-7 4.38-5 2.76-3 ‘ * _ 1.56-3
ke® + 4 + : + 3 1.9E-1 +
ke . 1.1E-4 8.0E-8 1.1E=11 8.4E-4 » . 2.,0E-10
kr®®  1.8E-4 5.8E-7 2.3E-6 3.5€-3 e . 7.0E-5
A9 5.06~6 7.96-3 163 1.1E-3 7.86-2 a.46-2
ard! 1.36-5  3.5€-4 1083 1.86-4 - & . 3.06~2
g? NeD o ‘ * . . ' LI . *
3 B+ 9.5E=11 CLSEs] 1965 _ 2.2E-8 T 8.5E=0
o : . _
* Total 2.1 8.1E=3 2.2E-3 8,8E-2 0.27 7.6E-2
o o i
s . :
. #Less than E-50
#¥ oss than E-14
+4+BOP Tritium Release (6.3E-5 Ci/day for a plant capacity factor of 0.68) from T>G Bullding Exhaust not Included.
Also, allowance for 2 weeks per year. bypass of the oxldizer unlt (amounts to 0.04 curles of tritium exhausted to the
RSB H&V exhaust) Is not Included. )
_+++CAPS components .| eakage ‘1s negllgible.
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TABLE 11.3-10

RADIONUCLIDE RELEASE RATES AND RELEASE .PATHS FOR THE
-EXPECTED SERVICE CONDITION
(Sheet 2 of 2)

Refuel Ing Malntenance Aux., Liquid Metal " Impurity Monftoring

i N _Effluent to Effiuent to Effluent to . & Analysls Effluent Interme~ Totals
Isotope .. CAPS to RSB - CAPS to“RSB CAPS to RSB - to CAPS to RSB ©  dlate Bay (Sheets
S "'H&Y Exhaust - = H&V Exhaust H&V Exhaust - H&Y Exhaust Leakage 1 and 2)°
(C1/day) - (Cl/day) (Cli/day) - {Cl1/day} (Ci/day) (Ci/day}
xe!31m 1267 . 7.8E-9 2.96-12 o 3.9E-5
s \]
xe!3M L I * * 0 1.26-3
xe!3 T 4.8E-13 st "o * 0 2.26-2°
xe!35m T _ * " * 0 1.1E-4
xe!33 e * * * 0 5.76-2
xe!38- e * * : * 0 1,764
ke8Sm * o . LR 1.8E-10 0 5.3€-4
ke®m . * * 2:2E-6 0 4.5E-3
kr85 14 * * . 9.76-8 0 1.6
kr87 R » * * 5.56-13 0 9.5E-4
kr88 e » * 1.26-7 0 3.7E-3
Ar39 0.11 R * '5.6E-5 0. 0.24
Al T . * 3.4€-5 0 3.26-2
Ned® * * % * o} L
gt . * * * 1 1E=-11 1.6E-4 1,9E-4
Total 1.5 . e 7,888 9.2E-5 1.6E-4 1.9
#Less than E-50-
- ®#¥Less than E-14
. ++BOP Tritium Release (6 3E-5 Cl/day for a plant capacity factor of 0.68) from T-6 Bulldlng Exhaust not’ Included.
Also, allowance for 2 weeks per year bypass of the oxlidizer unit (amounts to 0.04 curles of tritlum exhausted to *he

RSB H&V exhaust) Is not included.




TABLE 11.3-11

ANNUAL ACTIVITY RELEASE RATES FOR THE
‘ DESIGN SERVICE CONDITION

Main RCB H&V RSB H&V Intermediate Total

Radlonucl ide Exhaust Exhaust Bay Leakage Release
(Ci/year) (Ci/year) (Ci/year) (Ci/year)
xe!21m o  8.0E-5.. 0 0.14
Xe!33m 4.3 © 1.0E-30 0 4.3
x> s 23610 0 80
Xe!3oM 0.2 v 0 10.42
xe!?? 2.1E2 + 0 2,182
“Xe!38 0.64 4+ 0 o0.64
Kr83m 1o 2384 0 1.9
K8 10 | 4.0 o 14
kr82 T 1.2E43 o 1.2E43
kr87 . 3.4 5.7 0o 3.4
kr88 5 0.18 o 13
A9 3.3 1.3E42 0. 1.4E2
At 020 45 o 5
: ﬁ323 + +‘ 0. o+
W 63E=5 CLJE=2 _5.8E-2 6.9E-2
Total's 3.322 1.4ER  5.8E-2 1.763
| 4<E-45 .

. ++BOP Tritium Release (0.023 Cl/yr for a plant capacity factor of
0.68) from T-G Bullding Exhaust not included.

".Also, al lowance for 2 weeks per year bypass of the oX]dlzer unit
(amounts to 0.04 curles of tritium exhausted to the RSB H&V
exhaust) 1Is not Included.

+++Leakage of Kr85 Is not Inciuded since It Is removed by the
cryostill and, therefore,. is accounted for In the RSB H&V Exhaust -

~ Cotumn. -~ ; o ' '
11.3-31
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Radlonucl ide

Xe131m
xo!33M
xo!33
xe135m
Xe135.'
xo!38
K}83m_
‘ kB
J$) 1 kr85
Kr87
) Kraé
Ar>?
At -

Ne23

Ko+
Tofals”

+<E-45

TABLE 11.3-12

" ANNUAL ACTIVITY RELEASE RATES FOR THE

. EXPECTED SERVICE CONDITION

Main RCB HaV

" Exhaust

(C1/year)

1.4E-2
0.43
8.0

4.2E-2

21

6.2E-2 -
0.19
1.0

* %

0.34

1.3

3.3

0.20

s
6.3E=5
37 -

RSB H_&Y
Exhaust
(Cl/year)

4.9€-5

6.2E-31

© 1.8E=10

+
+
+

3.4E-5

0.58

5.8E2
7.8t-8

2.6E-2

85

12

+

Jnfermédlafe
Bay. Leakage
(Cl/year)

o .

0

0

© 6.7E2 5.8E-2

Total
Release
(Ci/year)
1 04E-2
0.43

8.0

- 4.2E-2

21
6.4E=2
0.19
1.6
5.8E2
0.34

1.4

89

12

+

7.262

++BOP Tritium Release (0.23 Ci/yr for a plant capaclfy facfor of
0.68). from T-G Buliding Exhaust not Included.

, B Also, allowance for 2 weeks per year bypass of +he'6xldlzer unit
l (amounts to 0.04 curies of tritium exhausted to the RSB ‘H&V

column.

o exhausf) 1s not Included.

11.3-32

**Leakage of Kr85 is not Included slnce It Is removed by the
.-cryostill and, +herefore, is accounfed for in the RSB H&V Exhaust
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RADIONUCLIDE CONCENTRATIONS IN HEAD ACCESS AREA

Design : } Expected
Iso+6pe ' MPCX Concentration | Con¢enfrafion Concentration | Concen+ra+ion
o (uCl/ce) (uCi/ce) + MPC (uCi/cec) . + MPC
xe!2Im  2E-5 6.6E-12 3.36-7  6.6E-13 . 3.3E-8
7 Xe!33m 1E=5 - 2.1E-10° - 2.1E5 21611 2.1E-6
xe!33 g5 3.86-9  3.86-4 © - seEt0 3.86-5
x> qgs | 9.56-10 9.5E-4" . 9.5E-11 - 9.5E-5
x5 s 1.76-8 4.1€-3 1.76-9 414
xe!38 e 1.5E-9 1563 1.56-10 1.5E-4
K583W 16 5.6E-10 5.6E-4 | 5.6E-11 5.6E-5
kr®m  6E-6 1.36-9 - 2.2E-4 | 1.36-10 2.26-5
ke s 1.36-13 1.3E-8 CO13E-14 - 1.3E-0
k¥ 16 1.5E-9 1.5€~3 1.sE-10 1.56-4
Kr88 1E-6 2.56-9 2,563 2.56-10 2.5€-4
Ar>® - 8E-6 ERLX" 1.36-3 1.1E-8 1.36-3.
e 2E-6 5.06-10 - 2.56-4. 5.06=10 2.5E-4
T - A 0 o o 0
oo 566 2.0E=13 4,1E-8 | 2.0E-13 4.1E-8

Totals -  4.1E-8 1.36-2 o 1.46-8 - 2.1E-3

‘*1OCFRZQ@ Appéndlx B, Table | (resfr!c#ed area), except for Ar39, which “has ‘been séaled to Kr85.

**Ne23 Is not fnéluded becau§§ a minimum period of 5 minutes will occur for |eakage from cover gas to
head access area. Thus Ne™” wlll not be presen+ In the head access area. .Decay durlng transit iIs

not considered in evaluating any o+her lso+ope

*ad 'ss area flow rate = 18,000 scfm.




o .
'I" L
N

k 7ﬁ ‘
TABLE 11 7/-1_4 _ | i

RAD1ONUCL IDE CONCENTRATIONS ‘AT SITE BOUNDARY FROM ‘RSB -EXHAUST+

Design =

Ty

va

172 %5 0 6

*¥<E-50

+Release point No. 5 on Figure 11.3-9.

Expected
lsofopé‘ ] MPC* ‘Concentration Concentration Concentration Concentration
(uCl1/ce) ~(uC1/ce) : MPC Gci/ee) : MPC
xe!>1m 4E-7 1.3E-16 3.3E-10 7.86-18 2.0E~10
ge’33m 3E-7 1.6€-42 5.5&-_36 .0E-42 3.4E-36
Xe'!33 37 3.76-22 i.zE-Js 3.06-22 9.9E-16
.Xéf35m “3E-6 %% - %% *x o
'.xé135 .15_7 *% % .‘** LR
xéi38 3E-8 **. %% ‘¥*‘ *x
| kr83m 3-8 3.8E-16 | 3E<8 5.4E-1T" 1.8E-9
Kr85m 1E-7 6.4E-12 6.4E-5 9.3E-13 9.3E-6
ke8> 3E-7 1.9E-9 6.5E=3 9.4E-10 3.1E-3
Kkr®7 26-8 8.8E-19 4.4E-11 1.36-19 6.36-12
| k88 26-8 2.96-13 1.5€-5 4.2E-14 2.1E-6
ar? 2E-7 2.'25-10, 1 :.1'543 1.4E-10 6.9E-4
aré! 4E-8 1L3E1 1.8E-3 1.8E-11 4.7E-4
N323 3E-8 **‘ *;* L 3 2 .**
W 2E=1 1.8E-14 8.9E=8 1.8E-14 8.9E-8
Totals 2.26-9 ' 9.5E-3 1.1E-9 4.3€-3
- ¥10CFR20, Appéndlx B, Table 11 (Unresfrlcfed area), exqepf‘for Ar39, which has been scaléd to Kf85.-
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"TABLE 11.3-15.

 RADIONUCL IDE CONCENTRATIONS AT SITE BOUNDARY FROM RCB EXHAUST

S Design . Expected
IEBfopé-TjA g ﬁPC* . B théenfra+lon Cohceﬁ+ra+loni  C§hcen+ra+[dn Concén+ra+l§n
L (yCl/ee) © . uCl/ec) . = MPC . WCi/eo) s MPC

xe'3m  ge7 2.3E-13  s.8ET 23614  5.86-8

| xe?33m 37 6.9E-12 2385 69813 2.36-6
xe!33 | 15_7; 1.3E-10 . 4.36-4 | 1.36=11 | 4365
xe!35m 368 6.7E-13 2.2E-5  6.7E-14 O 2.26-6

xe'35 7 3.4E-10 3.3 S 3MET 0 34E-4
le‘33-v - 3E-8 1.0E~12 CsaEs 1QoE-13' | 3.4?—6*'

kM 3e-g ©3J4E-12 . 1.0E-4 ': 3.1E-13 1.0E=5
kr85m 1E-7 1= 1.76-4 1.76-12 1.7€-5
krd5 3E-7 . 4.3E-15 T 1.4E-8 4.3E-16 1.4E~9

kr87 26-8  5.6E-12 2.8E-4 5.6E-13 . 2.86-5

K8 2E-8 2.1E-11 1.1E-3 24812 1.1E-4
S - AR 5.36-12 é;7E+5 o 5,3Efté., 278
| ar#t 48 3.26413 CBaE6 3.26-13 . B.1E=6
NeZ> B 3E-8 | ”.**' " I o | O ax I 2 |
W ZE;l'_ | -‘;iaﬂfﬁlﬁ - '&541£$1Q'_ o ﬁl;QE:iﬁ, ' o 5;1551&

Totals -~ 53E-10 - 5.68=3.  5.8E-11 | 5.0E-4

*10CFR20, Appendix B, Table |l (unrestricted area), except for Ar39, which has been scaled to Kr85.

*%<E=50 .

9 .
i
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TABLE 11.3-16

TRITIUM CONCENTRATION AT SITE BOUNDARY
- FROM T. G. BUILDING EXHAUST

MPC¥* Concentration | Concen+ra+ion_

(uCt/cc) ‘ (uCi/ce) * MPC

2E-7 3.7E-14 1.9E-7

TABLE 11.3-16a

TRITIUM CONCENTRATION AT SITE BOUNDARY
/ FROM IB EXHAUST

MPC* Concentration Concentration.
(uCi/cc) (uCi/cc) + MPC
2E-7 o 9.4E-14 . 4.7E-7

*10 CFR 20, Appendli B, Table Il (unrestricted
area).

11.3-36
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| | TBLE 11,317 |
DESIGN PARAYETERS OF RAPS AND CAPS PROCESS VESSELS

6!

. +, K , Design Normal . o 4-'Capacity'at
Number Des1gn Seismic]| Pressure Operating Design Operating | Operating
Ttems Required |- Code [Category (psig) Pressure Temperature | Temperature | Volume {[Pressure and | Materials of
. . - | - (psig) T O{OF) (oF) - (scf) |Temperature Construction
' (scf)
Storage Vessels,’ 2 I11-2 I 200 35 - 250 80 to 120 720 2200 'Carbon Steel
Recycle Argon’ ! (tota1)
RAPS Cryogenic 1 IT1-3 I -14.7, 200 32 -320 -282 - 3.6 58 Stainless Steel
Distillation : » ' “net ' ‘
Vessel o ‘ : : _
RAPS Vacuum 1 111-3 D! -14,7, 200 | ~7 to -2 - 250 120 261 -125 to 206 | Carbon Steel
- Vessel _ - ) : S
* RAPS Surge M 111-3 1 -14.7, 200 103 250 120 500 3600 Carbon Steel
Vessel - . : B ‘ : - .
. RAPS Storage ] I11-3 1 -14.7, 200 | 35 - 250 - 70 260 - 880 - ‘Carbon Steel
. Vessel, Noble. o : : :
Gas
CAPS Charcoal 2 I11-3 I -14.7, 200 34 -320 -134 64 DNA* Stainless Steel
Red Vessels - . . (total) | .. o
CAPS. Vacyum 1 111-3 ! -14.7, 200 | -7 to -2 250 120 260 124 to 204 Carbon Steel
Vessel o ' ‘ ‘ . ’
CAPS Surge” 1 -3 | -1 -14.7, 200 | 35 to 135 250 70 to 120 | 698 2360 Carbon Steel
"Vessel o ' ‘ ' ' R

~ *Does not apply betause of ad$orption variable

**ASME Section III, Class 3 - III-3 -

~ +Design Code 11sted may be higher for reasons other than safety

++Saturation Temperature at 1orma1 Operat1ng pressure




TABLE 11.3-18"

EXTERNAL DOSES* AT SITE BOUNDARY TO AN "INDIVIDUAL VIA
GASEOUS EFFLUENTS FROM CRBRP DESIGN RELEASE POINTS -

Total Skin Whole Body Gamma
(mrem/yr) © (mrem/yr)
Main RCB H&V Exhaust** 25 1.3
‘CAPS RSB H&V Exhaust®¥x 4.6 | 0.76
Intermediate Bay Leakage 4.1E-6 0
T-6 Bullding Exhaust  1.6E-6 o
Total (mrem/yr) 7.1 | _ 2.1

¥Deslgn condition

¥*Includes the contribution from the daughter product of Kr88
which Is Rb88.
¥¥*Contribution from Rb88 Is neglligible

113238
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TABLE 11.3-19

bRELEASE POINT DESCRIPTION OF INTERNAL WHOLE BODY DOSES
DUE TO CRBRP GASEOUS EFFLUENTS

A. _lndlvldual (mrem/yr)

‘Main RCB H&V Exhaust
'CAPS RSB H&V Exhaust*

Jnfermedlé?e.Bay Leakage

T-G Bullding H&V Exhaust

Total

B. Population, 50-mile
radlus (man-rem/yr) =~

Ingesflon
of Beef

 1.5E-6

1.2E=3

1.4E-3

3.4

| 3,2E-3

2.4E-3

*Includes two weeks oxidizer bypass.

Inhalation

1.7€-7

1.4E-4

6.4E=5
3.6E~4

4,26-4

Ingestion
of
Vegetables

7.36-7
5.8E-4
6.7E-4
1.0E-5
1.36-3

4.4E-4

Ingestion
of Milk

8.6E-6

6.9€-3
8.0E-3 |
3.2E=3
1.8E-2

1.5E-2.

Ingestion
of Water

1167,
8.8E;5
1.0E-4
2.3e-4 7

1.36-3
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Release
Point

Bullding .

#1 Intermediate Bay

#2 . Steam Generator
: Cells-Loop 1

#3 Steam Genérafor
Celts~Loop 2

#4 Steam Generator
Cells-Loop 3

Reactor Service
Bulldlng

~ #6 Radwaste Area
“§22 RSA Clean-Up
Filter Units
Exhaust
#23 RCB H&V Exhaust
Xurbine Generator
'Bull#lng .
West Bay Reiease
Pt. #7

Release P+, #8

R 0

| TABLE 11.3-20
* EFFLUENT RELEASE POINTS DESIGN DATA

" Degree )
. ) . From Discharge Discharge
Release Polnt Dlstance Plant Flow Rate Vefocity
Elevation fFrom RCB N-S Axls (CFM) (F+/min.)
(Clockwlise) . :
8571-0" - 125¢ 105° 64,000 1,760
8861-0" - 200" 345° 81,000 1,690
© 886'~0" 200! 5% 74,000 1,550
886'~0" 230! 25° 91,000 1,900
884'~0" - 260! 1759 146,000 600
884'~0" 1251 120° 18,000 1,800
8841~0" 1501 145° 14,000 1,750
8611~1". ator 1° 650 345

8611~1n - 398! 13° 800 . 425

Discharge
Temperature
(°F)

55-120
55-120

55~120

55-120

55+140

55-120

- 55-120

55-120

55-120

Size & Shape
of Discharge
Orifice

61-0n x gronll)

8" x 6"
8t x 61!

8' x 6!
710m x 7eovtM)
310" x 3teqn

2'-10" x 21-10"

AnnularzArea
1.88 Ft

1.88 F42




Release

~Polnt

Jurbine Generator
Bullding (Cont'd.) -

" Release Pt. #9

d6€-€°11

uey:

Griot

¥9 ‘pusuy

East Bay
Release Pt. #10

Turbine Bay
Release Pt. #1t

Release Pt. #12
Release Pt. #13
Release Pt. #14
Release Pt. #15

Deaerator Bay
Release Pt, #16

Release Pt. #17
Release Pt. #18
#24 Denerator Exhaust

#25 Steam Packling
Exhauster Exhaust

Plant Servige
Bullding

Release Pt. #19

Re!ease Polnt
Elevation

861'-1"
879'-0"

9051-6"

905 1-6"

905 '-6"
9051-6"
905'-6"

920'-6"
9201'-6"
920'-6"
9311t-Q"
868'-0"

835'-0"

TABLE 11.3-20 o
EFFLUENT RELEASE POINTS DESIGN DATA

{Continued) -

Degree

From Discharge
Distance Plant Flow Rate
From ROB  N-S Axls (CFM)

(Clockwise)

3901 12° 8,000
262" 347° 8,000
238! 359° 27,000
270! 359° 27,000
305! 359° 27,000
3451 359° 26,000
385" 359° 26,000
320! 10° 26,000
258" 13° 26,000
218" 1n° 27,000 -
294" 1° " 1,4001b/hr
304! . 14° 573
178! 225°

19,200

Discharge
Velocity
(Ft/min.)

1,380
1,380

1,155
1,155
1,155
1,110
l,iio

1,110
1,116
675
8D

1,650

2,000

. Dlscharge
'Témpgcafure

(°F)

55-120

55-120

-:55=120

55-120
55-120
55-120

55-120

55-120
55-120
55-120
150-310
177

70-75

40. Ft

'Size & Shape

of Dlscharge
Oriflce =

5.8 Fi2
5.8 F12

23.4 FH2
23.4 F12
23.4 F¥2
23.4 F2
23.4 Ft2

23.4 F+2

23.4 F2
22

6" Dla.
8" Dla.

42" Dia.
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. TABLE.11.3-20. —
EFFLUENT RELEASE POINTS DESIGN DATA

(Continued)
Degree U . . . :

. ) . ‘ From Discharge Discharge™ Dlscharge ~ Size & Shape
Rel ease Release Polnt Distance Plent Flow Rate Yelocity Temperature of Dlscharge
Polnt Elevation From RCB N-S Axls (CFM) (Ft/min.) (°F) oriflce

. (Clockwlse)
- . nt/
20A Annulus Alr . 9911-0" 28 15 50,000 - 174 55-430  6' x 6"
Cool ing Exhaust . : .
208 Annulus Alr 991 '-Q" 28! 15° 50,000 174 55-430 . 6' x 6!

. Cool Ing Exhaust : .
20C. Annulus Alr 991 1-gn - 28! 15° 50,000 174 55-430 - 6' x 6'

Cool Ing Exhaust B : '

" 200 Annutus Alr.  991t-gm 28 . 15° 7 50,000 174 55-430 ‘6" x 6

Coo! Ing Exhaust - -
20E Annulus Alr 991 1-0" 28! 15° 50,000 174 55-430 - 6' x 6'

Cool Ing Exhaust : .
20F Annul us Alr 991 '-Q" 28! 15° 50,000 - 174 55-430 6" x 6'

Cool Ing Exhaust . .
20G Annulus Alr 991 1-0" - 28! 15° 50,000 - 174 55-430 6' x 6'

Cool Ing Exhaust
20K Ahnulus Alr 991 '-0" 28" ‘ 15° 50,000 174 55-430 6' x 6!

Cool Ing Exhaust
21 Contalnment ' 987'-0" = -~ 52! 115° 21,770 3080/1980 55-200 3! dlameter

Cleanup System/ ‘ plpe

Annulus Pressure

Malntenance and .

Flitration System

" Exhaust '

1 Réc_*l’angular
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Figure 11.3-1. Radiactive Gas Flow Paths
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Figure 11.3-2. Schemétic_Diagram of the Recycle Argon Circuit
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Figure 11.3-3. Schematic Diagram of CAPS_Procesé Flow
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- APPENDIX 11.3A DOSE MODELS: GASEQUS 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:

0y, = 0.23 (/0 T () () (3185 x 10%%) (1) -

where,

DB - Beta  skin dose, mrem/yr, at d1stance r
’ from source

x/Q = Annual average meteorological dispersion factor at
a downwind point of interest, sec/m

’ (A)i = Act1v1ty release rate to the environment of isotope,
i, Ci/sec v

(EB)i =:Average beta energy of isotope, i, per disintegration,
: as obtained from Table 11.3A-1, MeV/disintegration

10 rem mrem
3.155 x 10° Factor to convert Sec to r

. The who]e body gamma dose to an individual should be computed based
on a semi- -infinite spherical cloud as given by: :

- D, = 0.25 (¢/Q) 2 (A); (E ); (3.155 x 10') (2
. ) .9 .i
where,

D = Whole body gamma dose, mrem/yr at d1stance r from

s release

(x/Q) = Annual average meteorological dlspers1on factor at

o ' a downwind point of 1nterest, sec/m

A (A)i = Act1v1ty release rate to the environment of isotope,

i, Ci/sec
(E ). = Average gamma energy of 1sotope, i, per d1s1ntegrat1on,

Y"1 as obtained from Table 11.3A-1, MeV

10 rem . mrem
3.155 x 10 Factor to convert sec to Vo

The total skin dose is a sum of the beta (eq.1) and gamma (eq,2)
contributors. .

_ : Amend. 41
11.3A-1 Oct. 1977



. For normal cond1t1ons, the who]e body popu]at1on dose should be
‘culated as:

where,

50 16 ~ g ”
= T . : . .
T T by e 0 KR g e e @
e o S
DPY = Ropu]étion dose, man-rem

DY (rj,‘ok)v# The whole body gamma dose rate to an individual from a -

P (ry, ¢)

semi-infinite spher1ca1 cloud of radioactive gases
and/or particulates in the radial increment rj
azimuthal increment ¢,. .This dose rate will Be calcu-
lated by Equat1on 2 wi th (x/Q) dependent on az1mutha1
sector K -

The popu]at1on in rad1a1 sector rJ, az1mutha1 sector o

10'3 = Factor to convert mrem 'to rem.

_ AL summat1on over a11 radial and azimuthal sectors- w111 then provide
an estlmate of. the total populat1on exposure DP from. 0 to 50 miles in units
of. man-rem. _

' INHALATION DOSE TO MAN

 where,

"“For normal operat1ng conditions, the 1nha]at1on dose to the who]e
body and to varijous organs of an individual from inhalation of radio-
nuclides is given by the equation:

)

= (x/Q) ; (A) (::,'22 ) (co) (4

The dose rate from inhalation of isotope, i, mrem/yr

Annual average meteoro]og1ca1 d1spers1on factor at a
downw1nd point of interest,. sec/m3

'Act1v1ty‘re1ease rate to the environment of isotope, i,

C1/sec

Dose conversion factor mrem/yr per uC1/cc which is the
maximum permissible dose (MPD) per year divided by the
maximum permissible concentration in air (MPC3) for iso-
tope, i. Dose conversion factors for calculating inter-
nal doses via the inhalation pathway are tabulated in

11.3A-2




Table 11.3A-2. These factors assume an .average breath--
ing rate for an adult "reference man" in a 24-hour per1od
of 2.32 x 10~% m3/sec implicit in the (MPD/MPC4 )4
evaluation based on continuous exposure :

(CD) A factor to account for cloud dep]et1on as a funct1on of
the downwind distance (r) and the -height of ‘the release
(h). R=1. 0 for a]]'elements'except jodine. (Ref ])

.INTERNAL DOSES TO MAN FROM DRINKING WATER CONTAMINATED BY GASEOUS FALLOUT

—~ The concentration C(I) of airborne part1cu1ates with half-
Tives >8 days from fallout to nearby waters: (such as reservoirs).is calcu-
lated as follows:

| | | (TRN), 5 T
i . 0.865 x 10 -0.693 1D}
Ay x (x/Q) x (VDW); X §5g3~ X ~pEpt 1 - exp (‘(W)T") (5

C(I).= Concentrat1on of act1v1ty of 1sotope, i, in. water,
1 C1/m or uC1/cc .

(R). ='The act1v1ty re]ease rate to the env1ronment of iso- .
tope, 1, C1/sec

- x/Q = Annual average meteoro]og1ca] dlspers1on factor at a
downwind point of interest, sec/m3

(VDW)i = Deposition velocity over water of isotope, i, m/sec
Values are tabu]ated in Table 11.3A-6 :

(TRN)i = Radioactive half-1ife of isotope, i, days. Values
are tabulated in Table 11.3A-1. .

DEPT = Depth of the water, m
_‘ TD = Duration of dry deposition, days
0. 865 X 105 = Sec/day |

;- The annual doses from dr1nk1ng water from the reservoir with concen- B

tration C(I) as defined above are:

DR Z_C 1) (ﬂgg > |:exp <?91'%%§—){l> :| (HPF) .(DF)‘ (6)

Amend. 41
Oct. 1977

11.3A-3




41

41

41

where,
-~ DWR

3 Dose rate from ingestion of isotope, i, mrem/yr
e

-Concentrat1on of act1v1ty of isotope, 1, uC1/cc

n

‘MPD Dose conversion factor, mrem/yr per uC]/CC wh1ch is the
;MPCw i maximum permissible dose (MPD) per year divided by the -
_ maximum permissible concentration in water (MPC. ) for
isotope, i. Dose conversion factors for calcu]ytlng
“internal doses are tabulated in Table 11.2A-5. These
factors assume an average intake of 2,200 cc/day.

T

= Elapsed time between removal of water from reservo1r and -
ingestion, days _
'(IRN)i = Radioactive half- 11fe of 1sotope, i, days Va]ues are’
; tabulated in Table 11.3A-1. . : o
HPF = Fraction of the year which water is ingested from the contaminated;
, 'reservo1r, < 1.0. . . .
DF =

Dilution factor in receiving water, < 1.0.

INTERNAL DOSES TO MAN FROM _INGESTING LEAFY VEGETABLES CONTAMINATED BY
GASEQUS FALLOUT

* The concentrat1on of rad1oact1ve mater1als on ]eafy vegetab]es is
calculated as: _

where,

'(CLV% The concentration of isotope, i, in leafy vegetables,
' uCi/kg

YC = The yield per unit of cultivated land area for leafy
vegetable, kg/m2. Data is presented in Table 11.3A-6.

(Tw)i = Environmental half-1ife of isotope, 1, dayé. Calculate
using the following relationship:

T T
W = P B (tabulated in Table 11.3A-5)
T +T. i : , o
. where,.'
Tp = Radioactive half-life of isotope

Weathering half-1ife of isotope (time taken for half
the ra51oact1v1ty deposited -on leaves of vegetation to be
removed by weather factors such as rain, w1nd freezing,
thawing, etc.)

'Amend} 4
Oct. 1977
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(TW) 0.693 Tas\| | | o
‘(CLV)FGc)l:o 693] [1 - ex”(%@):l* Wy x10°
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"-) ' | TGS = Length of grow1ng season. fdr 1eafy vegetables, days. Data
e . is presented in Table 11.3A-6.

W), = (A, (/WL x 0.865 x 10°

A where,
'(W)i'= Depos1t10n rate C1/m -day
(A)i = Act1v1ty release rate to the env1ron-»
_ ment of isotope, 1, C1/sec _
_ x/Q = Annual average meteoro]og1ca] d1spers1on :
) B : factor at a downwind po1nt of 1nterest,
sec/m3 .
(VDL); = Deposition velocity over land of iso-

tope, i, m/sec. Values are presented
in Table 11.3A-6.

0.865 x 10° = Factor to convert days to seconds

1]

6

‘_ o ' 10 = Factor to conver‘t Ci to u(‘.i.
: : ‘Internal doses to an individual from eating leafy vegetab]es con-.
: taminated from gaseous fallout at a concentration (CLV) are:
ij> (Mpo ) :
: _ MPC .
. , N wii -0.693 TDL\| o
where,

DLV = Ddse rate from ingestion of leafy vegetables, mrem/yr °

'(CLV)i"='ConcentEation of leafy vegetab]es of isotope, i, uCi/kg.
TLV = Total dai]y intake~of ]eafy vegetables, kg)day |

' '%gg— = Dose conversion factor mrem/yr per uCi/cc, which is the
w/i  maximum permissible dose (MPD) per year divided by the
maximum perm1ss1b1e concentration in water (MPCy) for
isotope, i. Dose conversion factors for calculating
internal doses are tabulated in Table 11 2A-5.

TDL E]apsed time between harvest and 1ngest1on, days Data

is presented in Table 11.3A- 6

. 11.3A-5
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1

'(TRN)* Rad1oact1ve half-life of 1sotope, i, days Values are‘

tabulated in Table 11.3A-1.
FL

Fraction of the year 1eafy vegetab]es are grown, fJ}Q,

o

2200 Assumed average ‘intake of water, cc/day

Dbses shou]d be calculated separate]y 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 "1eafy vegetab]es" is- cons1dered '

INTERNAL DOSES T0 MAN FROM INGESTION OF CONTAMINATED MILK

The concentrat1on of . radioisotopes in m11k as a result of deposi-.

At1oh of gaseous materials on pasture and subsequent 1ngest1on by dairy

cows is calculated as:

| | (W), | :
€ = (6) (”)i. T 693 (SUMFT) (6F) - (9
whefe, .
- C = Concentration of isotope in milk, uCi/1
G = Effective grazing area of a cow, m2. Data is presented in
. Table 11.3A-6. :
(W), = () &/Q) (VDL); x 0.865 x 10° x 10°
where,
' (w)i.= Deposition rate, uC1/m -day |
(A)1-= Act1v1ty release rate to the env1ronment
: of isotope, i, Ci/sec.
x /Q = Annual ‘average meteorological dispersion
. factor at a downwind point of 1nterest,
‘ ~sec/m
(VDL); ="Depos1t1on ve]oC1ty over land of isotope,
' i, m/sec. Data is presented in Table
-11.3A-6.
0.865 x 10° =.Fattdr tO'éonvert days'to'seconds,

106 = Factor to convert Ci to uCi

GF

Fraction of the year that a cow grazes on
contaminated pasture :
11.3A%6 .
Amend, 41
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. , (Tw)] Environmental half-life of 1sotope, i, days Calculate
. .- using the folloW1ng relatlonship: , .
™ = 1515:%%' |
p b
where, o
Tp = Radioactive half-life of isotope

T, = Weathering half-1ife of isotope
Values of (TW), are tabulated in Table 11.3A-5..
- SUMFT - Accumulative fractional intake of 1sotope per liter wh1ch
is transferred to the milk each day, <1.0/Titer. Data is
presented in Table 11.3A-6. '

The resulting doses to an adu1t from 1ngest1on of the contam1nated 1s
- calculated as follows:

.‘ o o | (c) (ewm)(MPcz o
o | | DTMA = (10)

GWA:

e B ' ‘DTMA = Dose rate from 1ﬁgestion of contaminated-miik, mrem/yr

C= Concentration of isotope in milk, uCi/1

(%%%—)J= Dose conversion factor, mrem/yr peruCi/cc, which is the

7 "w/i' maximum permissible dose (MPD) per year, divided by the
maximum permissible concentration in water (MPC,,) for
isotope, i. Dose conversion factors for ca1cu1ating~
internal doses are tabu]ated in Tab]e 11.2A-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.

11.3A-7



INTERNAL DOSES TO MAN FROM INGESTION*OF BEEF CONTAMINATED BY GASEQUS FALLOUT

The concentrat1on of rad1oact1ve mater1als in the meat of the beef
cattle at butchering is calculated as:

" B my. |
“' L (CB)= (G) (W)_i [‘0—6—9—:} (SUMFT)B ~ . (1)
:'where,'
(CB% a"The concentrat1on of 1sotope, 1, in beef Ci/kg
G = Effective graz1ng-area “of cattle, mz. Data is presented
_ in Table 11.3A-6. :
(W), = (A); (x/Q) (VL) x 0.865 x 10°
where,
(W)i = Deposition rate, Ci/mz-day'
(A)i = Activity release rate to the environ-
- ment of isotope, i, Ci/sec
‘x/Q ='Annda1 averagevmeteoro]og1ca1 dis-
persion factor at a downwind point of
_ 1nterest sec/m :

(VDL)i = Depos1t1on velocity over land of _
isotope, i, m/sec. Values are pre-
sented in Table 11.3A-6.

0.865 x 10° = Sec/day

f(TW){ Env1ronmenta1 ha]f 1ife of isotope," i, days “Calculate
B using the fo]]ow1ng re]at1onsh1p

™ TT_O+T
where,
Tp = Radioactive:h61f-]ife of jsotope
Tb = Weathering half-1ife of isotope

Values of (TW); are tabulated in Table 11.3A-5.

Amend. 41
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Y L (SUMFT)B = Total cumulative fraction of isotope, i,. transferred per
kg of beef, <1.0/kg. Va]ues are tabulated in
Table 11.3A-6. .
FA = Average fraction of the ground surface covered by

vegetation, £1.0. Data is presented in Table 11. 3A 6.

The internal doses to humans from 1ngest1on of contam1nated beef are:

: MPD ) _ N _ .
| <MPC i o (-0.693 TOB\| . 16
DB = ? (CB)i(GF) A_WA | (1) exp(——x———y——f %10 .(]2)

2200 TRN,i
where,
DB = Dose rate frqm ingestion of contaminated beef, mrem/yr
(CB)i = Concentration 1n beef of isotope, i, Ci/kg
. GF ebFract1on of the year in which beef cattle graze on con-
, tam1nated pasture, <1.0 - » ‘
‘ : <EM4—ED—> = Dose conversion factor, mrem/yr per uCi/cc, which is the .
o w/i  maximum permissible dose (MPD) per year divided by the
N maximum permissible concentration in water (MPCy) for
4;) ’ isotope, i. Dose conversion factors for calculating
411 internal doses are tabulated in Tab]e 11.2A-3.
TB = Total da11y human intake of beef kg/day Data is pre-
: sented in Table 11.3A- 6 _
TDB = E]apsed time between butcher1ng and ingestion, days Data
is presented in Table 11.3A-6.
(TRN)i = Radioactive half-life of -isotope i
2200 = Assumed average intake of water for an adu]f, cc/day‘
nl | 10° = Factor to convert C; fo'uCi

" Amend. 41
11.3A-9 Oct. 1977



}Popu1ation'DOSe to Man_From Ingestion of Contaminatéd Milk (CRBRP)

" The same formulation as giveh in Appehdix-A'to Section 11.3, Equa-
tion 9, p. 1].3A-6‘was utilized to calculate the concentration in

milk, C}:
Thus C; = (GE) (Wy) T,y (SUMFT), GF
’ ' 0. 693
where Wy =0, x GJ0) x (voL)J x'0.865 X 10° x 106

 vw1th symbology be1ng identical to equat1on 9 and

(x/Q) = the annua] 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
wher; ;ows are Iocated (CRBRP Env1ronmenta1 Report, Table
2.7-23

The. populat1on dose, DPMA for the m11k gaseous emission pathway was
calculated,. for the popu]at1on w1th1n -a 50 m11e rad1us of the plant,

by:

ﬁDPMA," ‘CJ“x NCF x (12.6) x PDRvax 0.31
. all cows GMA. ’
~within
10 miles

Sy EV . :Cy x NCC x (12.6) x PDPC; x 0.31

all counties ‘GMA

10-50 miles
where, : - , o
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 1b/year (Ref. 15)
PDPC,, = dose rate (10CF20) 3 MPC
- 0.31" = average daily 1ntake of milk by an individual
: (Ref. 16), liters per day
GMA = daily intake of milk to develop maximum individual dose,

one liter per day

a 11.3A-9a
' : o Amend. 41
Oct 1977
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| Population Doses to Man from Ingestion of Contaminated Beef (CRBRP)

DPBA = (D8)

where DPBA
DBmax

(ING),
9.7
A (ING)maX

NBF

x/Q

éINGg x 9.7 | (= NBF. x éx/g;i
™GI2Y | i ]

max ' . max

+ (& NBC, x / Kk )
x/Q:

max

Popu]at1on Dose, within a 50 mile rad1us man rem per year

The max1mug 1nd1v1dua] dose as presented in PSAR section 11. 3,.

7.43 x 10 © rem |
Average ingestion of beef, 0.14 kg/day (Ref. 15).

Number of persbns supplied one full year from a 500 kg steer

Ingestion Rate assumed for max1mum 1nd1v1dua] dose 0.40
kg/day.

Number of beef cattle at each farm within the 10 mile
radius (ER, Table 2.7-23)

Annual Average Dispersion Factor at each farm

The number of steers per countyK 1n the 10-50 mile.
range (Ref. 17).

The Annual Average Dispersion Factor, averaged by
county, as previously defined.

‘I" 5

Popu]at1on Doses to Man from Ingestion of Contaminated Vegetables (CRBRP)

DPLV

- where DPLV,

(oLv)
(x/Q),,

(X/Q)max =

(DLV) .égggg X VTI | .
max v i
| X/Qpax  (ING)g, .
Population Dose due to leafy vegetables, man-rem per year

Maximum Individual dose due to leafy vegetables (eq. 8)

Area Weéghted gverage of x/Q for the 50 mile rad1us,‘
6. 6x]0 sec/m

Atmospher1c Dispersion factor associated with (DLV)max

: Amend. 41
11.3A-D - Oct. 1977
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VTI = - Estimated y1e1d of veggtab]es with’ .the 50 m1]e radius of |
the p]ant site, 2.7x10 kg/year
(ING)Z = "Average Ihgestfbn Réte,.O.Z kg/day, of leafy vegetables

| Population Dose to Man From Inhalation

16 - a 3
DPIH =<° - . . .
: :%256. = . D (ry ¢ ) xp(ry ) x10
. J . : v
DPIH = Popu]ation Dose, man-rem per year ‘
DINH # Inhalation Dose rate to an individual in rad1a1 1ncrement

- azimuthal 1ncrement K; as calculated by equat1on (4), mr péf year

- P(r: dk) = Population 1d radial sector J and azimuthal sector K.

J>

Population Doses to Man from Ingestidn,pf Contaminated'Water.Due to Fallout
DPW = (DNR) x 37 NG (x/Q ) xep,

| DPW = Popu]atlon dose; ‘man-rem per year
DWR = Maximum Individual Dose as calculated by equation (6)

- ING;= Individual Ingest1on Rate Assumed for Reservo1ri, 2200 cc/day |

I INGﬁax = Ingestfon Rate involved iin developihg_equatioh (6),.2200 cc/day

(x/Q). - Atmospheric dispersion factor ar reservoiri
(x/Q) = Atmospheric dispersion factor used to develop DWR

o max
41

P, = Population Served by Reservoir,

Amend. 41
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TABLE 11.3A-

1

RADIOLOGICAL DATA FOR ISOTOPES RELEASED FROM CRBRP RADWASTE SYSTEMS

Isotogé
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—9I
Zr-95
Nb-95
Mo-99

Ru-103
Ru-106
Rh-106 -

W W W N WA TN — — = U1 = W N —~ NP WD N W o0 S

Rad1oact1ve_'

Half-1ife
(Ref. 2)-

(Days)

.49 x 10°
.49 x 102
.25 x 107!
.40 x 1074
.80 x 10
.60 x 1072
.78 x 10"
.03 x 10°
.56 x 10
13 x 10
.92 x 10°
.80 x 1072
.93 x 105
.82 x 107
130 x 1072
.16 x 107
.27 x 10"
.01 x 0%
.86 x 107%
.67 x 100
.88 x 10
.55 x‘To]
.50 x 10/
.80 x 10° -
.95 x 101
.68 x 10
.50 x 1074

11.3A-712

Total Gamma

(Refs.
(MeV/dis) .

0

Energy

.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.
1
8
0
0
0
0
0
0
0
0
0
0

793

=950
.2 x
.0

.910

.004
.725
.765
137
.474

.200

2, 3)

10

Average Beta
‘Energy
(Refs. 2, 4)

(MeV/dis)

o

.006 -
182
463
460
.188
406"
.105
.276
6
026
105

.036.
.230°
.277
.324
.376
.488 .
182
.297
.930
.515
.130
.053
.410°
.077
.013
.180



Isotope-

Ag-111-
Sb-125
Te-129
Te-129m
Te-132
1-131

1-132
Xe-131m

Xe-133

Xe-133m

| Xe-135

© Xe-135m

’Xe;138
Cs-134

Cs-136

Cs-137

. Ba-140

La-140
Ce-141
Ce-144

Pr-143

Pr-144
Nd-147
Pm-147
Eu-155
Ta-182

Pu-238*

Pu-239*

W W = ) WO — = ot N W = et e ot N o OON O = WO 0 W W B O~

TABLE 11.3A-1 (Continued)

Radioactive

Half-Tife
(Ref. 2)

__(Days)
.50 x 109
.90 x 102 .
.80 x 1072
41 x 100
24 x 107
.05 x 10°
.60 x 1072
.18 x 10!
.27 x 10°
.26 x 10°
.38 x 10%-
.08 x 1072
.21 x 1072
.47 x 102
.37 x 10!
.10 x 10t
.28 x 10/
.70 x 10°
.25 x 10)
.84 x 10°
.36 x 10"
19 x 1072
11 x 10
.56 x 10°
.61 x 10°
15 x 102
14 x 10
.90 x 10%

Total Gamma

(Refs. 2, 3)

Energy

- Average Beta

Energy

(Refs. 2, 4)

_(MeV/dis)

.023
0.

0

121

.098

- 0.041

11.3A-13

0
0
0
0
2
0
0
0
0
0
1
1
2
0.
0
2
0
0
0
0
0
0
0
1
9
2

.216
.371
.400
.020
.045
.042
. 287
432
183

.590

.230
563

.236

.120

.070
.016

0.

.030

122
.0
.049
.133

.9 x 107

.8 x 10"6

5

(MeV/dis)

0.
.335
.499
.621
.100
197
.448
143
135
.189
.316
.095
612
.166
139
.246
.284
1397
.315
101
.310
.997
.335
.070
.075
.877
.032
.036 -

O 0O 0O 0O 0.0 00 OO0 0.0 OO OO0 0 OO0 o' 0o oo oo o o

350
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.-Isotbgé_

 Pu-240%

Pu-241
Pu-242*

*Decay is primarily by alpha emission.
the plutonium isotopes are as follows:

.. Pu-238
Pu-239
Pu-240
Pu-242

5.49
5.10
5.16
4.89

~ TABLE 11.3A-1 (Continued)

Radioactive

‘Half-life
(Ref. 2)
(Days)

2.40 x 10°
4.80 x.10°

7.38 x 108

11.3A-14

. Energy

(Refs. 2, 3)
fMeV/diSl

1.3 x 107

2.3 x 10

0.0

~Total Gamma

7
7

Average Beta
Energy _
(Refs. 2, 4) .

- (MeV/dis)
0.022
0.007
0.0

‘Total alpha energiés, MeV/dis, for
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TABLE 11.3A-2 |

DOSE CONVERSION: FACTORS* FOR EXPOSURE
T0 RADIOACTIVE MATERIALS RELEASED -

FROM THE CRBRP GASEOUS RADMASTE SYSTEM

Whole Body . **

Isotope . (mrem/yr per uCi/cc)
H-3 " 1.7 x 10°
Ne-23 1.7 x 100
 Ar-39 5.0 x 10'2
Ar-41 1.7 x 100
Kr-83m 1.7 x 10%°
Kr-85 1.7 x 10°
Kr-85m 5.0 x 10°
Kr-87. 2.5 x10'0
Kr-88 2.5 x 10'0
Xe-131m 1.3 x 10°
Xe-133 1.7 x 100
Xe-133m 1.7 x 10°
Xe-135 5.0 x 10°
Xe-135m 5.0 x 10'2
Xe-138 1.7 x 100

*Calculated from data tabulated in
Table 11.3A-3, maximum permissible
dose + maximum permissible concentration

in airy %%%—
: a

** Except for tritium, dose conversion factors are considered

Z 0 for inhalation pathway. Such values are given to represent

constants used to calcualte an external submersion dose.

11.3A-15
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TABLE 11.3A-3 .

MAXIMUM PERMISSIBLE CONCENTRATION IN AIR (MPCy)*
FOR CONTINUOUS EXPOSURE TO RADIONUCLIDES RELEASED
FROM THE CRBRP ‘GASEQUS RADNASTE SYSTEM BASED ON-

" (REF. 5) |
_ ' Whole Body

Isotope . ' (uCi/fcc) ++
-3 3.x1078

 Ne-23 3x 107+
Ar-39 1 x 1074
Ar-41 4 x 1077+
Kr-83m 3x 1077%
Kr-85 3 x 107°
Kr-85m 1 x 10 6%
Kr-87 2 x 1077
Kr-88 2 x 1077+
Xe-131m 4 x 1078
Xe-133 3 x 1070%x
Xe-133m 3 x 107%
Xe:135 1 x 1070
Xe-135m 1x 1077
Xe-138 3 x 107+

*MPCa for soluble compounds

**MPC5 in 10CFR20, Table II, co]umn 1
are based upon a maximum permissible
dose of 1/10 of the occupational expo-
sure levels reported in ICRP-2 (Ref. 5).

+MPCa is calculated from data pre-

sented in 10CFR20, Appendix B, Table II,

column 1

++Values only utilized for dose modelling
i determination of dose conversion factors.

11.3A-16
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TABLE 11.3A-4

WHOLE. BODY DOSE_CONVERSION FACTORS FOR TRITIUM
RELEASED DURING NORMAL OPERATING CONDITIONS (REF. 6)

- Pathway

| _Inhalation and ébsofption
lVegetébTes,'ingestion
 M11k, ingestion |

bMeat, ingestion

Infant Adult
(mrem/yr per uCi/cc)
8.9 x 108 1.6 x 10°
2.0 x 10° 1.6 x 10°
3.4 x 10° 5.7 x 10°
8 8

3.0 x 10

11.3A-17
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' ENVIRONMENTAL”HALF—LIVES OF RADIOISOTOPES |
"~ 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-103
Ru-106
Rh-106
Ag-111

Environmental Half-Life

“TABLE 11.3A-5

(Days)

11.3A-18

14,
13.
0.

4.4 x

14.
0.1
9.3

13.4

10.7

1.7

13.9

1
0
2
5
1
1
0
1

0

14.
0.
0.
0.

1.

14.

1.9 x

11.
11.
10.

10.
13.

3.5 x

—_ U W WO U W N

0
4
6
107
0

4




Isotogé .
Sb-125

Te-129

- Te-129m

Te-132
15131
I—]32.

Xe-131m

Xe-133
Xe-133m
Xe-135
Xe-135m
Xe-138
Cs-134
Cs-136
Cs-137 -
- 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

TABLE 11.3A-5 (Continued)

~ Environmental Half-Life

- (Days)

11.3A-19
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TABLE 11.3A-6

SUMMARY OF VARIABLES USED IN RADIOLOGICAL DOSE ‘EVALUATIONS

Var1ab1e

WHICH ARE NOT SPECIFIC TO THE CRBRP

Description

VDN

YC
TGS

VDL

TLV

TDL

FLI

Ingestion of Beef

G

SUMFTB

. Ingest1on of Leafy Vegetab]es

-Deposition velocity of

isotope over water.

Yield per unit of culti-

vated: land area for leafy.
vegetables

Growing season of leafy

‘vegetables

:Deposition velocity of

isotope over land
Total daily intake of
leafy vegetables

E]apSed time betweeh
harvest and ingestion

Weathering half-life
of isotopes on leafy

" vegetables

_ Fractional retention of

isotope on vegetation
leaves

Effective grazing area
of cattle .

Total cumulative fraction

of isotope transferred per
kg of beef

- 11.3A-20

Noble gases, 0.5 x 10~

Measurement

-7

cm/sec (Ref. 7) H-3,

5 cm/sec (Refs.

8, 9)

1.5 kg/m? (Ref. 10)

3.months (Ref. 1)

" Noble gases, 0.5 x 10

-7

cm/sec (Ref. 7) H-3,
1.4 cm/sec (Ref.. 6)

0.

2 kg/day (Ref.ll)

7 days (Ref.ill):

14 days (Refs. 10, 12)

0

20
(45
2
0.
0.

1 (Ref. 11)

80 /day (Ref. 13)
2mutﬂ1zed)

x 10° /kg for H 3 (ref. 10)
2/kg- for Cs (Ref. 14)
05/kg for Sr (Ref 14)

Amend. 41
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TABLE 11.3A-6 (Continued)

Vaffab]e o Description

'_”Ingest1on of Beef (Continued

TB?_ : . Total daily human intake of
, i : beef (max1mum)

TDB . Elapsed time between
_ ' . butchering and ingestion

Ingestion of Aquatic Foods*

GF S - Rate of ingestion of aquatic
. ‘ food for man

Ingestion of ‘Milk -

SUMFT R Cumulative fractional intake

of isotope per liter which is
transferred to milk each day

*Dose Model Tncluded in Appendix 11.2A

11.3A-21

2.0 x 10°

" Measurement.

0.4 kg/day (Ref. 10)

' 20 days (Ref. 10)

50 g/day- freshwater

fish
(max, for adult) -
(Ref. 1) -

-2 per liter
for Tr1t1um (Ref 10)

Amend, 47
ct. 1977




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
mal functions, indicative of potential radiological hazards, and prevents

- release of activity to the environment in excess of 10CFR 20 |imits. Each
monitor will be equipped with a loss-of-signal instrument fallure alarm and a
high level alarm, (a high~high level alarm is also provided when required). -
These ‘al arms alert operating personnel to channel mal function 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 |imits es+abl|shed in 10CFR20.

.The number, sensitivities, ranges, and Iocaflons 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 |ines 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
sampl ing and |aboratory analysis In accordance with Technical <Specifications,

For tritiated process |iquids, +r|+|um surveillance will be by sampling and
lab analysis. : :

‘Al'l 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 radiocactivity 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.
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11.4.2 Continuous Moni+orinq/SamDJinq‘

11.4.2.1 'General Description

The descriptive tabulation of the various continuous monitors/sampiers for
process and effluent radiocactivity monitoring, which includes those gas and

I iquid monitoring devices in or associated with |iquid -or gas process streams
considered in this discussion, is found in Table 11.4-1. The basis for
selecting the locations as well as the con%rol functions associated with the
monitor, are described below. : Lo

Each continuous monitor will be equipped with power supplies,: micro—proceséoF
and accessories, indication and local alarm indicator ‘lights. Each monitor
will transmit radiocactivity level and alarm status information for display and

logging by Radiation Monitoring equipment located in the Control Room with
redundant display and }ogging equipment located in the Health Physics Area of
the Plant Service Building. ~-The alarms are provided to-indicate instrument -~
mal functions or -a radiocactivity level in excess of the monitor's alarm
setpoint. Each continuous monitor has a local indicator at the detector
Iocafaon to facnlafafe +he testing and/or callbraflon of the equnpmen+

The lowesf scale’ dlvnsxon ‘of ‘each confunuous monufor's range is the: max;mum
detector sensitivity deemed appropriate for.the intended: service. The® range
of the monitor will be a minimum of five decades above the maximum sensitivity
level j:and will allow for “a minimum of one'decade spanabove the ‘monitor high=~
high. sefp01n+ ‘(when hlgh high- seTpouan ‘are ‘employed). The 'ef fluent alarm
setpoint 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. will be instailed-in such a way as to'minimize
sampllng losses and electromagnetic -and background |n*erferences. The output
of "al| "ef fluent monitors will be continuously sampled and recorded by the

CRBRP Plant Data Handl ing and Display System. The Reactor Containment
Isolation Monitors (PPS), Control Room Air Intake monitors and other
safeTyirela?ed moni+ors will be powered by Class IE, redundant 120 VAC power.

11. 4 2 2 Gaseous Svs+em Descrlpflon

11.4. 2 2 1 PosT-Accidenf ConfalnmenT Afmosohere Monlfors

AN

The capabilify to monv+or the confalnmenf a+mosphere radloac+|v1+y level

. fol lowing containment ‘isolation during an accident condnflon shall be .
provided. Three pair of penetrations, located 120° apart around the’
containment structure will allow air samples to be taken by mobile or porfable
monitors and sampl ing equ;pmen+ The penetrations design and locations will
consider the’ follow;ng criteria: '

1. The peneTraTnon opening on The inside of confalnmen+ will be
positioned to obtain a representative sample.

2. The penetration opening on the outside of containment will be
‘ positioned in an accessible area to enable connection of the
monitoring and/or sampling equipment.
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3, Each penetration will have two isolation valves; a remote manual
control led val ve inside containment and a manual, locked valve outside
_confainmenf with a blind flange. -

4, The penetration design will comply with CRBRP Deslgn 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 |aboratory analysis.

11.4.2.2.2 Reactor Containment lso[afion 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 |imit is reached by two out of three of the detectors.

In addition, the radiation level in contalnment 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 reached
by +wo of The three detectors. ‘

The monnfornng sysTem w:ll be designed to comply with IEEE 279-1971. The
overal | containment isolation system design and protection logic is discussed
in:Section 7.3. Figure 12,2-1 shows a typical block diagram of these channels

' and F;Jure 7.3-1 shows the trip loglc configuration,

11 4 2.2.3 Building Ventilation Exhaust Monitors

The number and location of building éxhaust plenums from which potential ly

radioactive plant gaseous release may emanate are:. One |ocated in the

Intermediate Bay (SGB-1B), nine |ocated near the top of the RB dome, two
located in the Reactor Service Building (RSB), one located in the Radwaste
Area (Bay), one located in the Plant Service Building (PSB), fourteen in the
Turbine Generator Bullding (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

radiocactivity. The remalnlng exhaus+s will be sampled periodically.

The exhaust plenum located in the IB recelves ventilatlion exhaust air from +he

Iintermediate Bay area. A continuous air monitor (CAM) will be provided to
detect particulate, radioiodine and gaseous activity in the effluent s*ream.
The air sample will be obtained isckinetically from the exhaust, on a

‘continuous basis. The operaflon of the Three-channel CAM unit is described in

SecTyon 12.2.4.2.1.

11.4-3 . Amend. 72
N Oct. 1982



‘The exhaust plenum located on the Radwaste Buifdlng receives ventilation

-.exhaust air from the radwaste area. A Continuous Air Monitor (CAM) will be
provided to detect particulate, iodine and gaseous activity in the ef fluent
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”eXhausfs.will~be continuously monitored for radiocactivity

releases. The first exhaust plenum located on the RSB roof which receives
ventilation exhaust from the R(B will be continuously monitored for

particul ates, 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 parTnculame, gaseous and- rad|010d|ne ac+uvu+y

The exhausf plenum locafed near +he fop of the: RCB dome, Wthh receives
exhaust from the Containment Clean-up and Annulus Pressure Maintenance and
Filtration System will be continuously monitored for particulate, radiofodine,
zradlogas, and plu+onium ac+lVITy in the: effluenf sfream. '

| The 8. exhausfs locafed at the Top of -the' RGB dome for the Annulus Cool ing Air

become: potential. radioactivity release points only in the event of very low:
probabiil-ity. accidents beyond the design:-basis “(e. g., Thermal Margin Beyond" +he
" Design Base).. On line monitoring for particulates, radioiodires and-. -
radiogases have been provided for These exhausfs in The evenf of such an

B accidenf

TGB -areas wnll be periodlcally grab sampled and samples will be analyzed for
fritium achvnTy

The exhaust in the PSB receives ventilation from the. comblned } aboratory.
Sampies will be collected isokinetically by a particulate (and iodine, if
required) filter and analyzZed for tsofopic confenf in the Counting Room.

Cer+a1n effluenf radiation monitors are identified as Accudenf Mone+or;ng
instrumentation in Table 11.4-1, "As such, these monifors WI|| mee+ the
requirements of ‘Section 7.5.11 of the PSAR.

The. reporting.of effluent radiocactivity releasedifrom the CRBRP will. be

~consistent with the guidel ines established in Regulatory Guide 1.21. This ,

reporting will be based upon the results of. Counfung Room analys:s cf effluent
samples ob*a:ned a* each. Iocaflon ||s+ed above.

11.4.2.2;4 ‘ on enser VYacuum hausT Deaerator onfinuou

A gas-~sample will be continuously wifhdrawn-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 fechnlques in the counf;ng room.
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11.4.2.2.5 Control Room Inlet Air Monlitors

The main and remote Control Room alr intakes will each be continuously

- ‘monitored by two redundant monitors., These three channel

(particul ate/radioiodine/radiogas) CAMs will detect radioactivity in the air
intakes and will determine which intake should be used during the Control Room
isolation condition. Detalls 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 installed 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 lnerted Cell Aimospbere Monitors

The capabil ity for monitoring the atmosphere of each individual inerted cell
for high radioactivity will be accomplished by three methods. One method is
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
‘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 |eak detection, particulate
monitors are provided for continuous monitoring of inerted cells within the
RCB containing components confac+lng radioactive sodium. These monitors will
alarm for activated sodium present in the cells atmosphere. The individual
inerted cells that are con?nnuously monitored for sodium leak de+ec+ion are
Iisfed 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. Cel | 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 radionucl ide activity of the processed gas is within limits for reuse In
RAPS or within 10 CFR 50, App. | and ALARA |imits for those gases exhausted to
the H&V system by CAPS.

11,4.2.2.8 Safeiy-Bela+eg Monijto c

Certain monlfors which provide control signals to safety related process
systems or are used to monitor safety related systems are classified as safety
rel ated 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
Moni tor Console (computer).
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i11.4.2.3 L1qu1d Systenms Descr1pt1on

11.4.2.3. 1 Radwaste Disposal System L1qu1d Effluent -Monitor

Effluents from the Liquid Radwaste Disposal System are d1scharged into
the cooling tower blowdown. : A liquid radioactivity detector will continuously
monitor, record, and contro] the activity released to the cooling tower blow-
down stream. The blowdown flow rate available for 1iquid waste dilution and
compliance with 10CFR20 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 11ne and a]arm in ‘the control room.

Frequent composite samp]es of the b]owdown downstream of the radio-
active 11qu1d 1nput will be taken for radionuclide determ1nat1on 1nc]ud1ng .
tritium. : _

11.4.2.4 Maintenance and Calibkatidn

On completion of the mon1tor1ng system installation, each process:
monltor will be checked for proper operation and calibrated against a radia-
tion check source(s) traceabie :back to the National Bureau of Standards or
from an equally acceptab]e source. This initial calibration; and sub-
sequent calibration at six month intervals will verify the e]ectron1c

o

~ operation of both local and Control Room indications and also all
“annunciation points (loss-of- s1gna1), lToss-of-sample flow, h1gh rad1at1on,

etc. In addition, each monitor is supplied with a bu11t in check
source to provide»rapid functional tests-at'periodic-interva]s.

' 11 4 3 Sam911ng

: This: sect1on prov1des information on the CRBRP process and eff]uent
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 v
for the semiannual report requ1red by 10CFR50

fidu
i . <
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11.4.3.1 Pro ess' amplin

Peruodlc sampl ing. is conducted to alert the operator of any abnormal condition

that may be developlng. Both local and remote |iquid 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 aré dliscussed in Section 11.3.4,  Sampling of primary sodium, _

. secondary sodium, ex-vessel:sodium and'cover gas is discussed in detall In
Sectlon 9.8, entitied "Impurity Monitoring System". This section also

discusses +he location of samples, expecled composition and concenlrallon

sampllng frequency and procedures.

The basls for selec#lng fhe locallons for sample s+a+|ons Is o .provide. an -

indication of the effectiveness of key process operations. Analyses of these . .. °

samples are related to the process sequence from whlch fhey were obfanned to
evaluafe speclflc equnpmenl performance. - v

Caseous samples -are; monifored for gross ac+ivl+y and- perlodlcally analyzed for
vlsofoplc content,  Tables 11.3-1 through 11.3=15" List inventories of the
' expecfed concenfraflon and composlflon of the . effluen+ gas samples.«.

Secflons 11, 4 3. l 1 fhrough ll 4. 3 1 5 descrnbe ln defall each- of the llquud
sampl Ing polnts: in-the Radloactive Waste Systems. - Sampl Ing procedure, - o
analytical procedure, and senslllvlly for .each sample point. are +he same and
are olscussed ln de+a|l in +he foIIOW|ng paragraphs.~

Sampl ing Procedure:’ Samples are collecfed in a sampllng sfallon located on
the operating floor of the radwaste building. Seample circulating lines run
through this sampling station. The upstream side of the sample lines are
connected: to-the discharge of the pumps serving the tanks. —After passing
through the sampllng station, the csrculaflng sample fluid ls returned lo the
- -tank from whlch it was drawn, : :

Analyflcal;Procedurevand.Sensi+lvl+y:; Tne:quanflfy of sample +o be coUnled .
for gross beta-gamma is pipetted onto a planchet. The planchet is placed: ona
turntable and evaporated to dryness under “an ‘infrared bulb. The rotation-

insures a uniformly distributed dried sample for reproducible counting. The L

height of the infrared bulb is adjustable to obtain a moderate rate of

evaporaflon. Counflng is done by means of an |n+ernal proporllonal counler..y""”

- The lsofoplc analysns is performed by a comple+ely au+oma+ed Pulse Heughl
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 Guide '1.21. :

Provisions will also be made for alpha and tritium assay. .
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11.4.3.1.1 Intermediate Level Actiyity Liquid Waste Collectjon Tanks

These tanks receive decontamination waste from the Large Component Cleaning
Cell. The analysis of this waste provudes a check on the deconfamnnaTlon-'
procedure.

The'composi+ion is expected to be sodium hydroxide solution, nitric acid
solution and water rinses, After neutral ization a solution of sodium sul fate

. or sodium nitrate results, Activity will be ~! uCi/cc.

The quantity to be measured is the groés B»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 evapcrator is too high. '

Corrective action would be taken if the DF is lower than the expected value.
The expected recirculafion flow through the sample Iine 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 recyclied for plant uses or released to the environment after
dilution with cooling tower blowdown. The composition Is expecged to be very
dllu+e sodium sul fate .or sodium nitrate with an activity ~10 uCi/cc.

The qUanfiTy to be measured is the gross B8~y activity, if no excess Inventory

- exists, |f excess inventory exists and a portion of the content is to be

rel eased to. the low activity liquid system, an isotopic analysis will be
performed consistent 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 evaporafor-ion exchange cycle. Corrective

measures would be taken if the DF is much lower than the expected val ue.

. The expected recirculation flow through the sampling line is 10 gpm.

“ 11.4.3.1.3 Léw Level Activity Liquid Waste Collection Tanks

AN

. These tanks receive |aboratory drains, floor drains, lavafory 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 a'check on the DF of the purification equipmen+ by comparlng

_ iT with The acfuvnfy of the purified waste.

These tanks receive waste from several sources, hence the composition is not
well defined. The conduc+|vi+y will be measured to determine impurity level.

. The expected activity is 107" ¥ Ci/cc. The quantity to be measured is the

gross B-yactivity.
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l The sampl ing frequency will be in accordance with reporting requirements of
- Regulatory Guide 1.21. '

Higher sample aeflvify indicafes!abﬁdrmal_operaffons.eISewhereiin the blant.
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 ef The”eampling 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

analysls Is mandatory. The composition Is-expected to-be: equuvalenf to.grade
C water or comp éy with federal and state regulations and have an. average
activity of 10 © Ci/cc. :

- A gross B-y-a coun+ Is made before releasing to the environmenf. Tritium
content will also be sampled. An isotopic analysis Is performed for record:
purposes as required by Regulatory Guide 1.21. Sampling frequency will be
deTermnned by reporflng requiremenTs of. Regulafory Gulide 1.21.

High.: sample ac+ivify |nd|cafes +he need for reproce55|ng the bafch o _
Corrective measures would be taken if DF is.lower 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 selidifled and shipped to the
.disposal site. To determine the type of packaging and degree of shielding
requi-red to meet the shipping regulation CFR.Title 49, the. analysis of sample
Is necessary. The composition is expected to be a solufion of -sodium sul fate
or sodium.nitrate and an activity of ~“50 uCi/cc. The quantity to be
measured is the gross B-Yactivity.

The sampl ing frequency will be determined in the FSAR. 'Nb process flow is
associated with this sampling procedure. :

11.4.3.2 Efflueni-Samgling

The radloacflve effluenfs are con+inuously monufored or sampled as lndicafed
in Section 11.4.2.2.3 by activity and by flow. The sampling system .is
designed to obtain a representative effluent sample o establ ish
concentrations of radioactivity and to facilitate radioisotopic analysis to
assure compl iance 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. ‘
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The Cool ing Tower blowdown, wastes and drains and other normally non-
radioactive |iquid effluent streams will be sampled for suspended/dissol ved
activity including fritium. The problem associated with continuous monitoring
of low level activity in tritium is recognized and therefore, periodic batch
samples from each |iquid effluent c1'ream will be taken and analyzed in the

| aboratory.

Building Storm drains and Plant Service Building liquid effluents are normally'
non-radioactive and will not be monitored, but will be perlodrcally sampl ed
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 facilltate 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
Regul atory Guide 1.21. This computer based processor will be interfaced with

the Radiation Monitoring System Controllers and the CRBRP Environmental .
Computer. The Report Processor will also accept manual enfry of analyses
perforned by the Health Physicist.
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TABLE 11.4-1 PROCESS & EFFLUENT MONITORING AND SAMPL ING

Ol-v°11

‘pusuy -

A

: Sample or Range ’ Expected Quant.
Description - ~Bldg. - ° Elev. Cont, WCi/cc) uos Concent. Meas. Remarks .
Reactor Contalnment
Isoiation Monltors (PPS): )
~Containment Ventilation (3) RCB - 842 Contlnuous 10-7-10-2 Cs‘37 . See Section Gross Safety-rel ated
- Exhaust (Gaseous) CAM : ¢ - 11.3.2.6 Concent, Class 1E PPS -
o . 1 -4 . . : ] Re| ated
-Head Access Area (3) RCB 802 ~ Continuous: 10 '~10° " 'mR/hr. Direct See Sectlion
Direct Gamma ' . _ Gamma 7.3.1.2
Radwaste Monltor: .
-IALL Evaporator, Heating RUA 775 Continuous  4x10~7ax10~2 ¢cs'>7 Gross
Element; Heating Water Concent,
Out (Liquid) _
-LALL Evaporator, Heatling RWA 775 Continuous  4x10™7ax1072 ¢s'>7 _ Gross
Element; Heating Water . Concent,
Out (Liquid) .
-IALL Evaporator, Distlll. RIA 775 Continuous  4x10™74x1072 cs'>? Gross
Cooter; Cool Ing Water _ Concent,
Out (Liquid) )
-LALL Evaporator, Distil| RHA 775 Continvous  4x10”74x10°2 ¢s'37 Gross
Cooler; Cool Ing Water ] : Concent,
Qut (Liquid) : ) .
-LALL Effluent : " RHA 795 Continuous  4x10™74x1072 cs'37 Gross
. : . ’ Concent,
RAPS & CAPS -Process
Monltors: .
-GaSAEhfe‘rlng RAPS RCB : 733 Continuous 2.7-2.7x105 Kr‘85 Gross
Cold Box (Gaseous) _ Concent.
~Cool ant Leaving RAPS . RSB 779 Continuous  2.7x107%-2,7x107! kr® ~ Gross In-Line
Cold Box (Gaseous) (2) o N . _ . Concent, MonTtoring
—Gas Leaving RAPS " rem 733 Contlnuous  2.7x1073-2.7x10%2 kr®? ‘ Gross
Cold Box (Gaseous) ' o ' ' Concent.
-Gas LeavlIng CAPS ) RSB 779 Continuous 2.7x10-4-2._7_§10+:> quf Gross
Surge Vessel (Gaseous lodlne) 10 “-107 | Concent.
-CAPS Header Serving . ROB Continuous  2.7x1070-2,7x10™" kr® Gross.
R Ceils (Gaseous) : ’ ) o - Concent,




TABLE 11.4-1 Péqosss‘a,errtuém mn’nr'o"’r_z_ms 'AND. SAMPL ING -

Sanpleor : Range' - Expected y Quant.

e oés"c_'ri‘rpﬂop T © i Bldg. Elev. = - Cont: | GaCi/ee) vos, Concent, " .~ Meas, Remarks
- ~Gas-From Nitrogen Cel ! . RSB . 755 . Conflnuwous  2.7x1078=2,7xi0”! kr8° © Gross
Afmosphere SemplIng Unlt . o o ) Concent.
(Gaseo u ‘)f,. , A » v _ - C o
-Gas From Nitrogen Cel | RCB 752 Contlnuous  2.7%1070-2,7x107! kr® _ Gross
Afmosphere Sanpl Ing Unit _ I ' -~ Concent.
(Gaseous) ' : ' S '
"‘CAPS Process Gas Effluenf o ' . ' -
“"+o HVAC (Gaseous).(2) RSB 779 Contlnuous 2, 7x10 5-6 7xlg %g " Gross
' (lodine) ' Concent.
" Effluent: Gas From (2), : .
Inerted Cells to HVAC RSB 800 Contlnuous  2.7x1076-2,7x107" Kkr8? - Gross
- {Gaseous): S PR : ) . Concent.
. . ]
. HVAC Duct Monitoring (CAM
s “of RAPS/CAPS Cells'
- “RAPS Cold Box & Valve " R® 733 Continuous  2.7x1070-2,7x107" kr%> Gross In=1lne
! Gal Iery Cel Is (Gaseous) ' Concent. Monltoring &
= - : ' ' : Cel'l Isolation
~RAPS Noble Gas Storage ROB 733 Continuous = 2.7x1070-2,7x10™" kr® Gross In=1tne
‘Vessel Cell (Gaseous) : . ' ' . Concent, Monttoring &
. ' : : o A Cell lIsolation
" ~RAPS Compressor and RCB . 733 Contlnuous . 2.7x1070-2,7x107" kr® Gross . In-Line
" Aftercooler Cells (2) o ’ - , _ Concent. Monltoring &
. (Gaseous) _ . o _ CE o Cel I Isolation
~RAPS Vessels (Gaseous) RGB 733 Continuous 2.7)(,10'6-27x10"l kr8 Gross In-Line .
o ) : ’ Concent, =~ Monitoring &
) Cell Isolatlon
-RAPS/CAPS Pl peway " ReB 780 Continuous - 2.7x1070-2,7x107" k8> Gross  In-Line
(Gaseous) ' : Co - Concent, " Monitoring &
Og R . : . ' ' " Cell ‘Isolation
-3 -CAPS Cold Box Cell (Gaseous) - RSB 792 ContlInuous 2.7x107022,7x107" Kkr%° Gross . In-Line
= : : Concent, Monltoring &
Yo T Cell Isolatlion
~CAPS Vessel Callis RSB 755 Continuous 2.7>(1(')—-6--2‘l><10-I Kras_ Gross In-Line
& Gallery (Gaseous) - L . : © Concent. Monltoring &
‘ : " Cefl Isolation
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TABLE 11.4-1 PROCESS & EFFLUENT MONITORING AND SAMPL ING

o Sample or Range - Expected Quant,
Description 81ldg. Elev. Cont. WwCl/ecc) U0S Concent.’ Meas. Remarks
~CAPS ‘Compressor & (2) ~ Contlnuous  2.7x10"%~27x10”" kr® Gross In-Line
After Cooler Cells (Gaseous) Concent. Monltoring &
o : : Cel! tsolation
~RAD Water Holdlng Cont f nuous 2.7x1078-27x107" kr8° Gross In-Line
Vessel & Pump Cell (Gaseous) Concent, Monltoring &
Cell Isclation
-Access Areas (4) Cont | nuous 2.7x10709-27x107" kr® Gross In-Line
(Gaseous) Concent, Monitoring &
o Cell Isolation
-Cover Gas Monltoring Contlnuous 2.7><l‘.'>"6-27x|0"l Kr85 Gross In-Llne
Cells (Gaseous) . Concent, Monltoring &
Cell Isolation
-Pipe Chase & Vapor RSB 772 Continuous  2.7x107%-z7x10™" Kkr83 Gross - In-LIne
Trap Cel| (Gaseous) Concent, Monltoring &
’ : Cell Isolation
“HVAC Common Header RCB 766 Continuous . 2.7x1070-z7x107" «r8° Gross In-Line
For Varlous Celis : , Concent. Monitoring &
(Gaseous) - Cell Isolation
-Maln HVAC Duct . : _ - -1 . 85 ’
From Al | -RAPS/CAPS RSB 779 Cont1nuous 2.7x10 -1_6'7’(195 qu‘ Gross
Cel ls (Gaseous) CAM o 10 "~ -10 r : Concent.
(1odlne)
Sodium Leak Detection
For ‘Fol lowing Reclrc, Gas
" Cool Ing Subsystems:
(AL} Particulate) )
. Reactor Cavlty . RB 733 Continuous  2.94x10”'3-2,94x10™> NaZ? Gross  Alarm Only
) - : o ) . Concent,
PHTS Loop 1 ROB 766 Continuous.  2.94x10713-2.94x10™> NaZ? Gross Alarm Only
: . Ty -5 24 Concent., . _ .
- PHTS Loop 2 R®B 766 Continuous = 2.94x10713-2.94x10™° Na Gross Alarm Only
’ . . -5 24 * Concent,
PHTS Loop 3 R(GB 766 Cont1inuous. 2.94x10 ‘3-2.94x10 Na Gross Alarm Only
: » - 3 S5 24 Concent.
Na Makeup Pump & Vessels RCB 752 Continuous 2.94x10 i =-2.94x10 ~ Na° Gross Alarm Only
) : 13 -5 . 24 Concent,
Na Makeup Pump & Plpeway RCB 152 Contlnuous .  2,94x10 '~-2,94x10 ~ Na Gross Alarm Only
. . : Concent,
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"TABLE 11.4~1 PROCESS ‘&' EFFLUENT MONITORING: AND SAMPL ING

Sample or . Range . » . Expected Quant,

: :ppscrlpf-lzon’ B Bidg. Elev.  Cont, WCI/cc) vos T »OonCen'r. Meas. “ ‘Remarks
~..Cold Trap, Nak Cells . - RB . 794 Cont I nuous '_ 2 94x10 13-z 94xto‘5 Na 24 " Gross - Alarm Only
~ BRI . . RS , : ) ' Concent. * o
. Control . Roor Maln "(2) ;! -~'863 Continuous™ A See'Sectlon Gross - Initlate C/R
Alr Intake (Gaseous). CAM . ' _ . .3x10 l23)(10 Kr'g] - 12,2~ Concent, ' Isolation, see .
{lodlne) - . C - T 4x107 10—4x10 5 '37 ' coL ~ Sec, 7.6.4.5.6
(Particul ate) ' o 2x10 2><10 Cs ' Safety- .
IR | o Related (1E)
Control - Room: Remoté (:2)° SGB 851 Contlnuous -2 .8 See Sectlon ' Gross Initiate C/R
Alr lnfake (Gaseous) CAM ; - : : 3x10” |Z3x10 7Krl§' 12.2 Concent. Isolation, see
“(lodine). S ax10” -10 -4x10 -5 A 137 : Sec, 7.6.4.5.7 ,
(Parﬂculafe) o : 2107 -21077 Cs Safety- o
o ‘ Rel ated (1E)
Control. Room: Commdh' T B : 847 Cont I'nuous v : ‘ See Section = Gross . ° Monltor Only
Duck Downsfream. of i - - : S : 122 Concent. - -
_Fl)ter Unl 5. (Gaseous). CAM. 3107 =3x 1072 Kr85
(1odine) ' ax1071 2ax 10774137
- (Particulate) o 5x10710-5x1073 Cs‘37
AHTS Loop = e s 'sGB 765 Continuous  1072-10% mR/hrﬁ, ST Gross -
(DI rect _G_a‘nma) ' . _ : P o Activity
IHTS Loop 2 - © "+ == = SGB 765 Continuous  1072=10° mR/br » Gross .
(Dlrect Gamma) "= o . e IR S Activity
MTSloop 3 . - S6B 765 Continuous  1072-10° mR/hr ~ Gross
(Dlrect Ganma) . - : Activity
. Large Componem‘ ' R(B . 756 Continuous 10-‘-104 mR/_ﬁf - . - Gross
_Cleanling Cell (LCCC) . . o Activity
LCCC Cool Ing Water R®B 733 Continuous  4x107 -4x1072 cs'37 Gross
(Liquld) B Concent,
LCCC Process _Ggs' : h ‘RO Cont{nuous 10 -6 10 - Kraé Gross
Effluent (Gaseous) : ' Concent,
Fuel HandlIng Cell (FHC) _R$#B ~ 779 Cont I nuous -1 85 Gross
Argon Gas (Gaseous) ' : ’ IQ =10 - Kr Concent,
aseous ) , gm0, =57 131 : ,
(lodine) ) 10 10 -10 5 I 137
(Particul ate) ) S . 10 ~-10-7-Cs -
EVST Argon Cover - RSB 842 Continuous. - -10°-10% K'r-s' '._Gross
Gas (Gaseous) o ' ' ' Goncent, .
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Sample or

Range

TABLE 11,4-1 PROCESS & EFFLUENT MONITORING AND SAMPL ING

(Particul ate)

1x1o‘°1x10205

137

. Expected Quant,
Description Bldg. Elev.’ Cont. (uCi/cc) LOS Concent., . Meas, Remarks
FHC Ut11 Ity Monl tor 'RSB 779 Continwous 107107 mR/hr Gross
(Direct Gamma) - : Actlvity
Radwaste Bullding RWB 867 Contlnuous Gross Inltiate
Exhaust (Gaseous) 3x1? -19 ﬁg Concent, Filtering of
.CAM (lodine) Effluent
(Particul ate) 10719210 Cs'3' from RWB
‘RSB Operating Floor (2) RSB 816 Contlinuous Gross Inttiate RSB
HVAC Exhaust (Gaseous) 3x10” 123x10 ?gl concent, Conf Inement see
CAM (Todine) 4x18 -fx10137l Sectlon
(Particul ate) 10 7.6.4.3.3 (4)
Safety related
» , (1E)
Fuel Handling Cell (2) RSB 779 Continuous Gross - same ~
HVAC Exhaust- (Gaseous) 3x1077 53x10°2, ?gt Concent.
(lodine) 4x18 -fxlo
(Particul ate)
Annulus Filter (2) RS8 840 - Continuous : Gross Select Filter
Discharge (Gaseous) 861 4.4x10” 7-4x4x10 2 qu' Concent. traln Sectlon
(lodine) 1.1x10 '51 .1x10 5I 137 7.6.4.2,2 (1)
(Particul ate) 1.2x107 °=1.2x10"° Cs Safety Related
QE) .
Annulus Fliter inlet/(2) RSB 840 Cont | nuous Gross 1) Start Filter
Annulus Cool ing Exhaust 861 -7 85 Concent, see 7.6.4.2.2
‘CAM . (Gaseous) 3x10 15|x10 T3 (6) 2) Monitor
(lodine). 1x107,"-1x1 l'37 Exhaust see
(Particular) 1x10 “~1x10 11.4.2,2.3
' (Accldent’
{Monltor)
RSB Ciean Up Filter RSB . 816 Continuous - 85' ~ Gross Select Filter
Discharge (Gaseous) 794 3x10_'03x10 ‘3' Concent. Traln See
(lodine) 1x10 -6 lx10‘ 137 Sectlon
(Particulate) - ix10 “-1x10 - 7.6.4.3.3(1)
Safety )
Rel ated (1E)
Radwaste Ventllation -6 3
Exhaust Effluent (Gaseous) RSB 867 Continuous 1x10 —1x10 ZKFIBI ~ See Section Gross Effluent, Accl-
(lodine) 11071 0-1x10 11.3.6 . Concent, dent Monltor
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TABLE 11.4-1 PROCESS & EFFLUENT MONITORING. AND -SAMPL ING

Sample or Range Expected Quant,

*390

2861

- Description Bldg. Elev. Cont, -uCi/cc) uos Concent, Meas. . Remarks
RCB V:en’rrl.latl:’oh . RSB 861 Contlnuous -6 ; _' ;g See Section - Gross
Exhaust Effluent (Gaseous) ‘ _1x10_l61x10 _5Kr'§1 ©11.,3,2.6  Concent,
(lodine) " - S ' ' Ix10_10‘-1x10_5 | 137
(Particul ate) ) o - 1x10 " "-1x10 © Cs
RCB Annulu's]TEﬁ[B (2) RSB 840 ContInuous % .5 . 85 ~ Accldent
Effluent (Gaseous) - : . 861 lxlO._“‘-)lxlO_ Kri3 -Monitor
(lodlne) lxl(_)_'m-wav2 ! 137 Safety Related
(Partlicul ate) . ’ IXIO_‘Z-Ix]()_ 7Cs 73 gy
(Plutonium/Al pha) 1x1071221x1077 py?39 :
RSB Exhaust RSB 816 Continuous - . 8 Accldent
Effluent (Gaseous) ‘ 1x10 T=1x10 Kr I : : Monltoring
, (lodine) N x10710-1x102 4131 - :
(Particul ate) : - : 1x10710-1x102 137
SGB=IB Exhaust SGB 836 Continuous . See Section ‘ " Accldent
Effluent (Gaseous) _ © 1x1076-1x103 kr83 11.3.2.6 Mon!tor Ing
" (iodine) . : lxio':osixtoz 153 :
(Particulate) 1x10710-1x102 cs'37
Hot Laboratory, Counting PsB Sampl e** . Gross
Room, and.Decontamination : ' Concent,
Area Ventilation Exhaust
Particul ate Sampler
" Plant Discharge. YARD - Semple *¥¥ E ‘See Section - Concent,
Canal Liquld Sampler . : 11.2.5 '
© %% Particulate collection on fllter, analysis by proportional counters and spectroscopy system.
¥%% | jquid Samples collected In container. Analysis by proportlonal-and |iquld
scintlilatlion counters and spectroscopy system.
b=
3
1)
> . : . .
- ) . 7 . | .
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11.5 SOLID WASTE SYSTEM
11.5.1 Design Objectives

The solid radioactive waste system is designed to handle, package .and store
concentrated activity liquids, compactible low activity solid waste and low
activity non-compactible sollds. Temporary storage will also-be provided for -
55 gal lon drums of radioactive liquid metals and liquid metal confaminated
solids. The basic approach Is to solidify the liquid waste with: cement, To
load al | radloactive waste as solids into containers that meet CFR

 regulations, and to transfer the containers to -a | icensed contractor for off

site disposal. ‘The design objective of the solid radwasfe sysfem s to
release no radloacf!vify to the environment.

Table 11.5~1 presents a summary of the curie Invenfory, the volume and welght

of radioactive solids that the solid waste system is designed to accommodate .
each year. The design basis Includes the assumpfion that The plant operafes _
with 1 0% fuel elements falled. ’

11.5.2 System Inputs

The Soli1d Radwaste System (SRS) Is designed to process and package solid
wastes that are to be shipped of f~site for disposal. The packaging will be’
such that the surface dose rate will be In compliance with- +he Depar+men+ of
TransporTaTIon regulafions.

- Flow dlagrams for the SRS are ‘shown In schematic form by Figure 11. 5 1. Al[’

shipment contalners are transferred to Ilcensed contractor for off slfe‘

1d|sposal.

The. sysfem is deslgned to handle, package and store three sources of wastes:
concentrated |lquids, compactible solids, and non-compactible sol fds.:

..Temporary storage Is also provided for 55 gallon drums of radioactive lnquid

metals and |iquid metal contaminated sollids. Estimates of the design
quanflfles 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 operafion wlfh

1.0% falled fuel and 100 ppb Pu in pr!mary sodium.

11.5. 3 Equipme 1 Degcglngon

The equipment in the sol id radwaste system is shown schemaflcally In Flgure
11.5-1. The equnpmenf Includes a cement fllling station, a cement storage
bin, a filter handling station, a drumming station, a decanting station, a
concentrated waste col lectlon tank, a drum lnspecfion station, a- remofe ‘
operated crane, and a compactor, '

" The solld radwasfe sysfem is designed to perform ifs function with radiafion

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 shlelded to '

11.5-1
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’ permlf operafions, inspecf:on and malntenance wlth minlmal exposure to
personnet. All operations will be monitored to assure that radiation

.~ concentrations in .accessible areas are below the exposure |imits set by

10CFR20. The s+ruc+ure housing fhe solld radwaste sysfem I's designed to
Seismic Cafegory Ill SR S , ; .

The deslgn of the solid radwaste sysTem is based on widespread experience In
the nuclear - indusfry 'spanning two decades.” A critical review 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 plping and insfrumen+a+|on diagram of the solid Radloacfive Waste
Sysfem. :

Al solid radwasfe sys+em equipmenf and plping Is deslgned as qual Ity group
"D" based on the classlflcaTIons In Section 3.2.

.The operating procedures for handllng the five Inpu+ streams into the soIId

’ h_‘radwasfe system are as fol lows:

'E_ConcenTrafed llquads, whlch Include.: evaporafor bottom spent resins,

'~ sodium contaminated ethyl alcohol, and tritiated water from CAPS, are:
solidified. A fixed amount .of |lquid radwaste Is ‘metered into a 55

- gal lon drum which has been preloaded with cement. The drum is capped
thoroughly mixed by +umbl Ing, decontaminated by rinsing, monltored,
stored temporarily, and then transferred to a licensed contractor for:
-disposal. The solld radwaste system is presently estimated to process:
approxlma+ely one-hundred and fifty-three 55 gallon drums of solldated

~ evaporator bottoms and resins. In addition approximately 314 gal lons of -
‘sodium contaminated ethyl alcohol cleaning fluid from the fuel handling
cell and 300 gallons of tritiated water from CAPS Is expecfed to be

solidlfied via the same method. The annual amount of solidified sodium

~contaminated ethyl alcoho! Is expected to be contained in nineteen (19)
55 .gallon drums with a total activity of 1.2 curles. - The annual amount. .

of solidifled tritiated water is expected to be conTaIned in nine (9) 55' '

o gallon drums wlfh a +o+a| curie confen+ of 0.7 curles., *
Com ctible olld
-Compactible solfds such as rags, paper, and rubber seals will be

- col lected at various points throughout the plant and transferred to the
solid radwaste system. These types of sollds, after compac+lon are
estimated to have activity less than 9.5 x 105 Ci/f+3. Compactible

‘solids will be placed in 55-gal lon 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 llicensed confracfor for disposal afTer a suifable number Is
accumulafed

C11.5-2
o Amend. 65




‘Non=Compactible

Non-combab+lble sol f'ds lnClude uéed’supparf'+ools, contaminated filters, -
metal. from culllng operaflons such as an- lHX fube bundle, valves. and
vapor traps. o R

The Iow activlity non-compactible solids . will be placed in 55 gallon:

drums, capped, _decontaminated, monitored and placed in temporary storage. .
It is esllmafed that there will be a total of ninety-six (96) 55 gallon -
drums- shlpped per year containing non-compacllble sol lds .except fllters. .
Spent fllter cartridges from the. | iquid radwaste system will be remotely
placed in concrefe-lined 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 +haf sixteen (16) drums of .
this Type work wlll ‘be :generated yearly.

_Mefalllc Sodlum,ln Confalners _‘

Radloacflve sodlum wlll be presenl In The fuel handllng cell as a resul+
of fuel handllng operations. This metallic sodium will be transferred to
the radwaste system from the fuel handllng cell In 55-gal-lon drums. The
- ~ number of drums 'of waste 1s estimated to be two per year, each contalning
] about 20CI. ~ Since no'burial site will ‘accept sodium, the drums wil}l: .
‘ - . elther be. placed In storage on slfe or processed to a dlsposable form in.
a To be . deTermlned manner, :

No current disposal slte will accept sod 1 um or sodium bearlng water, For

of f site disposal of this type of waste, sodlum Is required to be =
removed. Where sodium removal Is not practical, the waste will be slored
in the RSB, : ‘ - : '

The sources of sodium bearling 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 |ife 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 Bullding.: Intermediate cold traps will require
" removal, and storage Is provlded at elevation 733! In the Reactor Service
Bullding. The ex-vessel storage tank cold trap is designed for the Ilfe
of +he plan+ and wlll not requlre removal. : :

-11.5. 4 Egpecfed y Lumes

.The expected volumes of -solid waste fo be shlpped and +he number of shlpmenfs
per year are listed ln Table 11.5-3.

:The estimates of vol umes, assoclafed curle cbnfenl, and principal nuclides are
~ based on the Inputs from the various systems expected to produce contamlnated
-maferlals. These sources have been described in some detail In Table 11.5-1.

11.5-3
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1t 5 5. chkaging

:“The packaging confalners for. waste disposal will be DOT approved 55-ga|lon.
drums or - commercially avallable shipping casks.. The permissible levels of
. activity for shipmenf will be wifhin levels set by Title 49, paris 120~ 189f
< (DOT). _ : _

11.5.6 §+oraqe FaciJi'iies

. TWo sforage vaults are available for Temporary sforage of radwasfe. ‘The
shielded drum sforage vauifs each have a capaci?y of 214 55 gallon drums.

: The expecfed on-sife sforage period for sol id: radwasfe drums Is six monfhs.
V,Esflmafed decrease in activity during this six month sforage period is
*approximafely 75% :

Locations of various componenfs of the solid. radwasfe sysiem are provided in.
Secflon 1.2 in the general arrangemenf drawings. of the RSB.

11.5.7 Shipment -

1iSolld radwaste will be shipped in vehicles provided by a licensed con+racfor
--for was*e disposal : :

: : Amend. AR5 -
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TABLE 11 5 1

DESIGN OBJECTIVE IN SOLID RADWASTE SYSTEM- PER YEAR
~IN TERMS OF. ANNUAL QUANTITIES

o Estimated
‘Volume Welght ot Acﬂva o o ; :
(13 {bsa) Gl S o Comments
Compacflble Sollds* : 210 ) 1.2 x 104" _ O 02 Ci ﬂ S -Rags, papér, and seals
Non-Compacflble Sollds ' '
"__ ’ Scrapped COmponenfsv o 705 . - 5.7x104. L 82 . Valves, Vapof traps, small components .’
o o o E : ‘ : : cteaned of sodlum " R
Resins L 125 5.6 x 103 . 280 . RWS - actlvated corrosion and
: o : o o . flsslon products’ :
|- Firters 0 118 =ReS  1.28 x 104 170 Activated corroslon and-fisslon
: . o S : products - .
= Solldified Liquid’ ‘ o , : L : o ‘ S
%h Radwas?e : ! 1000 . 1.4 x_105 ..2.8 x 103 . Concentrated evaporafor bottoms-
o C o :
h 'l? Sollditled Tritlated Water . . 67 S0 x 104 e 0i70 wioe . RAPS and CAPS.
:Mefalllc Sodtum f; 15 . . 4.5x102 . 40 - Sodlum from Reac+cr Refuellng
_ - - ' . o Opera*lon ]
Solldlfled Sodlum Confamlnafed o o e e oL ' .
) thyl Alcoho! ; . ) 140 2.1 x 104 Sz Cleanlng sotution, from FHC
Total 2380 2.6 x 105. 3.4 x 103

*Assume. compaction. fias decreased in volume by factor of 16,

RHS - Radwaste System
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- Isotope -

Na-22
Na-24
CY‘fS]
1 Mn-54

Co-58

| Co-60

" Fe-59
Sr-89
- Sr-90
- Y<90
1. Y-91
1 Nb-95

1 Zr-95
© Mo-99

" Ru-~103
Ru-106
~-Rh-106
“"Ag-111
Sb-125

Te-127m

Te-127

Te-129m

Te-129
" Te-132
I-131
I-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

INVENTORY OF DESIGN ANNUAL ACTIVITY OF SHIPPED WASTE

 Half-Life

12.3Y
2.6Y
158
28D
312D
71D
5.2Y
45D
51D
28.8Y
64.1H
58D
35D
64D
67D
40D
1Y
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
13.70
285D
M
11.1D
2.70
1.8Y
115D
86Y

2.0(4)Y

TABLE 11.5-2

Solidified Liquid
Waste (Ci)

Sodium Contam1nated
‘Solids (Ci) _
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| cm-242

49}

49

TABLE 11.5-2 (Continued)

INVENTORY OF DESIGN ANNUAL ACTIVITY OF SHIPPED WASTE

R , : Solidified Liquid - Sodium Contaminated
Isotope Half-Life . "Waste (Ci)’ 7 Solids ((Ci)
Pu-240 - 6.7(3)Y 1.34 - (-3)- 1.4 (-1)
Pu-241 13y 1.14 (-1) 1.6 (1)
-Pu-242 3.8(5)Y 2.89-(-6) 2.9 (-4)
Np-238. 2D 4.23 (-8) -

Np-239 - . 2.4D 2.05 (-4) -

1 Am-241 433Y 4.01 (-4) -

"~ Am-242m 152Y 1.58 (-5) -

| Am-242 T6H , - 1.58 (-5) -

| Am=-243 - 7.4(3)Y- - 1.85 . (-5) -

m-242- 163D 2.85 " (-4) -

Cm-243 -~ 30Y 3.90- (-6) -

Cm-244 - 18Y 8.14  (-5) -

! Less than 1 curie

Amend. 49

April 1979
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SOL ID RADWASTE SHIPMENTS PER YEAR |

Material

Compactible Sol ids

Non-Cbmpacffble Solids
Scrapped Components |
'ReSIns

Solidified Liquld Radwaste

Solldifled Tritiated Water

Solidlfled Sodium Contamlnated
Ethyl Alcohol

Filters

-%¥55-gal Drums

TABLE 11.5-3

Shipments
Per Year

0.3

1.5
1.2
3.5

0.1

0.3

1.1

Volume

13
- 210

705
125
1000

. 67

140

118

Contalners

Per Ye :
28

96 .
17

136

19

16
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Figure 111551 SOLID RADWASTE SYSTEM FLOW _DIAGRA_M'
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11.5-11

GENERAL NOTES

COMPONENTS, PIPING & YALVES
SHOWN BY DOTTED LINES
=== } AS REQUIRED

EQUIPMENT NUMBERS FOR MOTORS
ARE JIDENTICAL TO THE EQUIPMENT
NUMBER FOR THE DRIVEN EQUIPIENY
EXCEPT THAT THE LETTER

1S SUBSTITUTED FOR THE EQPT TYPE

3. ALLEGPT, PIPING IALYING, mer AUX.
N WITHIN * RADIOACT| -
soumncmou el PACKAGE
ITS T0 BE VENDOR FURNISHED
mssms VALVE c msmuuzm NOS5. Wil
PROVIDED ARTER CONTRACT AWARD,

-

®

LN LNE MUHBERS N THE SQUD WASTE
SYSTEM ARE ABRREVIAT
2HCDI-245WD 24 13 \JR\TTEN 2-D24. AL
OTHER \.NE DESGHATIM ARE AS
NOTED ON WOIVIDUAL LINE,

S -LINE M\MBEKS N THE LIQUID WASTE
ARE ABBREVIATED AS

1-HCOT-24LWD 1S WTTEN 1~ \.V—DN,ALL
OTHER LINE DESIGNATIONS ARE A
NOTED OM BACH \IIDIV\M l.\\l!

€ ALL INSTRUMENT AND CONTAROL VALVE
NUMBERS ON THIS DWG SHALL
PREFIXED BY 24SW UNLESS NOTED .
OTHERWISE

7. ALL IMSTRUMENT AND CONTR
YALVES HAVING AN ASTERISK (l) SKALL B&
PREFIXED BY 2410

8. UNLESS OTHERWISE INDICATED
BY SYMBOLOGY ALL DIAPHRA
VALVES ARE SPRING OPPOSED wiTH
POSITIONER AS APPLICABLI

9. PIPE LINE REDUCERS ¢ INCREASERS

ERNMI
OF REDUCERS ﬁ INCREASERS
SHOWN ACCORDINGLY

10. SYMBOLS § ABBREVIATIONS
AS PER WARD DOC. D-0036

."H. SYSTEM CLEANLINESS CLASSIFICATION:
ANSE CLASS B FOR INSTRUMENTATION,
ANS!I CLASS C FOR ALL OTHER
COMPONENTS 4 PIPING

REFERENCE DRAWINGS |

INSTRUMENT LOOP DIAGRAMS
NE 4783 SOLID RADIOACTIVE WASTE
FOR ADDITIONAL REFERENCES
SEE DRAWING NN53)

Waste
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11.6  OFFSITE RADIOLOGICAL MONITORING PROGRAM

The preoperaflonal environmental monITorlng program has the objec-
Tlve of establishing a baseline of data on the distribution of background radlo-
activity In the environrment near the plant site. With this background Informa-
tion, It will then be possible to determine any statistically significant changes
in the radlioactivity levels. The preoperational environmental radiological monl-
toring program will be initiated approximately two years prior to plant opera-
t+ion. The program outlined herein Is based on current regulatory guidelines and
monitoring philosophy. At such time that any monitoring program is implemented,
1+ may be revlsed to reflect changes In regulatory requIremenTs and monitoring
phliosophy. _

Evalua+lons after plant sTarTup wlll be made on the basls of the
basel Ines establ ished In the preoperational program, considering geography -and
the time of the year where these factors are appllicable, and by comparisons to:

. control stations where the concentrations of station effluents are expected to be

negliglble. In those cases where statistically significant increase In the
radloactivity level Is seen In a particular sampling vector but not in the con-
trol station, meteorology and speciflc nuclide analysis will be used to Idenflfy
+he source of the lIncrease.

The planned sambllng frequencfes-wlll ensure that s!gnlflcahf

-changes In the envlronmental radioactivity can bé detected. The vectors which

would flrst Indlcate 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
cruclal and adverse weather condlitions or equlpment fallure may on occaslon’

prevent collection of speciflc samples.

The capability of the environmental monltoring 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 provlde
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, fhe program
will be evaluated and broadened |f deemed necessary. :

From the data obtalned- from the radloanaly*lcal and 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 varlous locations throughout the Tennessee Valley reglon. Environ=
mental monitoring programs have been conducted in the vicinity of Oak Ridge,
Watis 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 obtalined .

"~ .utilizing fllm 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
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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 varlations: Oak Ridge 73-83 mR, Cha++anooga 68-74
mR, Watts Bar 68-69 mR, and Deca+ur 70-73 mR, : .

Measuremen+s will be made In the lmmedlafe vicinity of the CRBRP

slte and will provide basel ine data necessary for comparlson of background radla-

tion levels prior to and after startup of the planf.

11.6.2 Qnttuzﬂ_ﬁaimmnﬁLin_Man

: Although the amounts of radloacflvify added to the envlronmen+
from plant..operations are small, critical exposure pathways to man have been
Identifled In order to estimate the maximum dose to the individual and to estab-
ITsh the sampling requirements for the environmental radioactivity monitoring -

program. The six principal pafhways which can resul+ In radlation exposure to -
‘man are as fol lows: : . _

a; External exposures and Inhalation of gaseous releases.

'b. - Drinking water from the Clinch Rlver and from Well5'ln the Immediate.

vicinity of the plant.

c. Swimming, boating, and fishing In the Clinch RJver.;'

~d. Eating flsh from the. ClInch River.

e. Consumtng anlmal flesh and other animal producfs which may be affected by
plant operations. :

f. Eating foods grown In areas adjacent to the plant site affected by plan+
o releases.

: The environmental monitoring program as ou+|lned provides
sampllng 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 thermolumlnescent dosimeters will be utilized to

7| d.  Analysis of samples of river water, sediment, and fish will be correlated to.

- estimate external exposures and data from offsite air monlfors will be used
- to estimate contributing internal exposures.

b. Analyslis of water samples collected will be used to esfimafe the dose that

might be recelved from drinking water from +he Clinch River or from wells in

the vicinity of the plant,

c. Analysls of water samples will also be used to estimate The dose an indl-
: vldual might receive while swimming, boating, or flshlng on the lake in The
vicinity of the plant.

. estimate the dose that mlgh+ be received by an lndlvldual who eats flsh from
. +he Cllnch Rlver.
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edf. Analysis ot samples of alr, particulate ma++er, soll, vegefaflon, food
crops, and milk will be used to estimate the dose to the surroundlng popu-
lation through the consumption of food or dairy products.

The envtronmenfal monlfor!ng program fo be conducted throughout.
operation of the plant provides the necessary means of evaluating the dose fo man
through critical exposure pafhways.

anlronmenfal concenfra+lons of radloacflvlfy due - to planf
releases t+o 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 |lquld releases.

11.6.2.1 Qoses_tmm_ﬁ.as_e_qus_ﬁ.fi_menis

The following doses to humans living in the vlcinl+y of the CRBRP
will be calculated for the re|eases of radiocactive gases:

' a. External befa— and 'gamma-air doses from airborne radioactivity

57

k;;/

57i

57|
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b. Total body and skin doses from direct radlation due to ground contamination

C. Internal doses from Inhalation
d. ln+ernal doses from Ingesfion
| The basic assumpflons and calculational methods that wlll be used

in compufing these doses are similar to that described In the appendix to Sectlon
- 11.3.

Review of the dafa resulting from the offisfe monitoring: program
and reevaluations of the adequacy of the dose models will verify that the actyal
doses recelved by Individuals and the population as a whole remaln within the
applicable Federal Regulations and as low as reasonably achlevable.

11.6.2.2 Anternal Doses from Liquid Effiuents

The following doses will be calculated for exposures to radlo—'
nuclldes roufinely refeased In Iiquid effluents:

a."'lnfernal doses from the ingestion of water
b. lhfernal doses from The consumption of flsh
c. External and Internal doses from water sports

d. =Ex+erha} doses from shorellne'acfivlfles

The baslc assumptions and calcula+lonal methods that will be used

In compufing these doses are simllar +o that described in the appendlx to Secflon

S22,
. The dose models that are employed wlll be reevaluafed In llghf of.
- the dafa resulfing from +he of fsite monlforlng program to ensure that all signl-
| Amend. 57
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57| ficant pa+hways are Included In the calculations and to verlfy that the acfual
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doses recelved by Individuals and the population as a whole .remain within the
appl lcable Federal Regulaflons and as low as reasonably achlevable.

11.63 Samuﬂg_Memia_Lmﬂms.-_mm_Eneauﬂnﬂsﬁ

The sampling media, the locations from which the samples are
col lected, and the frequency with which the samples are .col lected are presented
in Table 11.6-1., Tentative sampling locations are shown in Figures 11.6-1 and
11.,6-2. The final selection of sampling locations will be made approximately one.
year prior to Implementation of the program. The medla selected were chosen on
two bases: First, those vectors which would readily Indicate .significant
Increases In radioactivlty levels, and secondly, those vectors which would Indi-
cate long-term bulldup of radiocactivity. Consideration was also glven to the
pathways which would 'result in exposure to man, such as milk and food crops. .
Locations for sampling stations were chosen affer considering meteorological fac-
tors and population density around the site. = Frequencies for sampling the
varlous vectors were established so that seasonal variations in radiocactivity -
levels might be determined. In addition, samples are collected durlng the season -
in which the major growth occurs to ascertain radioacflvlfy uptake by the vec+ors
during thelr mos+ suscepfible period of growth.’

11.6.4 Analytical Sensltivity

Samples will be collected rouflhely fol lowing establ ished proce%v
dures so that uniformity In sampling methods will always be assured. The samples
will be fransported to-a laboratory facility for preparation and processing. All

the radloanalytical and radlochemical analyses will be conducted In that |abore-

tory. The following types of equipment will be utilized In performing the
analyses: Pulse helght analyzers with solid and well Nal detectors and Ge(Li)
detectors; low background beta counters; liquld scintillation counters; GM detec-
tors; and Internal proporflonal counters., Data will be coded and stored In com-
puterized data base. ‘ . '

The deTécflon capablllfles for envlronmenTaI sample analyses will
be presented In the FSAR. The nominal lower |imit of detection (LLD) for the
various analytlcal techniques will be based on the method discussed In HASL-300 -

(ref. 1). The nominal LLD values are expected to: approximate the values recom-

mended In Regulatory Gulde 4.2: However, the LLDs will vary dependlng on the
activities of the varlous componenfs in the samples. ’

v

11.6.5 Data Analysls and Presentation

A quality control program has been established with the Tennessee
Department of Public Health Radiological Laboratory. Samples of alr particu-
lates, water, and milk will be collected and forwarded to this laboratory for
analysis. The results will be exchanged for compar!son to ald the laboratorles
in evaluating thelr analytical systems and minlmlzing errors In data producflon.

Data collec+lon around the operaf:ng plant wlll be compared to
daTa from control stations and from the preoperational program to identify the
ear{lest posslble indications of the accumulation or bulldup of radlonuclides in
the environment. During the Iife of the plant, this accumulation should exist In
no more fhan Trace amounfs, with only minor lmpacf on the environment.
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Reports describing the results of the environmental radlologlcal
monitoring activities wlill be submitted routinely as required by the Technical
- Speciflcations. The reports will follow the format used iIn reporting. environ—
mental radlologlcal data from TVA's other nuclear power facilities.

11.6.6 Program Statistlcal Sensltlvity

As prevlously noted, because of the expected smal | quantities of
radicactive material which may be released to the environment from the CRBRP, It
Is uncertaln 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 radloactive 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 glven In the appendices to Sectlons 11,2 and
11.3 fo estimate the possible exposure fo man. Because of the conservative
assumptlions applied in these models, the estimated dose to the population should
be higher than that actually recelved. However, TVA, even using the conservative
assumptions, will control the releases of radloactive materials to the environ-
ment such that the releases remaln within the applicable Federal Regulations and
as low as reasonably achlevable.

= The statistical sensitivity of the monltoring during accldent con-

ditions will not be different from those during normal plant operation and Is
expec+ed to detect concentrations well below 1OCFR Part 20 limits,
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TABLE 11.6-1
ENVIRONMENTAL RADIOLOGICAL SURVEILLANCE PROGRAM

o Collection _
: Criteria and Sampling Locations » Frequency ~ Analysis/Counting
I. Atmospher1c : SR
A. A1r _ . N , : v
1. Particulate " Filter paper at 12-15 locations ' ’ Wéeklybﬂ : Gross beta, gross alpha,
' : ' ' (gamma scan monthly, Pu
"~ and U quarter]y),
(895 90 sr)¢
- 2. Radfoiodine  Charcoal filter at 12-15 Jocations Weeky® 131
_3J'2 Moispufe - Sampling at 3-8 locations  ° , Weeklyb : 3H
B. .F?iTOQt ST - _Gumméd acetate at 12-15 locations . . Monthly . . .Gross'beta, gross a]pha'
T-c;"'RAinwateﬁ':_ ;'”ffi_‘ " Rainwater collection trays at712;15 locations Monthly - GrdsS‘beta gamma'séan
II. Reservoir
A water : : ‘ .
1. Municipal A11 public water supply intakes within 10 Month'lya o Gross beta, gross dlpha,
' (Pub]ic supp11es) miles upstream and downstream of the plant. gamma scan, °H monthly,
: : : : : ‘ S Pu quarterly _
2. River .. : ~Continuous samples from 4-8 locations Analyzed Monthly -  Gross beta, gross alpha,

gamasmn3HmmwMy,_
9sr, 90sp, Pu, U quar-
‘ter]y

a. All public water supp1ies w1th1n 10 miTes downstream of the p1ant will be collected automat1ca11y and analyzed
monthly.

b. Continuous sampling. 137, , :

c. Radiostrontium composite ana]yses if Cs is found in theagamma scan.
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B. Aquatic Biota
1. Fish

2. Shellfish

. (1f available)

L. Sediment o

;.:ffiLIQ: Tefrestfiolv”

‘A, Soil ,
fa:iiag;.Vegetation o

1. . Pasturage
o grass.

";*ijrass

:.t3gjffFood ¢r°P5;fﬁ -

C | Mﬂk_". .

- D, Well water

E. ‘D1fect radiation

TABLE 11.6-1 (Continued)

Criteria and Sampling Locations

Two locdtions

Four to six locations

Four to SiX‘JOC§tf0nSV

Atmospheric monitoring locations .

Selected dairy farms W1th1n 10-m11e

radius of plant

» "Collected at atmospheric monitoring stations

o Withln 10-mile radius of p]ant

selected dairy farms within 10-mile radius

of plant

Selected farms within 5 miles of plant and
1-