
886

CLINCH RIVER

BREEDER REACTOR PROJECT

PRELIMINARY
SAFETY ANALYSIS

REPORT

VOLUME 14

PROJECT MANAGEMENT CORPORATION



TABLE OF CONTENTS

Section

1.0 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT 1.1-1

1.1 INTRODUCTION 1.1-1

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

1.2 GENERAL PLANT DESCRIPTION 1.2-1

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

1.3 COMPARISON TABLES 1.3-1

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

1.4 IDENTIFICATION OF PROJECT PARTICIPANTS 1.4-1

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

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

Project Participants 1.4-22

1.5 REQUIREMENTS FOR FURTHER TECHNICAL INFORMATION 1.5-1

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

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

1.5.3 References 1.5-47

Amend. 68

May 1982



TABLE OF CONTENTS (Cont'd.)

1.6 MATERIAL INCORPORATED BY REFERENCE 1.6-1

1.6.1 Introduction 1.6-1
1.6.2 References 1.6-1

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

2.0 SITE CHARACTERISTICS 2.1-1

2.1 GEOGRAPHY AND DEMOGRAPHY 2.1-1

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

2.2 NEARBY INDUSTRIAL. TRANSPORTATION AND MILITARY
FACIL•ITIES 2.2-1

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

2.3 MEIEOROLOY 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 Monitoring Program 2.3-9
2.3.4 Short-Term (Accident) Diffusion Estimates 2.3-9
2.3.5 Long-Term (Average) Diffusion Estimates 2.3-13

2.4 HYDROLOGIC ENGINEERING 2.4-1

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

Rivers 2.4-10
2.4.4 Potential Dam Failures (Seismically and

Otherwise Induced.) 2.4-21
2.4.7 Ice Flooding 2.4-31
2.4.8 Cooling Water Canals and Reservoirs 2.4-31a
2.4.9 Channel Diversions 2.4-32
2.4.10 Flooding Protection Requirements 2.4-32
2.4.11 Low Water Considerations 2.4-33
2.4.12 Environmental Acceptance of Effluents 2.4-42
2.4.13 Groundwater 2.4-44
2.4.14 Technical Specification and Emergency Operation

Requirement 2.4-55

ii Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

SectIon

2.5 GEOLOGY AND SEISMOLOGY 2.5-1

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

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

Supplement 1 to Chapter 2 Deleted

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

3.0 DESIGN CRITERIA - STRUCTURES, COMPONENTS EQUIPMENT
AND SYSEMS 3.1-1

3.1 CONFORMANCE WITH GENERAL DESIGN CRITERIA 3.1-I

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

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

3.2.1 Seismic Classifications 3.2-1
3.2.2 Safety Classifications 3.2-2

3.3 WIND AND TORNADO LOADINGS 3.3-1

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

3.4 WATER LEVEL (FLOOD) DESIGN 3.4-1

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

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

SectIon

3.5 MISSILE PROTECTION 3.5-1

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

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

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

3.7 SEISMIC DESIGN 3.7-1

3.7.1 Seismic Input 3.7-1
3.7.2 Seismic System Analysis 3.7-4a
3.7.3 Seismic Subsystem Analysis 3.7-11
3.7.4 Seismic Instrumentation Program 3.7-16
3.7.5 Seismic Design Control 3.7-20

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

3.8 DESIGN OF CATEGORY I STRUCTURES 3.8"1

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

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

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

3.9 MECHANICAL SYSTEMS AND COMPONENTS 3.9-1

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

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

3.10.1 Seismic Design Criteria 3.10-1

iv Amend. 68

May 1982



TABLE OF CONTENTS (Cont'd.)

3.10.2

3.11

3.11.1
3.11.2
3.11.3
3.11.4
3.11.5

3A.0

Analysis, Testing Procedures and Restraint
Measures

ENVIRONMENTAL DESIGN OF MECHANICAL AND
ELECTRICAL EQUIPMENT

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

SUPPLEMENTARY INFORMATION ON SEISMIC CATEGORY I
STRUCTURES

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

REACTOR

SUMMARY DESCRIPTION

3.10-3

3.11-1

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

3A. 1-1

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

3A.8-1

4.1-1

3A. 1
3A. 2
3A. 3
3A. 4
3A. 5
3A. 6
3A. 7
3A..8I
4.0

4.1 4.1-1

4.1.1
4.1.2
4.1.3
4.1.4
4.1.5
4.1.6
4.1.7

4.2

I

4.2.1
4.2.2
4.2.3

4.3

4.3.1
4.3.2
4.3.3
4.3.4

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

MECHANICAL DESIGN

Fuel and Blanket Design
Reactor Vessels Internals
Reactivity Control Systems

NUCLEAR DESIGN

Design Bases
Description
Analytical Methods
Changes

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

4.2-1

4.2-1
4.2-118
4.2-228

4.3-1

4.3-1
4.3-3
4.3-69

v
Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

SectIon

4.4

4.4.1
4.4.2
4.4.3
4.4.4
4.4.5

5.0

5.1

5.1.1
5.1.2
5.1.3
5.1.4
5.1.5
5.1.6
5.1.7
5.1.8

5.2

THERMAL AND HYDRAULIC DESIGN

Design Bases
Description
Evaluation
TestIng and Verification
Core Instrumentation

HEAT TRANSPORT AND CONNECTED SYSTEMS

SUMMARY DESCRIPTION

Reactor Vessel, Closure Head, and Guard Vessel
Primary Heat Transport System
Intermediate Heat Transport System
Steam Generator System
Residual Heat Removal System
Auxillary Liquid Metal System
Features for Heat Transport System Safety
Physical Arrangement

REACTOR VESSEL. CLOSURE HEAD. AND GUARD VESSEL

Design Basis
Design Parameters
Special Processes for Fabrication and Inspection
Features for Improved Reliability
Quality Assurance Surveillance
Materials and Inspections
Packing, Packaging, and Storage

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

4.4-1

4.4-1
4.4-4
4.4-45
4.4-75
4.4-80

5.1-1

5.1-1a

5.1-Ia
5. 1-2
5. 1-5
5. 1-7
5.1-8
5.1-9
5.1-10
5.1-11

5.2-1

5.2-4
5.2-4b
5.2-7
5.2-8
5.2-1~d
5.2-11
5.2-1a

5.2A-1

5.3-1

5.3-9
5.3-9
5.3-33

5.3-72

5.4-1

5.4-1
5.4-6
5.4-12

5.2.1
5.2.2
5.2.3
5.2.4
5.2.5
5.2.6
5.2.7

5.3

5.3.1
5.3.2
5.3.3
5.3.4

5.4

5.4.1
5.4.2
5.4.3

PRIMARY HEAT TRANSPORT SYSTEM (PHTS)

Design Bases
Design Description
Design Evaluation
Tests and Inspections

INTERMEDIATE HEAT TRANSPORT SYSTEM (IHTS)

Design
Design
Design

B as I s
Description
Evaluation

vi
Amend. 68
May, 1982



TABLE OF CONTENTS (Cont'd.)

Sect I on

5.5 STEAM GENERATOR SYSTEM (SGS) 5.5-1

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

5.6 RESIDUAL HEAT REMOVAL SYSTEMS 5.6-1

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

5.6.2 Direct Heat Removal Service (DHRS) 5.6-20

5.7 OVERALL HEAT TRANSPORT SYSTEM EVALUATION 5.7-1

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

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

6.0 ENGINEERED SAFETY FEATURES 6.1-1

6.1 GENERAL 6.1-1

6.2 CONTAINMENT SYSTEMS 6.2-1

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

Mitigation System Functional Design 6.2-17

6.3 HABITABILITY SYSTEMS 6.3-1

6.3.1 Habitability System Functional Design 6.3-1

6.4 CELL LINER SYSTEM 6.4-1

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

vii

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Sect Ion

6.5 CATCH PAN 6.5-1

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

7.0 INSTRUMENTATION AND CONTROLS 7.1-1

7.1 INTRODUCTION 7.1-1

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

7.1.2 Identification of Safety Criteria 7.1-1

7.2 REACTOR SHUTDOWN SYSTEM 7.2-l'

7.2.1 Description 7.2-1
7.2.2 Analysis 7.2-13

7.3 ENGINEERED SAFETY FEATURE INSTRUMENTATION AND
CONTROL 7.3-1

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

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

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

7.4.2 Outlet Steam Isolation Instrumentation and
Control System 7.4-6

7.4.3 Remote Shutdown System 7.4-8a

7.5 INSTRUMENTATION AND MONITORING SYSTEM 7.5-1

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

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

Villl

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Section

7.6

7.6.1

7.6.2

7.6.3

7.6.4

7.6.5

7.7

7.7.1

7.7.2

7.8

7.8.1
7.8.2

7.9

7.9.1
7.9.2
7.9.3
7.9.4
7.9.5

8.0

8.1

8.1.1
8.1.2
8.1.3

8.2

8.2.1
8.2.2

8.3

8.3.1
8.3.2

OTHER INSTRUMENTATION AND CONTROL SYSTEMS REQUIRED
ORL SAEETY

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

INSTRUMENTATION AND CONTROL SYSTEMS NOT REQUIRED
FOR SAETIY

Plant Control System Description
Design Analysis

PLANT DATA HANDLING AND DISPLAY SYSTEM

Design Description
Design Analysis

OPERATING CONTROL STATIONS

Design Basis
Control Room
Local Control Stations
Commun I catl ons
Design Evaluation

ELECTRIC POWER

INTRODUCTION

Utility Grid and Interconnections
Plant Electrical Power System
Criteria and Standards

OFFSITE POWER SYSTEM

Description
Analysis

ON-SITE POWER SYSTEMS

AC Power Systems
DC Power System

7.6-1

7.6-1

7.6-3

7.6-3e
7.6-3f

7.7-3

7.7-1
7.7-16

7.8-1

7.8-1

7.8-2

7.9-1

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

8.1-1

8.1-1

8.1-1
8.1-1
8.1-3

8.2-1

8.2-1
8.2-4

8.3-1

8.3-1
8.3-44

Ix
Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Section

9.0

9.1

9.1.1
9.1.2
9.1.3
9.1.4

AUXILIARY SYSTEMS

FUEL STORAGE AND HANDLING

I 9.2

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

NUCLEAR ISLAND GENERAL PURPOSE
MAINTENANCE SYSTEM

Design Basis
System Description
Safety Evaluation
Tests and Inspections
Instrumentation Applications

AUXILIARY LIOUID METAL SYSTEM

9.2.1
9.2.2
9.2.3
9.2-4
9.2-5

9.3

Page

9.1-1

9.1-1

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

9.2-1

9.2-1
9.2-1
9.2-3
9.2-3
9.2-4

9.3-1

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

9.4-1

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

9.5-1

9.3.1
9.3.2
9.3.3
9.3.4
9.3.5

9.4

9.4.1
9.4.2
9.4.3
9.4.4
9.4.5

9.5

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

PIPING AND EQUIPMENT ELECTRICAL HEATING

Design Bases
Systems Description
Safety Evaluation
Tests and Inspections
Instrumentation Application

INERT GAS RECEIVING AND PROCFSSING RYRTFM

9.5.1
9.5.2
9.5.3
9.5.4
9.5.5

9.6

9.6.1
9.6.2
9.6.3
9.6.4
9.6.5
9.6.6

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

HEATING. VENTILATING AND AIR CONDITIONING SYSTFM

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

x

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

9.6-1

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

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Sect I on

9.7

9.7.1
9.7.2
9.7.3
9.7.4

9.8

9.8.1
9.8.2
9.8.3
9.8.4
9.8.5

9.9

9.9.1
9.9.2
9.9.3
9.9.5

9.10

9.10.1
9.10.2
9.10.3

9.11

9.11.1
9.11.2

9.12

9.12.1
9.12.2
9.12.3
9.12.4

9.13

9.13.1
9.13.2
9.13A

9.14

9.14.1

CHILLED WATER SYSTEMS

Normal Chilled Water System
Emergency Chilled Water System
Prevention of Sodium or NaK/Water Interactions
Secondary Coolant Loops (SCL)

IMPURITY MONITORING AND ANALYSIS SYSTEM

Design 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 Cooling 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

9.7-I

9.7-1
9.7-4
9.7-9
9.7-12

9.8-1

9.8-1
9.8-2
9.8-5
9.8-7
9.8-8

9.9-8

9.9-1
9.9-2
9.9-4
9.9-11

9.10-1

9.10-1
9.10-3a
9.1 0-3 a
9.10-4

9.11-1

9.11-1
9. 11-3

9.12-1

9.12-1
9.12-2
9.12-3
9.12-4

9.13-1

9.13-1
9.13-13

9.13A-1

9.14-1

9.14-1

PLANT FIRE PROTECTION SYSTE

Non-Sodium Fire Protection System
Sodium Fire Protection System (SFPS)
Overall Fire Protection Requirements -- CRBRP
Design Compared w ith APCSB 9.5-1 & ASB 9.5-1

DIESEL GENERATOR AUXILIARY SYSTEM

Fuel Oil Storage and Transfer System

xi Amend. 68

May 1982



TABLE OF CONTENTS (Cont'd.)

Section Ed

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

9.15 EQUIPMENT AND FLOOR DRAINAGE SYSTEM 9.15-1

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

9.16 RECIRCULATION GAS COOLING SYSTEM 9.16-1

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

10.0 STEAM AND POWER CONVERSION SYSTEM 10.1-1

10.1 SUMMARY DESCRIPTION 10.1-1

10.2 TURBINE GENERATOR 10.2-1

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

10.3 MAIN STEAM SUPPLY SYSTEM 10.3-1

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

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

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

xil

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

10.4.7
10.4.8

11.0

11.1

11.1.1
11.1.2
11.1.3
11.1.4
11.1.5

11.1.6

11.2

11.2.1
11.2.2
11.2.3
11.2.4
11.2.5
11.2.6
11.2.7
11.2.8

11.3

Condensate and Feedwater Systems
Steam Generator Blowdown System

RADIOACTIVE WASTE MANAGEMENT

SOURCE TERMS

Modes of Radioactive Waste Production
Activation Product Source Strength Models
Fission Product and Plutonium Release Models
Tritium Production Sources
Summary of Design Bases for Deposition of
Radioactivity In Primary Sodium on Reactor and
Primary Heat Transfer Surfaces and Within
Reactor Auxiliary Systems
Leakage Rates

LIQUID WASTE SYSTEM

Design Objectives
System Description
System Design
Operating Procedures and Performance Tests
Estimated Releases
Release Points
Dilution Factors
Estimated Doses
Appendix 11.2A Dose Models: Liquid Effluents

GASEOUS WASTE SYSTEM

10.4-9
10.4-14

11.1-1

11.1-1

11.1-1
11 .1-2
11.1-5
11 .1-7

11.1-7

11.1-10

11.2-1

11
11
11
11
11
11
11
11
11

.2-1

.2-2

.2-4

.2-5

.2-6

.2-6

.2-7

.2-8

.2A-I

11.3-1

11.3.1
11.3.2
11.3.3
11.3.4
11.3.5
11.3.6
11.3.7
11.3.8

11.4

Design Base 11.3-1
System Description 11.3-1
System Design 11.3-1
Operating Procedures and Performance Tests 11.3-1
Estimated Releases 11.3-1
Release Points 11.3-1
Dilution Factors 11.3-1
Dose Estimates 11.3-1
Appendix 11.3A Dose Models: Gaseous Effluents 11.3A-

PROCESS AND EFFLUENT RADIOLOGICAL MONITORING SYSTEM 11.4771

0
la
4
5
7
7
1

I
11.4.1
11.4.2
11.4.3

Design Objectives 11.4-1
Continuous Monitoring/Sampling 11.4-2
Sampling 11.4-3

xill Amend. 68

May 1982



TABLE OF CONTENTS (Cont'd.)

11.5 SOLID WASTE SYSTEM 11.5-1

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

11.6 OFFSITE RADIOLOGICAL MONITORING PROGRAM 11.6-1

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

12.0 RADIATION PROTECTION 12.1-1

12.1 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 VEILATION 12.2-1

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

12.3 HEALTH PHYSICS PROGRAM 12.3-1

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

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

xlv

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Section

13.0 CONDUCT OF OPERATIONS 13.1-1

13.1 ORGANIZATIONAL STRUCTURE OF THE APPLICANT 13.1-1

13.1.1 ProJect Organization 13.1-1
13.1.2 Operating Organization 13.1-5
13.1.3 Qualification Requirements for Nuclear Plant

Personnel 13.1-12

13.2 TRAINING PROGRAM 13.2-1

13.2.1 Program Description 13.2-1
13.2.2 Retraining Program 13.2-6
13.2.3 Replacement Training 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 Training 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 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 Maintenance Instructions 13.5-3

Amend. 68
May 1982

xy



TABLE OF CONTENTS (Cont'd.)

SectIon

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

13.6 PLANT RECORDS 13.6-1

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

13.7 RADIOLOGICAL SECURITY 13.7-1

13.7.1 Organization and Personnel 13.7-1
13.7.2 Plant Design 13.7-3
13.7.3 Security Plan 13.7-6

14.0 INITIAL TESTS AND OPERATION 14.1-1

14.1 DESCRIPTION OF TEST PROGRAMS 14.1-1

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

Design Features 14.1-6

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

15.0 ACCIDENT ANALYSES 15.1-1

15.1 INTRODUCTION 15.1-1

15.1.1 Design Approach to Safety 15.1-1
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 15.2-1

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

xvi
Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

St15.o

15.3

15.3.1
15.3.2
15.3.3

15.4

15.4.1
15.4.2
15.4.3

15.5

15.5.1
15.5.2
15.5.3

15.6

15.6.1

15.7

15.7.1
15.7.2
15.7.3

15. A

16.0

16.1

16.1.1
16.1.2
16.1.3
16.1.4
16.1.5
16.1.6
16.1.7
16.1.8
16.1.9

UNDERCOOLING DESIGN EVENTS - INTRODUCTION

Anticipated Events
Unlikely Events
Extremely Unlikely Events

LOCAL FAILURE EVENTS - INTRODUCTION

Fuel Assembly
Control Assemblies
Radial Blanket Assembly

FUEL HANDLING AND STORAGE EVENTS - INTRODUCTION

Anticipated Events (None)
Unlikely Events
Extremely Unlikely Events

SODIUM SPILLS - INTRODUCTION

Extremely Unlikely Events

OTHER EVENTS - INTRODUCTION

15.3-1

15.3-6

15.3-29
15.3-38

15.4-1

15.4-2
15.4-42
15.4-51

15.5-1

15.5-4
15.5-4
15.5-23

15.6-1

15.6-4

15.7-1

15.7-3
15.7-9
15.7-18

15.A-1

16.1-1

16.1-1

16.1-1
16.1-2
16.1-3
16.1-5
16.1-5
16.1-6
16.1-6
16.1-6
16.1-6

Anticipated Events
Unlikely Events
Extremely Unlikely Events

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

TECHNICAL SPECIFICATIONS

DEFINITIONS

Reactor Operating Condition
Reactor Core
Plant Protection System Instrumentation
Safety Limit
Limiting Safety System Setting (LSSS)
Limiting Conditions for Operation (LEO)
Surveillance Requirements
Containment Integrity
Abnormal Occurrence

xviI

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Sect I on

16.2

16.2.1
16.2.2

16.3

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

16.4

16.4.1
16.4.2
16.4.3
16.4.4
16.4.5
16.4.6
16.4.7
16.4.8

16.4.9

16.5

16.5.1
16.5.2
16.5.3
16.5.4
16.5.5

16.6

16.6.1
16.6.2
16.6.3
16.6.4

SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS 16.2-1

Safety Limit, Reactor Core
Limiting Safety System Settings

LIMITING CONDITIONS FOR OPERATION

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

SURVEILLANCE REOUIREMENTS

16.2-1
16.2-1

16.3-1

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

16.4-1

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

16.4-15

16.4-15a

16.5-1

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

DESIGN FEATURES

Site
Confinement/Containment
Reactor
Heat Transport System
Fuel Storage

ADMINISTRATIVE CONTROLS

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

16.6-1

16.6-1
16.6-1
16.6-4

16.6-6I

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

xviil

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

FAQQ

16.6.5

16.6.6
16.6.7
16.6.8

17.0

17.0.1
17.0.2
17.0.3
17.0.4
17.0.5

17.1

17.1 .1
17.1.2
17.1.3
17.1.4

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

QUALITY-ASSURANCE - INTRODUCTION

Scope
Quality Philosophy
Participants
Project Phase Approach
Applicability

QUALITY ASSURANCE DURING DESIGN AND CONSTRUCTION

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

xix

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

17.0-1

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

17.1-1

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

Amend. 68
May 1982



TABLE OF CONTENTS (Cont'd.)

Sectni on

Appendix 17A

Appendix 17B

Appendix 17C

Appendix 17D

Appendix 17E

Appendix 17F

Appendix 17G

Appendix 17H

Appendix 171

Appendix 17J

A Description of the Owner Quality
Assurance Program

A Description of the Fuel Supplier Quality
Assurance Program

A Description of the Balance of Plant
Supply Quality Assurance Program

A Description of the ARD Lead Reactor
Manufacturer Quality Assurance Program

A Description of the Architect-Engineer
Quality Assurance Program

A Description of the Constructor Quality
Assurance Program

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

A Description of the ARD Reactor Manufacturer
Quality Assurance Program

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

A Description of the ESG-RM Quality
Assurance Program

Computer Codes

General Plant Transient Data

Safety Related Reliability Program

Deleted

Deleted

Deleted

Plan for Inservice and Preservice Inspections

Post TMI Requirements

Page

17A-1

171B-1

17C-1

17D-1

17E-1

17F-1

17G-1

17H-1

171-1

17J-1

A-1

B-1

C. 1-1

G-1

H-1

Appendix

Appendix

Appendix

Appendix

Appendix

Appendix

Appendix

Appendix

A

B

C

D

E

F

G

H

xx Amend. 68
May 1982



PSAR Appendix C

SAFETY RELATED RELIABILITY PROGRAM



Table of Contents

Section Title Page

C.1.O Introduction C.l-l.
C.l.l Program Objectives C.1-I
C.l.2 Reliability Program Focus C.1-1
C.l.3 Program Design C.l-5
C.l.3.1 Design Integration C.l-5
C.1.3.2 Qualitative Reliability Analysis C.l-5
C.1.3.3 Quantitative Reliability Analysis C.l-7
C.1.3.4 Test Program Rationale C.l-7
C.l.4 Program Implementation Procedures C01-8
C.l.5 Appendix Content C.l-lO

C.2.O Program Guidelines C.2-1
C.2.1 Component Level Evaluations C.2-1
C.2.2 System Level Evaluations C..2-2
C.2.2.1 Numerical System/Subsystem Evaluations C.2-3
-C.2.2.2 Qualitative System/Subsystem Evaluations C.2-4
C.2.3 Testing C.2-6

C.3.0 Systems Descriptions C.3-1
C.3.1 Reactor Shutdown System C.3-1
C.3.1.1 Overall System Function C.3-1,
C.3.1.2 Design Description C.3-1
C.3.2 Shutdown Heat Removal System C.3-7
C.3.2.1 Overall System Function C.3-7
C.3.2.2 Design Description C.3-7
C.3.2.3 Heat Removal Operational Description C.3-9
C.3.2.4 Electric Power Considerations C.3-11

C.4.0 Evaluation Focal Points C.4-1
C.4.1 Reactor Shutdown System -C.4-1
C.4.1.1 Primary Mechanical Subsystem (PMS) C.4-1
C.4.*.2 Secondary Mechanical Subsystem (SMS) C.4-6
C.4.1.3 Electrical Subsystem (ES) C.4-9
C.4.2 Shutdown Heat Removal System _ C.4-12
C.4.2.1 Primary Heat Transport System (PHTS) C.4-12
C.4.2.2 Intermediate Heat Transport System (IHTS) C.4-13
C.4.2.3 Steam Generator System (SGS) and Steam Generator

Auxiliary Heat.Removal (SGAHRS) C.4-14
C.4.2.4 Direct Heat Removal Service (DHRS) C.4-15
C.4.2.5 Interfacing Systems C.4-16

C.5.0 Reactor Shutdown System Evaluation C.5-1
C.5.1 Primary Mechanical Subsystem Evaluation C.5-2
C.5.1.1 Analysis C.5-2
C.5.1.2 Testing C.5-5
C.5.2 Secondary Mechanical Subsystem Evaluation -C.5-12

C-i Amend. 36
March 1977



Table of Contents (Cont'd)

Section Title Page

C. 5.2.1 Analysis C.5-12
C.5.2.2 Testing C. 5-13
C.5.3 Electrical Subsystem Evaluation C.5-17
C.5.3.1 Analysis C.5-17
C.5.3.2 Testing C.5-18
C.5.4 Interfacing Components Evaluation C.5-21.
C.5.4.1 Analysis C.5-21
C.5.4.2 Testing C.5-23
C.5.5 Diversity Considerations C.5-23

C.6.0 Shutdown Heat Removal System Evaluation C.6-1
C.6.1 Primary Heat Transport System (PHTS) C.6-1
C.6.I.l Analysis C.6-1
C.6.1.2 Testing C.6-2
C.6.2 Intermediate Heat Transport System (IHTS). C.6-8
C.6.2.1 Analysis C.6-8
C.6.2.2 Testing C.6-9
C.6.3 Steam Generator System (SGS) C.6-10
C.6.3.1 Analysis C.6-10
C.6.3.2 Testing C.6-12
C.6.4 Steam Generator Auxiliary Heat Removal System (SGAHRS) C.6-14
C.6.4.1 Analysis C.6-14
C.6.4.2 Testing C.6-16
C.6.5 Direct Heat Removal Service (DHRS) C.6-16
C.6.5.1 Analysis -C-6-16
C.6.5.2 Testing C.6-17
C.6.6 Interfacing Systems C.6-17
C.6.6.1 Analysis C.6-17
C.6.6.2 Testing C.6-18
C.6.7 Common Cause Failure Analysis Ci.6-1

C.7.0 Program Evaluation C.7-1
C.7.l Reactor Shutdown System C.7-1
C.7.1.l Primary Control Rod Systemn C.7-1
C.7.1.2 Secondary Control Rod System C.7-3
C.7.1.3 Electrical Subsystem C.7-4
C.7.2 Shutdown Heat Removal System C.7-5

C.8.0 References C.8-1

Addendum I Test Facilittes Description C.A.-

Amend. 36
C-ii March 1977



List of Tables

Table No.

C.2-1
C.5-1
C.5-2
C.5-3

C. 574
C.' 5-5
C.7-1
C.7-2

C.7-3
C.7-4
C.7-5

Title

Failure Ranking Criteria
PCRS Failure Modes and Resolution Summary
SCRS Failure Modes and Resolution Summary
Electrical Subsystem
Performance Tests
Mechanical Subsystem Design Diversity
Electrical Subsystem Design Dive-rs-ty
PCRS Design Features for Reliability Enhancement
Interfacing Component Design Features of Reliability
Enhancement
SCRS Design Features for Reliability Enhancement
SHRS Design Features for Reliability Enhancement
SHRS Interfacing Systems Design Features for
Reliability Enhancement

C.2-9
C.5-25
C.5-28

C. 5-33
C. 5-34
C.5-37

C.7-77

C.7-8,
C.7-9
C.7-1O

C.7-11

Page

C-iii
Amend.. 36
March 1977



List of Figures

Figure No. Title Page

C.1-I

C.l-2
C.2-1
C.3.l-I
C.3.1-2
C.3.2-1
C.3.2-2

RM Reliability Engineering:/Design Engineering
Interface Definition Chart
PO/LRM/RM Interface Definition Chart
Reliability Evaluation Activities
Control Rod Systems Schematic -,Reactor Elevation
Reactor Shutdown System Schematic
Shutdown Heat Removal Systems Schematic (without DHRS)
The Direct Heat Removal Service.(DHRS) Showing Its
Relationship to Other Components and Systems

C.1-11
C.1-12
C.2-10
C.3-12
C.3-13
C.3-14

C.3-15

Amend. 36
March 1977C--iv



C.1.0 Introduction

C.l.l Program Objectives

This appendix provides a description of the objectives, scope,
method of implementation and current status of the CRBRP Reliability Program.
The basic objective for this program is to provide additional assurance
(beyond the normal design process) that the probability of.exceeding the
radiological release guidelines defined in IOCFRIO0* is acceptably low.
The focus of the program is on those safety related systems which act to
prevent accidents which result in potential radiological release.

Licensing requirements and associated Regulatory Guides currently
in use on thermal reactors are directed towards the goal of1prevention of
significant radiological release. Where those requirements and guides are
applicable to LMFBR's, they are being applied to CRBRP. The basic design
.of the safety related systems in CRBRP therefore provides a level of
protection against radiological release comparable to that provided in
thermal reactors. Features of the safety.related systems in CRBRP however
differ in some respects from those in equivalent thermal reactor systems.
In view of these differences, it was considered prudent to devote additional
effort to the design, development testing, fabrication, shipping, installa-.
tion, operation and maintenance of the safety related systems for CRBRP.
The CRBRP Reliability Program is one of the principal vehicles for the appli-
cation of this additional effort.

Radiological release guidelines are specified in 1OCFR100* in
terms of the potential biological doses received by individuals located at
the boundaries of the exclusion area and low population zone. A broad
interpretation of the Reliability Program objectives would involve a reli-
ability evaluation of systems having an effect on accidental radioactive,
dose at the appropriate boundary. It is important to note however that
event chains postulated for significant radioactive doses at the appropriate
boundary involve the l.oss of coolable .geometry in components and assemblies
containing radioactive species. The program objective can therefore be
conservatively restated as one of preventing the loss of coolable geometry
.in components and assemblies containing radioactive species. This more
conservative program objective was adopted to gain the important advantage
of being able to focus the Reliability Program resources on the more impor-
tant safety related systems.

C.l.2 Reliability Program Focus

All significant quantities of radiological species in CRBRP are
housed in one of six locations. These are (a) the ex-vessel storage tank,
(b) the ex-vessel transfer machine, (c) the primary cold traps, (d) the
radwaste system, (e) the primary coolant and (f) the reactor core. Each of

*lOCFRlOO defines whole-body and thyroid dose guidelines while equivalent
guidelines for lung and bone doses are used as defined by NRC guidance
received in the letter from Denise to Caffey dated May 6, 1976.
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these potential. sources for release of radiological species was .evaluated
during the initial stages of planning the Reliability Program. The. objective
for this evaluation was to determine where the Reliability. Program resources

should be applied in order to maximize the.benefit from the program. As a
result of this evaluation, it was determined that the focus of program ac-
tivities should be on.prevention of loss of coolable geometry in the reactor
core. Rationale backing this conclusion are summarized in the following
paragraphs.

Ex-Vessel Storage Tank (EVST)

Fuel assemblies within the EVST are stored in a sub-critical con-
figuration in sodium filled pots. The centerline spacing of adjacent fuel
assemblies, is in excess of 9 inches. The combination of this centerline
spacing and the additional structural barriers provided by the core component
pots effectively precludes any possibility of fuel failure propagation within
the EVST.

Heat transfer from the stored fuel assemblies to the cooling sodium
within the EVST will normally be accomplished by forced convection provided by
two redundant cooling loops. In the event that both forced circulation
loops should be unavailable,.a third independent and diverse loop is
provided to maintain acceptable temperatures within the EVST. This loop
utilizes natural circulation for heat transfer from the source to the sink
and has no external power requirements. The EVST is also equipped with a
guard vessel which prevents lowering of the sodium level to a point where
cooling of the stored fuel array would be impaired.

Based upon these considerations, it was concluded that no credible
mechanism existed whereby a major portion of fission product inventory of the
stored fuel in the EVST could be released to the atmosphere of the reactor
service building.

Ex-Vessel Transfer Machine (EVTM)

Fuel is transported from the reactor to the EVST in the Ex-Vessel
Transfer Machine (EVTM). During transportation, fuel is housed in a sodium
filled core component pot within a sealed compartment. Redundant seals are
provided where they cannot be reached by sodium. The EVTM has been designed
such that, even if all the sodium were to leak from the core component pot
and allow fuel cladding melting, the seals will maintain their function
(see Section 15.7.3.1 of the PSAR). Reactor Service Building exhaust
filtering provides margin to accommodate releases in the event both seals
failed after a release of fission gas into the EVTM.

Primary Cold Traps

Each cold trap consists of an economizer and a crystallizer tank.
Primary sodium impurities, including fission products released to the coolant
from failed fuel pins, are condensed and deposited on collector sites in the
crystallizer. The cold trap is located within an inerted steel lined cel.l.
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For the purpose of assessing the potential magnitude of a release of
radioactive species from the cold trap, a rupture of the crystallizer tank was
assumed followed by a sodium fire. The radioactive Inventory in the cold trap
was assumed to be that resulting from 15 years operation with 0.5 percent
failed fuel. Leakage from the reactor containment building (RCB) to the
confinement annulus was based upon a very conservative estimate of the RCB
overpressure. The mitigating effect that the confinement annulus has on
leakage to the atmosphere was neglected. Resulting irradiation doses were
calculated for the site boundary location and a number of downwind locations.
Results from this analysis (provided In Section 15.7.2.7 of the PSAR)
indicated that large margins existed between the potential doses and the
applicable guideline values. It was concluded that a malfunction of the cold
trap system would not result In a violation of the 1OCFRIO0 and equivalent
guidelines previously outlined.

Radwaste System

The liquid radwaste system utilizes components such as evaporators,
deminerallzers and filters whose performance has been demonstrated in LWR's.
Operating procedures and tests will assure that the system Is performing as
designed and within technical specifications.

Analysis has been performed for a postulated failure of a tank containing the
largest inventory of radioactivity in the liquid radwaste system, I.e., the
radwaste collection tank. This analysis is provided In Section 15.7.2.5 of
the PSAR. An analysis of the effects and consequences of the event has been
performed assuming no credit for the cell floor drains or operator actions.
Postulated gaseous and liquid releases associated with this tank failure have
been shown to be well within specified limits.

The gaseous radwaste system utilizes components such as cryostills and
charcoal absorber beds which process and purify reactor cover gas and, as
necessary, gas from Inerted cells. Selected tests are to be performed during
scheduled plant outage periods to ensure that components are performing
consistently within specifications.

Analyses have been performed for postulated component failures for equipment
which could contain significant inventories of gaseous radwaste. Design
features for the CRBRP include permissible leak rate containment
specifications and testing provisions, as necessary, to achieve off-site
consequences in compliance with Federal guidelines. Preliminary analyses
provided in Section 15.7.2.4 of the PSAR indicate that off-site consequences
of postulated events for the gaseous radwaste system will be In conformance
with specified limits.
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Primary Coolant

The primary coolant will become radioactive from activation of the sodium and W
from release of radioisotopes from fuel pins In the core. A program has been
established to assure the Integrity of the primary coolant boundary (see
Section 1.6 of the PSAR, Reference 2). A sodium leak detection system Is
provided to detect small leaks so that operator action can be taken to limit
leakage. In addition, inert atmosphere, cell liners and the containment
Isolation system limit the consequences of postulated leaks to well below the
specified limits (see Section 15.6.1.4 of the PSAR).

Reactor Core

Fuel located within the core represents a major inventory of radioactive
species. Prevention of the release of radioactive species from the core must
be accomplished by means of the reliable operation of the appropriate safety
related systems. This reasoning led to the emphasis in the Reliability
Program being placed on those systems, the malfunctions of which could lead to
a loss of coolable core geometry. Loss of coolable core geometry Is believed
to occur following cladding melting. For the purposes of the Reliability'
Program evaluation It has been conservatively assumed that loss of coolablie
geometry will occur at the onset of coolant boiling.

Postulated events which could lead to the loss of coolable core geometry can
be divided Into three categories. These are (a) events which result from the
failure to shutdown power generation within the core when required, (b) events
which result in a failure to remove the residual heat from the core in its
shutdown condition and (c) fuel failure propagation. The systems designed to
perform functions which would prevent these failures are the Reactor Shutdown
Systems (RSS) and the Shutdown Heat Removal Systems (SHRS). The focus of the
Reliability Program activities is therefore on reliability enhancement and
verification of these systems (RSS and SHRS). Interfacing equipment and
systems are included in the scope of the program when their malfunction could
result In a safety related malfunction of either the RSS or the SHRS. Fuel
failure propagation evaluations presented in Section 15.4 of the PSAR
eliminate consideration of that failure mode as a potential initiator of
significant radiological release.

The RSS is comprised of a primary shutdown system and a secondary shutdown
system. As a safeguard against common cause failures, these systems differ
substantially both in design and mode of operation of electronic and
mechanical components. Major segments of the Reliability Program are devoted
to the primary and secondary shutdown systems.

Shutdown heat removal capability Is provided via four redundant heat remov al
paths. Three of these paths utilize the three heat transport loops. The
normal short term heat sink for these loops during reactor shutdown is the
turbine generator condenser. In the event of failure of this heat sink, a
backup heat sink Is provided. The backup heat sink utilizes steam release to
the atmosphere and an auxiliary feedwater system to provide an initial high
capacity heat sink coupled with protected air cooled condenser heat exchangers
for long term heat rejection. The protected air cooled condenser heat
exchangers are also used during normal long term shutdown.
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The fourth shutdown heat removal path is via the Direct Heat Removal Service
(DHRS). The DHRS makes use of the sodium overflow-makeup system to extract
hot sodium from the reactor vessel and return cold sodium. Circulation of
sodium through the core Is achieved by means of forced circulation In the
primary loops. Heat extraction from the sodium overflow-makeup loop Is
achieved via a heat exchanger located In the sodium makeup line. This heat
exchanger is coupled to the EVST NaK cooling loops. Heat sink capability in
this system Is supplied by the EVST air cooled heat exchangers.

C.I.3 Program Design

The design of the CRBRP Reliability Program has been dictated by a number of
key requirements and constraints. Some of these requirements and constraints
would be common to any Reliability Program while others are unique to the
CRBRP. The following paragraphs (a) Identify some of the more Important
factors considered In the design of the program and (b) Indicate how these
factors Influenced the selection of program features.

C.1.3.1 Design Integration

A basic ground rule set prior to the Initiation of design work on the
Reliability Program was that the primary objective for the program would be
reliability enhancement In the RSS and SHRS. The Intent of this ground rule
was to ensure a direct integration of the Reliability Program and the
component/system design activities. The most readily visible program feature
stemming from this integration are the component level qualitative reliability
assessments and the system level Reliability Design Support Documents. These
documents are produced by the appropriate Design Engineering organization for
items listed on the Reliability Related Components List (defined In Section
C .1.4). The document Is subject to approval by the Reliability organization.
The requirement for the Reliability Design Support Document has the effect of
ensuring direct Reliability Engineering involvement in the design process.

Reliability verification was set as a very Important second objective.
Reliability verification is achieved by a combination of component and system
feature tests run under both design conditions and overload conditions coupled
with qualitative reliability analyses at both the component and system levels
and quantitative analysis at the RSS and SHRS levels.

C.1.3.2 Qualitative Reliability Analysis

The Initial step In the qualitative reliability analysis is a preliminary
total system Failure Mode and Effects Analysis (FMEA) for both the RSS and
SHRS. Results from this analysis are used as a means of providing an Initial
Identification of those system features having a significant Impact on the
overall system reliabillity.
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Refinement of the system level FMEA Is then achieved by rebuilding, it frcm the
component level up. The basic building block used in this process Is the
component level FMEA produced as a part of the component reliability
qual itative assessments. This procedure for refining the system level FMEA
was adopted as a means of assuring that the technology used In the design of
many CRBRP componentslIs reflected in an accurate and balanced manner in the
reliability evaluations. Examples of this new technology are the high
temperature design rules used In the design of outlet plenum and hot leg
components and the irradiation effects (swel ling, creep and ductility loss)
technology used In the design of core components. Application of this
technology Is handled by specialists who are experts In their particular
field. By requiring that the system level FMEA be reconstructed using FMEA's
produced at the component level, the program assures that all necessary
specialists, especially those who are experts In these specialized areas, are
involved in the production of the FMEA building blocks. This process
minimizes the potential for failure mode omission in areas of specialist
know ledge.

At the component level, the failure mode criticality and probability ratings
(detined In Section C.2.1) are related only to that portion of the RSS or SHRS
directly impacted by the failure. The component designer does not make final
judgments relative to the total system response to the fallure of his
component. This restriction Is imposed to assure that component level failure
mode Impacts are not distorted by judgments based on an inadequate
understanding of the system design.

The FMEA's contained In the component level qualitative reliability
assessments are used by the system designers and reliability engineers to
build system level qualitative assessments. In using the component level
FMEA's to assess the system level effects, the system designer working with
the reliability engineer reviews each component level failure mode and may
modify Its criticality and probabillty ratings based upon his knowledge of the
total system response to the postulated failure. Typical of the factors
considered in this reevaluation are system redundancy and the potential for
common cause failures. The system level qualitative assessment is
continuously updated as the component level input data are updated. The
component level data are updated as the component proceeds through the various
stages of design, fabrication, etc. System level FMEA's are used to guide, the
application of Reliability Program resources.

In performing the system level qualitative reliability analysis, special
attention Is paid to any failure mode or initiating event which has the
potential to produce concurrent failure of more than one element of a system
or more than one system. Failures in this category are termed common cause
failures. Some of the measures adopted in the ReliabilIty Program to provilde
protection against this type of failure Include (a) Imposing a requirement, for
diversity In the design of the RSS and SHRS, (b) requiring that essential
safety related systems be redundant and have excess capacity and
(c) performing evaluations and recommending corrective action to mitigate the
consequences'of any feature of a system or interfacing component which has

'j potential susceptibility to common cause failures.
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C.1.3.3 Quantitative Reliability Analysis

Quantitative reliability analysis plays an important role In the CRBRP
Reliability Program. Its primary uses are (a) as a tool for the evaluation of
systems (b) as a means for evaluating random independent failure modes, (c) as
a decision aid for selecting between alternative designs, (d) as a guide for
the design of the testing and analysis program and (e) as the basis for
sensitivity studies to evaluate the range of unreliability due to
uncertainties. As part of these evaluations, a top level system failure
probability is calculated.

It is important to note that all the primary uses for the numerical
reliability analyses are as aids in decision making. The analyses are not
intended to demonstrate compliance with a top level system failure rate. The

5 decision not to set a numerical failure probability requirement for the RSS
and SHRS Is a reflection of the current developmental nature of numerical
reliability analysis in the field of nuclear safety systems.

An update of the reference (3) Preliminary Rellabiilty Prediction for CRBRP
SHRS will be available in January 1983. This will be the final SHRS
reliability assessment update based on failure state block diagram modeling.
Subsequent quantitative assessments will be based on the SHRS fault tree model
being constructed for the CRBRP Probabilistic Risk Assessment. The primary
reason for basing future reliability program numerical predictions and studies
on the PRA fault tree model is the potential for additional level of
resolution being modeled for SHRS and the supporting systems. This level of
modeling will allow more extensive studies of potential for supporting systems
Interactions.

C.1.3.4 Test Program Rationale

Major objectives for the test program are (a) an Identification to the
appropriate design group of potential failure points in the design of the
components/systems, (b) a deterministic evaluation of component/system
performance margins as defined by the difference between the design operating
envelope and the success envelope as defined by the test and (c) where
possible to generate sufficient statistical data to be able to make meaningful
probabilistic predictions of the component/system performance.

Tests that support the Reliability Program can be placed In one of three
categories. These are: (a) component level or system feature tests, (b)
system level tests and (c) materials tests. The tests are chosen on the basis

5 of the criticality of the failure modes identified by the FMEA.

A significant segment of the test program Is devoted to component tests and
system feature tests. Tests performed at this level make possible the
investigation of a wide range of conditions Including overload conditions up
to the point where failure may occur. A major objective for these tests Is
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the Identification of any areas of the design where reliability enhancement Is
desirable or necessary. The tests also result In the definition of the multi-
dimensional success envelope for the component or system feature. The
boundaries of this envelope can be compared with the boundaries of the design
envelope for the component or system feature. This comparison provides a
deterministic measure of the performance margin Inherent in the component/
system feature design.

0
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System level tests are specified as appropriate to evaluate wear related
phenomena, Identify any failure modes which are real-time dependent (dormant
failures), Identify failure modes related to manufacturing variations,
evaluate the effects of maintenance and operating procedures and Identify
failure modes associated with interface features not Included In the
component/system feature tests. Particular emphasis In the system level tests
is placed on providing as exact a simulation as possible of the actual reactor
operating environment (e.g., large sodium loops are used to provide a dynamic
sodium environment In the case of the mechanical control rod system tests).
Accelerated life system level tests are run to beyond the design life for the
critical system components in order to confirm that the system design life
does not lie close to a wear dependent failure boundary. Output from the
system level tests provides a deterministic confirmation of the margins
between the system design and success envelopes. The schedule for the system
level tests necessarily lags that for the component and system-feature tests.
Any system level design problem uncovered in these tests, however, can still
be corrected prior to operation of the plant equipment.

C.1.4 Program Implementation Procedures

Top level Reliability Program requirements for the RSS and SHRS In CRBRP are
defined In the overall plant design requirements documentation. These
requirements are Interpreted by the Lead Reactor Manufacturer (LRM) In
consultation with the CRBRP Project Office (PO) and then placed as mandatory
requirements on the Reactor Manufacturers (RM's) responsible for portions of
the RSS and SHRS. The LRM retains responsibility for overall coordination of
the Reliability Program activities within the RM organizations. A key element
of the administrative procedures set up by the LRM to assure the correct
Implementation of the Reliability Program activities within the RM
organizations Is the RM Reliability Engineering/Design Engineering Interface
Definition Chart. When It is determined that Interfacing functions falling
under the responsibility of the A&E have a negative Influence on acceptable
operation of either the RSS or SHRS, then the PO will provide the direction to
the LRM and A&E as necessary to reduce or eliminate this influence. Essential
elements of this interface definition are Illustrated in Figure C.1-1. The
balance of this section Is devoted to describing the interface features
summarized in Figure C.1-1 and, where appropriate, providing the rationale
backing the selection of the features.

An early action required of an RM involved In the Implementation of the
Reliability Program is a comprehensive review of the RM's Internal engineering
procedures. The purpose of this review Is to Identify all existing RM
engineering procedures which must be updated to assure implementation of the
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ReliabIlIty Program requirements. Modification of the engineering procedures
makes compliance with the Reliability Program requirements mandatory and
assures a Quality Assurance and program control overview of the program
activities. Included in the listing of procedures which require modification
are procedures relating to configuration control, design approval and supplier
nonconformance/waiver approval. Modification of these procedures assures that

I Reliability organizations are involved In the approval of all aspects of the
design, fabrication, shipment, Installatlon, operation and maintenance of any
Item of equipment which is a part of or interfaces with the RSS or SHRS.

The procedures modifications outlined above are prepared by the RM Reliability
Engineering group working with the RM Design Engineering group. In addition
to the modification of existing procedures, Implementation of the reliability
requirements necessitates that a new procedure be generated. The new
procedure requires and controls the generation and maintenance of a listing of
the equipment and systems to which the Reliability Program requirements are to
be applied. This listing Is known as the Reliability Related Components List
(RRCL). The list contains all Items of equipment directly Involved in the
operation of the RSS and SHRS. Important Interfacing, supporting systems are
Identified separately for appropriate reliability review.

Once the RM engineering procedure changes are In place, the Reliability
Program requirements are placed on the RM Design Engineering organizations.
TheRRM Design Engineering, Construction and Operation Organizations must then
Implement the RelIabIlIty Program requirements through all stages of design,
procurement, fabrication, shipment, installation, operation and maintenance of
the equipment. Verification of the correct implementation of the program
requirements Is obtained through the Quality Assurance review and audit
activities. Additional verification Is obtained by means of (a) a Reliability
Engineering review of design review packages, waivers, nonconformance reports,
etc. and (b) by the mandatory Inclusion of a reliability review In the formal
design reviews for each Item of equipment on the Reliability Related
Components List.

One of the special requirements Imposed by the modified RM engineering
procedures Is for the production of a reliability document for each item of
equipment on the RRCL. These documents are used as building blocks to
construct a reliability evaluation of the total system.

Coordination of the Reliability Program output from the RM's Is handled by the
I LRM. The LRM uses this output to assess the overall reliability of the RSS

and SHRS. This assessment Is used as an Important indicator of the
acceptability of the design of these systems.

All Reliability Program activities performed by the LRM and the RM's are
subject to the direction and overview of the PO. The PO/LRM interface
procedures used by the PO to direct and control the Rel labl Iity Program
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activities are similar in concept to those used to control the Interface
between the Reliability Engineering and Design Engineering groups within an RM
organization. Details of the PO/LRM/RM Interface are given In Figure C.1-2.

C.1.5 Appendix Content

The organization and content of the balance of this appendix are as outlined
below. The intent of Sections C.2 and C.3 Is to provide the background
material necessary to place the subsequent Rellability Program description
sections In the correct context.

Section C.2 provides a description of the analysis and testing techniques
employed In the program.

Section C.3 contains a brief description of each of the systems Included In
the Reliability Program. The functions of the systems are described and the
component parts identified. This section is provided as a convenience to
eliminate the need for extensive reference to the main body of the PSAR.

Section C.4 provides the system designers' evaluation of their portions of the
RSS and SHRS. Areas of system performance uncertainty are Identified. A
definition is provided of the Reliability Program activities necessary for the
evaluation of the system performance uncertainties.

Sections C.5 and C.6 contain descriptions of the Reliability Program
activities initiated to resolve the uncertainties identified In Section C.4.
Results obtained to date from these activities are Identified and discussed.
The schedule for the production of results from activities still In progress
is also discussed.

Section C.7 provides an assessment of the overall Impact of the Reliability
Program to date. Principal conclusions and design modifications stemming from
the program activities are Identified. The planned use of data from
Rellability Program activities not yet completed Is defined.

Addendum 1 contains a description of the test facilities for primary and
secondary shutdown system tests.
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C.2.0 Program Guidelines

The purpose of this section is to review the process by which aspects of the
RSS and SHRS having potential to degrade safety related reliability are
identified and resolved. Conventional tools of reliability evaluation are
being used to accomplish this task. These Include Failure Modes and Effects
Analysis (FMEA), common cause failure analyses (CCFA), testing and other
methodology.

Figure C.2-1 shows diagramatically where rellability information is generated
at each level of design and where this Information is used. The remainder of
this section provides a discussion of the activities shown In Figure C.2-1.

C.2.1 Component Level Evaluations

Failure Modes and Effects Analysis are the basic tool of reliability
evaluation. They form the foundation upon which higher level evaluations are
built. Failures critical to operational success are systematically Identified
and may be ranked according to both severity and probability of occurrence.
These rankings are identified in Table C.2-1. Because of the technology (high
temperature design, irradiation effects, etc.) Involved in the design of
Individual components, It Is essential that the component level FMEA be
generated by the component design organization. To assure consistency of
approach and continuity between component and system level evaluations,
Reliability Engineering personnel are assigned to each component to support
the evaluation. In several cases, a vendor with considerable experience In
building the type of equipment under evaluation, (e.g., instrumentation and
control devices, steam generator modules, etc.) was contacted to support
generation of the FMEA. Typical output of the component level FMEA is:

o A comprehensive list of failure modes

o A list of potential causes

o Component designers view of the failure effect and criticality

o Initial estimate of the probability of occurrence

This output provides the initial assessment of design weaknesses and may
result in immediate modifications (refer to Section C.7). It also is the
first step associated with defining a test program. However, although
estimates of criticality and probability of occurrence may be provided,
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they may be modified when aspects of redundancy and diversity are included in
the system level evaluation. Because of the wide range of component types
(structural members to electrical modules), the means for estimating ...
probabil ity of failure vary considerably. In some cases, meeting accepted
code requirements may be deemed sufficient to indicate an acceptably low;,
probabil ity of failure. In other cases, considerable analysis may be
required, especially If the failure has high criticality. Methods which are
being employed to obtain failure probability estimates Include stress/strength
overlap, generic data and special testing designed to probe particular failure
mechanisms. A further discussion of how estimates are made is provided in
Section C.2.2.

All components which have the potential to impact successful operation of the
RSS or SHRS are identified on a Reliability Related Components List (RRCL)
produced by Reliability Engineering. An FMEA is performed for each of th'ese
components which then becomes the basis for categorizing the components
according to failure mode effects. The r eliability evaluation of each
component Is summarized in the Reliability Design Support Document at the
component, component group, or system level.

Each component on the RRCL can be categorized as (a) degrading the functioning
of the RSS or SHRS or (b) preventing the functioning of the RSS or SHRS.
Those components on the RRCL are given a thorough review. Review of RRCL
components includes all maintenance, shipping, Installation and operation
procedures, waivers and nonconformances as well as design documentation
(specifications, drawings, design support documents, interface control data)
and changes to those documents. Reliability Engineering is a participant In
design reviews for all components on the RRCL.

The Reliability Design Support Document summarizes the activities performed to
demonstrate achievement of reliability objectives. These reliability
assessments are included as part of the equipment design support packages.
The assessments are similar in character and stage of development to the other
design support analyses in the package (e.g., stress, thermal/hydraulic,
shielding, etc.). Reliability assessments include coverage and interpretation
of all supporting development testing activities. Typical design support
documents include (a) the FMEA's, (b) an assessment of critical failure modes
to show design features to preclude or control the failure and (c) an
assessment of common cause failure potential.

C.2.2 System Level Evaluations

System level evaluations are performed to relate detailed failure information
to its impact on system performance. Just as a component designer is most
qualified to assess the failure mechanisms associated with his component, the
system designer must place each fallure mechanism in perspective relative to
overall system objectives. Although a component designer may indicate on an
FMEA a high probability of failure or high criticality, when
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system considerations are Included, these factors could change significantly.
Scme important considerations used to influence a change In criticality
between the component and system level evaluations include-

o Are other components which perform a similar function susceptible to
the same failure mechanism?

o Is the system in which the component is used redundant?

o Can this failure initiate other failures that may affect the RSS or
SHRS?

o Can the component failure Initiate failure of the entire RSS or SHRS?

A system viewpoint is especially important when determining if a design change
Is required to achieve adequate reliability. Both quantitative and
qual itative evaluations are performed at the overall system level.

C.2.2.1 Numerical System/Subsystem Evaluations

Initially, a numerical evaluation is made based on random independent failure
potential using component failure rate estimates. While it is recognized that
random independent failure rates constitute only a part of the total failure
probability, these assessments serve three Important functions:

1) They provide an indication of the Inherent system reliability if
common cause failure potential Is eliminated or controlled.

2) Components having greatest impact on predicted reliability are
highl ighted for priority attention in future evaluations.

3) They aid the designer as a decision-making tool for evaluating design
changes.

The analytical techniques which have been applied to the system level
numerical evaluations are success state, failure state and Markov modeling.

Success state or failure state modeling are techniques used to analyze a
system's rellabillity on the basis of the system's and component's operational
states. A logic block diagram is produced to display the system components
and the logic associated with their configuration. From this diagram,
different component failure combinations are evaluated to determine their
effect on system operation. By evaluating all possible combinations of
operational states of the system components that lead to successful or failed
system operation, it is possible to derive an expression giving the
reliability of the system. This method has had application in both the RSS
and SHRS. Details are reported In References 2 and 3.
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To evaluate repairs or system reconfigurations during the time of Interest
(e.g., a full reactor operating cycle), Markov modeling has been selectively
employed. All states of the system are defined along with the transitions
that can occur between states. This information is mathematically represented
by a series of first order lI near differential equations which define the
various states and the transitions into and out of each state. This method
has been used in conjunction with success state modeling In the evaluation of
the RSS. It is also being evaluated for use in the assessment of the SHRS.

Component failure rate data required to support the systems evaluations is
obtained from many sources. Generic data used may be divided Into two broad
categories, directly and Indirectly applicable to the components considered.
Because certain elements of the RSS and SHRS are not unique to CRBRP, data
exist which can be applied with little modification. This includes portions
of the SHRS which are on the water side, as well as sodium side equipment
which has been used in FFTF test facilities and sodium reactors such as SEFOR
and EBR-il. In the RSS, considerable data exist on roller nut type control
rod drive mechanisms which are very similar to the primary system mechanisms.
Further, the design of the PPS electrical equipment Is very similar to that
developed and tested for FFTF. These directly applicable data are being used
to the fullest extent possible and are discussed further in Sectlons C.5 and
C.6. For other components, because their designs are relatively new, no
significant failure rate data have been accumulated. It Is therefore often
necessary to derive component failure rate estimates from lower level piece
part data. Military, industrial and governmental data sources are used in
these evaluations (e.g., WASH-1400, MI,-HDBK-217B, etc.). These data may be
modified using accepted reliabilIty derating factor rules or engineer Ing
judgment. When modifications to data are made, the basis is made visible by W
thorough documentation.

Data available from components, subsystems and systems which are like the RSS
and SHRS elements are being used extensively in the early assessments of the
RSS and SHRS. This approach is particularly appropriate for the electrical
systems because of the large bank of data available and the established
acceptabil ity of MIL-HDBK-217B methodology.

As the results from CRBRP test programs become available, these data are used
to supplement those currently available. For reasons described later, much of
the CRBRP testing will not yield failure rate data directly. Information
obtained from some tests will be used to calibrate analytical techniques to
provide greater assurance that reliability characteristics are correctly
model ed.

C.2.2.2 Qualitative System/Subsystem Evaluations

Qualitative system assessments are used to determine system adequacy. Common
Cause Failures (CCF) receive special attention because of their potential to
significantly degrade RSS and SHRS capability. The first step toward
el imination or
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controlling.a specific failure mechanism is identification. Once the failure
mode and potential causes are identified, corrective action can be defined.
Resolution may take the form of elimination by design alterations, procedural
control or demonstration of an acceptably low probability of occurrence.

Component level FMEA's are the starting point for CCF assessment. They
provide a thorough listing of the failure mechanisms and associated causes for
the elements of the system and Its interfaces. FMEA's are a source of data
for determining which system elements are susceptible to failure from common
causes.

Past reactor operating experience plays an Important part in the failure mode
identification effort. Available operating experience is thoroughly reviewed
to uncover common cause initiators underlying previousreactor incidents. The
bulk of experience for hardware systems designed and fabricated to meet
nuclear standards and codes lies In the domain of Light Water Reactors
(LWR's). This body of data serves to identify potential component failure
modes, design errors, operating problems and the actions necessary to correct
these deficiencies. Output of the LWR incident survey includes:

o Review of reported incidents and identification of the information
source

o Selection of incidents having CCF potential and identification of the
causative mechanism

From these considerations, a list of potential causative factors is prepared
which relate to LMFBR operating conditions. These causative factors are used
as the basis for an evaluation of CRBRP component and system designs. This
evaluation employs logic based on specific design features. This approach
provides a systematic method for reviewing each failure and the relevant
system functions required to successfully mitigate the incident.
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As each failure is reviewed, protection provided against such factors is
identified. The visibility of potential problem areas provided by the
approach being employed assures that each design area Is thoroughly
investigated against the potential factors for common cause failures.

C.2.3 Testing

The CRBRP test program has as its objectives:

1) To identify to the appropriate design group potential failure points
in the design of the components/systems

2) To assure the system design margins are adequate to meet the design
specifications under the anticipated range of operating conditions

3) To determine the design margins against Identified system weaknesses
with the potential to degrade RSS or SHRS performance

4) To identify unknown system weaknesses

System level reliability evaluations were used to determine required testing.
Factors evaluated to determine the need for testing include:

o Severity of the failure effect

o Common cause failure potential

o Estimated probability of occurrence

o Availability of applicable data from other sources

o Availability of verified analysis techniques for system performance
eval uation
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A primary purpose of testing is to demonstrate the capability of critical
components to perform their function over as wide a range of operating
conditions as practical. In some cases, tests will be run to failure to
establish margins above those defined by the operational envelope.

Design performance and most postulated failures are affected by variations in
the system operating environment. The fractional factorial design of
experiments approach has been used in a number of instances in planning the
test program to investigate the effects of variations in system environment.

Testing is performed at the component, subsystem and system level to explore
failure modes of concern. Higher level testing provides maximum feedback of
information concerning multiple failure modes and interface problems. RSS
testing includes individual tests of the complete Primary and Secondary
Control Rod Systems (drive mechanisms, driveline, absorber assembly and
interface simulation). The electrical subsystem tests include essential
system elements in a prototypic configuration. In the SHRS, testing above the
level of Individual components (e.g., steam generators, pumps, etc.) is
accomplished at the plant start-up stage. Since the connecting elements
(piping, wiring, etc.) are passive, component testing can provide a large
portion of the information necessary to deterministically confirm system
reliability. Supplemental testing and analysis is directed toward identifying
and resolving potential Interface induced failure modes. An example of such
an activity is the piping integrity report, Reference 4. Where components,
subsystem and system level testing identifies interfacing functions falling
under the responsibility of the A&E which would degrade RSS or SHRS operation,
then the P0 will define any additional testing necessary to provide the needed
level of information for use in resolving the Identified degradation.

Accelerated life testing is employed to provide early feedback concerning
potential failures. In the mechanical systems, this includes cyclic induced
failures associated with the scram function under specified misalignments.
Thermal cycling tests are performed on electrical subsystem equipment to
accelerate the failure process involved In parts with latent time dependent
failure mechanisms. Burn-in tests are used to screen out defective parts.
Some failure mechanisms, however, cannot be investigated by performing
accelerated life tests. For example, failure mechanisms related to time or
operating conditions such as creep, self-welding and irradiation cannot be
simulated by such tests. These failure mechanisms require separate tests,
analysis or a combination of test and analysis for resolution. Time dependent
failure mechanisms are evaluated whenever possible by operation of test
hardware under prototypic conditions for extended periods of time. This
section of the test program includes testing of complete Primary and Secondary
Control Rod Systems under simulated prototypic operating conditions. In the
SHRS, extended real-time testing of critical components such as the steam
generator tubes will be performed.
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Certain failure mechanisms will be explored by testing hardware
that is not prototypic. However, this testing provides valid phenomeno-
logical information associated with these failure modes. Data obtained
will be used to verify calculational models which are used to predict
component behavior. Hardware and test fixtures specifically designed
to explore the mechanism of concern are being constructed. Included in
this category are irradiation effects, seismic induced loads and associated
component interface characteristics, friction couples which influence
unlatching and insertion, thermal striping and weld quality evaluation.

The impact of maintenance and operation on system reliability
has also been considered in the design of the test program. Proposed CRBRP
plant maintenance and operation procedures are employed whenever feasible in
the tests. This includes equipment replacement activities that can be
performed on both RSS and SHRS test hardware. Calibration procedures and
repair actions associated with the electrical subsystem equipment are fully
explored. Emphasis is placed on design feedback to reduce the potential of
failure due to human factors.

Details of specific tests, rationale for those tests and expected
outputs are described in Sections C.5 and C.6.
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TABLE C.2-1

FAILURE RANKING CRITERIA

CRITICALITY RATING

Numbers* Definitions

5 Failure to Perform Safety Function

4 Degradation of Safety Function

3 No Effect on Safety but Causes Unscheduled Outage

2 No Effect on Safety, Repair Deferred until Scheduled Outage

1 No Effect on Safety or Operation

PROBABILITY RATING**

3 An Off-Normal Condition Which Individually may be Expected to

Occur Once or More During the Plant Lifetime

2 An Off-Normal Condition Which Individually is not Expected to

Occur During the Plant Lifetime; However, When Integrated Over

all Plant Components and Systems, Events In this Category may

be Expected to Occur a Number of Times.

1 An Off-Normal Condition of Such Extremely Low Probability that

no Event in This Category is Expected to Occur During the Plant

Lifetime But Which, Nevertheless, Represent Extreme or Limiting

Cases of Failures Which are Identified as Conceivable.

*Initial rankings are provided by the component designer and modified as
appropriate in the system assessment.

**Alternative numbering schemes have been used on certain FMEA forms. The

definitions of the categories are identical. In addition, an alternate
approach which has been used is the actual estimated failure rates,
obtained from the data base, manufacturer's specifications, pertinent
literature, previous experience or tests.
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C.3.0 Systems Descriptions

This section provides a brief description of the functions and component parts
of the systems included in the Reliability Program. This section Is provided
as a convenience to eliminate the need for extensive reference to the main
body of the PSAR.

C.3.1 Reactor Shutdown System

C.3.1.1 Overall System Function

The Reactor Shutdown System (RSS) consists of two Independent and diverse
systems which are capable of shutting down the reactor without exceeding
specified limits. (See Section 4.2 of the PSAR).

C.3.1.2 Design Description

The systems and components which make up the RSS are shown in Figures C.3.1-1
and C.3.1-2. A brief description of the systems and components follows:

Primary Mechanical Subsystem

The Primary Mechanical Subsystem (PMS) of the RSS Includes 9 Primary Control
Rod Systems (PCRS). Each PCRS consists of a Primary Control Rod Drive
Mechanism (PCRDM), a Primary Control Rod Driveline (PCRD), and a Primary
Control Assembly (PCA). The PCRDM is mounted on top of the reactor vessel
closure head and provides mechanical actuation for insertion, withdrawal and
scram functions of the control rod absorber. The PCRD connects the PCRDM with
the control rod absorber. The PCRD passes through the upper internals
structure. The PCA is located in the array of core assemblies and consists of
a movable control rod (absorber pin bundle) and an outer duct assembly.

The PMS provides the functions of reactor startup, operational control and
shutdown reactivity control. The primary function performed by the PMS which
is reliability related is reactor shutdown (scram) for all conditions. Scram
action is accomplished via disengagement of the roller nuts followed by
downward motion of the control rod and drivellne. Downward acceleration is
achieved by means of the combined action of gravity and preload from the scram
assist spring. All PMS functions are initiated by the primary electrical
portion of RSS.

A. Primary Control Rod Drive Mechanism (PCRDM)

The PCRDMs are divided into two major sections which are described below:
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The upper PCRDM assembly is an electro-mechanical actuating de-
vice which consists of a stator mounted on the outside of the motor tube
and a collapsible rotor and roller nut assembly mounted inside the motor
tube. The rotor assembly consists of a bearing mounted rotor tube and two
pivoted segment arms. On each segment arm there are two roller nuts.
When the stator is energized, the upper ends of the arms are pulled outward
by the magnetic field and the lower arms are pivoted inward-engaging the
roller nuts with the threads of the leadscrew.

To produce a scram, the electrical power is removed from the
stator causing the magnetic force field to collapse which releases the rotor
segment arms. Springs separate the lower end of the arms and disengage the
roller nuts from the leadscrew allowing the control rod to drop into the~i
reactor core. A scram assist spring in the lower PCRDM is provided to i
supplement the gravity drop. A synchronizer bearing is provided to assure
that both segment arms separate simultaneously. Anti-ejection pawls in
the segment arms engage the leadscrew to prevent control rod ejection
in the unlatched condition. These pawls are spring loaded allowing them
to move out of engagement during downward motion of the leadscrew.

The lower PCRDM assembly consists of an extension nozzle, torque
taker and tube, shield plugs, internal seal system and scram assist spring.

The extension nozzle is part of the pressure boundary and mounts
the PCRDM to the intermediate rotating plug. The torque taker and torque
tube constitute a torque restraint located in the space outside of the
large bellows which prevents the mechanism leadscrew, bellows and PCRD
from rotating. Keys on the torque taker slide in keyways in the torque
tube over the full length of the stroke. The internal seal system utilizes
three metallic bellows as well as conoseals to separate the rotor assembly
and leadscrew from the reactor cover gas environment, precluding possible
buildup of sodium frost on these components. The shield plugs provide
radiation shielding for the PCRDM's and head access area.

B. Primary Control Rod Driveline (PCRD)

The PCRD consists of three concentric shafts: the driveline shaft,
the disconnect actuating shaft and the position indicator rod. The drive-
line is the load carrying member and the outermost shaft. It connects
the PCRDM leadscrew with the control rod. The disconnect actuating shaft
(middle shaft) is used to disconnect the driveline from the control rod
for maintenance or refueling. The innermost part is the position indicator
rod which is used to verify that the control rod remains fully inserted
during refueling, uncoupling and withdrawal of the driveline.

A dashpot is included in the PCRD to decelerate the driveline
and control rod during the last few inches of insertion. The dashpot
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consists of a piston and cup with matching tapered fits. The piston is
attached to the driveline shaft and the cup is supported by the shroud
tube of the upper internals structure.

C. Primary Control Assembly (PCA)

The PCA consists of two major subassemblies: the outer duct
assembly and the pin bundle/shaft assembly called the control rod. The
outer duct assembly is hexagonal having external dimensions identical
with the fuel assemblies. A handling socket is provided at the top which
interfaces with the refueling equipment. Two load pads are provided at
the outside to interface with adjacent core assemblies for positioning
and seismic load carrying capability. A shield plug is welded to the
outer duct at its lower end to provide neutron shielding. The inlet nozzle
for the PCA is welded to the bottom of the shield plug and contains in-
ternal orifice plates. Two piston rings on the exterior of the nozzle
prevent excessive leakage to the low pressure plenum and insure hydraulic
balance for assembly holddown. The bottom end of the inlet nozzle has
a discriminator post which prevents installation of the PCA in an incorrect
core lattice position or installation of an incorrect assembly in a PCA
position.

The control rod contains thirty-seven absorber pins, spaced
on an equilateral triangular pitch. The absorber pins are sealed stainless
steel tubes containing boron carbide (B4C) neutron absorbing material.
Each pin is helically wrapped with wire which maintains the pin spacing
in the rod and promotes coolant mixing within the rod. The bundle of
37 pins is surrounded by a thin hexagonal inner duct which provides a
coolant channel and structural support for the pins.

The control rod shaft consists of a limited motion azimuthal
rotational joint, a solid shaft and a female coupling for attaching the
rod to the drivel ine.

For further descriptive and functional details, refer to Section

4.2.3 of the PSAR.

Secondary Mechanical Subsystem

The Secondary Mechanical Subsystem (SMS) of the RSS includes six
51 jSecondary Control Rod Systems (SCRS's) located in row 7 of the reactor core.

Each SCRS consists of a Secondary Control Rod Drive Mechanism (SCRDM), a
Secondary Control Rod Driveline (SCRD), and a Secondary Control Assembly
(SCA). The SCRDM is mounted on the reactor vessel closure head and axially
positions the control rod and driveline. The SCRD extends through the upper
internals structure and connects the SCRUM and the latch mechanism. The
SCA is located in the array of core assemblies and contains the movable
control rod.

The SMS provides a secondary shutdown system for off-normal
conditions. As such, the SMS is independent of the PMS and is diverse
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in both scram function initiation and insertion assist. Scram is' accomp-
lished by unlatching of the control rod by a fraction of an inch drop of
the tension rod and insertion of the control rod into the core by gravi-
tational pull supplemented by the hydraulic force of the sodium flow.
The SMS scram function is activated by the secondary electrical portion
of the RSS.

A. Secondary Control Rod Drive Mechanism (SCRDM)

The SCRDM contains the mechanisms for insertion and withdrawal of
the control rod. These mechanisms include the latch actuator assembly, twin
leadscrews and motor. The latch actuator assembly is mounted to the top of
the positioning carriage at the upper end of the driveshaft. The main
components of the assembly are the pneumatic cylinder, the scram valves,
the sensing tube ,and tension rod position indicating devices. The piston
in the pneumatic cylinder is coupled to the latch tension rod. The scram
valves provide pneumatic control for latch actuation.

.During normal operation, pressure is applied to the bottom of the
piston to hold it in the up position. Pneumatic pressure is controlled by
an arrangement of poppet valves and solenoid operated pilot valves. To
initiate a scram, power is cut to the solenoid valves which opens the
poppet valves to vent the cylinder. This allows the tension rod to fall
which releases the control rod to insert into the core. The solenoids are
normally energized to prevent venting the cylinder. Venting occurs when
power is cut to two of the three solenoids.

Twin leadscrews driven by an electric motor are provided in each
SCRDM to raise or lower the control rod. Two idler gears from the motor
.pinion gear transfer torque to the leadscrews which raises and lowers the
positioning carriage.

A main shaft bellows between the SCRDM housing and driveshaft and
additional bellows between the driveshaft and sensing tube and between the
sensing tube and tension rod protect the internals of the SCRDM from sodium
vapors.

B. Secondary Control Rod Driveline (SCRD)

The SCRD contains the tension rod, sensing tube, driveshaft, drive-
line bellows and latch. These provide a connection between the SCRDM and
the control rod in the SCA. The tension rod, sensing tube and driveshaft
are. concentric shafts running the length of the SCRD which move axially
with respect to each other.

The tension rod connects a latch located at the lower end of the
SCRD to the pneumatic actuator device. The tension rod is surrounded by the
sensing tube which is used to transmit the position of the control rod
coupling head (when held in position by the latch) to the position sensors
in the SCRDM. The sensing tube is surrounded by the heavy-walled driveshaft
which protects the sensing tube and the tension rod over their entire length.
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The latch is located approximately five feet above the top of the
active core region during power operation. The latch is used to grapple the
coupling head and lift the control rod out of the core and to release the
control rod for scram. The latch and the tension rod are the principal com-
ponents in the SCRS for performing the scram release function. A short
downward stroke of tension rod permits the latch grippers to move radially
outward and release the control rod coupling head.

Two pairs of. bellows isolate the SCRD internals and the SCRDM

from the sodium vapor-argon cover gas environment below the reactor head.

C. Secondary Control Assembly (SCA)

The SCA consists of a movable control rod enclosed within a
circular guide tube. The guide tube fits inside a hexagonal duct which is
essentially identical to the fuel assembly ducts.

Internal flow paths are used to direct high pressure sodium flow
against the hydraulic assist piston to generate the hydraulic scram assist
force. Sodium flow used for scram assist is directed downwards through the
circular absorber guide tube. Flow channels located in the control assembly
nosepiece vent the scram assist sodium.flow to the low pressure passages in
the core support structure. Flow is also provided through the control rod
pin bundle for cooling purposes. The bottom of the channel contains a nose
piece which engages the high pressure plenum of the core support structure.

The control rod consists of a bundle of pins containing boron
carbide (B4 C) as the neutron absorber. It is held in position above the
core by means of the coupling head which fits into the latch of the SCRD.
The control rod is free (when unlatched) ins~ide the guide tube so that it
will insert into the core by virtue of its own weight. Extra downward
force is provided by hydraulic assist.

A damper mechanism is used to decelerate the descending control
rod. The initial damping is provided by hydraulic dashpot action and the
final portion of the descent is controlled by a hydraulic spring damper
device.

For further descriptive and functional details, refer to Section

4.2.3 of the PSAR.

Electrical Subsystem

The Electrical Subsystem (ES) is part of the overall Plant Pro-
tection System. It consists of two independent and operationally diverse
systems, the Primary Electrical Subsystem (PES) and Secondary Electrical
Subsystem (SES) that monitor the condition of the plant and initiate scram
of the primary and secondary control rods, respectively. Each system can
independently initiate shutdown of the reactor. Each system has three re-
dundant instrument channels and logic trains that provide sufficient redun-
dancy to preclude degradation of either the PES or SES through a single failure.
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The three redundant channels of each system are physically and electrically
separated to assure that their Independance Is maintained. The ES is
illustrated In Figure C.3.1-2.

Electrical piece/part requirements have been defined to assure high
reliability. Most resistors and capacitors in the ES comparators, calculation
units, logic and buffers are MIL-SPEC or established reliability components.
Most transistors and diodes used In the comparators, calculation units, logic
and buffers are qualifled to Mllitary Standard-S-19500. Most Integrated
circuits used are screened, Inspected and tested according to Military
Standard 883A, Method 5004, Level B. The vendor is also required to use
Military Standard 454 as a specification for electronic module construction.

To provide added assurance against potential degradation of protection due to
single failures, functional and equipment diversity have been designed into
the ES. The PES responds to a different plant parameter than does the SES to
provide protection against common cause failure of the sensing system. The
only exception to the use of functional diversity is in subsystems which
measure nuclear power. Since nuclear flux is the only parameter Indicative of
nuclear power that Is fast enough to provide adequate protection, equipment
diversity rather than functional diversity Is provided in the power
measurement system. Nuclear flux measurement Is made in the PES using three
compensated ion chambers and In the SES using three fission chambers. Section
7.2 of the PSAR Includes lists of the ES protective functions and the design
basis fault events and the first protective primary and secondary subsystem to
respond to each event. The PES and SES Instrumentation used to determine off
normal conditions are also described in Section 7.2 of the PSAR. t!

The output signal from each of the three redundant sensors In each system is
amplified and converted to a standard Input signal by signal conditioning
equipment. Where necessary, calculational units derive secondary variables
from the sensed parameters. Where a single parameter is used In a level trip
type, no calculational unit Is used. Where ratio type trips are used,'
calculational units are used to derive the appropriate ratio. A comparator in
each instrument channel outputs a trip signal when It senses that the
Instrument channel analog signal exceeds specified limits.

For additional diversity, the PES Is configured using local coincidence logic
while the SES is configured using general coincidence logic. In the case of
the PES, each instrument channel outputs three redundant signals corresponding
to either the reset (not trip) or trip state. Light emitting diodes and photo
transistors are used to provide complete electrical Isolation between
redundant Instrument channels and logic trains. The three redundant
Instrument channels are recombined as inputs to three redundant logic trains
arranged In two out of three local coincidence. The 2/3 logic modules
determine If two or more trip inputs are received from the subsystem
comparators and then provide a trip signal to a 1/24 logic module. The 1/24
logic module outputs a trip signal if any of the 24 subsystems in a logic
train have tripped. These signals deenergize primary scram circuit breaker
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undervoltage trip coils. The five primary scram circuit breakers are arranged
so that when two or more logic trains trip, the scram circuit breakers
remove power to the PCRDM's releasing the primary control rods. Manual shut-
down and test capability is provided.

In the SES, each instrument channel comparator outputs a signal to
the 1/16 logic corresponding to either the trip or reset state. The second-
ary logic system consists of the 16 protective subsystems arranged in a
general 1/16 coincidence configuration. If any of the 16 channel A comp-
arators trip, the 1/16 logic module inputs a channel A trip to the 2/3 con-

51 Ifiguration of each of the six SCRDM solenoid operated valves. Similarly,
a trip signal from channel B or channel C comparators is transmitted to
the SCRDM solenoid operated valves by the 1/16 logic module. The SCRDM
solenoid operated valves are arranged in a 2/3 configuration such that a
trip signal from two or more logic trains vents the latch cylinder, un-
latches the control rod and allows it to be forced to its shutdown position.

C.3.2 Shutdown Heat Removal System

C.3.2.1 Overall System Function

Sensible heat in the structures and sodium and core decay heat
are removed from the reactor following reactor shutdown by the Shutdown
Heat Removal System (SHRS). The SHRS utilizes the normal heat sinks or
alternate heat sinks to dissipate sensible and decay heat and prevent loss
of coolable core geometry.

Normal heat removal paths are provided through three independent
loops of the Primary Heat Transport System (PHTS) which transfer heat from
the reactor to three independent loops of the Intermediate Heat Transport
System (IHTS). Heat is removed from the IHTS by three independent loops of
the Steam Generator System (SGS) to the main condensers. Alternate redundant
heat sinks are provided through the Steam Generator Auxiliary Heat Removal
System (SGAHRS) and the Direct Heat Removal Service (DHRS). SGAHRS provides
an alternate heat sink for the main condensers and DHRS provides an alternate
heat removal path and heat sink connected directly to the PHTS.

C.3.2.2 Design Description

The systems and components which make up the SHRS are shown in
Figures C.3.2-1 and C.3.2-2. A brief description of the SHRS systems and
components follows:

Primary Heat Transport System

The Primary Heat Transport System (PHTS) transports heat from the
reactor to the Intermediate Heat Exchangers (IHX). The three PHTS loops
transport the sodium coolant from the reactor vessel to the IHX's which
connect the primary and intermediate loops. The three primary loops have
common flow paths through the reactor vessel, but are otherwise mechanically
independent and isolated in separate PHTS cells.
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Each PHTS loop contains a hot leg centrifugal sodium pump, a permanent magnet
flowmeter, a cold leg check valve and an IHX. Detailed descriptions of these
components are contained in Sections 5.2 and 5.3 of the PSAR.

Intermediate Heat Transport System

The Intermediate Heat Transport System (IHTS) transports heat from the PHTS to
the Steam Generator System. The system consists of three essential ly
Identical, independent cooling loops operating in parallel to circulate sodium
from the tube side of the IHX through the steam generators and back to the
IHX.

Each of the cooling loops contains a cold leg pump, an intermediate sodium
expansion tank, a permanent magnet flowmeter and piping to transport the
sodium from the IHX outlet through the superheater and the two evaporators
back to the IHX Inlet. A detailed description of IHTS components is contained
In Section 5.4 of the PSAR.

Steam Generator System

The Steam Generator System (SGS) extracts heat from the IHTS sodium. There
are three Independent SGS loops. Each loop consists of three steam generator
modules (two evaporators and one superheater), a steam drum, a recirculating
water pump, a Sodium-Water Reaction Pressure Relief System, a Sodium Dump
System, a Water Dump System and a Leak Detection System.

The main Condensate and Feedwater System supplies feedwater to the steam
drums. Superheated steam produced by each of the three SGSs loops Is supplied
to the single turbine generator. Feedwater is returned to the three steam
drums from the condenser hot well by two condensate pumps and two of three
main feedwater pumps.

The Sodium-Water Reaction Pressure Relief System (SWRPRS) becomes operational
only in the event of a steam tube leak large enough to cause a rapid pressure
rise from a sodium-water reaction. The system provides protection from over-
pressure on the sodium side of the evaporator modules, superheater'modules,
IHTS and IHX by the use of rupture discs on the piping adjacent to the
modules. The Water Dump System accelerates blowdown of the evaporator modules
through quick opening water dump valves at the Inlet to each evaporator module
and reduces the extent of the sodium-water reaction. The Sodium Dump System
provides sodium dump capabil Ity for the IHTS and the sodium side of the
evaporator and superheater modules.

The Steam Generator Leak Detection System monitors for hydrogen and oxygen In
the sodium in order to Identify small leaks in the steam generator modules.

Details of the SGS components and subsystems are provided in Section 5.5 of
the PSAR.
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Steam Generator Auxiliary Heat Removal System

The Steam Generator Auxiliary Heat Removal System (SGAHRS) provides
redundant shutdown heat removal paths and heat sinks when the main condenser
or main feedwater supply is unavailable. SGAHRS consists of an Auxiliary
Feedwater System (AFWS), three Protected Air Cooled Condensers (PACC's) and
associated piping.

AFWS contains the Protected Water Storage Tank (PWST) and three
pumps. Two of the pumps having one half capacity each are electrically
driven and the third is a full capacity pump driven by a steam turbine using
steam from the steam drum. The AFWS draws water from the PWST and supplies
feedwater to all three steam drums.

The three PACC's are connected to the steam drums and reject the
heat to the atmosphere. Steam from each steam drum rises by natural circu-
lation to a PACC where the steam is condensed. Saturated water is returned
to the drum by gravity flow. Each PACC utilizes a fan to force air across
condenser tubes. The PACC's are used for long term shutdown heat removal
when the condensers are out of operation. SGAHRS provides short term heat
rejection by a direct steam dump from the steam drums to the atmosphere
through power relief valves. The expended water is replaced by the AFWS.

Details of the SGAHRS components and subsystems are provided in

Section 5.6 of the PSAR.

Direct Heat Removal Service

A Direct Heat Removal Service (DHRS) is provided to remove decay
heat in the remote event that all of the steam generator decay heat removal
paths are not available. The DHRS dissipates reactor decay heat through the
primary sodium overflow system, an overflow heat exchanger an'd the EVST cool-
ing system air blast heat exchangers to the atmosphere. The plant components
utilized by DHRS are the primary sodium overflow vessel, the two primary
sodium makeup pumps, the overflow heat exchanger, the reactor vessel, the
primary pumps and their pony motors, the EVST NaK pumps and the EVST air
blast heat exchangers, as well as the piping and valves which connect these
components. DHRS is shown schematically on Figure C.3.2-2. Details of
DHRS are provided in Section 5.6.2 of the PSAR.

C.3.2.3 Heat Removal Operational Description

Normal shutdown heat removal is through the.PHTS, IHTS, SGS and
main condenser. Each of the three independent heat transport system paths
are designed to remove all short term and long term decay heat from the
reactor. Pony motor operation of the primary and intermediate system pumps
are utilized for this mode of shutdown cooling. The PHTS, IHTS, SGS and main
condenser will also provide sufficient heat removal to prevent loss of
coolable core geometry following a scram with pump coastdown from full power
operation with three loops at natural circulation flow.
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For the short term, decay heat is to be removed from the main con-
denser whenever it is operational. The plant operator may initiate SGAHRS
heat removal via the PACC's for long term heat removal at any time. However,
due to the heat removal capacity of the PACC's either the main turbine gen-
erator condenser (normally) or short term steam venting and AFWS must function
(main condenser or feedwater not operational) until the steam generator heat
load drops below the heat removal capacity of the PACC's. During three
loop shutdown without using the main condenser, steam venting is expected
to cease within one hour after the plant trip.

The SGAHRS is designed to provide the ultimate heat sink for all
postulated loss of feedwater or loss of normal heat sink incidents. When-
ever the normal heat removal path is not available in the short term, acti-
vation of SGAHRS will occur automatically with both the AFW and PACC sub-
systems brought into service. The two subsystems will continue to function
concurrently until the heat load is reduced to a level such that steam
venting ceases and the PACC's will remove the entire heat load. Operator
action is only required to shut off the auxiliary feedwater pumps once the
venting and feedwater supply requirements are ended.

The PHTS, IHTS, SGS and SGAHRS are designed to provide decay and
sensible heat removal from the reactor via natural circulation in combination
with steam venting utilizing only the-steam turbine driven auxiliary feed-
water pump. The SGAHRS steam turbine driven auxiliary feedwater pump is
sized to provide adequate short term heat removal after full power operation
via one loop without recirculation pump or motor driven feedwater pump
operation. The Protected Water Storage Tank capacity and PACC heat removal
capability are such that the entire long term decay heat load can be carried
by a combination of extended steam venting from one SGS loop and operation
of one PACC withwater side natural circulation and air side forced circula-
tion. These components have been sized to assure a 30 day supply of pro-
tected water under the most severe accident conditions.

The DHRS is provided to increase the shutdown heat removal reli--
ability by providing additional redundant and diverse shutdown heat removal
capability to that provided.in the three redundant heat transport system
loops and SGAHRS.

The DHRS is initiated by operator action. Hot primary sodium
overflows from the reactor vessel to the overflow vessel. Operation of one
or more of the three primary pump pony motors provides sodium flow through
the core. The primary sodium makeup pumps circulate the hot sodium through
the overflow heat exchanger and back to the reactor vessel. EVST NaK removes
the primary sodium heat in the overflow heat exchanger. The heated EVST
NaK is pumped to the EVST NaK air blast heat exchangers where heat is trans-
ferred to the atmosphere. DHRS capacity is adequate to prevent loss of
coolable core geometry assuming heat rejection capability is lost from the
PHTS immediately upon shutdown from rated power and active operation of
DHRS is initiated one half hour after shutdown. Operation of all three
primary pumps at pony motor speed is required in this mode.
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C.3.2.4 Electric Power Considerations

The sources of electric (AC) power for the SHRS are the preferred and reserve
(off-site) AC power supplies and the standby (on-site) AC power supply. The
standby power supply consists of two Independent diesel generators and the
emergency batteries and converter. Power under normal operation Is needed for
the primary and intermediate sodium pumps and for the steam generator
recirculation pump and the main feedwater and condensate pumps.

For SHRS operation, standby power Is supplied to the components of the PHTS,
IHTS, SGAHRS and DHRS to assure operation In the event of loss of the main
power supply. Standby power is provided to the two motor driven auxil iary
feedpumps, the PACCs blowers, the pony motors for both the PHTS and IHTS
pumps, the primary sodium makeup pumps, the EVST NaK and sodium pumps and the
EVST air blast heat exchanger blowers. In addition, battery power Is provided
to the safety-related SGAHRS motor operated valves. The standby power supply
is sufficient to facilitate and maintain adequate shutdown heat removal.
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Figure C.3.1-1. Control Rod System Schematic-Reactor Elevation (Refer To
Section 4.2 Of The PSAR For A Detailed Description Of The

9443-8 Control Rod Systems)
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Figure C.3.1-2. Reactor Shutdown System Schematic (Refer to Section 7.2 of the PSAR for a
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C.4.0 Evaluation Focal Points

C.4.1 Reactor Shutdown System

This section provides the system designer's evaluation of areas of
system performance uncertainty. Failure Mode and Effects Analysis (FMEA)
coupled with FFTF testing and LWR operating experience were used to select
the principal areas for reliability emphasis. The initial FMEA's were
performed during the conceptual design stage. Identified potential scram
failure modes and associated causes were correlated with available test data
and analytical capabilities. Reliability emphasis was placed on credible
failure modes having the greatest impact on scram reliability. Identified
areas of uncertainty are cross referenced to specific tests which are de-
scribed in Section C.5.

C.4.1.1 Primary Mechanical Subsystem (PMS)

This section describes the principal areas of the PMS identified
as requiring reliability testing and analysis. Emphasis is placed on
assessing areas which could cause failure of the PMS to perform its scram
function. Common cause factors which could potentially lead to multiple
PCRS failures and resultant shutdown failure of the PMS are identified for
reliability emphasis. The PCRS scram function consists of the roller nut
unlatching from the leadscrew and the translation of the leadscrew, drive-
line and control rod. Areas for reliability emphasis are identified
separately for these two critical functions.

Areas Identified for Reliability Emphasis

A. Unlatching

The primary scram function of the PCRDM is to release (unlatch)
the leadscrew upon loss of electrical power to the stator. The magnetic
field of the stator holds the segment arms (rotor) radially outward which
compresses the segment arm springs and engages the roller nuts with the
leadscrew. With the removal of electrical power, the segment arm springs
disengage the roller nuts and unlatch the leadscrew. PCRDM unlatching is
dependent on segment arm spring forces and outward parting load forces gen-
erated at the leadscrew/roller nut interface. Forces retarding unlatching
consist of the magnetic moment based on stator current decay, friction effects
at the pivot pin and leadscrew due to roller nut contact, and inertia of the
segment arms.

Areas for reliability emphasis to assure unlatching include
investigations of: variations in friction coefficients, wear effects, manu-
facturing errors, internal misalignments, debris from leadscrew wear and
relaxation or breakage of the segment arm springs. An analytical dynamic
model is utilized to assure that adequate margins against these failure
causes are included in the PCRDM design. Since FFTF testing has been highly
successful and has provided a basis for analytical model verification,
only prototypic PCRDM testing is considered necessary for reliability
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verification. PCRDM life tests beyond the design life are used to assess weareffects and to confirm operation. Tests at worst case temperature and V
pressure limits establish sensitivity of scram components to PCRDM environ-
mental conditions. These tests are described In Sections C.5.1.2A and B.

Since the PCRS is required to scram during seismic events, verification of
unlatching capability during seismic excitation Is necessary. Relative
lateral motions of the leadscrew and roller nuts, vertical acceleration and
potential structural failures are the'key areas for reliability evaluations.
Shaker tests are planned to assess seismic performance and support analy-
tically determined margins for seismic conditions. The PCRS seismic test Is
described In Section C.5.1.21.

If PCRDM bel lows leakage occurs, sodium vapor can enter the upper mechanism.
Sodium vapor can affect the unlatching function by increasing friction
coefficients and sodium solidification can occur in tight clearances between
moving parts. A failed-bellows test will be conducted to confirm accept-
ability of operation with a failed bellows. The failed-bellows test is
described in Section C.5.1.2B.

The PCRDM/PCRDs are given acceptance tests at the vendor prior to shipment.
In addition, operational tests are performed prior to Initial CRBRP startup

and scram tests are performed after each refuel ing. These tests provide aý
basis for identification of manufacturing, installation and maintenance errors
affecting scram performance.

Human errors could occur during maintenance operations and could adversely'
affect scram performance. To minimize the potential for and the effect of
maintenance errors, maintenance procedures and tools will be developed in PCRS
tests. Prototypic maintenance operations will be performed throughout the
PCRS tests to Identify any effects on system performance.

B. Insertion

The PCRS scrap Insertion function Involves full stroke and partial stroke
motion of the connected leadscrew, drivellne and control rod. The areas where
contact points and minimum clearances could affect scram insertion are: the
leadscrew to PCRDM upper and lower bushings, the PCRD to lower PCRDM torque
taker keyway, the PCRD shaft to the bottom of the dashpot cup, the PCRD piston
to dashpot cup (over the last few Inches of Insertion), the control rod shaft
coupling to the PCA scram arrest flange (over the last portion of Insertion),
the control rod wear pads to the PCA outer duct and the control rod Inner duct
to the PCA outer duct. In a seismic event, additional contact points may
occur between the PCRD and the PCRDM shield plug and the PCRD and the drive-
line shroud tube. Areas for reliability focus are the effects of misallgn-
ments, seismic loadings, friction coefficient variation, wear, irradiation and
manufacturing errors.
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PCRS misalignments are established from manufacturing and installation
tolerances and clearances between PCRS parts and interfacing reactor system
components Including the reactor vessel closure head, reactor vessel, core
support structure, core barrel with associated core former rings of the core
restraint system, core assemblies and the upper Internals structure. An
analytical model is utilized to evaluate PCRS performance under varying
misal lgnments for confirmation of scram Insertion performance. Analysis of
the Interaction loads resulting from control rod system misalignments is a
complex process however, Involving three dimensional mixed structural and
mechanical response of the Interfacing components and the drivellne/control
rod assembly. Existing structural analysis tools require the application of
engineering judgments to deal with mixed mechanical-structural response of
complex systems. To verify these engineering judgments, test callbration of
the analytical models is required. Misalignment tests of PCRS performance are
utilized to confirm scram capability.

Lateral seismic accelerations leads to a '.rattling" effect on the drivellne
with Impulsive drag forces resulting from impact of the drivellne/control rod
with the surrounding structures. The frequency and magnitude of the Impact
forces are influenced by fluid coupling between the drivellne and guiding
structure, squeeze film fluid effects at impact and dynamic friction
coefficients. PCRS testing under conditions of simulated seismic excitation
will establish the magnitude of these effects and permit calibration of the
seismic scram Insertion analysis. The PCRS dynamic seismic friction test is
described in Section C.5.1.2C, and the PCRS seismic test is described In
Section C.5.1.2.I.

Lateral loads on core assembly outer duct load pads during a seismic event
could lead to control assembly duct deformation or increased PCRS
misalignments. The above core load pads are located in a region where
substantial Irradiation induced ductility loss is anticipated. Brittle
fracture of the load pads must therefore be considered as a potential failure
mode. A duct crushing test in support of CRBRP core assemblies has been
completed. Analyses of this test, which showed no brittle failure of
irradiated ducts under loading conditions prototypic of CRBRP seismic loads,
will be used to confirm PCA design margins. The duct crushing test is
described in Section C.5.1.2L.

Wear effects between moving parts can lead to changes in scram speed as a
result of changes In effective friction coefficients and clearances. Galling
of sliding surfaces can lead to significant friction increases and to seizing
of moving parts. Wear effects can best be evaluated by tests under prototypic
conditions. PCRS testing In sodium loops is planned to evaluate wear effects
on system performance. Testing exceeding the design basis service life
(number of scrams, feet of travel) will be performed to establish lifetime
margin relative to wear effects. Tests to investigate wear effects are
described in Sections C.5.1.2A and B.
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Control assembly outer duct galling was observed in FFTF testing as a result
of forced contact (beyond design basis) between the movable pin bundle wear
pads and the outer duct. The pattern of galling marks observed was consistent
with a torsional loading transmitted from the CRDM to the control assembly
absorber section. A rotational joint has been included In the PCA design to
minimize PCRDM torque transmission and the resultant Inner/outer duct contact.
Testing to verify rotational joint performance in sodium has been satis-
factorily completed. The rotational joint test is described in Section
C.5.1.2F.

Irradiation effects on PCRS scram performance must be considered in the PCA.
Irradiation could degrade scram performance by reducing control rod to outer
duct clearances either as a direct effect of Irradiation Induced swelling or
as Indirect effects of duct bowing. Reduction In clearances resulting from
failures of component parts due to ductility loss or inner duct distortion
from pin bowing or pin ruptures must also be considered. Bowing of the inner
and outer ducts results from thermal and flux gradients across the ducts
leading to differential Irradiation swelling combined with creep effects from
Interactions with adjacent assemblies. Section 4.2.3 of the PSAR provides a
detailed discussion of duct bowing. Differential bowing between the Inner and
outer ducts could, if the bowing magnitude were sufficiently large, lead to
duct to duct contact with resultant increase in drag forces retarding scram
Insertion. CR4RP programs to verify swelling and creep correlations used for
bowing analyses are underway. These programs together with operational data
from other reactors (FFTF, EBR-il, etc.) will provide a basis for establishing
the magnitude of duct bowing. Analyses have been conducted to assure that
design envelope duct bows do not result In significant drag forces and that
margins exist against scram failure. A duct bowing test using prototypic
ducts has established scram limiting duct bows and determine duct bowing
margins.

Absorber pin ruptures could impact scram performance due to reactivity loss
from BfC washout at open cladding areas or due to inner duct deformation from
pin failure gas pressure pulses. Absorber pins are designed not to fail and
analyzed using conservative deterministic cladding criteria. Washout test
data for B4 C pellets exposed to flowing sodium must be evaluated. This
evaluation Is described in Section C.5.1.1. Reliability emphasis Is placed on
pin rupture effects of mechanical deformations that result from sudden release
of pin internal pressure. Tests have been performed to determine inner duct
deformation (ballooning effect) from pin fallure pressure pulses to envelope
worst case effects of pin rupture. These tests have shown that pin ruptures
do not result In significant deformations and have a negllglible Impact on
scram performance. The pin rupture tests are described In Section C.5.1.2J.
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Temperature and flux gradients across an absorber pin produce pin bowing. Due
to dominance of the temperature gradient with higher temperatures at the
Interior side of the pin bundle, the bow Is nominally inward. With wire wrap
point load constraints, local outward deflections of the pins will occur.
This outward deflection coupled with pin swelling can close pin to inner duct
clearances and result In an outward pressure on the inner duct. The inner
duct Is necessarily a thin wall member. It could therefore deflect outwards
under the action of pin bundle/duct interaction loads. Pin deflection effects
on the Inner duct could have an adverse Impact on scram performance due to a
reduction in duct to duct clearances. Analytical predictions of pin to pin
and pin bundle to duct Interactions are made. Data are available on this type
of Interaction behavior from FFTF fuel pin testing. While not prototypic,
this provides additional support to the analysis for the current design. The
behavior of the pin bundle Is characterized by a mixture of structural and
mechanical response to the applied loading. Models using existing structural
analysis tools are however subject to uncertainties. A pin compaction test
has been conducted to determine Inter-pin loads, pin to duct loads and pin
bundle compressibil ity to envelope the inner duct deformation that might
result from pin bowing. Testing described In Section C.5.1.2G has provided
the data required to define the pin bundle-duct interaction analysis.

The Impact of the drivellne/control rod on the PCA scram arrest flange must be
evaluated to verify that a brittle fracture of the irradiated PCA outer duct
will not occur. Transmitted and reflected (from core support structure)
stress waves can lead to a stress buildup and brittle failure of the
irradiated duct becomes a potential failure mode. The reason for concern with
this failure mode is that potential chips or duct distortion from the duct
fracture could retard scram Insertion. To support analyses in this area, duct
impact testing was conducted to minimize analytical uncertainties and to

.provide test confirmation that brittle fracture wil I not occur. The duct
impact tests are described In Section C.5.1.2K.

The previously Identified PCA component testing will provide data at an early
date which is directed at specific areas of reliability emphasis for feedback
Into final PCA design. Based on preliminary analyses, testing Is anticipated
to confirm a design lifetime of two years. To obtain direct irradiation
behavior data to confirm PCA lifetime capability, irradiation testing of a PCA
in FFTF Is planned. Post irradiation analysis will provide direct data on
duct bowing, pin pressures, Irradiation Induced swelling, etc. prior to
extended power operation In CRBRP.

Manufacturing, maintenance and procedural errors could affect scram insertion
through factors such as Internal misalignments of the assembled components,
incorrectly assembled joints or materials errors. These factors could result
In Increased insertion drag forces resulting In slowed scram insertion.
Vendor acceptance tests and development tests on prototype and plant manufac-
turing units will be performed. These tests will make maximum practical use
of common materials for both test and plant units.
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C. Interfacing Components

Interfacing component failures can Impact PMS scram performance by increased
misalignments, temperature effects and flow changes. To identify failures,
failure detection capability and effects on PMS performance, analysis of
interfacing component failure modes and their effects are performed. This
analysis together with PCRS performance evaluations against identified failure
moaes is directed at reliability enhancement.

C.4.1.2 Secondary Mechanical Subsystem (SMS)

The SMS has been evaluated from a reliability standpoint and the continuing
rellability efforts will concentrate on the safety related functions, I.e.,
the unlatching and insertion of negative reactivity Into the core (scram).
This section describes those features of the SCRS where design and reliability
efforts are emphasized.

Areas Identified For Reliability Emphasis

Each of the three components of the SCRS has a function which is necessary for
successful scram performance. The SCRDM scram function Is to release the
pneumatic holding pressure thereby allowing the tension rod to fall. The SCRD
function Is to allow the tension rod to drop a fraction of an Inch to open the
gripper fingers. The functions required to assure successful scram are
control valve and piston/cylinder operation, tension rod translation, latch
release and control rod Insertion. Each of these Is discussed pertaining to
factors Involved In the SCRS design and environment and areas of expected
reliability activity.

A. Control Valve? Piston/Cylinder Operation

A pneumatic actuator, connected by the tension rod to a gripper device latched
to the control rod, is vented when electrical power is cut off to at least two
of the three solenoid operated control valves. Venting of the actuator allows
the tension rod to drop unlatching the gripper device from the control rod
coupling head.

Rel iabil ity Program activities on the control valves center on eliminating any
potential for jamming, sticking or slow operation. The possible long term
hold periods (up to one year between operations) could result In valve
degradation. Mechanical distortion caused by thermal effects or shock Impact
in the valve assembly could cause binding forces in the pilot valves,
solenoids or main valves. Deposition of particulates in the pressurizing gas
could also lead to binding as well as to port and/or vent blockage. Thermal
degradation of valve seat material or the presence of gas contaminants could
jam or delay the operation of the valves and armatures. Variations in
friction coefficients, wear effects on the valves, manufacturing errors and
Internal misalignments could impact proper valve operation. The effects of
galling and wear and the potential sodium vapor effects (caused by bellows
failure) on clearances are areas of reliability emphasis.
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Tests are planned for the valve/cylinder assembly to provide
proof-of-principle and are described in Section C.5.2.2C. Life tests (see
Section C.5.2.2F).will be performed to confirm operational performance .
beyond the design life of the valve/cylinder assembly. Analysis will be
performed to investigate manufacturing variations and to assess variations
in wear and friction effects. A failed-bellows test of a prototypic
SCRDM/SCRD (described in Section C.5.2.2G) will confirm acceptable operation
in a possible sodium vapor environment.

B. Tension Rod Translation

The translation of the tension rod, which connects the actuator
piston to the latch, under conditions of a deformed driveline is an area
of uncertainty requiring additional testing and analysis. Distortion of
the drivel ine tubes surrounding .the tension rod is capable of introducing
friction forces which can retard the motion of the tension rod. Tension.
rod drop of a fraction of an inch is sufficient to permit unlatching of
the control rod, however, simultaneous binding of the driveshaft and sensing
sleeve on the tension rod from abnormal thermal bowing effects or from
excessive external loadings applied to the driveshaft could retard or prevent
tension rod motion. The effects of fabrication tolerances and straightness
of the rod and two surrounding tubes on tension rod translation are also
needed to evaluate its reliability. The effects of bowing will be evaluated
to determine displacements of SCRD component parts.

C. Latch Release

Reliable operation of the gripper fingers is essential for reli-
able scram performance of the SCRS. The latch is therefore the subject of
a substantial segment of the SCRS reliability program.

The gripper fingers in contact with the coupling head form a
latch to hold the control rod in the ready-position. Potential self-
welding between the gripper fingers and the coupling head could prevent
insertion of the control rod. Solid material diffusion in liquid sodium
(a function of sodium temperature, contact time and pressure, mating surface
conditions, cleanliness, and the mating materials) may promote self-welding.
This could also result from mechanical adherence of the rubbing parts as
the end result of galling.
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Confirmation of latch performance will be achieved by means of
verification tests. The choice of latch and interfacing cam surface materials
has been based on analysis of material interactions in sodium. Verifi-
cation testing will include prototypic tests in sodium to assess material
interactions and to demonstrate performance. These tests are described in
Section C.5.2.2A. Testing to determine the effects of the long-term
hold periods under prototypic environmental conditions will be used to confirm
functioning. In addition, accelerated latch life testing will be performed to
verify that galling and repeated latching/unlatching do not degrade unlatch
performance and that margins beyond design life exist. Latch scram testing
is described in Section C.5.2.2D.

Evaluation of the test results will be factored into the design
and fabrication of the SCRS latch and interfacing components. If test
results indicate potential for problems or if performance margins were
not confirmed, corrective design action will be initiated.

D. Control Rod Insertion

The guide tube and outer duct of the SCA together form a channel
that guides the control rod .during its insertion into the core. Reliability
activity in the area of control rod insertion focuses on assuring adequate
clearances between the rod and its cylindrical guide tube. Hang up of the
control rod in the guide tube or slow insertion may be caused by increased
friction resulting from excessive channel distortion. Channel distortion
can result from thermal bowing effects, irradiation swelling and/or creep
effects, control rod pin-bowing or ruptures, manufacturing errors or seismic
loading effects on the SCA or on interfacing components. Other reliability
activities focus on the hydraulic assist feature and the overall hydraulic
characteristics of control rod insertion. Distortion effects of the hydraulic,
assist feature or particulate deposition in close clearance areas could
affect the insertion of the control rod. Slowed control rod insertion
could result from wear effects between the control rod and guide tube.
Galling of sliding surfaces could lead to significant friction increases
and/or seizing of moving parts.

Significant emphasis is placed on analyzing and testing the SCRS
to determine the overall impact of distortions on control rod insertion.
Analysis will be performed to determine the thermal bowing of the control
rod, the irradiation swelling of the hydraulic assist piston, the irradia-
tion and thermal bowing of the outer duct and guide tube, the irradiation
creep and swelling of the guide tube cross section and the deformation of
guide tube and control rod under seismic loadings. Results of these anal-
yses will be used to determine potential control rod/guide tube contact
points and to evaluate potential frictional forces. Results will be fac-
tored into SCRS testing. An analytical scram insertion model will be used
to evaluate SCRS performance.
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Verification tests (see Section C.5.2.2J) will provide proof-of-
principle for the hydraulic assist and control rod insertion. Guide tube
deformation tests will be used to determine the effects on rod insertion.
These tests are described in Section C.5.2.2H. Guide tube distortion beyond
the maximum calculated value will confirm that performance margin exists.
SCRS life tests will be used to provide wear data under prototypic environ-
mental conditions.

E. Interfacing Components

The successful scram function of the SMS could be affected by
the reactor components which interface with the SCRS's. Interfacing components
could potentially apply loads to the SCRS or allow displacements of SCRS
components beyond design envelope misalignments which could prevent scram.
Examples of components which are in these two categories are the upper
internals structure, the reactor closure head, fuel assemblies and the
core support structure. Analysis of each interfacing component to determine
its failure modes and their effects (FMEA) is used to identify areas where
adverse effects could exist. Analyses and test results will be used to
provide substantiation that interfacing components are not potential scram
failure initiators. Where the analyses indicate potential initiators, the
component design will be modified to remove or minimize the potential.

C.4.1.3 Electrical Subsystem (ES)

The systems and equipment covered in this section comprise elec-
tronic and electrical signal conditioning equipment with associated cabling,
instrumentation and switchgear needed to operate the mechanical shutdown
subsystems.

System design features included in the CRBRP ES are similar to
those widely used in LWR's. These equipments are implemented using piece/
parts which have been proven in military programs. The equipment designs
for many of the electronic subsystems, while based on designs for FFTF,
have not been proven in an operating environment. As a consequence, re-
liability analyses and test programs are aimed at providing the same con-
fidence in operational reliability as now exists for similar equipment in
LWR's.

To evaluate the reliability of the operation of the ES, the ES
is subdivided into three major areas of interest: overall subsystem, instru-
mentation sensors, and electronic components and subsystems. These areas
are discussed in turn. The principal considerations affecting reliability
are reviewed along with the resulting conclusions concerning any additional
needs for analysis and testing.
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A. Overall Subsystem

The Plant Protection System (PPS) design has a close similarity to systems
used In Light Water Reactors for which there Is an extensive background of
standards, regulatory guides and licensing practice aimed at Improving safety.
The basis for the PPS design, the standards used and the supporting analysis
are described In Chapter 7 of the PSAR and are at least as stringent as those
applicable to PWRs. The use of these standards, coupled with the similarity
of CRBRP and LWR designs for the ES, Is a major factor contributing to the
program goal of achieving a level of rellability In each of the ES subsystems
for CRBRP comparable to that achieved In LWR systems.

Reliability Is assured by a combination of design procedures, tests and system
reviews which ensure that the requirements of the standards have been
adequately met both within the ES subsystems themselves and with relation to
other interfacing systems and equipment.

Assurance of reliability in design features within the ES has been met by a
combination of studies of failure modes and effects (In order to determine the
results of single failures) and of common causative factors which could result
in total system failures.

The Industry standards referenced In Table 7.1 of the PSAR provide for the
reliable operation of the ES equipment under accident conditions by placing
specific requirements for separation, environmental qualification and testing.
For instance, In the case of separation of ES from others, full compllanceý
with Regulatory Guide 1.75 Is required in all relevant system design
descriptions. This has been implemented in the case of the ES by specially
designed buffer circuits, by requirements for appropriate cable and tray
separation and finally by the use of separate upper and lower cable spreading
rooms for the primary and secondary electrical subsystem cabling respectively.

The acTivities described previously are directed at assuring that reliability
is designed Into the ES. The effectiveness of these design measures Is
assessed In the ES reliability assessment. This assessment Is conducted using
the techniques described In Section C.2.. Particular attention is directed to
the reliabil ity evaluation of many ES interfaces with external components.
The ES reliability evaluation is summarized in the ES Reliability Design
Support Document.

Given the use of existing proven Industry standards and design and reporting
procedures that ensures their effective Implementation, difference remains
between CRBRP protection systems and those currently licensed for LWRs. The
difference relates to the design of the protection logic systems. Although
these systems are based on the FFTF design, no overall system operating
experience exists for this equipment. To provide the required operating
experience for the CRBRP system, the Reliability Progran plans long-term
testing of a complete Electrical Subsystem. A description of this test is
contained In Section C.5.3.2B.
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B. Instrumentation Sensors

Instrumentation sensors to be used in the ES are based on designs
in which there is extensive previous experience from either Light Water
Reactors or other sodium systems such as EBR-II, Fermi-I and SEFOR. For
instance, in the case of the Power/Flow trips on which reliability interest
has& been concentrated, there are four different types of sensors involved:
Neutron Flux Ion Chambers, Neutron Flux Fission Counters, Electromagnetic
Flow Meters, and Sodium Differential Pressure Meters'. The two types of
neutron flux sensors are similar in both construction and functional appli-
cation to sensors used in Light Water Reactors. Their reliability character-
istics are consequently well understood and can be factored into the overall
system design by means of accepted and proven redundancy concepts.

The electromagnetic flowmeters are based on instruments in which
operating experience exists in EBR-II and Fermi and operational sodium test
loops. The design utilized electrodes connected to the outside of pipes
and permanent magnets located again outside the pipes. The simplicity of
these sensors provides inherent high reliability.

In the case of differential pressure sensors, the similarity of
the instrument to those used for similar functions in operating sodium test
loops provides assurance that their failure characteristics are well under-
stood.

In view of these considerations, it was concluded that an adequate
background of relevant experience existed on the sensors to support their
reliable operation in the CRBRP ES application. This conclusion also
applied to the sensors which initiate the shutdown heat removal system.
These sensors are similar to those now in operation in similar applications
in the industry.

C. Electrical Components and Subsystems

The CRBRP ES design was based on a modification of the design pre-
pared fo- the FFTF project. A reliability enhancement study carried out
early in the program indicated what improvements could be most effectively
achieved by means of a component reliability program. This component re-
liability activity has taken the form of rigorous comprehensive specs which
include extensive use of MIL Specs and a component test program.

The component test program has two principal series. First, vendor
thermal screening and functional tests will be used to detect any design or
manufacturing deficiencies in the modified FFTF components. Second, extended
life tests will provide a high confidence level in the long-term reliability
of the components.

Amend. 36
C.4-11 March 1977



C.4.2 Shutdown Heat Removal System

This section describes the areas of the Shutdown Heat Removal System (SHRS)
where testing and analysis have been Identified as desirable to support the
adequacy of SHRS reliability. These areas relate to uncertainties associated
with specific components and have been Identified after an evaluation of the
overall system. Included are separate sections on the PHTS, IHTS, SGS and
SGAHRS, and DHRS.

Failure Mode and Effects Analysis, numerical reliability predictions for
conceptual and preliminary design configurations and designer experience with
both sodium and water/steam systems and components were used to select the
initial areas for reliability attention. At the Initial stage in the
Reliability Program, major development test programs existed In the steam
generator systems and coolant boundary areas of the heat removal systems.
These areas were considered for reliability emphasis since defined tests will
provide Information which could impact the reliability of the SHRS. The
initial FMEAs and reliability assessments were performed during the conceptual
and preliminary design phase. The failure modes and failure consequences and
simplified systems reliability models were used to determine relative
criticality of failure modes. During the design detail phases, the FMEAs and
CCFAs are upgraded to reflect design maturity and changes. These evaluations
confirm the appropriateness of ongoing heat transport system component
development tests. Identified areas of uncertainty are cross-referenced to
specific tests which are described In Section C.6.

C.4.2.1 Primary Heat Transport System (PHTS)

Areas Identified for Reliability Emphasis

The CRBRP PHTS design basis and operational environment are similar to those
of FFTF. The primary pump and IHX designs as well as piping layout are areas
of major difference. FFTF experience In design, fabrication, shipping,
installation, Inspection and operation will be utilized in the CRBRP
reliability evaluations and In final design implementation.

One area of criticality to PHTS function during shutdown heat removal
identified for reliability emphasis Is the structural integrity of the primary
coolant boundary. The FFTF experience will be significant to assessing the
reliability adequacy of this boundary and identifying appropriate activities
for assuring Its Instal led integrity. Retention of the primary system coolant
inventory has critical Importance to transporting heat from the core. Coolant
boundary Integrity is also important to the successful operation of DHRS since
some piping or vessel leaks may lower sodium levels below the sodium overflow
level which would terminate DHRS removal of heat from the reactor vessel.
Loss of primary system coolant inventory Is limited by guard vessels and
elevated loop piping provided to maintain Independence of primary loops.
Leaks in one PHTS loop will not affect Inventory In the other two PHTS loops.
Test programs have been directed toward assuring adequacy of base material
(SS304, SS316 and Inconel 718) structural properties and the welded joint
design adequacy. Much of this information is being developed under on-going
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technology programs described In Sections C.6.1.2H and L. Present programs
may not provide sufficient information on weld joint reliability and thermal
fatigue at locations where sodium streams with widely differing temperatures
mix. Testing in these areas is described In Section C.6.1.2A.

Pipe hangers and snubbers Impose loadings on the piping and represent
potential failure mode Initiators for the primary sodium boundary. Analyses
of selsmic response and expansion characteristics assuming failed hangers and
snubbers are being performed. Testing to qualify the hangers and snubbers
will be performed. The testing Is described in Section C.6.1.2B.

The PHTS sodium leak detection system is a fundamental line of defense in the
assurance of the primary coolant boundary Integrity. Development programs are
in place as described in Section C.6.1.2D which will provide diverse sodium
leak detection methods and equipment with appropriate levels of sensitivity.

The PHTS pumps provide forced circulation and are important contributors to
the overall reliability of the SHRS. Depending on the time after scram that
the DHRS may be activated, operation of one or more of the primary pumps at
pony motor speed is critical to the operation of the DHRS. Low speed pump
tests have been specified. The primary pump development program includes
tests on pony motor operation and will provide information on pump bearing
wear characteristics at pony motor speeds. These tests are described in
Section C.6.1.2F.

The main heat transport system is designed to provide natural circulation heat
removal capabil ity In all three loops. Testing is planned to confirm
operation In this mode and Is described in Section C.6.1.2G.

C.4.2.2 Intermediate Heat Transport System (IHTS)

Areas Identified for Reliability Emphasis

The functional requirements for the IHTS and its hardware characteristics are
similar to the PHTS. Therefore, PHTS materials properties testing, leak
detection testing and sodium pump testing are applicable to IHTS reliability
assurance activities. The Impact of Intermediate system sodium leaks
Introduces new variables for attention. The ambient air environment and the
material property differences in the transition welds to the SGS and the
extensive length of piping runs are key areas of difference between the IHTS
and PHTS. The ambient air environment for the IHTS introduces an increased
level of corrosion potential around a small sodium leak. Sodium leak
detection testing must therefore be directed towards sodium to air leakage.
The materials property testing for the PHTS, however, is applicable to IHTS
rel iabi I ity assessment.
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The IHTS connections to the steam generator introduce two unique areas of
structural design. The transition weld joint at the piping connections to
steam generator modules and the mixing tee joints which tie the modules In one
loop back to a single pipe are areas with potential for loss of coolant
boundary Integrity. Development tests are underway for these two areas to
Investigate their potential for being a point of coolant boundary failure.
These tests are described In Section C.6.2.2.

C.4.2.3 Steam Generator System (SGS) and Steam Generator Auxiliary Heat
Removal System (SGAHRS)

Areas Identified for Reliability Emphasis

The steam generator systems have common elements in both the normal shutdown
heat removal mode, which uses the main steam piping and condenser as a heat
sinK, and the auxillary heat removal mode which uses SGAHRS to provide steam
venting and PACCs as heat sinks.

There are nine steam generator modules of common design, any one of which Is
adequate to remove shutdown heat. The designs potential for common cause
failures in the modules and their associated systems, and steam generator
coolant boundary Integrity Is a primary focus of reliability activities.
Steam generator module tests are described in Section C.6.3.2A.

A shell-slde hydraulic model test is providing information on the potential
for tube or tube sheet vibration in addition to shell-side flow distribution.
The "few tube" model tests provided Information about tube expansion during
thermal transients. The potential for thermally damaging the steam generator
tubes as a result of departure from nucleate boiling (DNB) is also being
experimentally Investigated within the steam generator development programs by
exposing tubes to severe DNB conditions. Descriptions of the steam generator
prototype test and "few tube" test are provided In Section C.6.3.2A.

The leak detection system has the potential for Improving the availability of
steam generator modules for shutdown heat removal. This system Is therefore
of Interest to reliability. The leak detection system signals that hydrogen
or oxygen Is present in the Intermediate system sodium. The operator would
take action to Isolate the water/steam side and may take action to dump the
sodium from the affected loop. Such action would remove the loop from heat
removal capabillly. Early action by the operator may preserve the sodium
Inventory by Isolating the water/steam side. The early action may retain the
loop for heat removal through the unaffected modules. Testing has been
defined in support of leak detection function and Is described In Section
C.6.3.2B.

The burst discs In the SGS which isolate the SWRPRS from the SGS are receiving
major attention since they Introduce a common cause failure potential for the
three main heat transport systems. Inadvertent rupture of one pair of these
discs in each loop would eliminate redundancy in the SHRS (only the DHRS would
then be available). The SGS development program Is conducting tests to
demonstrate operation of the burst discs within the design specification limit
pressures. The testing for burst discs is described In Section C.6.3.2C.
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The shutdown heat removal function requires the integrity and operation of the
steam piping, main steam line valves, turbine bypass valves, steam generator
modules and steam drums. All of these components include levels of redundancy
during shutdown heat removal. Light Water Reactor and conventional steam
plant experience and data as well as acceptance tests will be used to assure
that adequate SHRS reliability can be established without special testing
directed toward these components.

C.4.2.4 Direct Heat Removal Service (DHRS)

Areas Identified for Reliability Emphasis

The DHRS incorporates two primary coolant flow paths. An Inner loop transfers
heat from the core to the outlet plenum via circulation in the PHTS. Heat
rejection from the outlet plenum is accomplished via Injection of cold sodium
Into the outlet plenum via the makeup nozzle and extraction of hot sodium via
the overflow nozzle. An essential element for the successful operation of
this system Is the effective heat transfer between sodium circulating in the
two paths. This heat transfer takes place by means of mixing of sodium from
the two circulation loops in the outlet plenum. The effectiveness of this
mixing mechanism has been demonstrated in the 1/21 scale water tests performed
at ARD. Further confirmation has been obtained from the 1/4 scale water tests
conducted In the Integral Reactor Flow Model at HEDL.

The DHRS uses the components of the primary sodium service system and the EVST
cooling system. The DHRS Introduces only the overflow heat exchanger and
additional valves. The Integrity of primary piping and other elements of the
DHRS coolant boundary will be supported by the materials testing programs
Identified for the primary coolant boundary In Section C.6.1.2. The perfor-
mance of DHRS will be supported by Information from flow testing of the
reactor vessel outlet plenum described in Section C.6.1.2A. Other testing
Includes performance testing of active pumps and valves; design verification
testing of the air blast heat exchangers and manufacturer acceptance testing
of the overflow heat exchanger and the air blast heat exchangers. The air
blast heat exhangers are similar to the FFTF air blast heat exchangers and
their rellability will be supported by testing done for the FFTF. components.
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C.4.2.5 Interfacing Systems

Areas Identified for Reliability EmDhasls

I
The SHRS has the capability of functioning In the natural circulation mode In
the primary, intermediate and steam/water loops. The requirement for elec-
trical power Is that the battery supply be avallable to operate control
Instrumentation in the SGAHRS. The components of the power supply are of
conventional design, and generic reliability data are available to support
their reliability.
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C.5.0 Reactor Shutdown System Evaluation

A program element essential to meeting the objective of reliability
enhancement Is the timely feedback of data from the program activities to the
plant equipment design, fabrication, installation and operation activities.
In the case of analytical assessments, this Is. achieved by requiring that the
reliability assessments be a part of the design support package for each
component which is part of the RSS. Assuring timely feedback of data from the
test program, however, requires careful planning since in many instances test
articles cannot be made available before a number of the design and
fabrication processes have been completed. In recognition of this problem,.,,
the schedule for the Reliability Program test activities has been coupled to
that for the plant component design, fabrication; installation and operation
activities. All test activities will provide data in advance of operation of
the plant units. The testing schedule Is such that positive response is
possible for the elimination from the plant equipment of any unacceptable
features uncovered in the test program.

The analysis of the RSS includes: (a) qualitative analyses (FMEAs and CCFAs)
which identify potential random independent and common cause failures, (b)
evaluations of failure consequences, (c) numerical reliability predictions of
potential failure modes to supplement design analyses, (d) evaluation of test
results to provide input to failure resolutions, (e) evaluations of design
changes or updated details for impact on failure modes, (f) continuing
evaluations of critical dimensions or processes through manufacturing and
installation to minimize potential errors and (g) assessments of interfacing
components potential failure modes and consequences.

RSS analysis utilizes the preliminary FMEA as a starting point for further
analysis as well as test definition. Based on this FMEA, failures having
common cause potential for scram failure of more than one control rod are
identified. Priority is then given to the resolution of the common cause
failures in both analysis and test efforts. Each failure mode is analyzed to
determine design margins or design features which protect against the failure
mode. Evaluations of test results are also factored into the failure mode
analyses. If marginal or inadequate protection against the failure mode is
indicated, the system level consequences of the failure are evaluated to
determine need for additional protection. This process is used to assure
acceptably low likelihood for the failure, to determine acceptable
consequences of the failure or to identify design changes for reliability
enhancement.

Initial FMEAs were utilized in the preliminary design reviews of RSS
components. Periodic updates of the FMEAs reflect new analyses, test data,
design improvements, etc. to show that failure modes are precluded or their
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effects are nullified. Each failure mode Identified Is being addressed to
ensure that It will not impact RSS reliability. Material and process 0
specifications and installation and operation procedures are being evaluated
from a reliability viewpoint. Design changes, manufacturing waivers and
nonconformances are also evaluated as appropriate to ensure RSS reliability.

C.5.1 Primary Mechanical Subsystem Evaluation

C.5.1.1 Analysis

Analytical models for the unlatching and scram insertion functions have been
developed to assess PCRS reliability. The Impact of design changes or more
detailed component design features are assessed using these models. Included
in PCRS evaluations are updates of control rod system misalignments resulting
from interfacing component design changes or updates of reactor system
installation details. Design changes not directly Impacting unlatching or
insertion analyses are assessed to assure negligible Impact on the shutdown
systems.

Development of the analytical model to predict pin lifetime behavior and scram
performance characteristics is closely allied to the test program. Data from
the control assembly tests, are vital to this model development which will be
used in the reliability and design analyses.

The reliability analysis and test evaluations will be summarized in the PMS
Reliability Design Support Document. FMEAs for each PCRS component are
prepared for component design reviews. Updates of the component FMEAs are to
be prepared to support significant component milestones (e.g., final design,
test program completion). The PMS Reliability Design Support Documents will
be prepared to encompass the entire, completed series of PMS reliability
analyses and testing activities.

Table C.5-1 provides a summary of the principal PCRS scram failure modes
identified from qualitative analyses. Actions to evaluate failure modes
includes assessments of design features, testing and supporting analyses.
These principal areas are detailed in Table C.5-1. Comments are given In the
last column of the table to elaborate on the identified areas for failure mode
resolution. Preliminary design analyses Indicate acceptable scram performance
for each of the Identified areas. The reliability efforts are directed at
resolution of uncertainties in the design analyses and experimental test
confirmation of the design predictions.

Washout of B 4C from absorber pins under assumed failed cladding conditions has
been evaluated. The predicted total loss of B C from one or two pins results
In only a few percent loss in control rod reactivity worth. Washout test data
for B C pellets exposed to flowing sodium Indicated low B C loss rates.
Therefore, loss of B4 C from pin failure Is not considered to be a significant
failure mode.
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Numerical Assessments

Numerical analyses have been performed to determine (a) the
unlatching performance for FFTF test units to obtain an indication of the
PCRDM unlatching reliability, (b) the PCRDM time to unlatch and (c) the PCRS
time to insert in order to assess the PCRS probability to meet design
requirements for negative reactivity insertion. These analyses assist
identification of potential problem areas for further design, reliability
evaluation and testing emphasis. Summaries of these analyses are given
below and overall conclusions are given in Section C.7.1.1.

A. Unlatching Performance for FFTF Test Units

The FFTF CRDM is essentially the same design as the CRBRP PCRDM
except for minor sizing differences to meet CRBRP load requirements and
small changes to the segment arm springs and leadscrew bushings to enhance
the scram reliability. The failure modes challenged in the integral CRDM
unlatching test included those associated with part failures, friction
coefficients, galling, design or manufacturing errors, leadscrew chips and
misalignments. On the basis of the design and manufacturing similarity
between the FFTF and CRBRP CRDM's, the FFTF test data provides a valid
indication of CRBRP unlatching reliability. No failures have been found in
3513 FFTF test scrams of the test unit. This compares with the 750 scram
events included in duty cycle for the CRBRP CRDM.

B. Unlatching Performance for CRBRP PCRDM

An analytical unlatching model of a CRDM was developed to predict
the CRBRP unlatching time and the standard deviation for the unlatching
time. The analytical model includes variables associated with the stator
field decay time, segment arm springs, friction coefficients and loading
conditions of the CRDM and leadscrew.

To get an accurate representation of the stator field decay, FFTF
motor test data were used along with FFTF Environmental Life Test data.
These data were used to calibrate the stator current decay equation. A
single decay equation was fitted to the mean of all test data for field
decay. Standard deviations were obtained by analyzing the spread of test
data compared to the mean curve. Variations in the field decay due to
temperature and critical current (two or three phase operation) were en-
compassed by the standard deviation. This procedure led to a conservative
standard deviation as the FFTF test variations in input current and stator
coolant flow lead to a broader distribution than expected for fixed plant
operating conditions for these variables.

Mean friction coefficients based on material couples tests were
adjusted to improve agreement between calculation and test results for FFTF
unlatching tests. Friction coefficient distributions were defined using
data obtained from material couples tests. The model and data were then used
to predict FFTF unlatching test results. Predicted unlatching times compared
well with test results. The predicted standard deviation was, however, con-
siderably larger than that obtained from testing.

C.5-3 Amend. 36
March 1977



The unlatching model was then updated to CRBRP PCRDM design parameters which
included preliminary electric current decay data from PCRDM motor test data.
This procedure changed the mean field decay curve but the standard deviations
from FFTF tests were retained as a conservative envelope since the test
results covered a broader range of operating conditions.

The PCRDM model was used to aid assessments of scram time failure modes
associated with the springs, stator and CRDM friction. Analysis predicted a
mean time to unlatch of 0.089 seconds with a standard deviation of 0.010
seconds. This unlatch time was combined with the scram Insertion times (see
Paragraph C below) to provide a comparison with overall scram time
requirements. Since this analysis was completed, a design change was
Implemented to reduce stator wire diameters (increasing resistance) and thus
decreasing the unlatching time.

C. Scram Insertion With Design Basis Mlsalignments

This analysis was performed to assess Insertion reliability against potential
failure modes associated with variability of misalignments within the design
envelope, sliding friction coefficients, flow parameters and scram spring
constants. Distributions were assigned to these variables which were then
Monte.Carlo sampled to perform probabilistic analysis. The scram spring force
and misalignment distributions utilized for this analysis were based on the
design specified tolerances for the PCRS and interface components. For
individual parts, uniform probability distributions over the maximum drawing
tolerances were assumed for each gap. This assumption of uniform
distributions is conservative compared to asymmetrical gamma distributions
(pealed towards smaller gap size) typically found for manufactured parts as it
leads to greater probability at the extreme tolerance limits. Since most
parts contributing to these misallgnments have 100 percent dimensional
inspection requirements, there is a very low probability of a part exceeding
drawing tolerances.

These distributions are then combined for all parts, leading to the overall
misalignment at a given elevation. The resulting distributions at a given
elevation approaches a truncated normal distribution. The extreme tails of
the distribution are, however, included in the analysis for added
conservatism. The flow parameter distribution utilized uncertainties obtained
from the FFTF control assembly flow test. This test was run In water with a
prototypic control assembly. The data was then correlated to flowing sodium
conditions. From this, a friction factor was derived. The percent error
based about the mean value was used to define uncertainties. Friction
coefficients and associated standard deviations used for gamma distributions
were obtained from material couples friction and wear tests performed under
Base Technology programs.
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These analyses yield the probability of achieving thedesign requirements for
scram insertion speed. Combining the unlatching time and insertion time
analyses for the time from start of stator field decay to Insertion of 1$ of
reactivity yielded a mean time of 0.338 seconds and standard deviation of
0.012 seconds. These results indicate a normal scram probability of >0.999
(per challenge) satisfying the scram time requirements under operation within
the design basis and no structural failures.

C.5.1.2 Testing

PCIRS tests have been planned to determine possible design deficiencies and
investigate postulated failure modes. Testing is maximized under those
operating conditions postulated to cause failure, especially where it is
desired to supplement current data to determine design margins against
potential failure.

Manufacturing processes have been considered throughout the test program
planning. Included In this planning are:

1) Plant unit specifications are used for all prototype procurements to
assure resolution of potential fabrication problems. No prototype
exceptions have been permitted for the PCRDM/PCRDs. For the prototype
PCAs to be used in sodium loop testing, the only exceptions are non-
prototypic pin internals (no B4C) and changes to material standards
(ASME standards substituted for RDT standards) for absorber pin
cladding and minor non-wear limited parts. Fabrication, inspection,
and acceptance test specifications are the same for prototype and
plant units.

2) Simultaneous material procurements have been made for prototype and
plant unit PCRDM/PCRDs. Potential plant unit failure resulting from
material variability should be minimized as material deficiencies are
expected to be identified in the prototype tests.

3) Acceptance tests for each unit will be performed by the PCRDM/PCRD
vendor prior to shipment. These tests will include functional tests
of the PCRDM to compare performance with acceptance requirements.

To minimize potential failures resulting from installation and operation; the
following activities are planned:

1) Prototypic installation employing plant installation tools and
procedures will be used throughout the PCRS test program.
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2) Prototypic testing of all planned PCRS maintenance operations
employing plant maintenance tools and procedures will be used to
search for human factors or design errors which could lead to scram
failure.

3) CRBRP startup tests will Include functional and scram tests to verify
shutdown performance prior to criticality and during power ascent.

4) CRBRP scram tests will be performed after every reactor refueling
prior to approach to criticality.

5) Normal shutdowns will be completed by a scram test of control rods.
After control rods are inserted sufficiently to shut down the
reactor, the rods will be scrammed to complete insertion to test
scram performance.

The following paragraphs identify the individual tests and discuss the
engineering features of each test. The feedback to the plant equipment
development program is identified together with the options available for
responding to the test data. A description of the test facilities to
Implement these tests is Included in Addendum 1.

A. PCRS Prototype Design Test

The PCRS Prototype Design Test includes four parts: the PCRDM Accelerated
Unlatching Life Test, the PCRS Prototype Design Test, the Disconnect Actuating
Tool (DAT) Test and the Maintenance Equipment Tests. In the unlatching test,
the PCRDM will be operated beyond the design life of unlatch and travel to
assure margins against wear related failures and to eliminate design defects.
In this test, operating environment extremes such as mechanism misalignment,
temperature and pressure will be Increased beyond design basis conditions to
evaluate design margins. The PCRS Prototype Design Test is a complete control
rod system (PCRDM/PCRD/PCA) test In a sodium environment. PCRDM and PCRS
performance data such as unlatching time and scram insertion time will be used
to assure that design specifications are satisfied under design basis
operating conditions of misallgnment, sodium flow rates and temperatures. The
DAT and Maintenance Equipment Tests provide data which will be used to
thoroughly evaluate the maintenance procedures on prototypic equipment under
plant type operating conditions. These tests are to Identify weaknesses in
the equipment design and the maintenance procedures as well as to evaluate any
maintenance related failures.

Results from this test are available for the period of early 1978 through late
1980. The PCRDM/PCRD Final Design Review was held In October 1978, and data
from the CRDM Accelerated Unlatching Life Test was available for this design
review. By mid 1978, manufacture of all prototype PCRDM/PCRDs was completed.
Fabrication of the plant units progressing in parallel with the testing. Both
the test and plant units fabrication will be completed in late 1980. The
overlap of testing and fabrication has permitted PCRDM/PCRD design changes,
Identified as desirable from the test program, to be incorporated Into the
plant units. Design changes based on test results have been made to
facilitate installation and maintenance. Normal operation and safety-related
performance has exceeded design requirements.
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B. PCRS System Level Test

The System Level Test has elements concentrating on different aspects of PCRS
performance.

Part I Is the Real Time Test of a prototype PCRDM/PCRD and prototype PCAs.
Representative hold times (inactive periods during which the control rod is
not moved) are interspersed throughout the accelerated operations. The
operating profiles of a Row 4 corner control rod are simulated at an
accelerated rate of cyclic operation because rods at these positions are not
used for daily power control and experience periods of Inactivity during
normal reactor operation. Besides providing additional data to assure
manufacturing variations do not affect design margins against potential wear
related failures, the hold times generate data to confirm that potential time
related failure mechanisms such as self-welding are not significant. Scram
times and other performance data are used to confirm that design specifica-
tions are satisfied and to assure the reliable operation throughout the test.

Part II Is the Failed Bellows Test and consists of operating a prototype PCRS
for one year with an intentionally failed bellows to determine potential
related failure modes for PCRDM unlatching and PCRS insertion. Bellows
failure will expose parts normally in an argon environment to sodium vapor.
Scram release time and wear will be monitored to evaluate design performance
and margins under failed bellows conditions. By observing areas of sodium
buildup or extreme wear, potential failure mechanisms resulting from a failed
bellows will be Identified.

The PCRS flow vibration test, Part III of the system level test program,
utilizes accerlerometers on the PCRD and shroud tube in the area of the
dashpot cup and on the PCA outer duct to monitor flow vibration effects.
These data, together with past sodium test examinations of all test
components, are used to verify acceptability of the PCRS design relative to
flow vibration effects.
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Results from these tests will be available so that any plant unit modifica-
tions can be implemented prior to their shipment to the site. All reliability
testing will be completed prior to initial startup testing In CRBRP. Test
results can be factored into the PCA final design, scheduled for completion In
late 1981.

The PCRS System Level Test facilities have been designed for testing at the
extremes of the design operating conditions and beyond to induce failures and
thus determine design margins to assure reliable performance. Maintenance
equipment Including a simulated maintenance pit will be used In the system
level tests.

C. PCRS Dynamic Seismic Friction Test

This test provides two pieces of information essential to the accurate
prediction of control rod scram insertion performance during a seismic event.
These are (a) the effect of fluid coupling on the lateral translational
behavior of a driveline and control assembly within their respective guide
members and (b) the effective coefficient of friction between the Interacting
components under conditions of short duration contact. Effect (a) is of
importance because it dictates the number and magnitude of the lateral
impulsive forces generated as seismic excitation causes the drivellne and
control assembly to "rattle" within their guide members. The frictional
component of these loads acts to retard scram insertion, hence their number
and magnitude reflects directly on the seismic scram Insertion prediction.
Effect (b) must be evaluated in order to reduce present conservatism In the
friction assumptions used to convert the lateral Impulsive loads into axial
loads opposing scram insertion. During the brief period of lateral impact
loading, it is possible that squeeze film sodium lubrication will decrease the
effective friction coefficient.

The test provides data on the translational behavior and impact load behavior
of simulated rod/guide tube features when subjected to seismic excitation in a
fluid environment. The impact load-time histories obtained are used to
calibrate analytical models to assure the correct representation of entralined
fluid effects. Drop times are to be measured. These data, together with the
impact load-time histories has been used to determine the effective coeffi-
cient of friction under squeeze film lubrication conditions.
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Results from this test were obtained in the period early 1977 through early
1980. Most of the test results were available prior to the PCRDM/PCRD Final
Design Review In 1978. Friction coefficients from the test have been combined
with normal Impact forces from seismic analyses to show that PCRS seismic
scram speed requirements are satisfied.

D. PCRS Friction Couples Test

Data will be generated by these tests is used to evaluate friction and
resultant drag forces that will be encountered during PCRS operation. The
materials Used in the PCRS design have been carefully selected, especially in
the areas where contact during operation is anticipated. These tests provide
friction data on the material couples under varying conditions of contact
force, temperature, environment (liquid sodium, argon-sodium vapor and argon),
length of contact surface and time between operations. The maximum friction
developed under these conditions has been incorporated into scram speed
analyses an analytical model to confirm design margins.

The test material samples consist of a pin and plate. These samples are
placed In a facility capable of providing reciprocating motion and recording
friction over the range of conditions specified.

Results from these tests are currently available. These data are utilized

available for both the PCRDM/PCRD and the PCA Final Designs.

E. Control Assembly Hydraulic Test (Flow Test)

This test generates flow, vibration and pressure drop data to characterize the
hydraulic performance of a prototype PCA. These data are required to assure
that adequate design margin against control rod flotation is available. Flow
Induced vibration will also be investigated to check the rod bundle response
to flow turbulence up to 150 percent of nominal flow. The test facility will
be a circulating water loop with the required flow and pressure drop
instrumentation.

Results from this test are being utilized in the PCA final design evaluations.

F. Control Assembly Rotational Joint Test

The purpose of the Rotational Joint Test was to verify the performance of the
rotational joint under expected operating environments. The objective of the
test was to measure the torque transmitted through the joint under prototypic
temperatures and loads. In addition, the effect of scram impact dynamic

loads, misalignment of input and output shafts and sodium soak were
determined. Finally, the effectiveness of the rotational joint in reducing
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duct wear was determined by purposely inducing wear pad to duct contact and
cycling the rod until approximately six times the goal lifetime travel Is
achieved. Wear pad to duct contact was reestablished after every half
lifetime of travel. Data generated by these tests demonstrated the effec-
tiveness of the rotational joint to minimize control assembly wear.

G. Primary Control Assembly Pin Bundle Compaction Test

Data generated by this test Is used to calibrate the pin bowing analysis.
Pre-bowed pins were compressed to the configuration required by the control
rod Inner duct. The forces necessary to compact the pins to the bundle
dimensions will be measured and recorded to determine pin contact loads with
the duct and with other pins. These data are combined with analysis to
establ ish potential outward deformation of the control rod inner duct as a
result of forces due to pin bowing. Results from this test are available for
Incorporation Into final PCA design efforts.

H. Control Assembly*- Drag Force for Bowed Duct Test

Control rod duct bowing resulting from irradiation and thermal gradients Is a
potential common cause failure. To assure that adequate design margins exist
to eliminate this source of failure, drag load measurements during insertion
and withdrawal were made under various bow conditions and environments.
Prototype ducts were bowed In a test facil ity where the bow, Inner to outer
duct orientation, flow rates and radial misalignments between a simulated
lower drivel ine and the outer duct were varied and recorded. The bow
configurations that can cause Insertion failure due to excessive drag forces
were determined and the margin between failure and worst-case design
conditions were established. This test also showed that the three dimensional
mechanical/structural Interactions between the drivellne/control rod and
associated bushing/outer duct under misaligned conditions can be adequately
evaluated by two dimensional analyses. Effects of the rotational joint in the
control rod shaft (which reduces both lateral and rotational contact loads
between the control rod and outer duct) were Included in the measured drag
forces. Measured drag forces from this test have shown that duct bowing
causes negligible drag forces for duct bowing exceeding worst-case design
predictions. Bowing does not induce large retarding forces until the design
criteria limit of forced three point contact between the control rod and outer
duct Is exceeded.

Results from this test will be produced from early 1977 through early 1978.

Data will be incorporated Into final PCA design efforts.

I. PCRS Seismic Test

To provide data that will confirm design margins against scram failure during
an OBE or SSE, a prototype PCRS will be mounted in a test fixture coupled to
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eight vibration generators in a water environment simulating sodium levels.
The unlatch time will be measured and recorded with various vibratory inputs.
The PCRDM will be mounted on a three-dimensional shaker table to evaluate the
unlatching performance. The shaker table, together with an additional five
lateral shakers, are planned for evaluation of scram Insertion performance.
The data will be assessed to discover design deficiencies and establish design
margins. This test is primarily oriented toward providing unlatching and
scran insertion data for verification of analysis methods. Sinusoldal Inputs
typical of the acceleration levels under OBE and SSE conditions will be
utilized for these tests. Results from this test will be available by late
1979. At thils time, the plant unit PCRDM/PCRDs wil lhave been completed and
will be ready for shipment. Any need for modifications can delay shipment
since site instal lation does not occur until late 1981.

J. Pin Rupture Test

Pressure pulses from absorber pin rupture could result in sufficient inner
control rod duct deformation to cause a scram failure. Data generated by this
test are combined with analysis to confirm design margins are adequate against
this postulated failure mechanism. Pins at different locations in the pin
bundle were intentionally faulted and ruptured in prototypic ducts to obtain
data such as pressure pulse magnitude, duration, pin plenum pressure decay and
duct deformation. The resulting duct deformations have been found to be small
and pin ruptures have negligible potential for causing a scram failure.

K. Duct Impact Test

A PCRS scram is terminated by Impact of the drivel ine and scram arrest flange
at velocities less than 14 inches/sec with the scran arrest flange welded to
the PCA outer duct. Since the PCA duct loses ductility from Irradiation,
Impact tests on irradiated ducts are planned to assess the potential for
brittle fracture due to scran impact loads. Impact tests In support of the
FFTF program were performed without failure on an irradiated EBR-1I control
rod thimble at ambient temperature conditions (75 0 F). Tensile data generated
at temperatures (1000°F-1400 0 F) higher than the irradiation temperature
( 7000F) have shown a reduction in ductility which can be lower than the
ambient temperature ductility. Since CRBRP control rod ducts can be impacted
at up to 1000OF during scram operation after being irradiated at lower
temperatures, Impact test data are required to confirm scram Impact
acceptabII ity.

The Duct Impact Test simulated scram Impact by dropping known weights from
varying heights on an irradiated EBR-11 duct. The test included impact loads
resulting in stresses well in excess of stress conditions expected in PCA
ducts. Tensile test data from the ducts were also obtained to assist post
analysis of the test and extrapolation to PCA conditions. This test will. be
used to define design margins against PCA duct failure due to scram impact.
Results from this test are currently available and are being used to evaluate
PCA design impact.
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L. Duct Crushing Test

The purpose of the Duct Crushing Test is to Investigate the fillure mode of a
highly irradiated hexagonal duct segment when subjected to lateral loading
similar to that experienced by the above core load pads on CRBRP during
seismic excitation. Material used in these tests is taken from EBR-ll1 ntrol
rod thimbles previously irradiated to a 1uence of approximately 1 x 10
total fluence and between 4 and 5.7 x 10 fast fluence. The material Is in
the form of hexagonal duct sections, similar In profile to the CRBRP core duct
profile. The test material therefore incorporates the features which
introduce uncertainty into the duct crush strength analysis. These are (a) a
much reduced ductility with the attendant potential for brittle fracture, (b)
strain concentrations at the duct corners and (c) plane strain bending
stresses (the available ductility data on Irradiated stainless steels have
been obtained from tests in which the stresses were uniformly tensile).

Sections of an irradiated EBR-11 SS304 duct were loaded In a transverse
direction between two jaws to simulate In-service seismic loading. In
addition, tensile and bending test specimens were machined from the duct to
provide basic materials data for use in analytical predictions of duct
response to transverse loading for subsequent comparison with test data.
Temperature and strain rate were varied over a range consistent with expected
CRBRP conditions to determine if any combination of these parameters would
lead to a brittle fracture. Test temperatures were chosen to be higher than
the average irradiation temperature of the duct, since the results of the
prior EBR-11 duct evaluation indicated a decrease in material ductility with
an increase in test temperature above the irradiation temperature. Results
from this test are currently available and are being used to evaluate PCA duct
design.

C.5.2 Secondary Mechanical Subsystem Evaluation

C.5.2.1 Analysis

A summary of the principal SCRS scram failure modes Identified from
qualitative analyses is provided In Table C.5-2. The areas of testing, design
features to mitigate consequences or prevent the failure, and supporting
analyses which are important to failure mode resolution are referenced In
Table C.5-2. Identification and evaluation of these failure modes have
provided guidance for the appropriate corrective or preventive actions to
minimize the impact on SCRS scram function. Further efforts are directed at
resolution of uncertainties In the design analyses and at experimental test
calibration of the design prediction methods.
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Numerical Assessments

Available data indicate that the frequency of spurious scrams is highest at
the beginning of operation of a reactor and decreases thereafter because of a
learning process. The number of scrams which a reactor will see through its
lifetime can therefore be estimated by the use of a mathematical model which
takes into account this learning process. The current reliability assessment
of the SCRS design using this model is that the design is adequate in terms of
safety-related reliability.

C.5.2.2 Testing

The testing of the SCRS and its components is orientated to design
verification; i.e., a determination of the capability of the design to meet
its functional requirements. Data resulting from the design verification
tests will also be analyzed from a reliability viewpoint, and reliability
deductions will be made as the data permits.

The following paragraphs identify the individual tests and discuss the
engineering features of each test. A description of test facilities for these
tests is included in Addendum 1.

A. Latch Real Time Test

This test permitted evaluation of self-welding in this critical component
early in the development cycle. Environmental conditions for the test were
more severe than those predicted for the latch in reactor service.

I The test articles were subjected to less vibration, a constant force, a higher
and more stable sodium temperature and a longer time between scrams than will
occur in the reactor environment. This provided accelerated testing of the
potential for the self-weld mechanism. This test allowed the latch test units
to remain dormant in the latched condition for a full year. A dead weight was
hung from the latch to simulate the gravitational and hydraulic loads of full
power operation. To achieve a baseline for assessing the impact of the
dormant period, friction coefficient were determined prior to the start of the
dormant period.

This test was successfully completed in January, 1980. There was no evidence
of self-welding or bonding. From the initial evaluation of the results of
this Test, including a range of coefficients of friction value, it can be
interred that the SCRS latch system of the configuration and materials tested
will unlatch in a prototypic environment after prolonged exposure to high
purity, high temperature sodium.

B. Latch Scram Test

The Latch Scram Test demonstrated the performance of the latch assembly under
normal and overstress operating conditions. The test also determined the
extent of wear between the contacting surfaces of the latch assembly as a
function of the number of operating scram cycles. Two latch units were tested
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in the final configuration In the test, and other units are being tested in
the system test. Data from this latch test did not Identify any latch failure
modes and established the latch cyclic life capability as being well beyond
the design life.

Latch/col let assemblies were tested in liquid sodium with operating tempera-
tures ranging from 400OF to 10500F. Each test unit was exained before and
after testing to assess the condition and degree of degradation. During the
tests, all externally monitored parameters were checked for out-of-limit
conditions to provide a continuous assessment of test rig and latch
performance. Latch scram test #1 was successfully completed In early August
1979, after being subjected to 1987 total scram cycles, a number equivalent to
approximately five times the latch service life. Analysis of test data,
primarily coefficient of friction values, Indicated no significant effect on
latch performance of wear due to repeated scram cycles. Distributional
characteristics of the data when compared with the specified coefficient of

0.
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friction limits were favorable. Post-test examination of the parts did not
reveal significant wear at any of the critical interfaces.

Latch scram test #2, using a different test unit, was successfully completed
in mid-September 1979, after accumulating 3795 total scram releases. This
number corresponds to approximately ten times the latch service life. Nothing
observed during the course of testing, or as a result of analysis of the
coefficient of friction data Indicates any significant affect of wear on scram
performance. Latch release occurred in all cases within the lower third of
the specified range for coefficient of friction.

C. Driveline Lower Bellows Test

The primary objectives of these component level tests were to assess bellows
design adequacy and to obtain information on component life in a prototypic
environment. The tests reproduced the bellows motion involved in scram
actuation and recoupling. Test items were fully prototypic of the CRBRP SCRS
design in all aspects, Including configuration, material construction,
dimensions and clearances.

Two sets of bellows were each tested in three phases. Phase I simulated
refuel ing conditions, Phase II simulated full power conditions, and Phase III
was the life test. Each set of bel lows was cycled more than 3600 times,
equivalent to ten times the design life. Based on the successful tests of
both items It has been inferred that the bel lows design Is adequate and that
lifetime characteristics are satisfactory.

D. Pneumatic Valve/Cylinder Test

Both cyclic and real time failure mechanisms are being evaluated in a proto-
typic environment in this test. Units tested are cycled to several times the
design lifeor to failure, whichever comes first to provide failure Informa-
tion and prototypic component performance data.

Pneumatic Valve/Cylinder Assemblies are being tested in two phases as follows:

1. Cyclic Testing - One assembly was cycled at approximately two-hour
intervals until 900 cycles (five design service lifetimes) were
completed. A cycle consisted of ten consecutive poppet valve
checkout cycles followed by a scram cycle. Scram time, valve poppet
opening times, cylinder leak rate, and valve temperatures were
recorded at periodic intervals.

This test of Valve/Cylinder #1 was successfully completed In March
1980. The test objectives were achieved and no safety-related
failures were encountered. Nothing observed during the course of the
test would have affected the ability of the valve to operate reliably
from a safety (scram) viewpoint in a prototypic environment.
Rel iability analysis of the test data Indicated adequate operating
and design life margins. Analyses of valve/cylinder scram time to
provide distributional characteristics showed a high probability of
the valve to support the SCRS scram time requirement.
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2. Real-Time Testing - A second assembly will be held In the operating
mode for about 12 months. At the end of the hold period, the test
article will be test cycled 900 times or to failure, whichever occurs
first. The valve poppet opening time, cylinder leak rate, and
temperature will be recorded at Intervals during the cyclic portion
of the test. Scram time at the end of the operational hold testing
will be measured. Upon conclusion of the test, the resulting data
will be analyzed and conclusions drawn regarding operating and design
life margins, standby reliability and performance reliability (i.e.,
the abil ity to meet specified scram time requirements). Checkout of
this assembly commenced In October 1980.
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E. SCRS Failed Bellows-Extended Limits Test

This test Is Intended to evaluate the capability of the design to meet its
functional requirements for periods up to 11 months under adverse operating
conditions associated with failed bellows. The main shaft bellows and the
drivellne lower bellows protect the Secondary Control Rod Drive Mechanism
(SCRDM) and Secondary Control Rod Driveline (SCRD) from sodium vapor. The
major concern resulting from a bellows failure is exposure of the SCRDM and
SCRD internals to sodium vapor. Condensed sodium vapor between close-fitting
moving parts could result In potential interferences which could, in turn,
cause degradation in the performance of the latch release action. This test
will be run with both the Mainshaft Bellows and the Driveline Lower Bellows
deliberately faulted to simulate the expected mode and magnitude of bellows
failure. The test will demonstrate the extent to which sodium vapor can
diffuse through the argon cover gas, onto the surface of moving parts of the
SCRDM and SCRD, and the degree to which performance may be degraded.

Except for the purposely damaged bellows, the test article will be of the
plant unit design.

Testing to be performed includes characterization testing at various sodium
flow rates and temperatures, system hold and scram testing, motor test,
position Indication test, LVDT displacement test, and pneumatic scram valve
poppet movement test. Analyses of test data will be made to draw inferences
concerning safety, design margin, and scram performance. The test data will
also contribute to reliability assessment of the pneumatic valve/cylinder and
the latch.

F. Bowed Guide Tube Bowed Test

This test will determine the amount of deformation that the guide tube can
accommodate without adversely affecting scram time. Distortion of the guide
tube beyond the design limit could degrade or prevent insertion of the control
rod after unlatching is completed. This test will provide data regarding
scram times where a control rod is interacting with a deformed guide tube.
Water will be employed as the testing fluid. The guide tube bow will be
incrementally Increased until control rod Insertion is prevented or substan-
tially affected. A scram will be performed for each distortion increment.
The hydraulic assist force, the water temperature and the argon pressures will
be monitored during the test. The scram time, guide tube deformation, degree
of Insertion of the control rod, and the guide tube and control rod dimensions
will be recorded. The results from this test will be produced in 1981 and
1982. Scram time data will be analyzed to assess to probability of exceeding
maximum allowable scram times versus a given degree of bowing.

G. SCRS Prototype-I Test

The first SCRS prototype system test (PI) was successfully completed in
December 1978. The objectives of this test were to provide a proof-of-
principle demonstration of the design, to identify operating characteristics
and provide a basis for assessing operating margins, and to expose failure
mechanisms that had not previously been predicted. The test was carried out
over a wide range of temperature and flow conditions, both above and below the
anticipated operating range. The Prototype 1 test article successfully
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completed 1570 full scram insertions, which is more than twice the 700 scrams
expected of the SCRDM over the 30 year plant life.

At the end of these extensive tests, Prototype 1 was still performing within
specification requirements. No safety related failure modes occurred during
testing, and there was no evidence of incipient failure encountered upon post-
test disassembly and Inspection. The test data and the post test
observations, therefore, supportthe conclusion that the design is sound and
incorporates adequate margins for the Intended use of SCRS.

The P1 test results identified several areas In which design Improvements
could be made to enhance fabricability, maintainability, and performance.
These changes, as well as others, were included In the Prototype 2 test
article.

H. SCRS Prototype-2 Test

The major objectives of the second system test, SCRS Prototype, are to verify
the ability of the SCRS design to meet its functional design requirements
under expected operating conditions, to Identify operating margins, to
evaluate design improvements incorporated as a result of the P-I experience.
Testing will be performed to verify satisfactory operating under prototypic
conditions, and to determine sensitivity to variations in such operating
parameters as sodium flow and temperature, control rod elavation, misalignment
and scram cylinder pressure. Repetitive scram cycles will be conducted at,
various combinations of these parameters. Hold testing will maintain the SCRS
in the ready-to-scram gosition at combinations of sodium flow rate and
temperature of 10%/400 F and 110%/1050 0 F. A series of scrams will be
performed before and after each hold period. Throughout the test, the
pneumatic scram valve will be periodically subjected to poppet movement tests.

Data from the P-2 test will be analyzed for inferences pertinent to overall
scram reliability, reliability of safety-related P-2 design changes, safety-
related design margins and operating margins. Data from this test will also
contribute to evaluation of critical components such as the pneumatic valve/
cylinder, the latch and the bellows.

I. SCRS Prototype-3 Test

The objectives of the Prototype 3 (P-3) test are to verify the ability of the
design to meet functional design requirements under design operating
conditions, to identify operating margins by testing In excess of normal
design operations, to expose potential failure modes which may not have been
previously predicted, to evaluate the cyclic failure mechanisms In a
prototypic environment and to demonstrate the ability to perform required
maintenance operations.

During the course of this test, repetitive scram cycles will be conducted at a
variety of sodium flow rates, sodium temperatures, and misalignments. The
effect on scram performance due to these variationsas well as changes in
control rod elevation and pneumatic cylinder pressure will be determined.
Hold testing will maintain the SCRS In the ready-to-scram position for
combinations of sodium flow rate and temperature of 10%/400 0 F and 110%/1050 F.
A series of scram cycles will be performed before and after each hold period.
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Throughout the course of the test, the pneumatic scram valve will periodically
undergo poppet movement tests.

The test data will be analyzed to-provide Inferences regarding scram
capability, operating margins, and design margins. Test data will also
contribute to an assessment of the pneumatic valve/cylinder, the latch, the
bellows, and other safety-related components.

J. SCRS Prototype-4 Test

The objectives of the Prototype-4 (P4) test are similar to those given for
P-3; This test, however, is the final system test prior to operation of the
plant units and It Is Intended as the final checkout for the system and to
demonstrate the ability to perform required maintenance operations.

The P-4 test article will be scram cycled so that all components undergo a
number of scrams greater than their design service life. Testing will be
performed to determine the system performance sensitivity to variations in
operating parameters. The unit will also be held In the parked position for
11 months at prototypic full power conditions to expose passive-state failure
modes and mechanisms.

Data from this test will be analyzed for inferences concerning system scram
capability, standby reliability, design margins, and operating margins. This
test data will also contribute to a reliability evaluation of the pneumatic
valve/cylinder, the latch, the bellows, and any other safety related
components.

C.5.3 Electrical Subsystem Evaluation

C.5.3.1 Analysis

To supplement a system level FMEA, qualitative and quantitative reliability
analyses are performed on each module In the Electrical Subsystem. The
qualitative analysis consists of an FMEA at the piece part level which
considers identifiable failure modes of the piece parts. This analysis lists
assumptions made during the analysis such as piece part failure state and the
effect of the assumed failure. The FMEAs will be updated' as needed to
document the current status of the design.
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The qualitative analysis also considers the effects of the assumed failure on
other piece/parts In the circuit and whether the assumed failure has the
potential to cause additional part failures or overstress conditions In the
circuit and whether these failures would be safe or unsafe. The quantitative
analysis, using part stress analysis techniques, Is performed on a module
basis. A reliability-prediction of each module Is being made using MIL-
IHDBK-217B or other data sources as appropriate. The Information from the' FMEA

•is then used In conjunction with quantitative analysis to predict the unsafe
failure rate of each module.

Numerical Assessment

A current numerical assessment documented in Reference 2 Includes a
quantitative evaluation of the primary and secondary electrical subsystems In
relation to their ability to function.

A model was developed to evaluate the reliability of the primary and secondary
•subsystems as they functioned under a specified set of plant operating
conditions and procedures. Input data to the model consisted of component
failure rates, test intervals and other parameters characteristic of ES :
operation. Failure rate data used was based on either detailed predictions
using MIL-HDBK-217B or other reliability studies conducted for the FFTF
program which are appropriate for CRBRP equipment. Other model Input
parameters were based on planned operating procedures.

Numerical assessments have been conducted at both the module and system level.
Results from this analysis Indicate that the ES Is not a significant
contributor to the safety-related unrellability of the plant. Data obtained
from the ES test program will provide further support for the failure rates
used in this assessment.

C.5.3.2 Testing

The test program for the ES equipment is made up of two basic types of tests:
qualification tests and extended operations tests. Qualification tests will
be performed by the vendor primarily at his facility. Qualification tests
provide evidence that the as-built equipment meets the requirements of the
procurement specification. Extended operations tests will be performed. :
These tests provide a means by which extensive operating experience can be
accumulated, resulting in both reliability growth and reliability
demonstration. Reliability growth results from Identifying and correcting any
design, fabrication or maintenance weaknesses before the equipment is
installed In CRBRP.

A. Qualification Tests

The qualification tests can be classified as preproduction, production or
acceptance tests. These tests are described below:
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1) Preproductlon Tests

Prototype modules undergo a series of tests to verify that the design meets
all the requirements of the procurement specification.

The preproduction tests are Implemented by first testing each prototype module
so that a set of baseline data can be developed. Later test data are compared
with these baseline data so that any degradlation can be detected.

Each prototype is then subjected to thermal conditioning to detect any
failures due to design, fabrication or workmanship problems. During this
thermal conditioning, each prototype module will be subjected to 10 thermal
cgcles in which the temperature Is varied from -30OF to 150 0F at rates between
9 F/minute and 30°F/minute. The temperature Is held at the high and low
extremes for a minimum of 30 minutes with power applied to the modules for
intervals over this range. The modules are then baked at 1500F for 200 hours.
These test conditions are substantially more severe than the specific design
conditions for the modules.

After thermal conditioning, each prototype module will undergo functional and
performance checks while subjected to worst case environments including
temperature, humidity, power supply voltage and frequency, electrical noise
and vibration.

These tests were completed in early 1977. Design and component changes
required as a result of the prototype preproduction tests were factored Into
the manufacture of the production units.

2) Production Tests

After the project was satisfied that the design and manufacture of the
prototype modules met all functional, performance, quality and reliability
requirements, the production modules were manufactured. The production
modules Include plant equipment, spare equipment and equipment to be used in
the extended operations test.

Each production module underwent a thermal screen consisting of a 36 hour
period of power off, temperature cycles between the limits of -4°F and 1850 F.
Each module was then subjected to full functional and performance testing to
verify that each module meets Its requirements.

These tests were completed in mid 1977 in the case of the reliability units
and in mid 1978 in the case of the plant units.
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.3) Acceptance Tests

The plant equipment undergoes acceptance tests In addition to the production
tests. In acceptance testing, the modules are installed in their respective
panels and the complete system wired together. A full set tests which verify
wiring insulation strength. The equipment will be operated in this
configuration for a minimum of 125 hours.

These tests were completed by the vendor in early 1980.

B. Extended Operations Tests

Extended operations tests will be performed. For these tests, the modules are
connected to form a complete electrical system. Additional modules are also
interconnected to simulate subsystems of the electrical system, such as
additional logic trains. Configuring the modules In this manner allows data
on long-term effects of operations on performance parameters to be collected.
These data can be used to determine calibration and test periods and will be
factored into the plant operating procedures. These long term performance
measurements provide additional supporting data to confirm that the
performance characteristics and propagation delays assumed In the analysis are
conservative.

Maintainability Information Is being generated on these prototypic system
configurations and can be used to confirm maintenance design plans and also as
a basis for preparing maintenance procedures. Maintenance and calibration
procedures from the vendor supplied manual will be followed, where
appropriate, to provide assurance of their validity. Also, trouble shooting
procedures from the manual will be followed when failures are detected.
Problems detected from use. of these procedures will be factored Into the
preparation of the plant operations manual.

Functional and performance tests, as lIsted in Table C.5-3, wIll
on the primary and secondary subsystem components. The purpose
determine whether they complete their intended function when cal
so and to check If the function Is completed within specified

be performed
Is to
led upon to do
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time I imits. The functional tests consist of providing voltage pulses or
switch closures, as appropriate, at the inputs of the test components and
checking the response from the appropriate outputs. The performance test
includes measurement of propagation delay. This is done by inserting voltage
pulses at the inputs and checking the response of the test systems.

As a minimum, functional pulse testing will be completed on each test
component once a shift. The functional tests which require Input from an.
operator (e.g., manual trip, bypass Instatement) will be performed once a
week. The flux signal transmitters will be checked for signal propagation.

The propagation delay tests are performed once a shift in conjunction with the
component functional tests. The propagation delay of the breaker Is tested
and recorded weekly. Performance tests are completed once a week on all
components except the flux drawers which are checked daily. The frequency of
the functional tests will be Increased if the environmental parameters drift
beyond specified limits.

Test Failure Reporting. Analysis and Corrective Action

A closed loop failure reporting and corrective action system has been
implemented to assure that any hardware reliability problems encountered are
corrected and to force reliability growth. Failures and discrepancies
occurring are documented in failure/discrepancy reports. Reliability
Engineering is the focal point for the failure reporting and corrective action
system. The failures reported will be screened and failure analysis
performed, as appropriate, to identify underlying failure mechanisms. Each
identified failure mechanism will be evaluated to assess the need for
corrective action and the type of correction action required.

C.5.4 Interfacing Components Evaluation

C.5.4.1 Analysis

A Rel iability Design Support Document will Include assessment of the failure
effects of all of the RSS Interfacing components and systems that appear on
the Reliability Related Components List. The Interfacing component
assessments Include FMEA's and resolution of the failure modes through design
margins and system features limiting the consequences. Shutdown system
performance evaluations will determine the consequences of potential
Interfacing component failures. Since the interfacing component failures are
potential causative factors for common cause failures of the shutdown systems,
Interface component assessments will be given high priority. The initial
reliability reports wil I be completed, reviewed and updated (as applicable)
prior to the components' design reviews.
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Through the FMEA's for interfacing components, failure modes have been
Identified which have the potential to degrade the combined PCRS and SCRS;
insertion function. Examples of these Include:

1) Large and/or intermediate plug rotation with rods withdrawn

2) Secondary control assembly flow starvation

3) Upper Internals structure sheds fragments from thermal striping
effects

Each of these failure modes has been assessed and has associated corrective or
preventive actions to preclude adverse Impact on combined PCRS-SCRS
reliability. The following presents examples of the results of the
assessments.

Postulated rotation of either the large or intermediate rotating plugs results
in misalignment of both PCRS and SCRS. Several degrees of rotation may be
sufficient to influence PCRS insertion. The SCRS, being less susceptible to
misalignment, requires a larger amount of plug rotation to prevent insertion.
Action relevant to this failure mode consists of the Incorporation of a series
of mechanical locks instal led prior to reactor operation and designed to
resist all forces that could conceivably cause rotation including motor
torque.

Hydraulic assist is used in the SCRS to accelerate the control rod downward
during a scram. While the control rod will Insert without the hydraulic
assist, its Insertion time is extended. To assure that the SCRS always
operates at maximum efficiency, It Is necessary to assume that the design
sodium flow is available at the SCA nozzle during power operation. The
required flow is assured by means of features Incorporated in the design of
the core support structure. Flow blockage prevention is achieved by a
combination of debris barriers and auxiliary flow ports. A description of the
flow blockage prevention features is provided In Section 4.2 of the PSAR.

Fragmentation of the metal surfaces of the upper internals structure could be
caused by thermal striping. Metal fragments could become lodged in any
control assembly duct and adversely affect the rod's ability to Insert.
Actions relative to this failure mode included a design change from stainless
steel to Inconel 718 for upper Internals structure component parts. Items
such as Instrument posts, chimneys and shroud tubes exposed to thermal
striping conditions are being made of Inconel 718. Analyses of the upper
internals have shown that margins against this failure mode are now adequate.

Each interfacing component will be analyzed in a reliability assessment as
described in Section C.1.3.2. Failure modes described above would be
addressed In reports associated with the reactor closure head, core support
structureand upper internals structure, respectively.
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TABLE C.5-1 PCRS FAILURE MODES AND RESOLUTION SUMMARY

Scram General Test Analytical
Component Failure Mechanism Causative Factor Design Feature Verification Verification Comments

PCRDM Excessive retard-
Ing forces pre-
vent or slow un-
latching

a) Excessive fric-
tion or wear

b) Failed bellows

Increased de-
sign margin
Purge gas

Increased
bellows con-
vblutions
Rotating plug
locks

c) Misalignment

d) Installation
and Mainten-
ance Errors

e) Magnetized
Components

Life

Failed
Bellows

Maintenance
Procedures

Real Time
Life

Life

PCRS Seismic

Prototype
Unit Testing

Unlatching Increased segment arm spring
Model force margin

Purge gas minimizes sodium
vapor In PQCDM
Bellows stress and failures

.reduced by Increased convo-
'lut Ions

Unlatching Rotating plug locks prevent
Model accidental plug rotatlon

Maintenance tools and pro-
cedures tested In system
level tests

Post Test Magnetization can be checked
Inspection by Its effect on unlatch time

Testing exceeds required wear
life for each CRDM

Margin Shield and Seismic Support
Analysis Structure limits lateral de-

flection
Manufacturing Testing of units from proto-

type and plant unit manufac-
turing sequences to Identify
potential manufacturing
errors

('3)

01

01

Part failures
prevent unlatch-
Ing

a) Wear

I b) Seismic Seismic
support

c) Manufacturing
Errors

PCRD Excessive re-
tarding forces
prevent or slow
Insertion

a)

b)

Excessive fric-
tion or wear
Seismic

Large clear-
ances

Life

Dynamic
Friction

Insertion
Model s
MargIn
Analyses

Life tests exceed required
wear life
Shaker tests to obtain friction
data and to calibrate seismic
Insertion analyses

PCRS Seismic

I c) Misalignment UIS key lat-
eral restraints

Prototype
Testing Insertion

Models
Misallgnment test

(0 D
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TABLE C.5-1 (Cont'd)

Scram General. Test Analytical
Component Failure Mechanism Causative Factor Design Feature Verification Verification Comments

PCRD Jamming of dash-
pot cup or piston

a) Foreign parti-
cles

b) Galling

c) Flow Induced
vibration de-
formation

Startup
filters

Inlet module
features

Shrouded PCRD

Life

Life Test
Evaluations

PCRS Flow Test
Vibration Evaluations

IRFM

Special core assemblies have
filters for Initial sodium
cleanup
Inlet modules provide debris
barriers and strainers

PCRS sodium loop
tests provides an extended test
period to evaluate vibration
effects. Vibration measured In
PCRS Flow vibration test phase
Integral Reactor Flow Model
provides vibration data

PCA
c-i

Duct deformation
retards or pre-
vents Insertion

a) Irradiation
Induced bow-
Ing

b) Scram Impact
on Irradiated
duct

c) Pressure pulse
from pin fail-
ure distorting
Inner duct

d) Seismic loads
on outer duct
load pads

e) Swelling and
bowing of pins
deforms Inner
duct

f) Weld failure
due to improper
weld

Increased
clearances

Design for
no failures

Heavy duct
wall at pads

Pin to duct
clearances

Duct Bowing Bowing Duct Bowing test to establish
Margins drag forces and failure point

for varying duct bows
Duct Impact Impact Completed duct .Impact test

Evaluation shows no failure even at Im-
pact loads In excess of de-
-sign values

Pin Rupture Test Pin rupture test to establish
Evaluation Inner duct deformation for

postulated pin failures

Duct Crushing

Pin Compact-
Ion

Crushing
Margins

Design and
Test Analyses

Test provides data support for
analyses of all core assemblies

Test to correlate analyses for
pin Interactions and bundle
compressibility

Life, FFTF Post-test Quality control during welding
Irradiation Inspection to prevent poor welds

0 -Ij
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TABLE C.5-1 (Cont'd)

Scram General Test Analytical
Component Failure Mechanism Causative Factor Design Feature Verification 'Verification Comments

PCA Excessive retard-
Ing forces prevent
or retard Inser-
tion

a) Galling or wear
of outer duct

b) Seismic

c) Foreign parti-
cles

d) Misalignment

Incorporated
rotational
Joint

Startup fil-
ters and Inlet
module features

Passive core
restraint

Rotational
Joint and
Life
Dynamic
Friction
PCRS Seismic
Life

Prototype
Testing

Post-test Added rotational Joint with
Evaluation supporting test to minimize

wear pad to outer duct loads
Margin Shaker test to obtain friction
Analyses data and to calibrate seismic

Insertions analysis
Life tests will simulate
effects of design basis so-
dium Impurities such as
oxygen content

Insertion Passive core restraint ellm-
Models Inates potential for inad-

vertent errors In core re-
straint adjustments

I
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TABLE C.5-2 SCRS FAILURE MODES AND RESOLUTION SUMMARY

Scram General Test Analytical
Component Failure Mechanism Causative Factor Design Feature Verification Verification Comments

SCROM Malfunction of
scram valves or
pneumatic ac-
tuator slows
unlatching.

SForeign material Cylinder piston Valve/cyiin-
bellows seal der

Post test
Inspection

I Redundancy:
3 out of 5
poppets to
Scram

Redundancy:
3 out of 5
poppets re-
quired to
Scram

SCRS Proto-
type

b) Part failures Valve/cylin-
der, SCRS Pro-
totype,

Valve/cylin-
der

Post test
Inspection

Post Test
Inspection

Vaive/cyflnder wili be tested
beyond design life.

Valve design Includes testable
feature for In plant online
checkout.

Testing of component beyond
design life will Identify
potential failure modes.

Testing of components and
system will Identify potential
manufacturing errors.

Testing of units at prototypic
temperatures to support analysis

c) Manufacturing
errors

c-'

Uo

SCRS Proto-
type

SCRS Proto- SCRS struc-
type tural

analysis

SCRDM/SCRD Excessive retard-
Ing forces slow
unlatching.

a) Thermal
effects

Large clear-
ances to
accommodate
thermal effects

b) Argon contam-
Ination

Filter Valve/Cylin-
der

Post test
Inspection

Buffer gas Failed-Bel-
lows

I
c) Excessive

tion from
galling

fric- Hardened wear
wear, surfaces

SCRS Proto-
type

Post test
Inspection

Testing of SCRS units will
Identify potential wear and
galling.

Actuation forces are high and
will tend to overcome friction
forces

High actuation
forces

0-
N)-C.
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TABLE C.5-2 (Cont'd)

Scram General Test Analytical
Component Failure Mechanism Causative Factor Design Feature Verification Verification Comments

SCRDM/SCRD Redundancy Tension rod moves relative to
sensing tube which moves
relative to driveshaft.

Components bellows test will
Identify cycle life

d) Failed
bel lows

Limit stops Failed
and guides bellows, SCRS

Prototype

Post test
Inspection

Structural
and fatigue
analysis

e) Manufacturing
errors

f) Misalignment

SCRS Post test Testing of SCRS units will
Prototype Inspection Identify potential manufacturing

errors.

Rotating plug
locks

Misalignment
analysis

(-1

Rotating plug locks preventing
accidental plug rotation

Misalignment test will Identify
safety margin and complenent
analysis.

Component and system tests will-
determine amount of and effect
of wear

SCRD Excessive retard-
Ing forces slow
tension rod drop

a) Excessive fric-
tion from wear,
galling

High actuation
forces

Latch
Scram,
SCRS
Prototype

SCRS struc-
tural analy-
sis

Post Test
Inspection

SCRS struc-
tural analy-
sis

b) Deformation of
drivellne (ther-
mal, vibration)

c) Seismic

d) Misalignment

High strength
materials and
heavy sections

Seismic
support

Rotational
and axial
guides

Seismic
analysis

SCRS struc-
tural analy-
sis

(M D
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TABLE C.5-2 (Cont'd)

Scram General Test Analytical
Component Failure Mechanism Causative Factor Design Feature Verification Verification Comments

I SCRD
Guide tube and Latch, SCRS
rod flexibill- Prototype
ty

UIS lateral
key restraints

Manufacturing

Post test
Inspection

e) Manufacturing
errors

a) Self-welding

Post test Testing of components
Inspection and SCRS units will Identify

potential manufacturing errors.

Excessive fric-
tion slows latch
release.

1718 material
cam surfaces

C-)

Slight pivot Latch
of gripper pads
break potential
welds

SCRS
Prototype

Latch design
and test
report

I'

Results of component testing
show no Indication of self-weld-
Ing.

Latch and SCRS units
will Identify effect of
self-welding If It occurs.

b) Misalignment Heavy cross-
section drive-
line at latch
area

SCRS struc-
tural analy-
sis

I c) Particulate Plant sodium
deposition cleaning

system

Latch and
SCRS

.Prototype

Guide Tube
Bowing

Post test Latch and SCRS units testing
Inspection In prototypic liquid sodium

will Identify effect of poten-
tial particulate deposition

SCA Duct or guide tube
deformation slows
Insertion.

a) Irradiation
Induced bowing

Clearance be-
tween guide
tube and con-
trol rod

Design
Analyses

Testing will support analysis

b) Seismic Heavy duct sec- Guide Tube
tion at load Bowing
pads

SCRS seismic
analysis

N)0 CD'
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TABLE C.5-2 (Cont'd)

Scram General Test Analytical
Component Failure Mechanism Causative Factor Design Feature Verification Verification Comments

SCA c) Swelling and
bowing of pins

Low flux at
lower pin area

when In parked
position

Stiff bundle
tube

Hardened wear
pads

Hydraulic
assist force

Design
analyses

I Excessive retard-
Ing forces slow
Insertion

a) Excessive
friction from
wear, galling

Clearance

C-)

c-fl

b) Particulate Plant sodium
deposition cleaning

system

SCRS Proto- Post test Test will determine wear effects
type Inspection and operating margins

Design
analysis

SCRS Proto- Post test Testing In prototypic sodium
type Inspection will Identify effects of

potential particulate
deposition

SCRS Seismic
analysis

Scram clear-
ance analysis

c) Seismic

d) Irradiation
swelling of
control rod

e) Manufacturing
errors

Hydraulic assist
force, adequate
clearance

Parked position
raised

SCRS Proto-
type

Manufacturing

Pre and post
test Inspec-
tion

Testing of units will Iden-
tify potential manufacturing
errors.

Loss of hydraulic
assist slows In-
sertion

a) Flow blockage or
maldistribution

Geometry or
flow path
opening min-
mizes blockages

Gravity drop
capability

Exit flow
blockage
analysis

Component and SCRS flow tests
will support analysis.

N)l C)



TABLE C.5-2 (Cont'd)

Scram General Test Anal yti cal
Component Failure Mechanism Causative Factor Design Feature Verification Verification Comments

SCA b) Weld failure Stress
relievers

Material
selection

Design
analysis

Quality control during welding
to prevent poor welds.

c) Manufacturing
errors

SCRS Proto- Manufacturing Testing of SCRS units will
type Identify potential manufacturing

errors.

U:) (D
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TABLE C.5-3

ELECTRICAL SUBSYSTEM MODULE FUNCTIONAL & PERFORMANCE TESTS

Component

Trip Comparator

Bypass Comparator

Buffer

Calculation Units

Functional Tests

o Trip/Reset Sequence

o On-Line Test Sequence*

o Bypass Sequence

o Manual Trip Function

o SetpoInt Adjustment

o Bypass Permissive Sequence

o Signal Transmission

Performance Tests

o Trip/Reset Accuracy

o Propagation Delay*

o Bypass Instatement/
o Removal Accuracy

o Accuracy

o Isolation

o Accuracy

o Propagation Delay

o Propagation Delay

o Propagation Delay*

o Accuracy

o Propagation Delay

In

Logic

Breaker

Flux Drawers

0

0

0

0

0

Signal Transmission

Potentiometer Adjustability

Logic Function

Trip/Reset Function*

Signal Transmission
I

~O CD

0~

1~3 0

*These tests are for the primary subsystem only. All other tests
are for both primary and secondary subsystems.



TABLE C.5-4

,1EC 1AN1I CL SOS..'STE'! DIESIG DIVERISTY

PCRS SCRS

I I

51 1

Control Assembly (CA)

Absorber Pin

Control Rod Geometry

Number of CA2

Special Feature
3

Control Rod Driveline (CRD)

Coupling to control rod

Connection to CRDM

Disconnect from control rod for

refueling4

Special Features
5

.37

Hexaaonal

9

Rotational joint in control rod shaft

Rigid couplinq - released only during
refueling

CRD leadscrew to CRDM collapsible
rotor roller nuts

Manually - requires special tool

C-.

31

Circular

6

Latch location at top of CA

Flexible collet - rod is released at
this point for scram and refueling by
internal CRDM action

Permanent connection to CRDM carriage
which traverses only during start up
and shutdown

Automatic - same-as scram with CRDM
deactivation of collet.

Heavy CRD wall in the
Upper Internal Structure and CA parting
plane.

L/)
(D

(D

1As a result of the difference in control rod geometry, absorber loading and enrichment requirements and effects

of transients, the control rod and absorber pin designs in the two systems are completely different.
2The ldrqer number of PCA's generally pruvide for qreater redundancy in shutdown capabilities.
3The PCA rotational joint eliminates CRD and control rod rotational binding.
4 The SCRD automatic disconnect feature greatly reduces the per mechanism time for preparation for refueling
5The SCRD heav/ wall increases the margin against scram latch tension rod drag due to gross Upper Internal Structure

to 'ýA m jia;o1 nmen t.



TABLE C.5-4 (Cont'd)

PCRS SCRS

Control Rod Drive Mechanism (CRDM)

Type of Mechanism

Driving Power
6

Axial Position Sustained by:

Axial Position Indication
(A1P

-Collapsible rotor roller nut

High voltage, multi phase: used' con-
tinuously during reactor operation

Application of non-rotating electric
field

Reed switches - full stroke (absolute)
Rotor motion detection - full stroke
(relative)

37"

Magnetic decay with spring assisted
release of CRDM roller nuts from
leadscrew.

Twin ball screw with translating
carriage

Low voltage, direct current: used
only during startup and shutdown

Self-locking device in ball screw
drive system

Reed switches - 3 positions of stroke
(absolute)
Rotary encoder - full stroke
(absolute)

67"

Release of collet in CA by removal
of electric power to the scram
solenoid valves which vents argon
pressure from the colletlatch
actuating cylinder in the SCRDM.

Stroke Length
7

Scram Function

Scram Release

0

:C i
Qj1

I 1

Location of 2/3 ES Logic" Circuit Breakers in the Primary Rod Solenoid valves in SCF
Control Room

Translating Parts during Scram Leadscrew, CRD, control rod Control rod

6The type of SCRDM allows for reduced power consumption and elimination of forced cooling
7The additional SCRDM stroke is required to provide the automatic control rod disconnect feature for refueling
'The SCRDM scram solenoid valves are powered directly from the ES logic output which eliminates the need for
circuit breakers which are used in the PCRDM.

RDM.



TABLE C.5-4 (Cont'd)

PCRS SCRS

Scram Motion through Upper Internals 9 '

Scram Assist
1 0

Scram Assist Length

Scram Speed versus Flow Rate

Scram Deceleration

CRD travels the full stroke

Spring in CRDM

Initial 27 inches of insertion
Increases with decreasing flow rate

Hydraulic dashpot on CRD

Flexible collet latch tension*rod
travels fraction of an inch~protected
inside the drive shaft

Hydraulic in CA

Full stroke

Increases with increasing flow rate

Hydraulic damper in CA

9Since in the SCRS only the control rod falls the full stroke into the core and the tension rod is very flexible,
the SCRS is less susceptible to failure by system misalignment.

10A result of the implementation of scram assist in the two systems is that they complement each other with respect

to effects of flow rate on insertion speed.

:09)iJ
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TABLE C.5-5
ELECTRICAL SUBSYSTEM DESIGN DIVERSITY

PRIMARY ES

Instrumentation
1

Nuclear Flux

Sodium Coolant Flow

SECONDARY ES

P

0,

WI~

Core Coolant Flow

Auxiliary Electrical System

.HTS Heat Ibmoval Capability

Steam &Feed Systems

Compensated Ion Chambers

Primary Sodium Pump Speed

Intermediate Sodium Pump Speed

Core Inlet Plenum Pressure (2 in each
plenum inlet pipe)

Primary Pump Bus Voltage.

Primary IHX Outlet Temperature

Steam Mass Flow Pate

F eedwater Mass Flow %te

Fission Chambers

Primary Sodium Mass Flow Rate

Intermediate Sodium Mass Flow Rate

Core Coolant Flowz

Loss of Offsite Power
3

Evaporator Outlet Sodium Temperature

Steam. Dum Level

-j

NOTES:

I. This listing is not complete, PSARTable 7.2-2, PPS [hsign Basis Fault Events more fully shows the. diversity provided
in primary and secondary instrumentation.

2. Calculated as the sum of the Sodium Mass Flow .Rates in each of the 3 loops.

3. Scrams Secondary Rods on loss of electric power to 2 or more HTS Buses.



TABLE C.5-5 (Cont'd)

PRIMARY ES SECONDARY ES

Protection System Equipment

Calculational J nits

Comparators

Logic Coupling

Logic

F inal Logic Actuation

Location of Cable Interconnection

Implemented using Integrated Circuits

Implemented using Integrated Circuits

Infrared Light Emitting Clode Coupled

Local Coincidence Configuration

Scram Breakers

Upper Cable Spreading [om

Implemented using Integrated Circuits
different from those used in Primary
Calculational Units

Implemented using discrete components

Direct EC. Coupled

General Coincidence Configuration

Solenoid operated argon gas valves

Lower Cable Spreading Fbom

I (
0OA



C.6.0 Shutdown Heat Removal Svstem Evaluation

The rel iabil lty activity associated with the Shutdown Heat Removal System
(SHRS) is the Identification of critical failure modes which Includes common
cause failure modes. Additionally, through feedback of reliability Informa-
tion and data to engineering, design changes to improve reliability can be
made. Reliability analysis provides an assessment of the adequacy of the SHRS
design to perform its Intended functions of decay and sensible heat removal,
according to established requirements. Confirmation of design adequacy will
be achieved by means of development, acceptance and qualification testing, of
selected key Items.

To assure timely feedback of data from the test program, the schedule for test
activities has been coupled to that for the plant component design,
fabrication, Installation and operation activities. The testing schedule is
such that positive response Is possible for the elimination from the plant
equipment of any unacceptable features uncovered in the test program. The

I design and procedural utilization of data from each of the tests is identified
at the conclusion of each of the test activity description sections.

C.6.1 Primary Heat Transport System (PHTS)

C.6.1.1 Analysis

Reliability evaluations are being performed on selected SHRS failure modes and
components. Two significant evaluations are presented In References 3 and 4.

Reference 3 Investigates the probability of loss of the total shutdown heat
removal system capability. The faliure criterion was assumed to be the bulk
in-vessel sodium temperature exceeding 12500 F. This sodium temperature is too
low to be associated with In-core sodium boiling and is associated primarily
with the ability of reactor'and piping structures to retain a pressure
boundary and to support the core. Further mitigation is provided by the
Direct Heat Removal Service (DHRS) that limits the temperature to 11400 F.
Estimates of leakage and rupture of the PHTS and reactor vessel are very low,
as documented in Reference 4.

Reference 4 provides an overall assessment of primary piping Integrity and
focuses on the design, quality assurance, stress analysis and service
conditions of the primary piping In terms of the role that each plays in
ensuring adequate defense against loss of piping Integrity. Supplementing
this approach, single point failure reliability analyses were made for the
worst locations and loading conditions leading to pipe rupture. Under the
assumed presence of a sizeable flaw, calculations of the growth show the
critical crack size would not be reached for conservative Imposition of
loadings. Reference 3 and 4 together provide a total reliability assessment
of both system and component features of the SHRS. Both of these documents
are updated as the CRBRP Project progresses.

C.6-1
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C.6.1.2 Testing

The currently Identified testing relating to the PHTS can be divided into two
major categories: (a) component performance and acceptance testing and (b)
material development tests. Testing in each area has been initiated during
the FFTF design phase and Is continuing in support of CRBRP. A review of each
of these areas is provided below.

Component Testing

Component performance and acceptance PHTS tests on the reactor vessel, primary
piping, cold leg check valve, leak detectors, the IHX and the primary pumps
are all contributing information In support of SHRS rellability.

A. Reactor Vessel

Component testing supporting the reactor vessel design centers on the outlet
nozzles, the sodium makeup nozzle and the upper Internals structure (UIS).
Component tests of vessel nozzles are in progress as part of the "Validation
of High Temperature Design Methods and Criteria" test program. The objectives
center on design verification of creep ratchetting due to thermal transients.
Strain histories will be recorded at critical nozzle locations. This work
will be performed at the Creep Ratchetting Test Facility (CRTF) at ARD.
Testing of nozzle attachments is being performed at ORNL In the "High
Temperature Structural Design" test program. The emphasis of these tests
centers on the inelastic behavior of nozzle attachments.

Numerical studies have been performed to assess the adequacy of the design for
the FFTF reactor outlet nozzle. However, the design detail of the CRBRP
nozzle liner will be different from FFTF and additional analysis and/or
testing will be required to support the CRBRP reliability assessment.

1 Supporting analytic studies are necessary to evaluate the effect of the
thermal fluctuation. Material properties needed in this evaluation will be
made available In a timely manner from planned test programs.

Prototypic 1/21 scale tests to confirm the thermal adequacy of the location of
the DHRS overflow and makeup nozzles has been performed at ARD. These tests
have demonstrated that thermal "short circulting" Is about 5 or 6 percent
which Is considerably less than the 20 percent value to which DHRS is
designed. Therefore, the DHRS Is conservatively designed.

The 1/21 scale model will also be used in a series of tests to establish the
behavior of the outlet plenum flow field In the region of the makeup flow
Injection. This test is designed to assess the potential of thermal striping
Initiated failure.

Flow Induced vibration has been considered as a potential initiator of failure
in the upper internal structure. Outlet plenum flow simulation testing has
been performed at HEDL which Involves a 1/4 scale

C.6-2
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mock-up of the upper internals of CRBRP, termed the Integral Reactor Flow
Model (IRFM). The primary function of these tests is to investigate
velocity patterns, pressure drops, mixing characteristics, striping
phenomena, gas entrainment and flow induced vibration in the upper in-
ternal structures. In addition, vibration tests of the instrument post,
chimney and control rod shroud tube have been conducted in a 1/3 scale water
model at ANL.

Experiments have been performed using 0.55 scale (Reference 5),
1/10 scale and 1/15 scale (Reference 6) models at Battelle-Columbus Labora-
tory and ANL in which the transient behavior of the outlet plenum following
a reactor trip was simulated. These tests demonstrated that the thermal
transient at the outlet nozzle is less severe if the upper internals struc-
ture has chimneys compared to one without. The addition of chimneys reduces
the transient ramp rates and enhances reliability. Additionally, the 1/10
scale ANL testing has provided thermal data 'during simulated normal opera-
tion of the steady state temperature distributions and amplitudes and fre-
quencies of thermal striping.

B. Primary System Piping

Flow induced vibration has been considered as a potential
initiator of failure in the primary piping. A study has shown that for the
velocities in the CRBRP design there is no appreciable change of natural
frequency in the first natural frequency of the straight sections of
primary pipe due to the effect of sodium flow. This resulted in the recom-
mendation that the sodium flow need not be considered in the piping design.

Tests have been performed on the horizontal and vertical pipe
clamps to qualify them for use with commercially available hangers and
snubbers. The tests identified clamping preload requirements, temperature
distribution in the clamps and Belleville spring washer compression.

47 Static and dynamic load testing were also performed. Test results will
provide data to verify the design for thermal loads as well as static
loads and vibrations. Procedures for piping support installation will
be based on the information from these tests.

C. Check Valve

The dashpot in the cold leg check valve was subjected to several
471 performance acceptance tests. An assembly test was first performed to

define the dashpot configuration in each of the other tests. Strength
tests were performed to verify the integrity of the sodium pressure boun-
dary. Thermal cycle tests assured proper dashpot movement at design tem-
perature. Fill tests were performed to demonstrate that the dashpot will
.fill completely. Impact and damping tests confirmed that the dashpot met
the necessary structural design requirements and provides the required

47 damping.

Amend. 47
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47

D. PHTS Leak Detector System

Failure modes of the leak detection equipment can be classified
as being either a failure caused by hardware-oriented malfunction or a
failure stemming from lack of sufficient sodium aerosol by-products entering
the detector. This second type of failure is dependent on time, temperature,
moisture content and oxygen concentration in the environment for aerosol
production, as well as on the convective currents between the leak and the
detector. PHTS leak detectors have been examined in a series of tests to
determine general trends in the performance of detectors caused by varia-
tions in environmental conditions of temperature, sodium content, humidity
and oxygen concentrations. These tests have shown that leak detection equip-
ment can be designed to detect the magnitude of the leaks specified for
CRBRP. Additional verification testing is planned.

E. Intermediate Heat Exchanger

Nozzle tests ýhave been performed on a prototype FFTF IHX inletjnozzle and centered on design verification of creep ratchetting due to normal
47 -transients. These tests were conducted as part of the "Validation of High

Temperature Design Methods and Criteria" test program being performed at
the Creep Ratchetting Test Facility (CRTF) at ARD. Testing of nozzle attach-
ments is also being performed at ORNL in the "High Temperature Structural
Design" test program., The emphasis of these tests centers on the inelastic
behavior of nozzle attachments.

Tho IHX has been subject to three flow tests in addition to

47 1 testing of the bellows and tube to tube sheet welds. An IHX 3600.
model primary inlet flow test, an IHX model flow induced vibration and flow'
distribution test and an IHX intermediate flow distribution test have been
performed. The results of the 360' model primary inlet flow test aided in
determining the design and provided verification of predicted flows for the'
primary flow distribution shroud. The IHX model flow induced vibration and'
flow distribution test verified that no flow induced vibration of the tubes
and baffle plates exists in the IHX. It also provided quantification of the
pressure drop across the baffle spans. The IHX intermediate flow distribu-
tion test aided in the design of the ring baffle and provided verification
for the predicted flow distribution in the lower hemispherical head. In
addition to the flow tests, the bellows were tested to insure that the
fatigue life and structural integrity will be adequate for 30 year life.
Also, tests of the tube to tube sheet welds were made to identify effectsIand fit obtained in the forming process.,

47
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F. Sodum Pump-

The primary and Intermediate sodium pumps have major development tests
scheduled which will contribute to assuring the reliability of the plant
units. A prototype pump sodium test will provide confirmation of design and
manufacturing. If unsatisfactory performance Is encountered, the data will
provide Inputs for corrective action-to the plant pumps. The corrective
actions will be confirmed by water testing the plant units and In-plant sodium
testing prior to plant full power operation.

The prototype pump will be subjected to the temperature transients for which
the plant units are being designed up to the capability of the test facility.
Tests will Include endurance runs, thermal transients, speed transients,
hydraulic performance, control response and coastdown measurements. These
prototype pump sodium tests, curently planned for the time frame late 1981 to
mid 1983, may Impact the design of the plant units. Design and/or fabrication
changes which may be Identified by the prototype sodium tests would be retro-
fitted In final stages of fabrication of plant units. If the water tests
indicated problems In the plant units, it would require retrofitting to units
In fabrication prior to(site delivery.

G. Natural Circulation Verification

The Important design feature of natural circulation will be verified through
combined computer model development and test verification. Verification of
CRBRP's natural circulation capability will be provided by validation of the
FORE-2M, DEMO and COBRA-IV computer codes through component test data
(pressure drops, pump coastdown tests, decay heat experiments, etc.) and
extensive analysis of various aspects such as IHX performance at natural
circulation conditions, piping stratification effects, etc. Test and analysis
will provide Information to verify that natural circulation through the core,
primary loops, Intermediate loops and steam generators is adequate to remove
core heat to the ultimate heat sink. The natural circulation decay heat
removal verification plan Is presented in Reference 7.

Material Testing

Numerous development programs are also in progress which contribute in a more
generic way to reliability assurance of the PHTS. The areas of testing
related to reliability Include the following:

o Weld joints

o Corrosion effects

o Erosion effects

C.6-5
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o Thermal fatigue

o Creep rupture and fatigue

Descriptions of the test programs and the data relative to reltability are
provided in the following discussions.

H. Weld Joints

In the area of weld reliabiltty, tests are in progress at ORNL to both develop
weld procedureslfor transition joint welding and study the effectiveness of
nondestructive testing on transition welds. Weld reliabillty is being
investigated at ORNL as part of the "1CRBRP Transition Joint Welding Program."
Cr-Mo steel to stainless steel, Cr-Mo steel to alloy 800H and al toy 800H to
stainless steel welds are to be Investigated In this study.

Testing of weldments to be used in the design of the reactor vessel thermal
liner will be performed at ORNL and ANL. 16-8-2 weld material will be tested
extensively to provide data on hardness, tensile properties, creep-rupture
properties, creep-fatigue properties, fatigue and metallographic composition.
These data will be used to validate the use of 16-8-2 weldments.

Three additional areas of welding will be closely examined for their effect on
structural Integrity.:

1) Material behavior including material properties in the heat affected
zone

2) Non-uniformities in geometry Including "weld shrinkage"

3) Weld condition Including porosity, lack of fusion, cracking and
sensitization

I. Corrosion Effects

Corrosion of LMFBR material is the subject of three planned test programs.
Inconel 718 is being Investigated under the "Component Materials Compatibility
Progran." Also, SS304 and SS316 are being tested as part of the
"Characteristics of Corrosion Due to Leakage of Sodium from a Pipe Into Air
Test Programi." Although the PHTS will exist In an inert environment,
corrosion rates identified In air tests will provide conservative data for
leaks In the inert environment. In addition, stress corrosion cracking In
SS304 is to be examined under the "Caustic Corrosion Product Assisted Fatigue
Growth Program." Loading frequency and temperature will be varied in sodium
env I ronments.
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J. Erosion Effects

Erosion was identified as potentially being significant in many
reactor vessel structural members. Data exists which suggests that there
is no noticeable erosion effect in sodium flow for velocities below 50 ft/sec.
It was determined that erosion could pose a potential threat to structural
integrity at higher velocities. Consequently, the core flow of CRBRP is
designed conservatively so that the maximum velocity at critical locations
is less than 25 ft/sec., and the maximum core sodium velocity is 50 ft/sec.

K. Thermal Fatigue

Quantification of thermal fatigue limits is necessary for reli-
ability assessments. Characterization of material properties is being in-
vestigated tunder the program entitled "High Temperature Tests for Time-
Dependent Characteristics of Materials in Sodium" at ARD and ANL. The
testing is oriented towards assessing the adequacy of the ASME Code criteria
and RDT Standards for design of critical CRBRP components in sodium environ-
ments. Tubular and plate specimens are to be tested. Specifically, thermal
fatigue will be studied. Additional testing in the "High Temperature
Structural Design Program" at ORNL involves the investigation of thermal
ratchetting in seamless SS316 pipe.

L. Creep Rupture and Fatigue

Currently at ARD, creep tests with basic specimens and large
components are being conducted along with testing of pre-exposed specimens
to assess the effect of long-term environmental effects. Conservative
minimum creep failure times are also used in the ASME Code, Section III -
Case 1592 for high temperature design applications. When the phenomenon of
fatigue occurs in high temperature environments, a creep-fatigue interaction
may reduce fatigue life. The magnitude of the life reduction depends on the
hold times under load in the fatigue cycle. The effect of multiaxial stress
states on creep-fatigue on SS304 and SS316 is being studied at ORNL in the
"High Temperature Design Program." In addition, the effect of long term
exposure on creep-fatigue and multiaxial stress states are under investi-
gation at ARD under the "Component Materials Compatibility Program."
These planned test programs are adequate to support conservative reliability
analysis.

Fatigue has been extensively studied. Current testing at ARD is
oriented towards determining long-term effects on fatigue life by testing
samples of SS316 pre-exposed to sodium. At ORNL, the "High Temperature
Design Program" will provide data from investigations of fatigue at high
temperatures. Currently work is being done at ANL to study low cycle
fatigue behavior of SS304 and SS316 at high temperatures. Specifically, the
effects on fatigue of roughness, sodium environment, aging and annealing
are under investigation.
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The analysis of stress rupture depends on the adequate quantification of
material properties. Two programs at ORNL involve testing to determine
tensile stress rupture properties in uniaxial tests. In the "High Temperature
Design Program" tests, the material behavior of SS304 and SS316 will be
studied. Another program at ORNL "Mechanical Properties for Structural
Materials" Is specifically tailored to study the material characterization of
SS304 and SS316 reference heats. The heat-to-heat variations In mechanical
properties is also under study In this program. The programs in progress
along with existing data will be adequate for reliability data needs.

The material data development programs described under Items H through L will
provide the Information to further qualify the materials and weld processes
for the reactor vessel, PHTS piping and IHTS piping. These programs are a
part of continuing material technology programs that were Initiated for the
FFTF program. The data are expected to Identify additional margin in the
structural components which have been designed on the conservative rules
established by the early data and in large part embodied in ASME Code Case
1592. The reactor vessel is in fabrication from early 1976 to early 1980.
The PHTS and IHTS piping spool pieces are expected to be In fabrication not
earlier than 1982. The data from the materials testing programs have been
scheduled to support these.schedules.

C.6.2 Intermediate Heat Transport System (IHTS)

C.6.2.1 Analysis

The purpose of the IHTS reliability evaluation is to Identify those features
of the IHTS which have the maximum impact on system reliability and thereby to
permit design action to enhance the reliability of the IHTS piping, the
intermediate sodium pump, the expansion tank and the drain valves.

The FMEA for the IHTS is presented in Reference 3. Those failures of the IHTS
which result in failure to remove decay heat were analyzed. Results of the
FMEA indicate that there are five failure modes which can prevent or adversely
affect SHRS operation. These failure modes are: (1) external leakage of
sodium piping, (2) significant tube leakage in the IHX, (3) external leakage
of the intermediate sodium pump, (4) external leakage of l&C penetrations and
(5) external leakage of sodium drain valves. Each of these has been evaluated
and does not significantly affect the SHRS function of the IHTS.

I The CCFA for the IHTS and its Interfaces is in preparation. The significant
failure modes which have been Identified are: (1) Inadvertent operator action
or false signals to the actuators of the dump valves, (2) loading from a
seismic event and (3) extreme pressure transients.

Postulated dumping of the sodium In all three IHTS loops due to operator error
or false actuator action requires the assumption of multiple failures of
equipment or multiple operational errors. At least two operations on separate
equipment are required to dump a single loop. Postulating this simultaneously
for all three loops is not credible. It should be noted that the DHRS will
adequately remove the decay heat for postulated events involving the draining
of one or more loops.
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The IHTS has been conservatively designed to withstand the effects of a
conservatively specified earthquake. Therefore, only seismic events
substantially greater than the SSE could be postulated to potentially cause
failure of all three IHTS loops. Therefore, the potential for common cause
failure due to loadings from seismic events is sufficiently remote. Testing
of specific components Is planned to verify the capabil Ity to withstand the
SSE imposed loadings (see Section C.6.3.2D).

An extreme IHTS pressure transient coul.d cause failure of the SWRPRS rupture
•discs.

Numerical Assessment

The quantitative assessment of the probability of failure of the IHTS was
determined by Inserting predicted equipment failure rates and operational
parameters Into a mathematical model of the system. The predicted failure
rates and corresponding evaluation are presented In Reference 3. The failure
probability of the IHTS equipment Is low because the mission to remove reactor
heat following shutdown requires only the natural circulation capability of
the PHTS or the IHTS.

C.6.2.2 Tsi-

The currently scheduled IHTS testing Included main circulation pump testing
(discussed in Section C.6.1.2), transition joint development testing and
mixing-tee testing.

A. Transition Joint Weld Assembly Tests

The transition joint development is directed towards obtaining information
which will provide high confidence in the transition weld region of the IHTS
piping. This transition weld is placed in the piping to reduce the
differences In thermal expansion between materials to be joined by welding.

I The 2 1/4 Cr-lMo material of the steam generator nozzle Is joined to alloy
800H which Is then welded to the SS316 of the IHTS piping. There are two
groups of tests planned for these joints. A group of joints willl be exposed
to temperature and mechanical load transients more severe than those for which
the plant Is being designed. The tests will be run to failure and the
dominant mode of failure Identified. The tests will be accelerated so that
failure occurs in about one year rather than the design life. In addition to
these complete transition weld assembly tests, there aretests being conducted
to establish the proper weld design. This work will contribute to producing
weld designs that are appropriate for the transition assembly tests. The
transition joint weld design will be completed In late 1978. Fabrication of
.all spool pieces will be completed In late 1980.

As a final proof test of the transition weld design, prototypic transition
joints will be fabricated and used In the prototype steam generator test
program. These joints will be exposed to the accelerated testing planned for
the steam generator modules and will provide the desirable final confirmation
of the transition joint assembly design adequacy.
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B. Mixing-Tee Tests

The m ixing tee tests were conducted to assure adequate mixing of the two
sodium stream flows from each evaporator prior to returning to the
Intermediate system pump. The temperature difference in the two flows Is
normally less than 20 0 F, but can be large If the heat transfer process in one
evaporator Is Interrupted from one of several malfunctions. These tests were
conducted to develop a tee which will accommodate these large temperature
differences without Incurring thermal fatigue fallures, should a standard tee
design prove to be Inadequate.

The initial tests were being run using an 8 inch diameter scale model of the
perforated plate mixing tee currently being considered for use in the CRBRP.
These tests were conducted with hot water simulating sodium. Tests conducted
In water have been demonstrated to be a valid indicator of the mixing
characteristics of sodium. The Information gathered consisted of temperature
fluctuation (amplitude, spatial distribution and frequency), pressure drop
across the tee and perforated plate vibration.

The mixing tee development testing is completed. This information, coup"led
with other sodium mixing tests which have been reported In the IHterature,
will be used to establish the final design.

C.6.3 Steam Generator System (SGS)

C.6.3.1 Analysls'

Analysis of the SGS will consist of (1) a determination of the relative
probabil ity of occurrence of critical failure modes, (2) further refinement
and verification of failure rate data, (3) evaluation of the reliability
Impact of repairs and (4) analysis of SGS failures that Incapacitate one or

more heat transport loops.

The FMEA presented in Reference 3 indicates that a potential failure mode of
the SGS Is a water-to-sodium leakage at the tube to tubesheet weld joints.
Other failure modes with the potential to adversely affect the function of the
SHRS are: (I) external leakage of the steam generator modules, (2) leakage or
inadvertent rupture of the rupture discs in the SWRPRS, (3) inadvertent water
dump (operator error of false signal of rupture disc burst), (4) leakage or
rupture of water dump valves, (5) leakage or rupture of the sodium drain
valves, (6) operator action incapacitating SG loop due to a false signal from
the hydrogen leak detection system, (7) leakage, rupture, or Internal failure
of the steam drum, (8) external leakage or rupture of the recirculation pump,
(9) external leakage or rupture of the Isolation valves, (10) leakage or
rupture of the power relief valves, (11) failure to close the safety valves,
(12) external leakage or rupture of the steam or water piping and (13)
external leakage or rupture of the Instrumentation penetrations. These
failures could potentially result in loss of one of the three main HTS heat
removal paths, but independence of the IHTS and steam/water loops precludes
loss of the other two loops. These failure modes will be addressed In the
design of the equipment and the operating procedures.

A CCFA identified that one of the most significant common cause failures could
be simultaneous rupture of the rupture discs in SWRPRS under seismic load. A
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failure of this type could result In draining of the sodium Inventory from all
three main heat transport loops with subsequent Inabil ity toremove heat.
Rellablllty and design verification analysis has been conducted which shows
that adequate design margin exists between the peak seismic pressure and
minimum disc burst pressure.

Other significant.common cause failures which could adversely affect SHRS
reliability are: (1) inadvertent water dump (false signals to all three
loops), (2) Inadvertent closure of Isolation valves (falsesignals to all
three loops and (3) water-to-sodium leakage in steam generator modules.

The following paragraphs address measures taken to eliminate these potential
common cause failure modes.

A. Inadvertent Water Dump From False Signals to all Three Loops

The water dump valves are in series, and opening requires either (1)
Individual manual operator switching actions of guarded switches or (2) a

I signal Indicating SGS reaction products vent flow. Each steam generator loop
has a separate Class IE logic train for automatic operation making common
failure of all three loops highly improbable. Many actions In the proper
paired relationship must be taken by the operator to initiate this failure
mode.

B. Inadvertent Closure of Isolation Valves From False Signals to All
Three Loops

Isolation valves fail open for both loss of electrical power and pneumatics.
Automatic closure signals result from indication of initiation of SWRPRS. The
most probable cause of Isolation valve closure, a false SWRPRS signal, affects
only one steam generator loop. Simultaneous failure of all three loops
initiating circuitry causing closure of Isolation valves in all three loops Is
sufficiently remote.

C. Water-to-Sodium Leakage in Steam Generator Modules Due to Excessive
Thermal Cycling

Thermal cycling and severe transients produce creep-fatigue damage accumu-
lation in the sodium-to-water boundary. The steam generator design and
analysis accounts for this effect. In the event that the rate of creep-
fatigue damage accumulation Is greater than predicted, through-the-wall cracks
in the sodium/water boundary could be generated. The occurrence of a through-
the-wall crack during plant operation will be detectable. The sensitivity of
the detection equipment Is such that, under most cases, the leak will be
detected at a level where the sodium-water reaction will not result in
significant pressure surges. In certain locations, a crack could reach the
through-the-wall stage such that a pressure surge occurs before the leak is
detected, or before shutdown could be completed. The overpressure protection
system Is designed to protect the sodium-to-air boundary and IHX boundary from
excessive loading from the pressure surge.

In most cases, the leakage rate will be small enough that operation for heat
removal would be continued unless larger leaks developed during the required
normal module shutdown and Isolation. Since the initial leakage rate through
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cracks formed by the thermal fatigue mechanism Is very small, and the
probabil Ity is extremely small that the through-the-wal I stage wIll be reached
simultaneously In 2 or more locations, the loops would not fall
simultaneously. This interpretation of the nature of steam generator sodium/
water boundary failure Is consistent with the experience on LMFBR steam
generator leaks In Europe.

The CRBRP SGS Is designed to mitigate the hazards associated with a sodium-

water reaction as described in Section 5.5 of the PSAR.

Numerical Assessments

Quantification of steam generator system reliability has been accomplished
util izing (1) block diagrams that delineate the redundant and sequential
relationships of the SGS constituents, (2) a mathematical model and (3)
appropriate equipment failure rate estimates. A calculation of the random
independent failure probabil ity of the SGS has been made (Reference 3). This
quantitative assessment of steam generator system reliability was used to
identify key areas of the SGS requiring further attention.

C.6.3.2 Testlng

There is In place a substantial development test program addressing the steam
generator modules, sodium-water leak detection and protection against effects
of sodium-water reaction. This program Is a significant source of Information
for assessing SGS reliability.

A. Steam Generator Module

There are substantial materials properties and weld development programs which
support the development of a reliable heat transfer surface for the steam
generator module. For descriptions of the test programs see section
5.5.3.1.5.1.
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B. Steam Generator Leak Detection System

The steam generator leak detection system development program includes
development of instrumentation to (1) detect hydrogen in sodium and (2) detect
oxygen in sodium. Programs are in place to develop the detection elements.
The detection levels and decision logic for use in the system will also be
established through these tests. The tests include operation of the detection
system on the "Few-Tube" Test, and at the Experimental Breeder Reactor II at
Idaho Falls, Idaho.

C. Burst Disc Testing

The steam generator development program is providing the information for
assessing the reliability of burst discs. Tests have been conducted by the
manufacturer to confirm that the as-built burst disc design will funtion
within specified burst pressure tolerances for the large size discs required
in CRBRP. Additional tests are being conducted in conjunction with steam
generator component tests. Multiple disc assemblies similar in design to the
CRBRP, are being installed in the large leak test rig. Performance of the
double reverse buckling disc will be measured during these tests. Results are
expected to confirm the design.

C.6.4 Steam Generator Auxiliary Heat Removal System (SGAHRS)

C.6.4.1 Analysis

The SGAHRS provides an auxiliary heat sink for the postulated loss of
feedwater or loss of main heat sink. The SGAHRS evaluation will assess the
reliability of the Auxiliary Feedwater System (AFWS) and the Protected Air
Cooled Condensers (PACCs). The reliability of the main feedwater system and
the main heat sinks was evaluated to properly assess SGAHRS.
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Potential failure modes identified in Reference 3 include (1) failure of the
two AFW motor driven pumps to start and take load, (2) failure of the AFW
turbine driven pump to start and take load, (3) failure of the PACCs to
operate (includes associated piping and valve failures), (4) failure of the
AFW isolation valves to cycle open, (5) external leakage or rupture of AFW
piping and valves and (6) external leakage or rupture of the PWST. These
failure modes are being addressed in the design of SGAHRS equipment and will
be fully resolved in the associated Reliability Design Support Document.

Common cause failures have been evaluated regardless of their probability of
occurrence. Parameters considered were common processes, common design
properties, common location, common handling, human error test and maintenance
acts, external events and extreme environments. Common cause failures
identified to date include: (1) AFW control valves fail to remain open due to
miscalibration of AFW flow transmitters or I&C on the steam drum, (2)
insufficient water due to PWST level miscalibration, (3) AFW isolation valves
fail closed due to operator action and (4) PACCs fail due to environmental
abnormalities. A major factor contributing to the reliability of the AFWS is
its similarity to systems incorporated in current LWRs. The technology used
in the design of the AFWS for CRBRP is essentially identical With that used in

LWR AFWS design.

0
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The following paragraphs address these potential common cause
failure. modes.

A. AFW Control Valve Failure

Although miscalibration of AFW control instrumentation is possible,
surveillance tests, periodic maintenance. activities, design redundancy and
heat sink diversity make the loss of heat removal capability due to this
cause improbable. The period of time during which significant AFW make-up
is required is on the order of 1 to 2 hours.

B. PWST Level Miscalibration

The failure mode of insufficient water due to PWST level miscali-
bration has been addressed. Water can be transferred from the condensate
storage tank to the PWST by gravity. Steam drum level control instrumentation
consists of a two level system. Motor driven pump flow is initiated by a
low level signal and the turbine driven pump flow is initiated by a low-low
level signal. "Redundancy and diversity provided in the design of this system
make the probability of failure remote.

C. AFW Isolation Valves Failure

Inadvertant operator action isolating the AFWS has been. evaluated.
The main and auxiliary feedwater must be lost to prevent heat removal. A
single (one of three) steam generator module is capable of meeting SHRS heat
rejection needs. A multiple sequence of operator errors must occur to-
isolate the AFWS. A multiple switch sequence is necessary and a low drum
-level alarm would indicate improper action. The operator has several.
minutes to reopen the valve to correct the error. The probability that
operator isolation of the AFW system will occur and will not be corrected is
very small.

D. PACC's Failure

The .potential for PACC's failure from environmental abnormalities
will be evaluated as part of the continuing reliability studies, The air
intake designs will be reviewed to assess the adequacy of blockage preven-
tion. High temperature effects on components and system life will be
considered. The location of components with respect to cooling or heat
producing areas will be evaluated. The design will be evaluated to find
those portions of the system which have natural frequency coupling, and
techniques to separate natural frequencies in the three PACC's systems will
be investigated.

Numerical Assessment

Quantitative evaluation of the SGAHRS reliability indicates an
acceptably low probability of failure for the conceptual design. The details
of the quantitative analysis are contained in Reference 3.
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A sensitivity study has been made of theirelative impact of uncer-
tainty in constituent failure rates on SHRS reliability. The results showed
that SGAHRS failure is not the controlling factor on SHRS reliability. Low
sensitivity results from:

1) SGAHRS has internal redundancy, i.e., during short term heat
removal, the turbine pump is redundant to the two .motor driven
feed pumps and during long-term heat removal, the PACC's are
triply redundant.

2) SGAHRS is redundant to the main feedwater system and main heat
sink.

3) The DHRS is redundant and diverse from the SGAHRS.

C.6.4.2 Testing

SGAHRS equipment will be subjected to acceptance testing at the
equipment manufacturers.

C.6.5 Direct Heat Removal Service (DHRS)

C.6.5.1, Analysis

- . The DHRS utilizes equipment which is in operation during normal
plant conditions. Failures of operating equipment are annunciated to the
operator immediately. The only DHRS components not in continuous service
are the overflow heat exchanger and its associated pipes and valving. There-
fore,.reliabiiity assurance efforts are focused on this component and on ,

assuring adequate repairability provisions for normally operating components.

DHRS is a redundant heat removal path and sink, but it does not
have specific component redundancy or diversity under the maximum expected
decay heat load. A DHRS system failure for maximum load capacity can result
from failure of one of several components. Redundancy within the system
exists after about 5 days in the air blast heat. exchangers and sodium pumps
due to the reduction in decay heat load. Provision is made for in-serviceý'
inspection, testing and mai~ntenance. -Since most of-the subsystems comprising
DHRS are active during normal plant operation, they are available and are
monitored. Design margins exist in all DHRS components such that minor
failures can be accommodated. For example, all pumps and blowers are, rated
for higher than required loads and/or speeds for maximum DHRS. service and

.can tolerate failures that degrade performance without adversely impacting
total heat removal capability.

Reliability Assessment

The reliability assessment for DHRS is presented in Reference 3 and
was used in developing DHRS (improved OHRS).. This assessment is being up-
dated to reflect a more flexible analytical model and is being used to iden-
tify areas for potential reliability improvement.
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Evaluations have been made of the ability of the PHTS, the reactor vessel and
the core support structure to sustain an in-vessel sodium temperature of
1140 0 F. In-vessel sodium would be over 9000F for less than 100 hours with
DHRS operation. Creep rupture times exceeding 50000 hours for the reactor
vessel and core support structure and 5500 hours for the PHTS were calculated
for the most highly stressed conditions. These results indicate an adequate
lifetime capability for the reactor system components under DHRS operating
conditions.

C.6.5.2 Testing

The 1/21 scale outlet plenum model tests described in Section C.6.1.2A were
used to initially evaluate DHRS nozzle locations to assure adequate mixing of
the DHRS flow with the PHTS flow. Final confirmation of the thermal adequacy
of the location of the CRBRP reactor vessel sodium make-up and overflow
nozzles for DHRS was obtained by 1/4 scale model flow tests in the IRFM at
HEDL. The DHRS operation was simulated with flows, temperatures and coolant
conductivity measured at specific points in the model. Coolant and component
surface temperatures were measured in the outlet plenum region and combined
with loop coolant temperatures and flow measurement data to provide an
analysis base. This experiment confirmed the adequacy of upper plenum mixing
for DHRS. Testing is also being conducted on active pumps and valves.

C.6.6 Interfacing Systems

C.6.6.1 Analysis

Assessments are being conducted that provide treatment of all potential
failure modes of SHRS interfacing systems or equipment. Preliminary numerical
analyses have focused on critical systems and interfaces. Updating of these
analyses is a continuing effort.

The SHRS depends upon groups of normal plant operating equipment to provide
shutdown heat removal. Important interfaces are described below:

A. Plant Dependence on Electrical Power

For normal plant operation at power, the main feedwater pumps, condensate
pumps, condenser circulating water, condenser vacuum pumps, steam generator
circulating pumps, primary sodium pumps and intermediate sodium pumps require
AC power which is provided by th normal and reserve plant electrical power
systems. All sodium primary and intermediate pump pony motors, protected air
cooled condenser fans, the motor driven auxiliary feed pumps, the DHRS EM pump
and DHRS ABHX fans are provided with both normal and emergency electrical
power. All essential instrumentation and control is powered from
non-interruptable power supplies."

B. Instrumentation and Control

The reliability of the control and instrumentation involving air supplies,
electrical devices, sensing equipment, etc. will be assessed. The DC and AC
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power subsystems are being analyzed and combined with the instrumentation and
control reliabilIty analysis.

C. Balance of Plant (BOP) Systems

One of the key Interfaces Is the main Condensate and Feedwater System. This
system has been subjected to prel iminary assessments used In current
activities. An assessment to determine the reliability of this system in Its
role as a heat sink during SHRS operation Is being conducted. The Turbine
Bypass valving, the condenser and related BOP components are Integrated In
reliability assessment activities.

SHRS equipment Is designed for reliable operation over the full range of
operating environments expected within the equipment cel Is during normal
operation. Environmental conditions beyond those specified for the cells
could cause degradation of the BOP control systems. The environmental
conditions of concern are temperature and chemical contaminents. The effects
of these factors on BOP control system reliability Is being evaluated.
Design, installation and operational features and procedures for these systems
will reflect the findings of the evaluations.

C.6.6.2 Test Ina

Testing Identified for interfacing systems Is comparable to that associated
with current LWR practices augmented by consideration of the potential sodium
contamn I nati on.

C.6.7 Common Cause Failure Analysis

Results of the preliminary system level study of common cause failures are
summarized below.

A. Calilbration

All calibration actions are control led by,: maintenance and Installation
procedures. These procedures give detailed Information for the calibration
and verification of the checkout of each piece of equipment. In addition to
accurate and periodic calibration of test equipment and test meters to
national standards, calibration of critical sensors to manufacturer's
specifications Is periodically performed.

Examples of safeguards against Inadvertent miscallbration included in the
current design are (1) critical instrumentation racks will be locked with one
set of keys under administrative control, (2) all valves left In the test
position rather than run position after checkout will trigger a warning signal
In the main control room and (3) stem lock needle valves that free wheel until
a set screw Is tightened wl Il be used.

Procedures wil I be verified during manufacturer's checkout testing, and many
of the procedures will receive trial usage in the system level reliability
tests. Therefore, a miscallbration could only result f0om a series of
systematic errors caused by the persons involved in the calibration function.
The use of these controls makes the likelihood of miscallbration Improbable.
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B. Environmental Conditions Within Control Room(s)

Included in this category are such factors as temperature and humidity in the
area as well as other factors that might be responsible for some local
abnormal conditions, such as proximity to heated pipes, magnetic disturbances,
etc. Items sensitive to these conditions include: (1) power supplies, (2)
switchgears, (3) relays and (4) meters.

A worst-case environment is assumed in these areas and the equipment located
there is qualified to operate correctly over the range of environmental
conditions specified. Accordingly, as long as the area environment remains
within the worst-case limits, the equipment should not be expected to fail for
environmental reasons.

C. Failure of Common Air Supplies

The probability of an air supply failure can be made negligible by proper
location of equipment and air piping runs. Backup air bottles are provided on

I safety-related systems (the turbine bypass valves are not safety-related) that
must cycle during cooldown. Safety-related valves include accumulators and
check valves to protect against an air leak upstream of the check valve(s).
Up to ten cycles of operation are available from these backup air bottles.
Additionally, to assure that proper installation has been obtained and joints
are secure, over-pressure leak checks are planned.

D. Vibration Induced Effects

The components sensitive tovibration will undergo vibrational tests during
development testing. Identification of undesirable response characteristics
during testing will result in equipment modification so that equipment (e.g.,
electric equipment cabinets) delivered to the plant will not be inherently
vulnerable to vibration.

E. Electrical Power Supply

Certain components in the SHRS require electrical power for proper operation.
Power is supplied by the preferred and redundant reserve power lines, the
redundant diesel generators and battery supported buses for certain equipment.

The diesel generators and battery supported buses are designed for or
protected from the effects that could cause simultaneous failure of both
preferred and redundant reserve power lines (seismic, tornado, grid blackout
and out of tolerance power). The design of the diesel generators and support
equipment to the requirements of IEEE-308 ensures independence of these
redundant equipment. Therefore, the potential for common cause failure of
necessary electrical power has been made sufficiently remote by the design
features included.
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Due to the critical nature of supplying power, continuing relia-
bility emphasis will be placed on ensuri~ng the sufficient remoteness of com-
mon cause failure as the detailed layout of components and routing of the
wiring develops.
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C.7.0 Program Evaluation

C.7.1 Reactor Shutdown System

C.7.1.1 Primary Control Rod System

This section summarizes the principal conclusions from analyses and tests
performed In support of PCRS rellabillty assessment.

Analysis

Reliability assessments of the PCRS and Interfacing components have verified
the reliability adequacy of the system. These analyses have Identified those
components, features and phenomena upon which the PCRS reliability most relies
and/or within which significant uncertainties exist. Supporting analyses and
tests have been Initiated to resolve uncertainties and establish design
margins to confirm PCRS reliability. Design changes have been Incorporated to
enhance reliability by preventing the occurrence of certain failures or
precluding the failures from having a significant Impact on scram, insertion.
PCRS design improvements and Interfacing component design features for
reliability enhancement are given in Tables C.7-1 and C.7-2, respectively.

Numerical analyses performed for the PCRS have led to the following
conclusions:

1) Misalignments within the design envelope resulted In low normal forces
retarding scram Insertion and should not significantly Impact scram
reliability.

2) Sufficient margins exist on normal scram sliding friction coefficients
such that uncertainties on these data have a negligible effect on
scram insertion. Existing LMFBR Base Technology programs wil I provide
acceptable data for CRBRP reliability confirmation.

3) Analyses of CRBRP PCRDM unlatching show acceptable design parameters
to achieve unlatching time requirements.

4) Based on analyses and applicable FFTF test data, random Independent
failure modes for the PCRDM have insignificant impact on scram
reliability. Emphasis will be placed on resolving potential common
cause failures.

Testinag

Conclusions from these tests are summarized below:
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A. Duct Crushing Test

The Duct Crushing Test was performed to provide data to support analyses for
crushing of core assembly ducts under seismic loading conditions. This test,
completed at HEDL, Involved transverse loading of EBR-11 Irradiated ducts.

No brittle fracture was observed In any of the tests. Two bending specimens
were loaded to failure. The crush tests (transverse loading) indicated duct
deflection capability exceeded deflections predicted for CRBRP seismic
conditions. Comparison of available tensile test data for 20 percent CW SS316
and SS304 Indicates that SS316 ducts have greater deformation capability than
SS304 ducts. The test conditions and loading In this test were based on
radial blanket environments. Control assembly ducts have much less severe
loading conditions and environments. The tests established that load pad
brittle fracture Is not a limiting factor in control rod system performance.
The ducts can deform to a point where all control rod to duct clearances have
been eliminated with no evidence of brittle fracture.

B. Duct Impact Test

The Duct Impact Test to verify the capability of the PCA ducts to accommodate
scram arrest impact loads has been completed at HEDL.

In these tests, irradiated EBR-11 ducts were impacted by known weights dropped
from a range of heights to simulate prototypic and overload conditions.
Interim and final examination of both EBR-Il ducts tests revealed no failure
initiation or cracking of these components. Strain measurements on the two
ducts were consistent with each other and increased with increasing Impact
load. This observation supports the repeatability of the findings. Scanning
electron fractography performed on high fluence tensile specimen fracture
surfaces at equivalent duct Impact strain rates and test temperatures revealed
that transgranular channel fracture dominates over all Impact conditions.

Results from the duct impact tests have demonstrated that the PCA ducts are
not susceptible to brittle fracture under prototypic and overload scram arrest
Impact loading.

C. Rotational Joint Test

The rotational joint feature was introduced Into the PCA design to preclude
the transmission of torsional loads from the PRDM via the PCRD to the PCA
control rod. It was these torsional loads which led to galling of the control
rod outer duct during tests of the FFTF control rods. The rotational joint in
the CRBRP control assembly Is Intended to limit torque transmission to a
maximum value of 20 In-lb. At this level of torque transmission, the control
rod/outer duct interaction loads are too low to produce galling. Test results
have shown that the rotational joint feature limits the maximum breakaway
torque to 17 In-lb. During normal operation, the torque transmitted
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by the joint is further reduced to 8 in-lb max. The tests have demonstrated
that the rotational joint effectively precludes the potential for galling of
the PCA ducts due to torque loading.

D. Duct Bowing Test

The duct bowing test was conducted to assure that adequate design margins
exist for worst case duct bowing predictions and to confirm analytical models
for predicting the effects of duct bowing.

The results of this test show that drag forces resulting from duct bowing are
negligible ( 25 lbs. or less) prior to the design limit criterion for three
point forced contact between the control rod and outer duct. Worst case
design bowing predictions are much less than the design limit criterion.
Analysis show that geometrical clearance evaluations can accurately (within
0.005 inch clearance) predict the three point forced contact conditions

resulting In increased drag forces. Analysis methods conservatively predict
the bowing drag forces. Test result show that flow and control rod velocity
have negligible effects on frictional drag forces. The forced contact point
occurs at or near full rod Insertion with clearances increasing significantly
with withdrawal such that negligible drag occurs prior to the last six inches
of rod Insertion. Consequently, large margins exist for bowing Induced
failure to shutdown the reactor from both predicted clearances to forced
contact and that even after forced contact, the control rod would insert
sufficiently to shutdown the reactor.

E. Pin Rupture Test

The pin rupture test was performed to determine the magnitude of control rod
duct deformation resulting from potential failure of the absorber pins having
high internal pressure due to helium release from B-10 neutron captures.

The test results show acceptable ( 0.030 inch maximum deformation) Inner duct
deformation for ruptures of pins containing pressures up to 5000 psi. At
expected end-of-life pressures of less than 3500 psi, the duct deformations
were even smaller. Ruptures of intentionally faulted pins at different
locations within the pin bundle showed no indications of pin deformation as a
result of the pressure pulses. These test results show that pin ruptures have
negligible for causing a scram failure.

F. Pin Compaction Test

The pin bundle compact test was performed to assess bowed absorber pin
interaction effects with the inner duct, pin bundle compressibility and pin to
pin contact loads in order to aid verification of analytical models.

Pins prebowed to conditions exceeding design predictions were compressed to.
design pitch at the top and bottom end caps. Resulting bundle compressibi-
lity, pin shapes and typical pin loads were measured. The test results show
that the pin bundle Is sufficiently compressible that pin bowing will cause
negligible deformation of the Inner duct and that pin loads are acceptable.
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G. Dynamic Seismic Friction Test

The dynamic friction test was performed to obtain effective friction
coefficients under impact conditions typical of seismic events and to provide
data to assist confirmation of analysis methods.

Geometries tested were a cylindrical rod in three bushings and a hexagon in
*hexagon configuration. Environments tested were air, argon, water and sodium.
A shaker mounted to the test vessel provided the vibrational Input at multiple
acceleration levels. Measurements included rod drop times and Impact load
time histories at the bushings. Effective friction coefficients were obtained
by simple analyses utilizing the measured impact loads and rod drop times, to
check methods used for PCRS seismic scram analyses, these methods were used to
predict the impact loads. Effective friction coefficients were than also
obtained by utilizing the calculated Impact loads with measured rod drop
times. Good agreement was obtained between the friction coefficients obtained
from measured and calculated Impact loads.

The resulting effective friction coefficients were on the order of 0.5 or
lower. Utllization of these friction coefficients for PCRS seismic scram
speed analyses has shown that design requirements for seismic scram Insertion
are satisfied.

H. PCRS Friction Couples Tests

Pin or plate friction measurements were obtained for PCRS material couples to
obtain sliding friction coefficients for use in normal scram analyses.
Utilization of these friction coefficients In scram analyses has shown that
scram speed requirements are satisfied even when maximum (3 level) friction
coefficients are used in the analysis.

I. PCRS Prototype Design Tests

The PCRDM Accelerated Unlatching Test was performed using a prototype PCRDM/
PCRD with a weight simulation for the control rod. Prototyprc PCRDM argon and
temperature environments were used with a water fil led vessel for the PCRD
dashpot function. More than twice the design basis lifetime of scrams and
travel were completed by Including 1868 rod drops and 35, 451 feet of travel.
Conditions on nozzle temperatures, nozzle misalignment, Internal CRDM pressure
and stator cooling beyond the design basis were tested and showed no

detrimental effect on PCRDM performance. All tests met design requirements
for unlatch time, position indicator accuracy, dashpot final impact velocity
and CRDM seal leak rates. Where over twice the service life had no
significant effect on PCRDM performance. Post-test inspections confirmed that
the testing produced no component failures, no excessive wear and no unusual
or unexpected wear patterns.

Phase I of the PCRS Prototype Design Tests has been completed Including 470
scrams and 5962 feet of travel. Prototype PCRS components (PCRDM/PCRD/PCA)
were tested In a sodium environment under design basis conditions for
temperature, flow and misal ignment. Sodium exposure, wear and a 42 day hold
period had no effect on PCRS performance. Performance characteristics
Including scram times, position Indicator accuracy, dashpot seal leak rates
satisfied design requirements.
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Maintenance tests using a prototype Disconnect Actuating Tool (DAT) and plant
maintenance tools were conducted using draft plant procedures for the tests.
Control rod disconnect, Installation, removal and power drivel Ine replacements
tests were performed. Procedure Improvements were identified for DAT and
sodium removal operations. Minor lower PCRDM design changes such as more
extensive diameters and small reductions in external shielding diameters were
identified to facilitate installation. These features have been Included In
plant units and one prototype test unit. No maintenance relation problems
were Identifled that would affect PCRS functional or scram performance.

J. PCRS System Level Tests

Phase I for both the Real Time and Failed Bellows Tests have been completed,
under prototypic conditions. The Real Time Test included 368 scrams and 6053
feet of travel while the Failed Bellows Test included 676 scrams and 9360 feet
of travel. Phase I of the Failed Bellows Test was performed to characterize
PCRDM performance prior to Intentionally failing the bellows for Phase II of
this test. Hold time tests including 35 day and 117 day (30 days at full flow
conditions) hold periods-under various sodium conditions were performed. For
al I hold time tests, scram times before and after the hold were not
significantly (<0.025 seconds to full insertion) different with these time
variations being typical of normal variations. Scram times and normal
performance for all tests satisfied design requirements. Prototypic
maintenance operations for DAT disconnects, Installation and removal were
performed and showed no impact on PCRS functional or scram performance.

C.7.1.2 Secondary Control Rod System

This section summarizes the conclusions of the reliability evaluations and
tests performed In support of the SCRS design.

Analysis

Reliability assessments of the SCRS and Interfacing components are being
conducted to verify the reliabIlIty adequacy of the system. These analyses
have identified those components, features and phenomena upon which the SCRS
reliability most relies and/or within which significant uncertainties exist.
Supporting analyses and tests have been initiated to resolve uncertainties and
establish design margins to confirm SCRS reliability. Design changes have
been incorporated to enhance rellability by preventing the occurrence of
certain failures or precluding the failures from having a significant impact
on scram Insertion. SCRS design Improvements and design features for
reliability enhancement are given in Table C.7-3. The interfacing component
failure modes and design features are listed In Table C.7-2.

Numerical analyses have been performed for the SCRS. The following
conclusions have been reached:

1) Sufficient margins exist on irradiation creep deformation such that
control rod duct and guide tube deformation will not exceed clearances
provided and Impact scram Insertion.

2) Based on analyses, random Independent failure modes are assessed to
have negligible Impact on scram reliability.
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The SCRS reliability evaluation will be reviewed and updated as required
throughout the SCRS development cycle as additional data is made available
from testing and from the continued data search and analysis effort.

Testing

SCRS testing to date has been directed toward design verification. Four tests
have been completed and two are in progress. Design tests of the damper, coil
cord, position Indication system and the argon system have been completed.
The results from these tests were used to optimize the design of the
Individual component features. Tests in progress are the Latch Test and Latch
Seal Test. Results of the Latch Test to date Indicated that the latch as
currently designed will perform the safety function.
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C.7.1.3 Electrical Subsystem

Reltabil ity assessments of the ES and Interfacing components have verified the
reliability adequacy of the subsystem. These analyses have Identified those
components, features and phenomena upon which the ES reliability most relies
and/or within which slgnlflcant uncertainties exist.

Numerical analyses performed for the ES have led to the following conclusions:

1) Sufficient failure rate data exists on electronic components to
perform meaningful assessments of the random Independent failure rate
for each of the primary and secondary electrical subsystems. This
data Is taken from FFTF prototype, qualification and acceptance
testing results as well as system and module FMEAs and a numerical
module failure rate prediction (using MIL-FIDBK-217B as a data source).

2) The redundancy provided In each ES is adequate to reduce random
Independent failure probability to an appropriate level.

3) Instrument channel monitoring provides significant reduction in
dependence on sensor/electronics failure rates.

4) Components with maximum Impact of reliability due to failure rate were
identified for design consideration (e.g., upgraded MIL-SPEC
specification and piece/part changes).

Common cause failure considerations have resulted in the specification of
diverse primary and secondary electrical subsystems. Significant conclusions
for the hardware implementation resulting from common cause failure
considerations to date are discussed In the subsequent section.

A resulting recommendation from ES evaluation was that an extended operations
test should be carried out on primary and secondary electrical subsystems.
These tests will include all RSS signal conditioning and logic train
subsystems.

System Reliability Enhancement Features

A number of reliability improvements over FFTF have been incorporated Into the
design. For example, the number of primary logic trains has been increased
from 2 to 3 to add the capability for on-line testability without bypass.

Design of the FFTF equipment has undergone extensive qualification testing and
environmental cycling tests for extended time periods. A reliability
enhancement study of the FFTF system was performed by the equipment vendor.
The reliability enhancement study determined that the most significant
reliability Improvement could be gained by Increasing the piece/part quality
levels and/or the levels to which the piece/parts are
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screened. Implementing changes to the CRBRP ES equipment based on this
study have raised the inherent reliability of the CRBRP equipment.

Piece/part quality levels are provided by using military quality
components in major portions of the ES. The use of MIL-SPEC components
provides assurance of consistent quality and control during the component
manufacturing process.

Preliminary analysis showed that a loss of the -15 volt input to
a comparator would tend to prevent that comparator from tripping when re-
quired. Even though this single failure would not prevent a reactor scram
since the three redundant comparators are powered by separate power supplies,
power supply monitors were added. If -15 volt power is lost, all power to
the comparator would be cut off by the power supply monitor. Since a removal
of all power to the comparator propagates a trip signal on that channel (a
safe failure), the effects of a loss of the -15 volt comparator input has
been minimized.

The comparators have been designed to minimize the effects of
failures in the setpoint circuit. The most likely failure modes for these
components were determined and the comparators designed to trip (fail-safe)
upon occurrence of these most probable failures.

The packaging of the modules was also modified to increase in-
herent reliability. Early designs of trip comparators had approximately
130 handwired connections in each module. This has been reduced to six
in the present design. Reliability enhancement is realized by the fact
that machined, soldered connections are more reliable than handwired con-
nections. The reduction of wiring also minimizes the potential for human
error either in initial wiring or future maintenance.

C.7.2 Shutdown Heat Removal System

This section summarizes the principal conclusions from analyses
and tests performed in support of the reliability of the SHRS.

Analysis

The analysis that has been completed to date consists of the system
level FMEA, system level assessments and probabilistic and structural
assessments in support of definition of structural failure in the primary
system. These assessments have contributed to the existing base of design
information available on SHRS and have supported the identification of
changes to design and development programs to enhance SHRS reliability.
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References 3 and 4 provided substantial design and reliability Information to
support the conclusion that large pipe ruptures in the primary system
resulting from. crack growth due to material flaws can be made sufficiently
Improbable to exclude large pipe breaks from being a significant problem. The
rel iabil ity evaluations identified the Importance of the role of the leak
detection system and quality assurance In attaining the desirable low
probabilities for large pipe breaks.

Reference 3 provides the overall numerical assessment of the SHRS reliability.
In the report are both a single point estimate of the probability of SHRS
performing Its mission and significant sensitivlty evaluations. The
assessment is that with proper attention to design and development activities
adequate SHRS reliability can be achieved. The contribution made by DHRS Is
identified In the report. This finding was part of the Information which
supported upgrading OHRS to DHRS.

Table C.7-4 provides a. list of features which address critical failure modes
which have been identified. Table C.7-5 provides a summary list of
interfacing systems failure modes and design features for reliability
enhancement.

Testina

Many of the materials testing programs contributing Information to support the
design of SHRS have provided Interim data that have been used in the PHTS,
IHTS and steam generator system equipment design. A major output from these
programs was the 2 1/4 Cr - 1 Mo constituent equations for application to the
design of the steam generators.

The shel l-side flow and tube vibration test (hydraulic test model) has been
completed. The test demonstrated that no adverse vibration effects or flow
conditions are present In the reference steam generator module design. Low
amplitude (corresponding to low stress levels) vibration was present, however,
it was found to have no effect on the reliability of the steam generator

modu I e.

The DNB testing for determination of corrosion effects has been completed.
Preliminary findings show no evidence of accelerated corrosion or other
anomol les.

The integrity of the Sodium to Water/Steam boundary of the steam generator Is
essential for rel iable SHRS operation. The use of microfocus x-ray for 100%
exam ination of steam generator tube-to-tube sheet welds has provided assurance
that the welds are free of defects, which would lead to boundary violation.

Testing of tube-to-tube sheet weld development samples has demonstrated that
the welds are of the same or greater strength than the parent materials.

LLTR tests have resulted In assurance that the main pressure relief burst
discs will limit over-pressures due to sodium/water reactions and that the
dual disc design will provide timely pressure relief while providing loop
integrity during normal operation. These tests have also shown that multi-
tube leakage Is highly Improbable, even following a guillotine rupture of an
adjacent tube.
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TABLE C.7-1

PCRS DESIGN FEATURES
FOR RELIABILITY ENHANCEMENT

Failure Mode Desian Features

Outer duct galls due to forced
contact with inner duct wear
pads

Slow unlatching time as a result
of high friction or slow
magnetic decay

Bellows leaks permitting sodium
vapor in upper PCRDM

Duct distortions retard scram
insertion

PCA scram arrest flange galls due
to rubbing with control rod
shaft coupling

Chips from leadscrew collect at
bushings and retard insertion

PCRDM bushing wear affects mis-
alignments or cause bellows
rubbing

Segment arm motion stop and
.segment arms deform permitting
motor tube contact

PCA flow blockage or orifice plate
manufacturing variations affect-
ing flow rates and insertion
speeds

.Rotational joint incorporated in PCA
control rod shaft to limit contact
loads

Segment arm spring'force increased to
provide margin on friction effects
Smaller stator wire used to increase
resistance and decrease field decay time

Increased number of bellows convolutions
to reduce stresses and improve failure
rate
CRDM gas purge incorporated to minimize
sodium vapor in CRDM

Increased inner duct to outer duct and
pin to inner duct clearances to minimize
duct to duct contact

Coupling length and clearances with
scram arrest flange optimized to
minimize rubbing and limit contact to
last 6 inches of insertion

Bushings chamfered to minimize effect
of chips

Bushing material changed from Niresist
to Stellite to improve wear character-
istics

Hardened segment arms and stop and
increased segment arm to motor tube
clearance

Orifice plate assembly and shield
design simplified to minimize potential.
for manufacturing assembly errors and
part breakage

Pin assembly discrimination features
added to minimize erroneous assembly
of pins into pin bundle and B 4 C pellet
enrichment in pin assembly , I

Pin.assembly
worths

errors affecting rod
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TABLE C.7-2

INTERFACING COMPONENT DESIGN FEATURES
FOR RELIABILITY ENHANCEMENT

Failure.Mode Desian Features
Faiur Mode

Rotation of intermediate or large
rotating plugs increase shutdown
system misalignments

Debris collects in small clearance
areas of control rod systems
and retards insertion

Flow blockages lead to core assembly
overheating and potential
melting

Failure of Upper Internals
.Structure (UIS) support columns
leads to excessive shutdown
system misalignments

Fragments from UIS shroud tubes
lead to debris retarding scram
insertion

Operational mechanical lock and safety
interlocks incorporated in head design
to prevent inadvertent plug rotation

Core special assemblies used prior to
initial core assembly loading to
eliminate debris from coolant

Axial debris barrier and auxiliary
flow ports added to inlet modules

Lengths of UIS keys to core barrel
increased to limit tilt of UIS within
capability of shutdown systems

Inconel 718 material used in UIS areas
to minimize failure potential from
thermal striping
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TABLE C.7-3

SCRS DESIGN FEATURES FOR RELIABILITY ENHANCEMENT

Failure Mode Desian Features

Scram valves jam or stick

Pneumatic actuator piston
sticks due to galling

Bellows leak permitting
sodium vapor in SCRDM

Pneumatic cylinder jams due
to broken spring debris

Tension rod binds to sensing
tube/driveshaft due to gal ling

Tension rod binds due to
lateral distortion

Collet gripper fingers self-
weld to coupling head

Control rod duct distortion
retards scram

Control Valve system redesigned with 3
solenoids operating main valves to al low
periodic checkout of each electrical
channel without causing scram.

Dashpot type actuator mechanism design
replaced by an all metal bellows type
design so that the sliding seals are no
Ionger req ui red.

Lower drivellne bellows between tension
rod and sensing tube raised to lower
head area region from above latch to
lower temperature.

Sensing tube and pneumatic cylinder
assist springs eliminated.

Wear resistant guide bushings added to
maintain position between sliding parts.

Increased drivellne cross section to
resist lateral displacement.

Inconel 718 used to resist self-welding.
Cam surfaces are curved to cause sever-
ing of any bonds that have developed.

Duct to guide tube clearance design Is
sufficient to minimize contact.

"Parked" position of control rod raised
to a half Inch above the top of the core
to reduce temperatures and fluence.
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TABLE C.7-4

SHRS DESIGN FEATURES
FOR RELIABILITY ENHANCEMENT

Failure Mode Design Feature

Primary System Leakage

Intermediate System Leakage

Loss of Cooling Water

Failure of Redundant Forced
Circulation Systems

Common Cause Failure of
Independent IHTS Systems

Failure of Electric Motors
from AC-Power Loss

Failure of all Feedwater
Systems

Guard vessels with elevated piping re-
duced probability of loss of coolant in-
ventory

Three independent intermediate system
loops are provided in isolated cells.

Three independent steam-water heat ex-
changer systems are provided. Water
supplies are provided to assure supply

- of water to one or all of the three
sodium-to-steam/water heat exchanger systems.

Natural circulation capability in PHTS,
IHTS and steam-water system

DHRS provided to maintain core coolable
geometry

Battery power supply for short term
forced circulation cooling redundant
to natural circulation and steam turbine
driven AFWS

DHRS
long
cool

provides redundancy. PACC's provide
term air cooling following initial
down.
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TABLE C.7-5

SHRS INTERFACING SYSTEMS DESIGN FEATURES
FOR ENHANCEMENT OF REL IABIL ITY

Failure Mod Desian Features

Failure of Coolant Boundary
Component Supports

Off-site AC Power Failure

Instrument Gas Supply Systems
Failure

Operator Error

Sodium-Water Reaction System
Failure

Sodium Fire in IHTS Cell Which
Degrades PACC Operation

Ability of piping to tolerate specified
snubber and hanger failure.

Redundant diesel generators and short
term battery power supplies.

Fail-safe designs with backup bottle
supply.

Controlled access to critical oper-
ations.

Intermediate System cells provide Iso-
lation for independent IHTS systems.

PACC airflow shuts off when Na fire
residues are sensed at PACC inlet to
prevent PACC fouling. Operator can
override erroneous shut-off signal.
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ADDENDUM 1

Test Facility Descriptions

PCRS Test Facilities

This section provides a description of the test facililities used for the
PCRS tests being conducted at Westinghouse ARD. Facilities described
include part of the existing Westinghouse ARD Technology Laboratory Facil-
ities and individual test facilities being built to support the program.

General Facilities

A. General Purpose Loop No. 1 (GPL-1)

The GPL-l sodium test facility is an operational high temperature
loop designed and fabricated in 1967 in accordance with Section I of the
ASME Boiler and Pressure Vessel Code. This facility provides sodium to
assorted test sections at temperatures to 1200'F, pressures to 300 psig and
flow rates to 200 gpm.

The facility has logged more than .25,000 hours of successful
operation in support of steam generator and other LMFBR component evalua-
tion programs. The incorporated linear induction pump, piping, valving,
flowmeters and data acquisition systems are fully operational.

The GPL-l facility has a gas fired primary heat source capable
of adding 1 MW thermal energy to the 1200 pound sodium inventory. Primary
-flow piping is fabricated from 2 inch Schedule 40 Type 304 SS.

The facility is used to supply sodium for Phase II of the Dynamic

Seismic Friction Test described earlier.

B. General Purpose Loop No. 2 (GPL-2)

The GPL-2 scdium test facility is an operational high temperature
loop designed and fabricated in.1969 in accordance with Section I of the
ASME Boiler and Pressure Vessel Code. This facility provides sodium to
assorted test sections at flow rates up to 2000 gpm, temperatures to 1200OF
and pressures to 300 psig.

'The facility has logged more than 18,000 hours of operation utiliz-
ing a 2000 gpm, linear induction, electromagnetic sodium pump. The primary
piping system is 6 inch Schedule 40 Type 304 SS. The incorporated dump
tank is charged with 27,000 pounds of sodium. With an overall test area of
15 feet x 30 feet x 55 feet, evaluation of full-scale reactor components is
possible.

The GPL-2 facility has a heating capacity of 1.25 MW through a
gas fired heat exchanger.
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This facility is used to supply sodium at prototypic flow rates,
temperatures and pressures for the PCRS System Level Tests described earlier.

C. Sodium Auxiliary Supply System (SASS)

The SASS is a high temperature medium flow rate system providing
closed loop sodium circulation to each of three test sections. This
system (now under construction) consists of two independent sodium
pump loops. When combined with the existing GPL-2 pump loop, these
loops provide the capability to vary flow rates, temperature and
pressure on three different test positions.

Each of the two auxiliary pump loops contains an electromagnetic
pump, a gas fired sodium heater/cooler unit and an economizer system.
9ach-of these sodium pump loops can independently vary flow from 0 to 120
Ipm and supply sodium to the test sections at temperatures up to 1100 0F.

All sodium containing components are installed within metal
enclosures to mitigate and contain sodium leaks. Each of these enclosures
ir kept at a slightly negative pressure to restrict sodium aerosols to
nbrmal work areas in the event of spillage. Instrumentation within these
enclosures will monitor and alarm any changes from anticipated environmental
conditions.

A sodium purification system will be placed on line as required
to maintain purity oxide levels of less than 10 ppm. Determination of
oxyqgn in sodium will be made by the equilibration method using vanadium
wiret. As a backup, the bypass procedure using the amalgamation method
will be used.

All equipment forming the sodium boundary 6f the system will be
designed and constructed in accordance with national codes and standards:
the piping per ANSI B11.1, the. heaters and pumps per ASME Section VIII and
the valves per ANSI B16.34. The ancillary system will be equipped with
isolation and select valves to enable GPL-2 to serve the three test sections
should a malfunction affect the auxiliary system operation.

D. Argon Supply System

The argon supply system consists of a 3000 gallon cryogenic fluid
tank equipped with an atmospheric vaporizer. Argon gas is piped from this
storage tank to the various facilities within the laboratory.

The maximum working pressure of the system is 250 psi. The tank
contains 337,200 cubic feet of argon at NTP (70 0 F, 14.7 psi absolute pressure).
The system has a withdrawal rate varying with thd ambient temperature and "
the length of time of withdrawal. The rate extetfds from a minimum of 800 cfh
(constant usage in below freezing weather) to a diaximum of 2500 cfh,(inter-
rupted usage during 700 weather).
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A separate argon supply system similar to but of lower capacity than that
described above is provided for GPL-1 because of the remote location of this
facility.

Argon gas from these systems Is sampled periodically for impurities such as
oxygen, moisture, etc., to verify the purity of the gas being supplied to the
individual tests.

The Argon Supply Facility Is used to provide cover gas for GPL-2 and SASS
sodium supply systems. It Is also used to supply purge gas for the articles
tested in these test rigs. The separate argon supply system located at GPL-I
is used to supply cover gas to GPL-1 for the Dynamic Seismic Friction Test.

E. Sodium Cleaning Facility

The sodium cleaning facility Is a separate on-site all-weather facility
providing equipment and processes suitable for safe removal and disposal of
residual sodium from various sized sodium loop components or test articles.

The facility is equipped primarily to perform sodium removal by moist argon
(steam), alcohol and deionized water rinse processes. Equipment is also
available for draining sodium from components and for vacuum or inert gas
drying of processed components.

The second floor of the facility is equipped with a 2 ton capacity overhead
monorail and hoist system for handling and processing components before and
after cleaning and also provides a general equipment storage and clean room
area for the facility. The first floor features a.350 gallon liquid capacity
stainless steel cleaning vessel (LCV) capable of accommodating components up
to 20 feet long and 2 feet in diameter.

The •odium Cleaning Facility will be used to clean test articles and equipment
used in the Dynamic Seismic Friction Test and the PCRS System Level Tests.

F. Hydraulic Facility

The hydraulic facility at ARD is a water test facility capable of flow rates
up to 5500 gpm at temperatures from 90 to 190°F and pressures up to 200 psi.
The facility is comprised of the MPHL and TMHL (defined below) test loops to
supply city or demineralizer water at controlled pressures, temperatures and
flow rates to various test assemblies and a DAS (defined below) to accept,
condition, record and analyze a variety of analog data signals.

This hydraulic facility and the remainder of the hydraulic facilities and data
acquisition system described below are used for the Dynamic Seismic Friction
Test, the Pin Rupture Test, the Bowed Duct Test and the Control Assembly
Hydraulic Test.
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G. Thermal Mixing Hydraulic Loop (TMHL)

TMHL is an open recirculation water loop with a 3000 gallon vertical
storage tank, a 2000 gpm, 220 foot head centrifugal pump, 3 inch and 6 inch
orifice flow meter sections and associated pipe, valving and instrumentation
to provide flow and pressure control for a test section. Flow rate can be
controlled and monitored from 26 to 2000 gpm within an accuracy of + 1.0
percent of the actual flow rate and the pressure drop can be monitored from
0.27 to 100 psid within an accuracy of + 2.0 percent of the actual pressure
difference. The water temperature can be controlled from 90 to 180'F. Pump-
ing power is the source of heat input with the temperature being controlled
by varying the flow rate to a secondary water-to-water heat exchanger.

H. Multi-Purpose Hydraulic Loop (MPHL)

The MPHL is an open recirculation water loop with a 100n gallon
vertical storage tank, three 2000 gpm, 220 foot head centrifugal pumps,
6 inch and 12 inch orifice flow meter sections and associated pipe,
valving and instrumentation to provide flow and pressure control for a test
section. The pumps can be arranged to provide maximum flow capabilitiesý
of 5500 gpm at 100 psid pump head or 2000 gpm at 200 psid pump head. The
waterltemperature can be controlled from 90°F to 180'F. Pumping power is
the source of heat input with temperature being controlled by varying the
flow rate to a secondary water-to-water heat exchanger.

1. Data Acquisition System (DAS)

The DAS is located within a controlled atmosphere enclosure in
the hydraulic facility. The system is designed to service various test
assemblies to provide excitation, conditioning, amplification recording
and, analysis of data signals.

The system contains signal conditioning instrumentation for
resistance bridge, piezoelectric, eddy current and LVDT types of transducers.

Data recording is performed by an FM magnetic tape and an oscililo-
graph chart. Connectors will be provided on all transducers at the individual
test area to facilitate maintenance and calibration.

A transducer patching system is used to permit maximum utilization
of the signal conditioning for several test programs and to simplify system
calibration. An intermediate patch system will provide quick changeover of
amplifiers for scaling various levels of input signals and will provide input
to the system for high-level transducer signals.

Both the transducer and intermediate patch panels will incorporate
test output and input provisions to facilitate calibration and fault isolation.
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A high-level patching system is used for routing conditioned
signals to the appropriate recording device. The high-level patch permits
routing of data to any channel of the recording instruments.

Recorded FM tape data.can also be reproduced on the oscillograph
or spectrum analyzer using this patching scheme.

Component Test Facilities

A. Dynamic Seismic Friction Test Facility

The Dynamic Seismic Friction Test will use a facility capable
of providing (1) support for the test section, (2) a test fluid and (3)
a vibration excitation. The test program is subdivided into three phases
of which Phase I and III use water as the test fluid. These phases will
be carried out in the Hydraulic Facility with the Thermal Mixing Hydraulic
Loop described earlier as the source of controlled water flow. Phase II
uses a static pool of liquid sodium as the test fluid which will be
provided by GPL-I.

Other facilities needed for this test are:

1) Large reaction mass

2) Reciprocating hydraulic actuator (!0,000 pound capacity) for
the seismic vibration loads

3) Argon supply system for the Phase II sodium test

4) Pressure for the water test

5) Pressure vessel for the sodium test

6) Mechanical actuator for lifting the rod

Test data will be obtained by numerous instrumentation sensors
such as accelerometers, displacement and pressure transducers, and strain
gages. Analog signals will be conditioned, recorded and analyzed by the
Data Acquisition System.

B. Pin Rupture Test Facility

The Pin Rupture Test will use a facility capable of providing
(1) support for the test section, (2) a static pool of water and (3) a
controlled helium pressure capable of bursting an absorber pin. The test
will be located in the Hydraulic Facility described earlier.

Amend. 36
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The facilities needed for this test are:

1) Support structure

2) Test vessel

3) Hellum supply system

4) Booster pump for pressurization of the pin

This test will be performed in the Multi-Purpose Hydraulic Loop facility.

C. Bowed Duct Test Facility

The Bowed Duct Test will use a facility capable of providing (1) hoisting of
and support for the test section, (2) lateral forces for bowing the test
section, (3) a mechanism for inserting and withdrawing the inner test section
and (4) a water test fluid at controlled pressures and flow rates. The test
will be performed In the Hydraulic Facility with the TM-L as the source of the
water test fluid.

The test facilities needed for this test are:

1) Support structure

2) Test vessel with flexible end sections

3) Hydraulic actuator with pump, valves and piping

4) Outer duct bowing device

5) Inner duct bowing mechanism

D. PCRS Seismic Test Facility

The PCRS Seismic Tests wil l use a facility where a prototype PCRS may be
mounted In the vertical position under prototypic support conditions. Seven
electro-hydraulic shaker will be coupled to the support structure and will
provide vibration inputs to the PCRS. The test facility Is currently under
construction.

E. Control Assembly Hydraulic (Flow) Test FacilIty

The Hydraulic Flow Test will use a facility capable of providing:

1) Support structure with positioning capabil ity
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2) Water loop to provide flow rates required

3) Instrumentation to record control assembly response such as
pressure drop, vibration

F. Control Assembly Pin Compaction Test

.The test facility will be equipped to provide:

1) Means to pre-bow the absorber pins to specified conditions.

2), Test rig to hold the bottom plate and "blossomed" pin bundle
with a mechanism to compact the pin bundle to prototypic
conditions.

3) Instrumentation to measure pin performance as specified.

G. Control Assembly Rotational Joint Test

The following facilities are needed:

1) Test vessel for the torque transmission tests in sodium.

2) Test vessel to complete accelerated life test in sodium.

3) Test fixture to perform impact tests.

4) Cleaning and inspection facilities to perform wear inspection.

5) Instrumentation to record specified parameters.

System Level Test Facilities

The system level test facility is composed of the features described
in tne remainder of this section.

A. Test Structure and Enclosure

A tall test structure supports three test control rod test sections
and provides a limited area for maintenance and handling. The enclosure
provides a sealed containment around the entire test structure and a ventil-
lating system maintains a slight negative pressure within the enclosure for
safety purposes.

B. Test Vessel

The test vessel houses a completely prototypic PCRS. Angular
and lateral misalignments of the test articles can be accomplished as
initial conditions prior to testing under a variety of sodium flow, level
and temperature conditions that simulate in-plant operations. Angular and
lateral misalignments are controlled by three separate vessel features.

Amend. 36
C.A-7 March 1977



1) Eccentric Flange Interfaces - The test article vertical centerline
was offset 1 Inch relative to the vessel vertical centerline. By
aligning the drivel ne and control assembly directly under the CRDM,
the test article can be Installed In perfect vertical alignment. The
clamping configuration permits any angular displacement position
providing lateral misalignment capability within a 0 to 2 inch range
al lowed by eccentricity.

2) Misalignment Devices - Misalignment devices are similar In
configuration to the stem and operator of a conventional nuclear
grade valve, Positioning accuracy was obtained by using a worm gear
drive to operate a ball screw, which In turn will cause the anti-
rotated ball to translate to the desired position. The Irreversible
characteristic of the worm gear automatical ly locks the position of
the bal I screw nut.

3) Support/Position Platos - Simple machined guide plates were designed
for both supporting and positioning the lower end of the CA and lower
end of the lower shroud tube. Access to adjust or replace these
plates Is obtained by their close proximity to the vessel ledge ring
and retained by a washer and deformed pin combination that precludes
the use of threaded fasteners In sodium.

The CRD test article assembly Is provided with upper and lower shroud tubes,
which are prototypic In function and design to the CRBRP plant units' shroud
tubes.

The upper shroud tube Is mounted on a support ledge In the vessel head adapter
and extends downward 213.47 inches where it forms a slip connection socket for
the lower shroud tube. The vessel head adapter mounting provides capabil ity
for positioning and alignment of the shroud tubes relative to the control
assembly. The upper shroud will be fabricated from Type 316 SS pipe. In the

RP, this shroud tube wltl be fabricated from Inconel 718.

The lower shroud tube Is mounted In the lower shroud tube guide plate with Its
lower end fixed at reactor baseline elevation (-342.15 Inches). From this
elevation, the lower shroud tube extends upward 128.5 Inches to Its slip fit
connection with the upper shroud tube. The lower shroud tube guide plate
provides positioning and alignment of the shroud tube assembly to ensure a
prototypic clearance envelope around the drivel ne and to maintain a sodium
Inlet annulus which, in conjunction with exit ports In the upper shroud tube
will ensure prototypic sodium flow through the shroud tubes. The lower shroud
tube will be fabricated from Inconel 718.

C. Sodium Supply System and Auxillary Equipment

The sodium supply for the subsystems test utilizes both the GPL-2 and the SASS
described earl ier. Argon cover gas supply for this test Is provided by the

C. A-8

Amend. 70

Aug. 1982



Argon Supply System. The piping system for the test vessels Includes valve
flow meters and expansion tanks. Trace heaters and a control system are
provided for the vessels, piping and auxiliary equipment.

D. Stator Cooling System

A closed-loop system provides cool ing air to the CRDM stator during testing.
The major components of the system are:

1) A large compressor, operating Intermittently, to provide a static
pressure of 90 psig to the closed loop

2) A cooler/dryer to cool the air to 60OF and remove moisture

3) A booster compressor (and a spare on standby) to provide the 20 psig
pressure Increase necessary to pump the air around the loop (water-
cooled after cooler will remove the heat of compression and supply air
at 110 psig and 700 F)

4) A second cooler/dryer unit to further cool the air to 60OF

5) A manifold to feed air at 100 psig and 60OF to each CRDM (the Inlet
line to each CRDM contains a Metal Tube rotameter flowmeter and a Cuno
particulate air filter)

The system Is designed to be able to provide cooling air to all three CRDMs

simultaneously or In any desired combination with a constant mass flow rate.

SCRS Test Facilities

The SCRS will be tested at the GE-FBRD Breeder Test Facility (BTF) In San
Jose, California which can accommodate the sodium testing units and the
necessary ancillary equipment. The BTF consists primarily of the System Test
Loops (4) and the Drive Test Loop (1).

A. SCRS System Test Loop Facilities

The SCRS System Test Loops (STL's) will be used for cyclic scram testing and
real time testing.

The SCRS Is mounted at the top of the liquid sodium vessel which Is 44 feet
tall and 18 Inches In diameter. The vessel was built using standard 18 Inch
pipe with a normal wall thickness of 0.375 Inches. The total Internal volume
of the vessel Is approximately 70 cubic feet. The normal liquid sodium level
is 87 Inches below the top of the vessel. There are two level probes for the
vessel sodium level. The probes sound an alarm whenever the sodium level
falls outside the range of 62 to 112 Inches from the top of the vessel.
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Near the bottom of the liquid sodium.vessel, a built-In socket and pressure
plenum accommodates the control assembly as In the reactor core. Liquid
sodium is directed into the plenum region from an EM pump. The plenum
provides flow path simulation and a differentlal pressure in a downward
direction on the control rod. The liquid sodium exits the. vessel from both
the bottom of the vessel and an opening in the side of the vessel beneath the
sodium level through flow control valves back to the EM pump. Argon cover gas
over the liquid sodium surface in the vessel .is pressurized at 0 to 12 psig.
Over-pressure protection Is provided for all argon volumes associated with the
STLs by a 4 to 15 psig adjustable pressure relief valve, 50 psig rupture disks
and pressure indicators with adjustable alarm points.

The argon supply system Is provided with pressure regulators and pressure
relief valves at the source. To protect against failure of pressure
regulators, each cover gas space associated with the STLs Is protected with
rupture disks.

The maximum sodium pressure during operation is expected to be '1,30 psig at
the outlet of the EM pump. Nominal pump Inlet pressure Is tv1l psig and the
outlet pressure isAi135 psig at 100% flow. The inlet pressure of the vessel
is normallytull7 psig at 100% flow psig and the outlet pressure Is Q20 psig.
Nominal flow through the pump is 175 gpm at 10000 F. The return flow to the
pump from the vessel Is approximately 42 gpm from the side of the vessel and
133 gpm from the bottom of the vessel. The total flow Is based on 71,500
lb/hr at 1000 0 F.

Prior to filling with: sodium, the system is purged with argon. The argon
filled piping and vessel are then pre-heated (with trace heaters) to a surface
temperature between 350 to 4000 F. Sodium In the storage tank Is heated (with
trace heaters) to a temperature between 250 to 3000 F. The sodium fill
operation begins by opening the test loop drain and Isolation valves and
pressurizing the sodium storage tank cover gas. As sodium enters the piping
and vessel It will displace the system argon. Manual operator action to vent
the vessel cover gas will maintain maximum system pressure below 25 psig
during the fill operation. After the sodium fill operation is completed, the
system drain and isolation valves are closed and the vessel cover gas pressure
is adjusted to just above atmospheric pressure (0 to 2 psig). The system will
then be uniformly heated by Increasing the trace heating input along with
initiation of operation (at reduced flow) of the EM pump. Heat-up rate Is
limited to 750 F/hr.

B. Drive Test Loop (DTL)

This facility is basically the same as the STLs except that It is smaller and
its Internals have been designed to accommodate component test article
actuators. DTL-1 will be used exclusively for testing of the latch assembly.
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C. Latch TestJRig

The latch test r.ig Is designed to accept prototype latch assemblies and is
instrumented to measure latch actuation forces, release times, appl led loads

I and latch position. It is designed to fit Into DTL-1 and STL-2, where the
prototypic reactor environment (except for radiation and vibration) will be,
simulated.

D. Driveline Lower Bellows Test Rig

A lower drlvel Inebellows unit consists of bellows between .the driveshaft and
sensing tube and bellows between the sensing tube and tension rod. The test
actuator is designed to accept two prototype lower drivel ne bellows units.
It is designed to fit Into STL-2 where the prototypic bellows environment Is
simulated. The test actuator will cycle both bellows units through their
prototypic design stroke and design cyclic lifetime.

E. Pneumatic Valve/Cylinder Test Rig

This test facility will be designed to accept the pneumatic valve/cylinder
test articles. Provisions will be made to supply the rig with an
uninterruptible power supply, argon pressure and Instrumentation to monitor
the tests. The main feature of the rig Is the tension rod simulation and
control led atmosphere that enables the test articles to be subjected to
conditions simulating those of the reactor. This test facility contains two
test rigs and both utilize the automatic data aquisition system for test
control and data recording.

F. Argon Pressure System

The low pressure argon Is supplied from liquid argon tanks, it supplies the
sodium service system storage tank, surge tank and equilibration device argon
at approximately 50 psig. The pressure is reduced to approximately 25 psig
for the test loop cover and purge gas. The environmental chamber utilized for
installation and removal of test articles is also supplied by the low pressure
argon system.

The high pressure system supplies approximately 300 psig argon to the
environmental control system for each test SCRS. The environmental control
system supply pressure is branched into three lines supplying approximately
5 psig to the SCRDM housing, 60 psig to the SCRDM drivel ne and 220 psig to
the SCRDM latch cylinder.

G. Sodium Storage Facility

The sodium storage facility consists of two 2600 gallon storage tanks that
each provide sodium for two system test loops and one drive test loop. Each
of the tanks is connected to a sodium service system that consists of cold
traps, plugging indicators, sodium sampling stations and means for determining
the Impurity level in the test loops. Cover gas is provided by the argon
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system and trace heaters are affixed to each tank to provide heat to melt the
sodium so that It can be transferred to the test vessels.

H..Data Acquisition System

The operation of the test facilities and the articles being tested will be
I monitored by a data acquisition system that provides for continuous on-line

data acquisition, data processing and control. The computer can gather both
analog and digital data on magnetic tape or disc memories. The high speed
analog Input channels can take high level (1-10 volts) measurement from as
many as 128 points every 10 milliseconds. These channels can be used for
measuring sodium pressure, sodium flow rate, argon pressure, valve current,
LVDT, load cells, surge tank level and argon flow rates. Low speed analog
Input channels can take 800 low level measurements at two points per second
with a printer, 15 points per second for alarm scanning. These measurements
can Include temperature, motor current, brake current and sodium purity.

90
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Level Senso 2 winding (1) Fails to low or Open circuitry in 2 5/2 (1)Low or zero signal Failure prevents trip
(3 units) transformer zero output either winding implies high sodium of 1 channel. System

in thimble level which prevents essentially reconfigur-
to sense comparator trip. ed into 2/2. Another
sodium leve Failure indicated by failure could cause tbi
and convert Interchannel Comparl RSS not to trip.
it to a mV son Unit.
Isignal in-versely pro (2) Fails to high High excitation or 1 3/2 (2) High signal im- One channel tripped.
vorteonal output external voltage plies low sodium System reconfigured int4

to level., applied level. 1 PPS compare 1/2. Unscheduled out-
tor trips. Failure age if another failure
indicated by inter- occurs.
channel comparison
and PPS status board.
Safe Failure.

2 Sensor 1.8 KRz (I) Fails to low or Internal supply fail- 4 5/1 (1) Same as 1.1-1
Power Suppl, current zero current ure (e.g., output

supply sour e transformer failure,
for level output capacitor
probe short)

(2) Fails to high Short circuit 2 i/l (2) Same as 1.1-2
current through test switch Safe Failure

3 Sensor Transmits (i) Fails to open Loose or severed wire 2 5/1 (1) Same as 1.1-I
'Wiring sensor sig- circuit

nal to sen-
sor trans- (2) Fails to short Insulation failure 2 5/1 (2) Same as 1.1-1
mitter/in- circuit
verter.
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5.4 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTEDTO OCCUR
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3 2 AN OFF NORMAL CONDOTION WHICH INDIVIDUALLY IS NOT EXPECTFO TO OCCUR
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OCCUR A NUMBER OF 7 IMES

1 AN OFf NORMAL CONDITION OF SUCH EXTREMELY LIOW PROBABILITY THAT NO
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NO EFFECT ON SAFETY OR OPERATION
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signal so
that increaý
ing signal
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to Increas-
ing level.
and convertn
MV signal t(
standard
PPS output

Transmits
inverted
signal from
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to control
room

(1) Fails to low
zero current

or

(2) Fails 'to high
current

Internal amplifier
failure

Internal failure or
application of hot
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loose or severed wire
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Insulation failure or
external short circui

7 4

2

2

2

3/1

5/1

3/1
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level. I PPS compara
tor trips. Failure
indicated by inter-
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PPS status board.
Safe failure.

(2) High signal
prevents channel trip
on low sodium level.
Failure indicated by
interchannel compari-
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(1) Same as 1.4-1
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FAILURE EfFECT(S) PREVLsTI'I ACTION INTERFACINGS.ANO REMAR XS
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Same as 1.1-1

Same as 1.1-2

Same as 1.1-2

C-) 5 (1) Fails to open
circuit

(2) Fails to short
circuit

Safe

Same
Safe

failure.

as, 14-1
failure.

3/1 1(2)

4
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS
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PART ASSEMBLY OR PROCESS PN PREPARED BY DATE
PPS Sodium Flow Input Plant Protection System (PPS) SDD-99 P. r. Woods

PART. ASSEMBLY PART* ASSEMBI. PART. ASSEMBLV
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NO. SRPROCS ORPROCES OR PROCESS FAILURE MODEES) FAILURE CAUSE(S) t : FAILURE EFFECT(SRN.-t:ZPREVENTIVE ACTION INTERF ACims ANC[ R EMAR KS

NUMBER NAME FUNCTION u

2 1 Permanent Creates mag, (1) Demagnetized Physical shock, appli 1 3/3 (1) Low signal in al
Magnet netic field cation of voltage or 3 channels causes com-
(I per loop through current parator trips and

which sodiu reactor scram.
flows (2) High field Application of volt- 1 5/3 (2) Depending on

age or current magnitude, causes
trip on high signal
or causes loss of
calibration in direc-
tion to retard trip
on low flow.

2 Electrode Detects Vol 41) Fails to low or Electrode connection 2 5/1 (1) Failure would
(3 per loop age induced zero output to pipe loosens or is cause incorrect (low)

by permaneni broken input to comparator.
magnet pro- Failure could cause.
portional t( Flux-Flow or Primary-

sodium flow Intermediate Flow tri
or could retard chann 1
comparator trip for
channel specific

events.

(2) Fails to high Application of exter- 1 5/1 (2) Failure would
output nal source with prope cause incorrect (-high

characteristics to input to comparator.
flow detector. Failure could cause

Flux-Flow or Primary-
Intermediate Flow tri
oIr could retard chlann 'I
comparator trip.

__-__ _1--____
PR09ABI:LITY NUMBERS DEFINITIONS

5.4 AN OFF.NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

32 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY IS NOT EXPECTED TO OCCUR
DURING THE PLANT LIFETIME. HOWIEVER. WHEN INTEGRHATED OVER ALL PLANT
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OCCUR A NUMBER OF TIMES
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WHICH ARE IDENTIFIED AS CONCEIVABLE
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-

4
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DEFINITIONS

FAILURE TO PERFORM SAFETY. FUNCTION
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.OUTAGE . - -

NO EFFECT ON SAFETY OR OPERATION
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TABLE C.S.1-2
FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS PIPREPAREOY
PPS Sodium Flow Input (Conti nued? Plant Protection System (PPS) SDD-99 PREPARED BY DATE

PART, ASSEMBL PART ASSEMBLY PART. ASSEMLY . *

ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) - O - URE EFFECT(S PREVENTIVE ACTION IOTERTACINOS AOn REMARKS
NO. NUMBER NAME FUNCTJON t PAIL

2 3 Detector Transmits (1) Fails to open Wire loose or severed 2 5/. (1) Same as 2.2-1
Wiring detector circuit

signal to (2) Fails to short Insulation failure 2 5/1 (2) Same as 2.2-1
Signal tran -
mitter and circuit

control root.

4 Flow Trans- Amplifies (1) Fails to low or Internal failure 2 5/1 (1) Same as 2.2-1
mitter and convert! zero circuit (e.g., failed tran-

detector " sister, capacitor)
signal to (2) Fails to high Internal failure 1 5/1 (2) Same as 2.2-2
standard PPý current
input signs'.

5 Power Suppl Supplies (1) Fails to low or Internal failure 4 5/1 (1) Same as 2.2-1
25 V. DC zero voltage (e.g., short circuit,
power for open circuit, blown
instrumenta- fuse)
tion (2) Fails to high Transformer primary 2 5/1 (2) Same as 2.2-2

voltage winding short circuit

6487-2



TABLE C.S.1-3
STEPS: 1. LIST EACH PART OR ASSEMBLY IN THE DESIGN

2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
3. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE
4 DETERMINE THE EFFECT OF EACH FAILUR;E ON THE PRODUCT PERFORMANCE
5. MAKE REFERENCE TO ANY OTHER PART 'JR ASSEMBLY WHICH THROUGH AN INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
S. ESTIMATE OP CALCULATE THE PROBARILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

U3,(

0) L

PART ASSEMBLY OR PROCESS P/N PREPARED BY . DATE
Primary Pump Electric Power Sensor Plant Protection System (PPS) SDD-99 P.G. Woods

ITEM PART. ASSEMBLY PART,ASSEMBLI PART. ASSEMBLY CORRECTIVE ACTION OR PART. ASSEML Y ORPROCESS
NO. OR PROCESS OR PROCESS OR PROCESS FAILURE MODEM) FAILURE CAUSES) • FAILURE EFFECTSI PREVENTIVE ACTION INT$RFAtIGS AND REMARKS

NUMBER NAME FUNCTION I, A

3 1 Potential Senses (1) Fails to low or Transformer open cir-2 " 3/1 (1) Single channel One channel tripped,

Transformer 13.8KV bus zero voltage cuited. comparator trips. system reconfigured
voltage Indicated by inter- into 1/2. Unscheduled

channel comparison outage if another

Safe Failure failure occurs.

(2) Fails to high Primary to secondary 1 5/1 (2) Failure prevents Failure prevents trip
voltage winding short circuit single channel compar of 1 channel. System

or short circuit ator trip. Indicated essential ly reconfigur-
across primary wind- by periodic testing. ed Into 2/2. Safe as
ing Bus voltage would long as no other fail-

normally go to 0 in ures occur
loss of power event
which would trip
channel comparator
even with short cir-
cuit applied.

2 Wiring from Transmits (1) Fails to open Loose or broken wire 2 TI (1) Same as 3.1-1 Same as 3.1-1
Potential sensed volt circuit Safe failure

Transformer age signal
to UV relay to under- (2) Fails to short Insulation failure 2 Y1 (2) Same as 3.1-I Same as 3.1-"1

rack voltage circuit Safe failure

relay.

3. Undervoltagi Determines (1) output contact Failed UV relay 2 3/1 (1) Same as 3.1-1 Same as. 3.1-1

Relay (inel whether bus permanently open Safe failure

uding aux- voltage-has
iliary re- dropped (2) Output contact Output contacts welde 2 5/1 (2) Failure prevents Same as 3.1-2
lays) below a permanently single channel

given set shorted comparator trip

point. Aux- Indicated by

iliary rela 1 periodic testing

- - ___________ rovide norn fly open contracts. _ _ _

-ROSASILITY NUMBERS DEFINITIONS

5.4 AN OFFNORMAL CONDITION WHICH INDtVIDOJALLY MAY BE EXPECTED TO OCCUR

ONCE OR MORE DURING THE PLANT LIFETIME

3*2 AN OFF NORMAL CONDITION WHICH IPNDIVfO)ALI.Y IS NOT EXPECTED TO OCCUR
DURING THE FL ANT LIFETIME, HOWEVER ;ýHEN INTEGRATED OVER ALL PLANT

COMPONENTS AND SYSTEMS EVENT IN THIS -ArEGORy MAY BE EXPECTED TO

OCCUR A NUMBER OF TIMES

I AN OFF NORMAL CONDITION OF SUCH EX.[I•LMELY LOW PROBABILITY THAT NO

EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME

5UT WHICH, NEVERTHELESS. REPRESENT EXTREME OR LIMITING CASES OF FAILURES

WHICH ARE IDENTIFIED AS CONCEIVABLE

6.487.1 '

CRITICALITY NUMBERS

3

2

*AAB

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EIFFCT ON SAFETY BUT CAUSES UNSCHEDULED OUTAGE

NO EFFECT ON SAFETY REPAIR DEFERI!D UNTIL SCHEDULED

OUTAGE

NO EFFECT ON SAFETY OR OPERATION

Represents criticality to redundant com-

ponent (A) and criticality to system (B)



TABLE C.S.1-3
FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY. ANALYSIS

C-)

tQCD

r-I

Ao.

41".)

Cn C."

PART A.EMBLY OR PRICES i PfN PEPARED BY P G . Woods DT 9/3/74
PrinIrv Pump F ectric Power Sensor Plant Protection System (PPS) SDD-99 '''74

PART, ASSEMBLY PART, ASSEMBL PART, ASSEMBLY *
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) C OR R FAILURE EFFECT(S) 'CRRVCTIVE ACTION OR PART, ASSEMBLY OR PROCESS

NO. NUMBER NAME FUNCTION - PREVENTIVE ACTION INTERFACINGS AND REMARKS

3 4 Wiring from Transmits (1) Fails to open Loose or broken 2 3/1 (1) Same as 3.1-1 Same as 3.1-1
UV relay open/closed circuit. Safe Failure
panel to contact
control signal to (2) Fails to short Insulation failure 2 .5/1 (2) Same as 3.3-2 Same as 3.1-2
room. PPS circuit

648"-2" •



9

STEPS: 1.
2.
2.

4.

7.

TABLE C.S.1-4
LIST EACH PART OR ASSEMBLY IN THE DESIGN
IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR

IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE

DETERMINE TmIl EFTECT OF EAC'. fAILURE ON IEe PRODUCT PERFORMANCE

MAKE REFERENCE TOANY OTHER PART OR ASSEMBLY WHICH THROUGH A N INTERFACE

COULD LrAO TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS

ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE

IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

0-J

4~ r,.
C7 a

PART ASSEMBLY OR PROCESS P/i Plan t PrteEio Syte PS AT-.PRE
Coimpensated Ion Chamber Nuclear Input Plant Protection System (PPS) SDD-99 ,,PA I RD BY P . Woods D

PART. ASSEMBLY PART.ASSEMBLY PART.tASSEMBLY R A *
IE CORRECTVE ACTION n, PART, ASSEMBLY OR PROCESSITE R PROCESS OR PROCESS nR PROCESS FAILURE MOOES) FAILURE CAUSE(S) - FAILURE EFFECT(S) PT

NO. PREVENTIVEACTION INTERFACINGS'ANDREMARKS
NUMBER NAME FUNCTION

4 Compensated Converts (1) Fails to low or Deteriorating detecto 4 5/2 (1) Failure prevents Failure .prevents trip

Ion Chamber neutron flu zero output Loose or broken wire comparator trip. of 1 channel. System
measurement Loss of thermalizing Indicated by Inter- essentially reconfigtr
to electri- graphite block. channel comparison. ed into 2/2. Safe as
cal signal long as no other fail

(2) Fails to high Mechanical movement 2 3/2 (2) Single channel ureoccurs.
output inside detector. In- comparator trips. One'channeltripped.

sulation deteriorates Interchannel compari- System rec6nfigured.
son and pPS status into 1/2. Unscheduled
board. Safe failure. outage if. another fail-,

ure occurs.
2 Wiring Transmits (1) Fails to open Loose or broken wire 2 5/2 (1) Same as 4.1-1 Same as 4.1-1

signal. from circuit
sensor thru
head com- (2) Fails to short Insulation failure 2 5/2 (2) Same as 4.1-1 Same as 4.1-1
partment to circuit
transmitter

3 Compensated Ampifies (1) Fails to low or Internal failure (e.g 2 5/1 (1) Same as 4.1-1 Same as 4;1 1
Ion Chamber and convertE zero voltage transistor failure)
Transmitter detector

signal to (2) Fails to high Internal failure (e.g 1 3/1 (2) Same as 4.1-2 Same as 4.1-2
standard PPE voltage transistor failure) Safe failure.
signal

4 Compensatin Supplies (I) Fails to low or Internal failure (e.g 2 V1 (1) Channel reads Same as 4.1-2
Voltage Pow(r compen- zero voltage transformer or recti- high. Same as 4.1-2
supply sating volt- fier failure) Safe failure.

age to ion
chamber " (2) Fails to high Transformer winding 1 5/j (2) Channel reads 1o0 Same as 44-1

voltage short circuit Same as 4.1-1.

PROBABILITYV NUMBERS . ODEFINITIONS

5-4 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY MAY.BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIMF

3 2 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY IS NOT YXPECTED TO OCCUR
LUPING THE PLANT LtFETIME; HOWEVER, WHFN ;NI EGRATED OVEP ALL PLANT

COMPONENTS AND SYSTEMS. EVENT IN THIS CA1.EGORY MAY BE EXPECTED TO
OCCUR A NUMBER OF TIMES

AN OFF NORIAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO
EVENT IN THIS CATEGORY.IS EXPECTED TO OCCUR DURING THE PLANT LIFCTIMF
BUT WHICH, NEVERT HELESS. REPRESENT EXTREME OR LIMITING CASES OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE

6487 1

CRITICALITY NUMBERS

4

23

*A/B

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFFECT ON SAFETY SUT LAUSES UNSCHEDULED OUTAGE•

NO EFFECT 01N SAFETY. REPAIR OEFERtO UNTIL SCHEDULED

OUTAGE,

NO EFFECT ON SAFETY OR OPERATION

Represents Criticality to redundant com-

ponent (A) and criticality to system (B)



CL

4~ r1J
a) A

TABLEý C.S.1-4
FAILURE MODE AND EFFECTS ANALYSIS

CRITICALITY ANALYSIS
"WrT A?$'SMBLY OR PROCEIS (Continued) PIN "PREPAREo'Y DATE

.0 r,';;ted Ion Chamber Nuclear input Plant Protection yvstem (PPS) SDD-M99 "_•_P. . WoodT 9/3/74

PART. ASSEMBLI PART, ASSEMBLY PART, ASSEMBLY *,TE. OR PROCESS OR PROCES OR ROCESS FAI•MO'• .LURE CAUSE(S I - " ''U...,S CORRECTIVE ACTON OR FART, ASSMBLY O"R PRO
AoI MOMEES NM FNI A PREVENTIVE ACTION INTERFACINGS AND REMARKSNO. NUMOER NAME •FUNCTION " , <,

4 5 Low Voltage Supplies (i) Fails to Iow or Internal failure (e.g 4 5/1 (l) Channel reads Same as 4.1-1
Power Sup- +15 V DC zero voltage transformer, reacti- low. Same as
*ly for fief) 4.1-1
Nuclear
Electronics (2) Fails to high Transformer primary 2 3/1 (2) Same as 4.1-2 ame as 4.1-2

voltage winding short circuit Safe Failure.

6487.2



STrEPS 1.

4.
S.

6.

7.

LIST EACH PART OR ASSEMBLY IN THE DESIGN TABLE 'C. S. 1 -5
IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR
FROM EACH FAILURE MODE
DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE
MAKE REFERENCE TO A-NY OTHER PART OR ASSEMBLY WHICH THROUGH IN INTERFACE
COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
ESTIMATE OR CALCULATE THE PROVABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

Li,

-a

'0

I.Q (D
=

-a.

'0

O'LU1

PART ASSEMBLY OR PROCESS PIR PREPARED BS DATE
Fission IhaYkher Nuclear Input Elanrt Protection System (PPS) SDD-99 ,,REF .RodsI ..

ITEM PART. ASSEMBLY PART, ASSEMBL PART. ASSEMBLY
OR PROCESS OR PROCESS OR PROCESS FAILURE MOOE(S) FAILURE CAUSE(S ) CORRECTIVE ACTION OR PARTASSEMBLY OR PROCESS

NO. - ! i . FAILURE EFFECTS) PREVENTIVE ACTION INTERFACINGS AND REMARKS
NUMBER NAME FUNCTION Z.

5 1. Fission Converts (1) Fails to low or (I) Counter electrode 4 5/2 (1) Failure prevents Failure prevents trip
Chamber neutron fluc zero output or connecting comparator trip. of 1 channel. System

meato rement wire breaks Indicated by reconfigured into 2/2.
to eleC- Interchannel Safe as long as no
trical Comparison. other failures occur.
signal (2) Fails to high (2) Mechanical move- 2 3/2 (2) Single

ou pu 2n 3/2 insulangle Channel One channel tripped.
output mert or insulation Comparator trips. System reconfigured

deterioration Indicated by into 1/2. Unscheduled

Interchannel outage if another fail-

Comparison and ure occurs.
FPS status board.
Safe failure

2. High Voltaga Provides (1) Fails to low or 1) Internal failure 4 5/1 (1) Same as 5.1-1 Same as 5.1-1
Power high voltag zero voltage (e.g. rectifier,
Supply for necessary fuse, or trams-
Fission !or neutron former failure)Chamber interaction ()Fiin fission (2) Fails to high '2) Transformer 2 3/1 (2) Same as 5.1-2 Same as 5.1-2

in fissi voltage primary winding.
chamber short circuit

3. i;iring Transmits (1) Fails to open 1) Loose or broken 2 5/2 (1) Same as 5.1-1 Same as 5.1-1
from low level circuit wire
Fission signal (2) Fails to short 2) Insulation failure 2 3/2 (2) Same as 5.1-2
Chamber to from Same as 5.1-2
Freamplifie detector o c

preamplifie (3) Fails to ground 3) Insulation failure 2 5/1 (3) Same as 5.1-1 Same as 5.1-1
4. Pre- Amplifies (I) Fails to low or J) Internal failure 2 5/1 (1S Same as 5.1-11-

amplifier low level zero output (e.g. resistor, except only S

signal tO I nmit transmitor) counting and log fSV
noise pick- ranges are affectrdup probleTms

PROBA8ILITY NUMBERS DEFINITIONS

54 AN OFT NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR

ONCE OR MORE DURING THE PLANT LIFETIME

"2 ýN OFF NORMAl CONDITIONWHICH INDIVIDUALLY IS NOT EXPECTED TO OCCUR

!",NC, '"F P1 ANT LJFrTrTME HiOWEVERv IYHFN iNFIT.RATED OVER Al ! I AN;

'IMPONENTS ANfD ýYSTEMS. EVENT IN THIS CATEGORY MAY BE EYPECTEC ro

')CCUR A NUMBER OF TIMES

I ;.N OFF NORMAL CONDITION OF SUCH EX RREMELY LOW PROSAIIILITY THAT NO
kV/t.T IN TH'S CATEODrRY IS EXPECTUO TOl OCCUR DLURING THE PLANT LIFETIME

Ri'T .VHICII. NFVEnl HFILF5. REPRESENT . X TREMý OR LIMIT ING CASEL OF rAILURES

WHICH ARE IDENTIFIED AS CONCEPVA5LE

6487. 1

CRITICALITY NUMBERS

5

DEFINITIONS

FAILURE TO PERFORMSAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFFECT ON SAFETY BUT CAUSES UNSCHFDVILFD OUTAGf

NO EFFECT ON1 SAFETY. REPAIR DEFERt• UNTIL SCHEDULED

OUTAGE

NO EFFECT ON SRA-TY GR OPERATION

Represenrs . -iCality to redundant coG-

ponent (A) .w criticality to systemT (B)



TABLE C'. S. 1--5
FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS PIN " PREARED BY1 DATE
Fission Chamber Nuclear Input nr. Plant Protection System (PPS) SDD-99 -P r wn q

PART. ASSEML t PART, ASSEMBLI PART. ASSEMC ' CORRECTIVE ACTION OR PART. ASEMBtL O PROCESS-OR PROCESS. OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) PREVENTIVE ACTION INTERFACINGS AND REMARKS

NO .1 NUMBER NAME FUNCTION ....__ _._ _

5

C-)

CD

0.

SCn

4.

5.

6.

Wiring from
Pre-

.mplifier
to Nuclear
Instrument-
ation
Cabinet

4ide Range
b0unting
kange
Clectronics

4ide Range
Log MSV
lange

TransmiCs
signal to
main nucleaz
Instrument-
ation
cabinet

Amplifies
and convert
sensor sign4
to standard
PPS input

Amplifies
and convert
sensor sign

(2) Fails to high
output

(3) D.C. output fails
low or to zero

(1) Pulse wiring fail
to open circuit

'(2) Pulse wiring fail
to short circuit

(3) D.C. wiring
fails to open
circuit

(4) D.C. Wiring
fails to short
circuit

(1) Fails to low or
zero input

(2) Internal failure
(e.g. transistor)

(3) Internal failure
(e.g. resistor,
capacitor)

ý(1) Loose or broken
wire

(2) Insulation
failure

(3) Loose or broken
wire

(4) Insulation failur

2

2

2

2

2

4

5/1 1(l) Same as 5.4-1

3/1 (2) Same as 5.1-2
except that trip
occurs only in
counting and log
MSV ranges.

Same as 5.1-1
except only power
range channel is
affected

5/1 (3)

5/1 1(2) Same as 5.4-1

5/1 (3) Same as 5.1-1
except only power
range is affected

5/1 (4) Same as 5.5-3

5/1.1 (1)

1

(2) Fails to high
output

(1) Fails to low or
,zero output

1

8. Power
Supply

9. Wiring frcr
Nuclear "
Instrument-
ation
Cabinet to
Control

• Room -

Provide +
15 VDC fo•r
t!ectronics
in all 3
'anges

-ransti t
i-5 VDC
ýigna! to -

'PS
:omparators

(2) Fails to high
output

(1) Fails to low or
zero voltage

(2) Fails to high
voltage

(1) F toilS open
c~rcuit

(2) Fails to short.
circuit

(I) Internal failure
(e.g. transistor)

(2) Internal failure
(e.g. transistor)

(1) Internal Failure
(e.g. transistor)

(2) Internal failure
(e.g. transistor)

0.) Tnternal failure
(e.g. transformer
rectifier, fuse)

(2) Transformer
primary winding
short circuit

(1) Loose or broken
w ire

(2) Insulation failuri

Same as 5.1-1 but
only counting ran
is affected

2 13/11

4

2

4

2

2

2

3/1

5/11

e

(2) Same as 5.1-2 but
only counting

range is affected

(1) Same as 5.1-1 but
only log MSV range
is affected

(2) Same as5.1-2 but
only log MSV range
is affected

<1) Same as 5.1-15/1

3/1

3/1

3/1

(2) Same as.5.1-2
safe failure

(1) Same as 5.1-2
safe failure

(2) Same as 5.1-2
safe failure

6487,2



TABLE -Q. S. 1-6
STEPS: 1. LIST EACH PART OR ASSEMBLY IN THE DESIGN

2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
IJ IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH'THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE
4. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE
S. MAKE REFERENCE TO'ANY OTHER PART OR ASSEMBLY WHICH THROUGH $ N INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
6. ES"TIMATE OP. CALCULATE THE FROFAIIILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
7. IoENTIFY AND CARRY OUT CORRECT IEt OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

9

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

C-)

(0 CD

CnLr

PART ASSEMBLY O PROCESS pi : I PREPARED BY I DATE
Prnar0, Loop Inlet Plenum Pressurp InfLt Plant Protection System (PPS) SDD-99___._. Woods____.

PART. ASSEMSLY PART. ASSEMBLV PART. ASSEMBLY
ITEM PROCE OR PRors OR PROCES FAILURE MODEIS) FAILURE CAUSE(S) .CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS

ORPRCESS POESS PFUNCTION ; r. . A E PREVENTIVE ACTION INTERFACING$ AND REMARKS

NUMEER NAME FUCIO.

6 1. Pressure Sensor (1) Rupture of (1) Defective or worn 2 5/2 (1) Sodium will plug
Sensor pressure bellows bellows in cooler
(2 Per through capillary tube
Loop) bellows line. Sensor

will not respond
to changes in
pressure.
Auctioneer selects
high signal from
2 inputs. Failur

may prevent trip
if line plugs
within normal
pressure range.

Indicated by
Interchannel
Comparison.

(2) Bellows fail (2) Work or temp- 2" 5/2 (2) Slow or no
to move freely erature hardening response to chan .s "

of bellows in pressure.
Failure may
prevent trip.
Indicated by
Interchannel
Comparison

2. Capillary Transmits (I) Capillary tube (1) Defective tube, 1 3/2 (1) Loss of pressure
Tube pressure ruptures wear, external driving signal.

from sensor force Auctioneer select
to transduc r . signal from

redundant sensor.
Safe foilire.

•ROBABI LITY NUMBERS DEFINITIONS

5.4 AN OFF NORMAL CONDITION WHICH tNDIVIDUALLV MAY BE EXPECTED.TO OCCUR

ONCE OR MORE DURING THE PLANT LIFETIME

CRITICALITY NUMBERS

27 ANI OFF NOREAAL (CONCiTIONl WHICH INDIVIOLPALt Y IS NOT EXPECTED 10 OCCUR

DU'RING THE PLANT LIFETIME HOWFVEF WHEN 1U;TEGRATIr OVES AL. PLANT

,:LIIF'Ii~sTV AND LYSTfMS. EVENT IN THIS CAQTUORY MAY ?B EXPECTED TO

OCCUR A NUMBER OF TIMES

1 AN OFF NORMAL CONDITION OF SUCH UXTREMrLY LTW
5 
PROBABILITY THAT NO

EVENT IN THIS CATEGORY IS EXPECTED TO OCCUIE DURING THE PLANT LIFETIME

SUT WHICH NEVE RTHELESS, REPRESENT EXTREME OR LIMITING CASES OF FAILURES

WHICH ARE IDENTIFIED AS CONCEIVABLE

6487.1

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NOrFFIETT ON SAFETY BUT CAIUSES JNSCHFDULED OUTAGE

NO EF9FECT O SAETY. REPAIR DEFERID UNTIL SCHEDULED

OUTAGE

NO EFFECT ON SAFETY OR OPERATION

Represents CrriciCity toCredundant com-

ponent (A) and criticality to system (B)
*A/B



2

(0 (

d) fLn

TABLE C.S.1-6
FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS (Cont.) i.n PREPARED BY DATE

Pr'-1- T- T,. Pl*-, Pr -re Tnulr Plant Protection System (PPS) SDD-99 . C. Woods

PART, ASSEMBLY PART. ASSEMBLY PART. ASSEMBLY CORRECTIVE ACON OR PART. ASSMBLY OR PROC ESS
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S! - - FAILURE EFFECT(S) PREVENTIVE ACTION INTER' CIING$ AND REMARKS

NUMBER FUNCTION - E M

6 2. (2) Capillary tube (2) Pinched tube or 1 5/2 (2) Sensor will not
static failure frozen Nak respond to change

in pressure. Same
results as 6.1-2.

3. Strain Converts (1) Fails to low or (1) Internal failure 2 3/2 (1) Auctioneer select
Gauge pressure zero output signal from

Transducer signal to redundant sensor.
low level Safe failure.
signal (2) Fails to high (2) Crack in pressure 1 5/2 (2) Single comparator One channel tripped.

(resistive output plate channel trip System reconfigured
measurement prevented. Failu e into 1/2. Unscheduled

indicated by outage if another fail-
Interchannel , ure occurs.
Comparison.

4. Wiring from Transmits (1) Fails to zero (1) Broken or loose 2 3/1 (1) Same as 6.3-1
Transducer signal from output wire. Insulation Safe failure.
to transducer failure.
Transmitter to
(4 leads) transmitter

5. Statham Converts (1) Fails to low or (1) Internal failure 2 3/1 (1) Same as 6.3-1
Converter resistive zero output Safe failure
Transmitter measurement 2 al

to standard (2) Fails to high (2) Internal failure 1 5/1 (2) Same as 6.3-2 Same as 6.3-2

PPS input output

6. Wiring from Transmits (1) Fails to open (1) Loose or broken 2 3/1 (1) Same as 6.3-1
Converter signal to circuit wire Safe failure

Transmitter PPS equnpt 2) Fails to short (2) Insulation 2 3/1 (2) Same as 6.3-1
circuit failure Safe failureRoom

7. Power Supply Provides (1) Fails to low or (1) Internal failure 2 3/1 (1) Same as 6.3-1

for Statham DC power zero voltage Safe failure
•ransmittcr~vrer transmitsfr cnet 2Fostohg ()Trnfrer 4 5/1 (2) Same as, 6. 3-2 Same as 6.3-2 .•

voltage winding short
circiut

6487.2
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....: •. . TABLE (.~ -
SrEPS: I. I ST EACH PART OR ASSEMBLY IN TH.TE TEE TBE .S1

2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
I IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICI THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE
4. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE
5. MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH 1 N INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIAUTING REMARKS
S. ESTIMATE OR CALCULATE SHE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND, EFFECTS ANALYSIS
CRITICALITY ANALYSIS

(0.(

1-4.Q

PART ASSEMBLY OR PROCESS (Primary and FP/N n tPREPARED PYr0AS D
Sodium Pump Speed Input T _-- r--- f.=ot) Plant Protection System (PPS) SDD.-99 _ _P._G. Woods_

PART, ASSEMBLY PART. ASSEMBLY PART. ASSEMBLYPAR ASEMBY ART A,•EBLYPAR. •3EELY'q CORRECTIVE ACTION OR PART. ASSEMBLY 0R PROCESS

ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE•S) FAILURE CAUSE(S) V FAILURE EFFECf(S) PREVENTIVE ACTION INTERFACINGS AND REMARKS
NO.

NUMBER NAME FUNCTION

7 1 Pulsing Changing (1) Loss of one or Mechanical failure or 1 5/1 (1) Affected pump
Digital reluctance more geqr teeth external force speed sensor will
Tachometer of rotating indicate low. Fail-
(including gear teeth ure may trip channel
toothed gea on pump comparator or will be
on pump shaft is indicated by inter-
shaft and measured by . channel comparison.
3 EM prox- EM proximit Failure may prevent
imity' sen- sensor and trip if coupled with
sors per converted change in correspond-
loop) to electri- ing loop speed (i.e.,

cal signal if primary speed in-
dicates low and inter
mediate speed is low.
comparator will not
trip as it should).

(2) Foreign material Dirt, metal fillings 2 5/1 (2) Affected pump
in air gap bet- buildup, short cir- speed may read high
ween sensor and cuiting two gear or low depending on
gear teeth. permeability of

material. Results
same as 7.1-1.

(3) EM proximity Internal failure 2 5/1 (3) Same as 7.1-1.
sensor fails to
low or zero out-

put

(4) EM proximity Internal failure 1 5/1 (4) Affected pump
sensor fails to speed sensor will
high output indicate high. Same

results as 7.1-1.

PROeAEILITY NUMBERS DEFINITIONS

5-4 AN OFF NORMAL CONDITION WHICH INDIVIOUALLY MAY BE EXPECTED TO OCCUR

ONCE OR MORE DURING THE PLANT LIFETIME.

3.2 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY IS NOT EXPECTED TO OCcUR

DURING TTF Pi ANT LIFETIME HOV-f VCR, WHI . 'NT[GPATEO OVER ALL PLANT

CGMPONENIS AND SYSTEMS. EVENT IN THIS CATEGORY MAY BE EXPECTED TO

OCCUR A NUMBER OF TIMES

1 AN OFF NORMAL CONDITION O& SUCH EXTREMELY LCOW PROBABILITY THAT NO

EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME

BUT WHICH, NEVERTHELESS. REPRESENT EXTREME OR LIMITING CASES OF FAILURES

WHICH ARE tDENTIFIED AS CONCEIVABLE

6487.1

CRITICALITY NUMBERS

4

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFFECT ON SAFETY BUT CAUSES UNSCHEDULEDOOUTAGE

NO EFFECT ON SAFETY, REPAIR OEFER0D UNTIL SCHEDULED

OUTAGE

• NO EFFECT ON SAFETY OR OPERATION

Represents criticality to redundant com-

ponent (A) and Criticality to system (B)

1. ,*A/lB
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TABLE. C.S.1-7
FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS .(Primary and P . PREPARED BY .DATE
Sodium Pump Speed Input (rmy , Plant Protection System (PPS) SDD-99

PART ASSEMELY PART.ASSEMBE PART. ASSEMBLYE CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODEMS FAILURE CAUSE(S) -- 0 FAILURE EFFECT(S) PREVENTIVE-ACTION IN'.FACNO$ AN. REMARI
NO. 0NUMBER NAME FUNCTIN _ _ _ _,_"_ _

7 2 Wiring from Transmit (1) Fails to open Loose or broken wire 2 3/1 (1) Affected pump - One channel tripped.
sensor to electrical circuit speed sensor will System reconfigured
transmitter signal from indicate zero. Singl into 1/2. Unscheduled

sensor to comparator channel outage if anothertransmitter trio. Safe failure, failure occurs.

(2) Fails to short Insulation failure 2 3/1 (2) Samd as 7.2-1 Same as 7.2-1
circuit

3 Sodium Pump Amplifies (1) Fails to low or Internal failure 2 5/1 (1) Same as 7.1-1
Speed Trans and convert zero output
nitter digital

speed signa (2) Fails to high Internal failure 1 5/- (2) Same as 7.1-4
to standard output
analog in-
put for PPS

4 . Wiring from Transmits (1) Fails to open Loose or broken wire 2 3 (1) Same as 7.2-1. Same as 7.2-1
transmitter analog sig- circuit
to control nal from
room transmitter (2) Fails to short Insulation failure 2 3/1 (2) Same as 7.2-1. Same as 7.2-1

to control circuit
room

5 Power Suppl[ Provides (1) Fails to low or internal failure 4 5/ (1) Same.as 7.1-1
for Trans- power for zero output
mitter transmitter

electronics (2) Fails to high Internal failure 2 5/3 (2) Same as 7.1-4
output

6487.2
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TABLE C.S.J1-8

STEPS: 1. LIST EACH PART OR ASSEMBLY IN THE DESIGN
2." IOENTIFY ALL THi POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
I IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE
4. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE

B. MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH AN INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS

6. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE

?. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

9

FAILURE MODE AND EFFECTS ANALYSIS
CR ITICALITY.ANALYSIS

C-)

Un

M,...

PART ASSEMBLY OR PROCESS .P PREPARED BY PATE.
Steam Mnss Flow Rate Input "_ _ Plant Protection System (PPS) SDD-99 P.E.AWoodsAT

* l
PA TAIMTEMR . •$ M LY A T •S M L CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESSP A R T .A S S E M B L Y P A R T , A S S E M B L Y P A R T .A S S E M BL Y 

S

NALREO.ETS 

PREVENTIVE ACTION INTERFACINGS AND REMARKS

o nE 0 PRO CESS OR PRO CE SS O R PR O CE SS FA ILU RE M O DE (S) FA ILU R E CA USE(S) 4. t•E • FA ILUR E EFFE CT{$) PR V1IE C I1JTE F C N S N R M RNUMBER NAME FUNCIf~ ON •

8 1. Differentia Senses (1) Fails to low or (1) Internal failure 2 5/2 (1) Affected sensor
Pressure differentia zero output will indicate
Transducer pressure ac O5S low steam flow.

venturi Failure may trip
flow tube channel comparato
and convert! or will be
it to an indicated by
electrical Interchannel
signal Comparison.

Failure may prevert
comparator trip
if corresponding
decrease in
feedwater flow
occurs.

(2) Fails to high (2) Internal failure 1 5/2 (2) Affected Sensor
output will indicate

high steam flow.
Results are the
same as 8.1-1
except that

comparator trip
may be prevented
if a correspondnF
increase in feed-
water flow occurs

2. Temperature Senses .(1) Fails to low or (1) Open circuit in 2 5/1 (1) Same as 8.1-1.
Sensor steam temp, zero output temp. sensor

to cOmpen-. (2) Fails to high (2) Application of 1 5/1 2) Same as 8.1-2.
sate steam

Saesteflow output hot short circuit
rate

PROBABILITY NUMBERS DEFINITIONS

5.4 AN OFF.NORMAL CONDITION WHICH INDIVIDUALLY MAY SE EXPECTED TO OCCUR

ONCE OR MORE DURING THE PLANT LIFETIME'

3 2 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY IS NOT EXPECTED TO OCCUR
JLRING THE PLANT LIFETIME- HOWFVER. WHEN INTEGRATED OVER ALL PLANT

COMPONENTS AND SYSTEMS. EVENT IN THII CATfEGORY MAY 13E EXPECTED TO

OCCUR A NUMBER OF TIMES

I AN OFF NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO
EVENT IN THIS CATEGORY IS EXPECTED TO OCICR DURING THE PLANT LIFETIME

BUT WHICH N•EVEXTHr LESS. REPriESENT EXTREME OR LIMITING CASES OF FAILURES

WHICH ARE IDENTIFIED AS CONCEIVABLE

6487 1

CRITICALITY NUMBERS.

4

3

2

*A/B

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFFECT ON SAFETY RUT CAUSFS UNSCHEOUL ED OUTAGE

NO EFFECT ONr SAFETY_ REPAIR DEFERiD UNTIL SCHEDULED
OUTAGE

NO EFFECT ON SAFETY OR OPERATION

Represents criticality to redundant com-
ponent (A) and criticality to system (B)
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TABLE.:C.S.1-8 -.. .:..,• :,T.FAILURE MODE AND EFFECTS ANALYSIS

CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS P/' PREPARED I .. "DATE
Steam Mass Flow Rate Input (Cont.) -Plant Protection System (PPS) S)D-,99 • G. Woods

ART ASSEMLY PART.ASSEMB PART. ASSEMBLYI RE'S CORRECTIVE ACTION 0 TPACISS AN PROEMAR
PAEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) .0- Z : FAILURE EFFECT(S) CORRECTIVE ACTION O AT* ASlN ON PROEA

NUMBER NAME PUCTION

a 3. Pressure Senses (1) Fails to low or (1) Rupture in press 2 5/2 (1) Same as.8.1-2.
Sensor steam zero output sensor

pressure tc (2) Fails to high (2) Special internal 1 5/2 (2) Same as 8.1-1.
compensate output failure
Steam mass
flow rate

4. Wiring Transmit (i) Fails to open (1) Loose or broken 2 3/1 (1) Single comparatoi One channel tripped.
From transducer circuit wire channel trip. System reconfigured
Transducer signal to Indicated by into 1/2.. Unscheduled
to transmitter Interchannel outageif another
Transmitter Comparison or failure occurs

PPS Status board.
Safe failure.

(2) Fails to short (2) Insulation failur 2 3/1 (2) Same as 8.4-1 Same as 8.4-1
circuit Safe Failure

5. Wiring Transmits (1) Fails to open (1) Loose or broken 2 5/1 (1) Same as 8.1-1.
from Temp. temp. signs circuit wire
Sensor to to
Transoitte transmitter (2) Fails to short (2) Insulation 2 511 (2) Same as 8.1-1.

circuit failure

6. Wiring Transmits (1) Fails to open (1) Loose or broken 2 5/1 (1) Same as 8.1-2.
From pressure circuit wire
Pressure signal to (2) Fails to short (2) Insulation 2 5/1 (2) Same as'8.1-2.
Sensor to transmitter circuit failureTransmitter
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TABLE C.S.1-8
FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY O RP.R OCE P/.
Steam . asslow Kate Input (Cont.) Plant Protection System (PPS) SDD-99 PREPAREDBy DATE

PART. ASSEMBLY PART. ASSEMBLI PART. ASSEMBI. , *ARO
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODErn) FAILURE CAUSE(S) - -- FAILURE EFFECTIS) CORRECTIVE ACTION R. PART.ASSEMBLY OR PROCESS:

NO. P PREVENTIVE ACTION INTERFACINGS A•U REMARKS
NUMBER NAME FUNCTION ~

8 7. Steam Flow Compensate. (1) FaLls to low or (1) Internal failure 2 5/2 (1) Same as 8.1-1.
Transmitte differentia. zero output

press. s•gn J2) Fails to high (2) Internal failure 1 5/2 (2) Same as 8.1-2.
for temp. output
and
pressure
Amplifies
and converm
signal to
standard
PPS input.

8 : Nliring Transmits (1) Fails to open (1) Loose or broken 2 3/1 (1) Same as 8.4-1 Same as 8.4-1
From differentiL circuit wire safe failure.
Tranmitter pressure (2) Fails. to short (2) Insulation 2 3/1 (2) Same as 8.4-1
to Control signal circuit fSame as 8.4-1
Room from 

f

transmitter
to control
room

9. Steam Flow Provides (1) Fails to low or (1) Internal failure 4 5/1 (1) Same as 8.1-1.
Transmitter power to zero output
Power dif"ferenti L(2) Fails to high (2) Transformer 2 5/1 (2) Same as 8.1-2..

Stransmiteter output winding short
ta rcircuit"

..64'.7-2
(M (D
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TABLE C.S.1-9
2. IDENTIFY ALL THI POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
3. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR-

FROM EACH FAILURE MOOE
4. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PSR";RMANCE
S. MAKE REFERENCE TO ANY OTHER PART OR ASSE.t5r1BEYHICH THROUGH X N INTERFACE

COULD LEAD TO ANOTHER FAILUPe MKE ANY ADDITIONAL CONTRIBUTING REMARKS.
B. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE PO rETiAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

C.-)

'j1.0

PART ASSEMBLY OR P'RC ES r/I1 PREPARED BY DATE

Feedwater Mass Flow Rate Input Plant Protectio n System (PPS) SDD-99 P. G. Woods

rfEM PART, ASSEMBLY PART. ASSEMBLV PART. ASSEMBLY * CORRECTIVE ACTION OR PART. ASSEMILY OR PROCESSNo. OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) t FAILURE EFFECTJS) PREVENTIVE ACTION INTERFACINSS AND REMARKS

NUMBER NAME' FUNCTION

9 . Differentia:Senses (1) Fails to low or (1) Internal failure 2 5/2 (1) Affected sensor
Pressure differential zero output will indicate low
Transducer pressure feedwater flow.

across Failure may trip

venturi fios channel comparatoi
tube and or will be indica ed
converts it by Interchannel
to an elec- Comparison.
trical Failure may prevert
signal comparator trip ij

corresponding
decrease in steam
flow occurs.

(2) Fails to high (2) Internal failure 1 5/2 (2) Affected sensor
output will indicate-

high feedwater
flow. Results

are same as 9.1-1
except that
comparator trip
may be prevented
if a correspondin
increase in steam
flow occurs.

2. remperature Senses steaa(1) Fails to low or (1) Open circuit in 2 5/1 (1) Same as 9.1-1.
;ensor temperature zero output temperature

to compensate circuit
steam mass
flow rate (2) Fails to high (2) Application of 5/1 (2) Sameas 9.1-1.

output hot short circuit

PROBABILITY VIUMBERS

-.4

..2

5487-1

DEFINITIONS

AN OFF.NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY IS NOT EXPECTED TO OCCUR:
DURING T14E PLANT LIFETIME HOWEVER. WHEN INTEGRATED OVER ALL PLANT
COMPONENTS AND SYSTEMS, EVENT IN THIS CATEGORY MAY BE EXPECTED TO
OCCUR A NUMBER OF TIMES

AN OFF.NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO
EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME
•UT WHICH. NEVERTHELESS, REPRESENT EXTREME OR LIMITING CASES OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE

CR ITICALITY NUMBERS

2
-4B

3

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFFECT ON SAFETY BUT CAUSES UNMCHEOUtEO OUTAGE

NO EFFECT ON SAFETY, REPAIR DE4ERIDO UNTIL SCHEDULED
OUTAGE

NO EFFECT DP "SAFETY-OR-OPERATION

Represents criticality. to redundant Com-

ponent (A) and criticality to system (B)

I
*A/B
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TABLE C.S.1-9

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PARt ASSEMBLY OR PROCESS PIN Plant Protection System (PPS) SDD-99 EPREPAED BY DATE
Feedwater Mass Flow Rate Input (Cont.4 P.G. Woods

'ART, ASSEMBLY PART. ASSEMBL PART, ASSEMBLY
P CORRECTIVE ACTION CA PART, ASSEMBLY OR PROCESS

ITEM ORPROCESS ORPROCESS OR PROCESS FAILURE MODECS) FAILURE CAUSE(S) FAILUREREVENIVEACTIO. INTERFACIN$AND REMARK

NO. ZE -C PRVNIE CI. ITEFCNSAN EAK

NUMBER NAME FUNCTION 
G

9 3. Wiring From Transmits (1) Fails to open (1) Loose or broken 2 3/1 (1) Single comparator One channel tripped.
Tranducer transducer circuit wire channel trip. System reconfigured
to signal to Indicated by into 1/2. Unscheduled
Transmitter transmitter Interchannel outage if another fail-

Comparison and ure occurs.
PPS Status Board.
Safe failure.

(2) Fails to short (2) Insulation 2 3/1 (2) Same as 9.3-1 Same as 9.3-1
circuit failure safe failure.

4. Wiring Transmits (1) Fails to open (1) Loose or broken 2 5/1 (1) Same as 9.1-1
From temperature circuit wire
Temperature signal to
Sensor to transmitter (2) Fails to. short (2) Insulation 2 5/1 (2) Same as 9.1-1
Transmitter circuit failure

5. Feedwater Compensates (1) Fails to low or (1) Internal failure 2 5/1 (1) Same as 9.1-1
Flow Rate differentiaJ zero output
Transmitter pressure

signal , for (2) Fails to high (2) Internal failure 1 5/1 (2) Same as 9.2-1
temperature output
Amplifies
and convert
signal to
standard PPý
input

6. iring from Transmits (1) Fails to open (1) Loose or broken 2 3/1 (1) Same as 9.3-1 Same as 9.3-1
Transmitter dffferentia circuit wire safe failure
to Control pressure (2). Fails to short (2) Insulation 2 3/1 (2) Same as 9.3-i Same as 9.3-1
Rom signal from circuit failure safe failure

transmitter to
control room.

7. Transmitter Provides (1) Fails to low or (1) Internal failure .4 5/1 (1) Same as 9.1-1
Powe- power to zero output
Suppiy differentia] (2) Fails to high (2) Transformer 2 5/1 (2) Same as 9.1-2

,ressure
transmitt•er output winding short

circuit

(M CD
CL

'01 r
6437-2



TABLE C.S.1-10

STEPS: 1. LIST EACH PART OR ASSEMBLY IN THE DESIGN.
2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR

3. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHIICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE

4 DETERPMANE THE EFFECT OF EACH FAILURE ON THE PRODUCTPERFORMANCE

5. MAKE REFERENCETOANY OTHER PART OR ASSEMBLY WHICH THROUIGH AN INTERFACE

COULDLEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS

.6, ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE

7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

C:B

I-

0,

PART ASSEMBLY OR PROCESS PIN PREPARED BY DATE
Steam Drum Level Input Plant Protection S stem (PPS)-SDD 99 P. Woods

ITEM PART. ASSEMBLY PART, ASSEMBLY PART, ASSEMBLY CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS
OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) j: FAILURE EFFECT(SINO. PREVENTIVE ACTION tR.ERFACINGS AND REMARKS

NO. •
NUMBER NAME FUNCTION A - u

.0 1 ifferentia sed as stat- (I) Column fails t(1) Operator maloper- 2 5/2 (1) Steam drum level Failure prevents trip

ressure ic water low water leve ation (inadver- appears high and of 1 channel. System

olumn column to tent drainage of prevent single essentially reconfigur-

measure column). Column comparator channel ed into 2/2. Safe as

differential leak trip on low steam long'as no other fail-

pressure . drum level. ures occur.

2 )ifferentia]Senses dif- (1) Fails to low or (1) Strain gauge 2 3/2 (1) Single comparator One channel tripped.

Pressure ferential zero output failure channel trip. System reconfigured

rransducer pressure Safe failure into 1/2. Unscheduled

between (2) Fails to high (2) Cracked strain outage if another fail-

static water output gauge plate ure occurs.

column and 1 5/2 (2) Same as 10.1-1 Same as 10.1-1
steam drum
level and
converts it
to electrica
indication

f steam
drum level

3 Pressure Senses steam (1) Fails to low or (1) Rupture in pressuR 2 3/2 (1) Steam.drum level Same as 10.2-1

Sensor drum pressur zero output sensor appears low.Single

to compensat comparator channel

steam drum trip. Safe fail-
level ure.

(2) Fails to high (2) Special internal 1 5/2 1(2) Same as 10.1-1 Same as 10.1-1

output failure

T
.ZOBABILITY NUMBERS DEFINITIONS

CO CD

-a.

1.0
-4 .

5 4 AN OF" NO-.IAL CONOITION WHICH INDIVIDUALLY MAY BE EXPECTED 10 OCCUR
ONCE OR MORE DOURING THE PLANT L'IFETIME

3.2 AN OFF N('".'.AL -ONDOIT!ON WHICIH INDIVIDUALLY IS NOT EXPECTED TO OCCUR
14IR1IISI. I '.'.4 1 ETIMF HOWrVER WHfN ,NTECATEDOVER ALL PLANT

CtPUNET 5 AND AYSTEMS, EVENfT IN THIS CAT5GORY MAY BE EXPECTED TO

OCCUR A NUBEER OA TIMES

1 AN OFP NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO
EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME

-"UTIWICI, NE-VE RTHELESSE-REPRESENT EXTREME OR LIMITING CASES OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE

6487.1

CRITICALITY NUMBERS

5

4

:1

2

*A/3

DEFINITIONS
FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFFECT ON SAFETY RUT CAUSES UNSCHEDULED OUTAGE

NO EFFECT OF. SAFETY. REPAIR DEFERiD UNTIL SCHEDULED

OUTAGE

NO EFFECT ON SAFETY OR OPERATION

Represents criticality to redundant com-
ponent (A) and criticality to system (B)

0



S
TABLE C.S.1-10

to C

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS.

PART ASSEMBLY OR PROCESS PIm • PREPARE A'BY 'P. DATE i

Steam Drum Level Input (cont) Plant Protection System (PPS)-SDD 99 PJ;0. Vods ., •
• ~* '

ITEM PAT SEBYFRASMI AT SESY~5CORRECTIVE ACTION OR PART, ASSEMII.Y.OR PROCESS
no. OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) 0 t- FAILURE EFFECT(S) PREVENTIVE ACTION RNTERFAEINMSANO REMARKSNO. • NLFC)D.N

NUMBER NAME FUNCTION _.

10 Wiring fro Transmits (1) Fails to open (1) Loose or broken 2 3/1 (1) Same as 10.2-1 Same as 10.2-1

transducer transducer circuit wire Safe failure

to trans- signal to
mitter transmitter. (2) Fails to short (2) Insulation fail- 2 3/1 (2) Same as 10.2-1 Same as 10.2-1

.circuit ure Safe failure

5 Wiring fro Transmits (1) Fails to open (i) Loose or broken 2 3/1 (1) Same as 10.3-1 Same as 13.2-1
pressure pressure circuit wire Safe failure.
sensor to signal to
transmittez transmitter (2) Fails to short (2) insulation 2 3/1 (2) Same as 10.3-1 Same as 10.1-1

circuit failure Safe failure
" 6 Steam drum Compensates (1) Fails to low (1) Internal failure 2 3/1 (1) Same as 10.2-1 Same as 10.2-1

level tran. steam drum or zero output Safe failure
S. mitter level for

steam drum (2) Fails to high (2) Internal failure 1 5/1 (2) Same as 10.1-1 Same as 10.1-1
pressure. output
Amplifies
and con-
verts sig-
nal to
standard
PPS input

7 Wiring fron Transmits 1) Fails to open (1) Loose or broken 2 3/1 _1) Same as 10.3-1 Same as 10.2-1
transmittet steam drum circuit wire Safe failure
to control level from
room transmittei 2) Fails to short (2) Insulation 2 3/1 2) Same as 10.3-1 Same as 10.2-1

to control circuit failure Safe failure
room

8 Stelm drum Provides (1) Fails to low or (1) Internal failure 4 3/1 ýi) Same as 10.3-1 Same as 10.2-1
level power power to zero- output Safe failure
supply trensmitter

electronics (2) Fails to high (2) Transformer wind- 2 5/1 (2) Same as 10.1-1 Same as 10.1-1
output ing short circuit

aMaT.2



TABLE C.S.1-11

;TIPS: 1.
2.

4.
S.

6.

7.

LIST EACH PART OR ASSEMBLY IN THEOESIGN
IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR

I0ENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR. •
FROM EACH FAILURE MODE
DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE
MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH 4.N INTERFACE
COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
ESTIMATE OR CALCULATE THE PROBABILITYOF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

C-.,

PART ASSEMBLY OR PROCESS PIN PREPARED BY DATE
?rimar: Compara or Plant Protection System (PPS) SDD-99 _.__. Woods

PART, ASSEMBLY PART, ASSEMBLY PART, ASSEMBLYI ! CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS
ITEM OR.PROCESS OR PROCESS OR PROCESS FAILURE MODEIS) FAILURE CAUSE(S) * - FAILURE EFFECT(S)

NUMBE NAE UCT) PREVENTIVE ACTION IWTRFACINGS AND REMARKSO . N U M B E R N A M E F U N C T IO N " • " "

11 1. Primary Compares (1) Fails to tripped (1) Open or short 2 3/1 (1) Comparator 3ne logic train tripped
Comparator input output circuited out- transmits trip ystem reconfigured in-

signal with put or internal signal to 1 to 1/2. Unscheduled
fixed or failure channel of each f outage if another fail-
calculated 3 logic trains. ure occurs
set point. Failure indicatee
When by PPS Status
comparison Board. Safe failre
is (2) Fails to reset (2) Internal 1 5/1 (2) Disables 1 ailure prevents triounfavorable output Comparator channel in each f I logic train.

is tripped failure of 3 logic trains. ystem reconfigured in-i
to zro Failure indicated o 2/2. Safe as long

output. by periodic testi g.. s noother failures
Wnen compar son -

is fa-orabl
Output is
positive
(reset).

2. Power Supplies D (1) Fails to low or (1) Internal Failure 4 3/1 (1) Same as 11.1-1
Supply voltage to zero voltage (e.g. fuse, except all 24

comparators rectifier) of A, B, or C
comparators fail
safe failure.
indicated by PPS
Status Board.

(2) Fails to high (2) Transformer 2 3/1 (2) Overvoltage
voltage primary winding monitor trips

short circuit, power suipply off.
results as I1.1--
Safe failure .

ROBABILITY NUMBERS DEFINITIONS

(.0C

0-IU

5.4 AN OFF NORMAL CONDITION WHICH tNFOVIDUALLY MAY BE EXPECTED TO OCCUR

ONCE OR MORE DURING THE PLANT LIFETIME

3.2 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY IS NOT FXPECTED TO OCCUR
bl.)HING TH"E PI ANT LIFETIME, HOWEVER WI4EN INTFGRAIED OVER ALL PLANT

COMPONENTS AND SYSTEMS. EVENT IN THIS CAI ECURY MAY BE EXPECTED 10

OCCUR A NUMBER OF TIMES

AN OFF NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO

EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME

BUT WHICHk NFVEI!"HELESS, REPRIESENT EXTREME OR LIMITING CASES OF FAILURES

WHICH ARE IDENTIFIED AS CONCEIVABLE

54B7. T

CRITICALITY NUMBERS

4.

2

kA\/B

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFFECT ON SAFETY UI CAUSES UNSCHEDULED OUTAGF

NO EFFECT ON SAFETY, RE PAIR DEFEREO UNTIL SCHEDULED
OUTAGE

NO EFFECT.ON SAFETY OR OPERATION
Represents criticality to redundant:: com-
ponent (A) and critlcality to system (B)

0



0

C-)

(i 0

TABLE C.S.1-11

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS PEP/N 'PREARED BY "DATE
PrInarv Comaprator (Continued) Plant Protection System (PPS) SDD-99 " G. Woods

PART, ASSEMBLY PART, ASSEMBLY PART, ASSEMBLY CORRECTIVE ACTION OR PART ASEMBLY OR PROCESITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) FAILURE EFFECT(S) PREVENTIVE ACTION INTERFACINGS AND REMARKSNO.-
NUMBER NAME FUNCTION . m "

11 3. Primary Provides (1) Fails to bypass (1) Open bypass circui 2 3/1 (1) No bypass of
Comparator input to (no voltage) comparator. A

nypass bypass false scram may
..ircuit comparator result should

another failure
occur.

(2) Fails to unbypass(2) Total short circuit 1 5/1(2) Failure prevents
(bypass-ing around bypassing comparator trip.

voltage Inadver- switches and Failure indicated
tently applied permissives by bypass light.
to comparator)

6487.2



TABLE C.S.1-12

STEPS: 1. LIST EACH PART OR ASSEMBLY IN THE DESIGN
2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
M. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE
4. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE
5 MAKE RE FERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH X N INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
6. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCLANO THE DEGREE OF CRITICALLY

OF EACH FAILORE
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENSTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

C-)

-4M

M L0

PA11TASS•LDRRC / PREPARED BY D ATE.e A ompara oIN Plant Protection System (PPS) SDD-99 Wo0 , Jod.S

ITEMPART ASSEMBLY PART ASSEMBLY PART.ASSEMBLY I CORRECTIVE ACTION OR PAR'., ASSEMBLY OR PROCESS
OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) t :I- FAILURE EFFECT(S) PREVENTIVE ACTION INTERFACINGS AND REMARKS

NUMBER NAME FUNCTION F

12 1. Secondary Compares (1) Fails to tripped (1) Open or short 2 3/1 (1) Comparator out One of 3 general coin-
Comparator input output circuited puts trip signal cidence logic trains

signal with output or interna to I of 3 genera tripped. System re-
fixed or failure coinv.dence logic configured into 1/2.
calculated channels. Failur Unscheduled outage if
set point, annunciated by another failure occurs.
When PPS status board.
comparison 1 Safe failure
IhI IInfavo~r:, {•) Fails to reset (2) Internal 15/1 (2) 1 out o1' 3 •uner' 1, Failure prevents trip
comparator output comparator failu 0 coincidence legi , of one general coin-
trips to channels for 4bsysteai cidence logic trains.
zero output cannot trip. System essentially
When Failure indicated reconfigured into 2/2.

Safe as long as no
is favorabl periodi

output is testing. other failures OCCUr.
positive
(reset).

2. Power Supplies DC (1) Fails to low oD (1) Internal failur 3/1 (1) Same as 12.1-1 Same as 12.1-1
Supply voltage to zero voltage (e.g. fuse or except that all

secondary rectifier comparators
comparators connected to poweSupply are affect d.

Safe failure

(2) Fails to high (2) Transformer 2 3/1 (2) Overvoltage monit)r Same as 12.1-1
voltage primary winding trips power supp1

short circuit off. Results
same as 12 2-1.
Safe failure

PROBABILITý NUMBERS

3,2

DEFINITIONS

AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

AN OFF NORMAL CONDITION WHICH INDIVIDUALLY IS NOT EXPECTED TO OCCUR
DURING !ft PLANt LIF FTIME HOW.EVER. WHE N INTEGRATED OVER ALL PLAN t
COMPONENTS AND SYSTEMS, EVENT IN THIS CATEGORY MAY BE EXPECTED TO
OCCUR A NUMBER OF TIMES

AN OFF NORMAL CONDITION Of SUCH EXTREMELY LOW PROBABILITY THAT NO
EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME
BUT WHICH. NEVERI HELESS, REPRESENT EXTREME OR LIMITING CASES OF FAILURES
WHIýCH ARE IDENTIFIED AS CONCEIVABLE ....

CRITICALITY NUMBERS

S

4

3

2

OEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFFECTON SAFETY BUT'CAUSES UNSCHFOULLED OUTAGE

NO EFFECT Or. SAFETY REPAIR DEFER'D UNTIL SCHEDULED
OUTAGE

NO EFFECT ON SAFETY OR OPERATION
Represents criticality .o redundant cor-
ponent (A) and criticality to system (B)

*A/B

6407 1



0
TABLE C.S.1-12

FAILURE• MODE AND. EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS P/N PREPARED YA
So::dar'." Ccr.'.-atc T (Contnued• Plant Protection Svstemss UPPS) SDD-9 .G Woods . DA T

PART. ASSEMBLY PART. ASSEMBL PART, ASSEMBLY CORRECYB ACION OR PAR. AKIwILY u ocm
OR PROCESS OR PROCESS OR PROCESS ,,URE MODEWS FAILURE CAUSEtS) FAILURE EFFECT(S)

T! _ _PREVENTIVE ACTIOI_ ITRFACIII_ AND_ _IEAN

NO. NUMBER NAME, FUNCTION T OS

433

C, D

43

3. Secondary
Corparator
Bypass
(Airui t

Provides
input to
bypass
,anparator

(1) Fails to bypass
(no voltage)

(2) Falls to unhypass
(bypasslnq
vo!:ace inadvcrtc
a~pnlc to

(1) Open bypass
cLircuit

(2) Total short
.ircuit around

tl.I.• lsing Swi trh
and permissivcs

2 3/1 (1) Nobypass of
comparator. A
false scram may
result should
another failure
Occur.

pame as 12.1-1

;ame as 12.1-25/11 (2) Failure prevents
ý.o,-pnrator trip.
Fýilure iodiced~it
by bypass ligh'.

- A I p

4).3? 2



TABLE C.S.1-13

sTtrfI 1. LIST EACH PART OR ASSEMLN IN TSI DESIGN

I IDENTIFY ALL T- E POSSISLE FAILURE MODES WIIC5M THE PAOT OF ASSEMBLY M1014TINCUR
I IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGwT INCUR

FPO M EACH FAILURE MOOD

A OETERMNE' THE E FFECT OF EACH FAILURE ON T,-E PROO'JCT PERFORMANCE

5 MAKE ME$F cTONY 0T.(ER PART OR ASSEMBLY -FIIClI THROUGH 14 INTERFACE

COULO LEAD TO ANOTHER FAILURE MAKE ANY AOOITIONAL CONTRIBUTING REMARKS

S ESTIMATE OR CALCULATE THE PROBABILITY Of OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE

7 IDENTIFY AND CARRY OUT CORRECT IVVE OR PREVENTIVE ACTIONS TO PPEVENT OR MINIMIZE TEe POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

(./,

I-

0'2

PART ASSEVILY OR PROCESS PI PPREPARfO BY ' " .AT
Prizarv Locic Train Plant Protection S stem (PPS)SDD-99 P. G. Woods -93/74

PART. ASSEMBLY PART,AZSSILY PART.ASENMRL
ITEM FARILUESS FEROEFAU CAU.;ES CORRECTIVE ACTION OR PART. ASIMBLY ORPROCE.

v. OR POCE OR PROCESS DR PROCESS FAILURE MODES) FAILURE EFFECTIS) PREVERTIV I ACTION INTERFACISS ANO REMARKS

NUMBER NAME FUNCTION • "."

) 1 :nterrack 7.anscits (1) Fails to open (1) Loose or broken 2 3/1 .1) Trip-signal to One logic train tripped

diring from comparator circuit wire L logic train. Indi- System reconfigured

:Qnparator Dut-._t to iated by PPS Status into 1/2. Unscheduled

to primary phcto trans- lard. Safe failure outage if another fail-

logic 4stor input ure occurs.

(2) Fails to short (2) Insulation fall- 2 3/1 ý2) Same as 13.1-1 Same as 13.1-1
circuit ure ate failure

2 hoto trans-Isolates (1) Output fails to (1) Photo transistor 2 3/1 (1) Same as 13.1-1 Sam as 13.1-1
stor instrument trip state failure afe failure

channel
signals be- (2) Output fails to (2) Hot short 1 5/1 (2) Single logic trair Failure prevents trip
fore combin- reset state ill nor trip. Fail- of single logic train.
IT, them in re indicated by PPS System essentially re-

of 3 logi onitor. configured.into 2/2.
Safe as long as no

3 Wiring fror ransrits (1) Fails to open (1) Loose or broken 2 3/o t1) Same as 13.1-1 other failures occur.

phototrans-output of circuit wire afe failure Sam as 13.1-1
istor to photo trans
logic istor to (2) Fails to short (2) Insulation fail- 2 3/1 (2) Same as 13.1-1 Same as 13.1-1
trains iogic train, circuit ure afe failure

4 Prioary Combines (1) Output fails to (1) Internal Failure 1 5/1 (1) Same as 13.2-2 Same as "13.2-2
Logic Trair omparator reset state
(includes Dutputs in
2/3 and 2/3 logic (2) Output fails to (2) Internal failure 2 3/1 (2) Sane as 13.1-1 Same as 13.1-i
1/24 mod- :oincidence trip state 3afe failure
ules)

-,-____ ____

-r.,)
LnU*

PROSABILITY NUMBERS OEFINITIONS

S.4 AN OFF.NORMAL CONDITION 741CH INDIVIDUALLY MAY BE EXPECTED TO.OCCUR
ONCE OR MORE OUR!NG THE PL'ANT LIFETIME

3"2 AN OFR NORMAL CONOITION WHICH INDIVIDUALLY IS NOT EXPECTEO TO OCCUR

OLRAIG THE PLANr LICETIME. HOWEVER. WHEN ,NIEGRATEO OVER ALL PLANT

CORAPO%ENTS AND S.SYEMS. EVENT IN THHIS CATEGORY MAY BE EXPECTED TO

OCCUR A N,"MBER OF TIMES

I AN OfF NOFMAL CO-0I'ION OF SUI.I •ITRtEMILY LO FRORAEILITY THAT NO

EVENT IN TINS CATEGORY IS E•PECTED O '0 p-CC-, THUEIN• THE PLANT LIFETIME

BUT WHItC NEVERT'IELESS REPRESENT Er TREME OR LIMITING CASES OF FAILURES

WHICH ARE IDENTIFIED AS CONCEIVAet E

64E7R?

CRITICALITY NUMBERS

Is

2
2

*A/B

DEF INITEONS
FAILURE TO PERFORM SAFETY FUNCTION

DEGRAOATION Of SAFETY FUNCTION

NO EFFECT ON.SAFETY BUT CAUSES UNSCHEOULED OUTAGE

NO.FCFECT •1, SAIETY. REPAIR DEFERtO UNTIL SCHEOULIO

OUTAGE

NO1 E FCT ON SAWE TV OR OPE RAT ION

Represen , criticality to redundant coo-
ponent IA "nd 'riticaliy -.to system (3)



TABLE C.S.1-13

0

-14

mc.n

* . FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART.ASSEMBY Of PFCER "DPAR y "b"AT
Primary Logic In ant Protection System (PPS)SDD-99 jP.G. Woods. 9/3/74

PART, ASSEMBLY PART.ASSEMBLR PART. ASSEMBLY " - .. CORRECTIVE ACTIONOR FART. ASSEMBLY OR FROCESS
OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) • FAILURE EFFECT(S) PREVEN'TIVE ACTION INTERFACING$ AND REMAF.,R%

(40. NUMBER NAME FUNCTION . - " .

13 5 Primary Log Amplifies (1) Fails to low or (1) Internal failure 2 3/1 (1) One channel of Same as 13.1-1
ic Drivers signal fror zero output scram breakers trip.

logic trair Failure indicated by

to scram PPS Status Board.

breaker LV Safe failure
coil

(2) Fails to high (2) Transformer wind- 1 5/1 (2) Same as 13.2-2. Same as 13.2-2
output ing short circuit

6 Primary Provides (1) Fails to low or (1) Internal failure 4 3/1 (1) Same as 13.1-1 Same as 13.1-1
Logic Power necessary dc zero voltage transformer, rectifie Safe failure

Supplies voltages foi or fuse)
logic mod-
ules (2) Fails to high (2) Transformer wind- 2 3/1 (2) Over Voltage mon- Same as 13.1-1

voltage ing short circuit itor on 'power supply
trips voltage off.
Same results as 13.1-

afe Failure.

'37.2



TABLE C.S.1-14

STEPS: 1. LIST EACH PART OR ASSEMBLY IN THE DESIGN
2. IDENTIFY ALL.THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
3. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE

4. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE

S. MAKE REFERENCE TO ANY OTHER PART OR ASSEM'ILY WHICH THROUGH A N INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
6. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE

7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENJTIAL FAILURE

FAILURE MODE-AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

I-)

0,

PART ASSEMBLY OR'PROCESS PfN P Y DATE

Secondary Lo ic Train Plant Protection System ,(PPS)SfD ,99,' - j d A 9/3174

PART, ASSEMBLY PART. ASSEMBL V PART, ASSEMBLY OITE ' ORCIE CIN0 PART, ASSEMBLY O R PROCESS

OR PROCESS OR PROCESS OR PROCESS FAILURE MOOEC) FAILURE CAUSE(S) COR FAILURE EFFECTS PREVENTIVE ACTION INTERFACINOS ANO REMARKS

No. NUMBER NAME FUNCTION . F

1' 1 Interrack Transmits (1) Fails to open (1) Loose or broken 2 3/1 (1) Trip signal to 1 one logic train tripped
writing comparator circuit wire logic train. Failure System reconfigured in-
from com- output to indicated by PPS to 1/2. Unscheduled
parator to logic train Status Board. Safe outage if no other
logic failure failure occurs

(2) Fails to short (2) Insulation fail- 2 3/1 (2) Same as 14.1-1 Same as 14.1-1
circuit ure Safe failure.

2 Secondary Combines (1) Output fails to (1) Internal failure 2 3/1 (1) 1 logic train Same as 14.1-1
Logic Train like out trip state trips. Failure indi-
(1/26 mod- puts from cated by PPS Status
ules) all 16 Board. Safe Failure

comparators
(2) Output fails to (2) Internal failure 1 5/1 (2) 1/16 incapable of- Failure prevents trip
reset state scram. Indicated by of 1 logic train. Sys-

periodic testing. ter reconfigured into
3 Logic driv- Amplifies (1) Fails to low or (1) Internal failure 3/1 (1) Same as 14.2-1 2ý2. Safe as long as

er necessary zero output Safe failure no other failures occur
signal for
final acti- (2) Fails to high (2) Transformer
vation output . winding short circuit 1 5/1 (2) Same as 14.2-2 Same as 14.2-2
logic

4 Secondary Provides (1) Fails to low or (1) Internal failure 4 3/1 (1) Same as 14.2-1 Same as 14.1-1
Logic necessary zero.voltage ieg transformer, rec- Safe failure
Power voltage for tifier or fuse fail-
Supplies logic train ure) 2 3/1 (2) Overvoltage mon- Same as .14.1-1

itor on power supply
(2) Fails to high (2) Transformer wind- trips voltage off,

- voltage ing shurt circuit Same results as 14.2-
1. Safe failure.

... . ....... YNUMB..E! 'S .-- - -

-1.

PROBa5ILITY NU BERS

S.4

3-2

I-7,1

DEFINITIONS

AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

AN OFF NORMAL. CONDITION WHICH INDIVIDUALLY IS NOT EXPECTED TO OCCUR
DURING THE PLANT LIFETIME. IIOAEVEII, IHUN.INTEGRAIED OVER ALL PLANT -

COMPONENTS AND SYSTEMS, EVENT IN THIS CATEGORY MAY BE EXPECTED TO
OCCUR A NUMBER OF TIMES

AN OFF-NORMAL CONDITION OF SUC l EXTREMELY LOW PROBABILITY THAT NO
EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFE TiME
OUT WHICH NEVERTHELESS. REPPESETN'T EXTREME OR LIMITING CASES OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE

CR ITIC ALI TV NUMBERS ODEFINITIONS

S FAILURE TO PERFORM SAFETY FUNCTION

4 - DEGRADATION OF SAFETY FUNCTION - -

3 NO EFFECT ON SAFETY BUT CAUSES UNSCHEDULED OUTAGE

2p NO EFFECT ON SAFETY REPAIR OEFERtO UNTIL SC"EDULED
. OUTAGE-

NO EFFECT ON SAFETY OR OPERATION
/B Represents critic.lity to redundan't com-

ponent .(A) and -criticality to system (B)

*A
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TABLE C.S.1-15

STEPS: 1. LIST EACH PART OR ASSEMBLY IN THE DESIGN
2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
3. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE
4. DETERMINE THE FFFECT OF EACH FAILURE 014 THE PRODUCT PERFORMANCE
5. MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH AN INTERFACE

COULO LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
6. ESTIMATE OP CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT ORMINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITiCALITY ANALYSIS

n~

LAI

11 .0
0) L3

PART ASSEMBLY OR PROCESS P/m "PREPAREO BY D DATEPrimary Calculational Unit Plant Protection System (PPS) SDD-99 P. G. Woods 9/4/74
FART ASSEMBLY FART, ASSEMEL• PART, ASSEMBLY."
ITE ART ASEBYPRASMBYPRASML CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESSITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) T FAILURE EFFECT(SORECTIVE ACTION O TF AS EMO ROS

NUMER NAM PNCTONPREVENTIVE ACTION INTERFACINGS AND REMARKSý
No. NUMBER NAME FUNCTION USE(S)

15 1. Primary Derives (1) Fails to low or (i) Internal failure 4 5/1 (1) Failure may be
Calculatior 1i secondary zero Output safe or unsafe
Unit trip depending on the

parameter particular pro-
for compara or tective function
(e.g., flux considered. 1
delayed . channel affected.
fluxj flux (2) Fails to high (2) Internal failure 4 5/1 (2) Same as 15.1-1
-Pressure, output
primary-

intermediat
speed,
steam-feed-
water flow)

2. Primary Supplies (1) Fails to low or (1) Internal failure 4 5/1 (1) Failure.may be
Calculationl1 power to zero voltage .. safe or unsafe.
Unit Power primary .depending On :
Supply calculation, 1 the particular

units protective
* .. function consider d."

Failure affects
all calculational
units of train

A, B, or C.
(2) Fails to high (2) Internal failure 2 5/1 .(2) Same as 15.2.-1

output

PROBABILITY NUMBERS DEFINITIONS

5.4 AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY MAY BE' EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

"3.2 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY IS NOT EXPECTED TO OCCUR
UURtNG THE PLAN- LIFETIME. HOWEVER. WIVIdN INI EGRATED OVER ALL PLANT
COMPONENTS AND SYSTEMS. EVENT IN THIS CATECORY. MAY BE EXPECTED TO
OCCUR A NUMBER OF TIMES

AN OFF NORMYAL CONDITION OF SUCI EXTXI7EMELY LOW PROBABILITY THAT NO
EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME

DWI WHICH ,NEVEfITHELESS. REPRESENT EXTREME OR.LIMITINO CASES OF FAILURES
WHICH A4L IDENTIFIED AS CONCEIVABLE

6487 -1

CR ITICALITY NUMBERS

5

3

2

*A/B

"DEFINITIONS " • " "
FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION • • •

NO EFFECT ON SAFETY.BUT CAUSES UNSCHEDULED OUTAGE

NO EFFECT ON. SAFETY REPAIR DEFER9G UNTIL SCHEDULED
OUTAGE

NO EFFECT ON SAFETY ORIOPERATION .. .
Represents criticalicy to-redundant comý -.

ponent (A) and criticality to system (-B)



TABLE C.S.1-16

STEPS: 1. LIST EACH PART OR ASSEMBLY IN THE DESIGN
2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
3. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROMI EACH FAILURE MODE

4. DETERMINE THE EFFECT OF EACH FAIL. URE ON THE PRODUCT PERFORMANCE

S. MAKE REFERENCE TC. ANY OTHER PART OR ASSEMBLY WHICH THROUGH 4 1N INTERFACE

COULD LEAD TC ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS

6. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

C:)

PART ASSEMBLY OR PROCESS . P/N PREPARED BY "."... DATE
Secondary Calculational Unit Plant Protection System (PPS) SDD-99 P. G. Woods 9/4/74

ITEM PART. ASSEMBLY PART, ASSEMBLY PART, ASSEMBLY C"CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS
OR PROCESS OR PROCESS OR PROCESS FAILURE MODE{S) FAILURE CAUSE(S) FAILURE EPFECT(S)

No. PREVENTIVE ACTION #NTERFACINS AND REMARKS
NUMBER NAME FUNCTION .

16 1. Secondary Derives (1) Fails to low or (1) Internal failure 4 5/1 (1) Failure may be
Calculatior 1 secondary zero output safe or unsafe
Unit rip . depending on Che

parameter fo particular pro-
comparator .tective function
(e.g. modifi d considered. 1
nuclear rate channel affected
flux-total • c

flow, primar ,(2) Fails to high (2) Internal failure 4 5/1 (2) Same as 16.1-1.
Intermediate output

low)

2. SecondarV upplies (1) Falls to low or (1) Internal failure 4 5/1 (1) Failure may be
Calculatlo. l power zero voltage safe or unsafe
Unit Power to secondary depending on the
Supply alculationa particular

uni.ts function considered.
, Failure affects

all calculations]

units of train
A, B, and C.

(2) Fails to high (2) Internal failure 2 5/1 (2) Same as 16.2-1
voltage

PROBABILITY NUMBERS

5.4

3.2

DEFINITIONS

AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR

ONCE OR MORE DURING THE PLANT LIFETIME

AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY IS NOT EXPECTED TO OCCUR

DRING THE PLAN! LIFETIME HOWEVER.•VPH[FN lNrF(;FIAIT ODER -ALL PLANT

COMPONENTS AND SYSTEMS. EVENT IN THIS CATEGORY MAY BE EXPECTED TO

OCCUR A NUMBER OF TIMES

AN OFF.NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO

EVENT IN THIS CATEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME

BUT WHICH. NEVERTHELESS. REPRESENT EX THEME OR LIMITING CASES OF F AILURES

WHICH ARE IDENTIFIED AS CONCEIVASL E

CRITICALITY NUMB

5

4

3

2

ERS DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OIF.SAFETY FUNCTION

NO EF FECT ON SAFETY BUT CAUISES UNSCHEDULED OUTAGE

NO EFFECT Of. SAFETY, RE PAIR DE FERiD UNTIL SCHEDULED
OUTAGE

NOEFFECT ON SAFETY OR OPERATION
Represents criticality to redundant com-

ponenLz (A) and criticality-to system (B)

(.0 CD

CL0

4 N%3
0) (n

I*A/B

6487-1



TABLE. C. S. 1-17

%Sifnp: S. LIST EACH PART OR ASSEMBLY IN THE DESIGN

2. IDENTIFY ALL THE POSSIBLE FAILURE MOOES WHICH THE PART OF ASSEMBLY MIGHT INCUR
3 I0ENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE
4. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE
S. MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH AN INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
6. ESTIMATE OP CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE-ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

I-A

PART ASSEMBLY OR PROCESS P/N IPREPAREo BY DATE •
r Actuaton__oi_ Plant Protection System (PPS) SDD-99 P. G. Woods 9/4/74

ITEM PART, ASSEMBLY PART, ASSEMBLY PART, ASSEMBLY . - RT
OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) r - FAILURE EFFECT(S) CORRECTIVE ACTION OR PART,ASSEMBLY OR PROCESS

No. Z PREVENTIVE ACTION INTERFACINGS AND.REMARKS
NUMBER NAME FUNCTION

17 1-. Wiring fror Transmit (1) Fails to open (1) Loose or broken 2 3/1 (1) One breaker One logic train tripped
Logic voltage circuit wire channel trips. System reconfigured in-
Drivers from logic Safe failure to- 12. Unscheduled
to Rea driver to (2) Fails to short (2) Insulation 2 3/1 (2) Same as 17?1-l outage if another fail-

R circuit failure Safe failure ure occurs.

Same as 17.1-12. Manual Manual (l) Fails to (1) Loose or broken 2 3/1 (1) Same as- 17.1-1 Same as 17,1-1
Scram interruptid deenergized wire Safe failure
Relays to voltage position

on LTV rela 2) Fails in energize (2) Insulation failur 2 1/1 (2) Manual scram will

position or weldiog of go to completion
relay contacts through redundant

relays. Automati .
scram not affecte,

3. Manual Permit (1) Fails in .scram. (1) Mechanical 2 -3/3 (1) Reactor scram
Scram manual - position failure Safe failure
Switches scram by (2) Fails In reset (2) Mechanical 2 5/1 (2) Failed switch

operator position failure cannot initiate

reactor scram.
Redundant scram
switch not
affected.

4. Scram Trip (i) Fails to open -(1) Loose or broken 2 3/1 (1) Same as 17.1-1
Breaker actuator circuit wire Safe failureUndervolta efor
Conl Sa fram (2) Fails to short (2) Insulation 2 3/1 (2) Same as 17.41-

breaker circuit failure Safe failure-

(M (11

0) T

PROBABILITY NUMBERS DEFINITIONS

6.4 AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

32 AN OFF-NORMAL CONDITION WHICH INOIVIDUALLY IS NOT EXPECTED TO OCCUR
OURINO THE VLANI LIFETIME; HOWEVEIS WIIF N INI I I(IIAIT I OVER ALl PLANT
COMPONENTS AND SYSTEMS. EVENT IN THIS CATEGORY MAY BE EXPECTED TO
OCCUR A NUMBER OF TIMES

I AN OFF.NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO
EVENT IN THISCAIEGORY IS EXPECTED TO OCCUR DURING THE PLANT LIFETIME
BUT WHICH NEVERTHELESS, REPRESENT EXIREME OR LIMITING CASES OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE

6487.1

CRITICALITY NUMBERS

S

4

3

2

*A/B

DEFINITIONS

FAILURE TO PERFORM.SAFETY FUNCTION -

oEGRADATION-OF.SAFETY FUNdTION "

NO EF FECTION SAFETY EkST CAIUSES UNSCHEDULEDO OUtAnE

NO EFFECT-ON SAFETV, RE FIR DEFERIO UNTIL SCHEDULEO

OUTAGE

NO EFFECT ON SAFETY OR OPERATION -

Represents criticality to redundant com-
-ponent (A) Wld -riCally to system (B)



TABLE C.S.1-18

STEPS: 1. LIST EACH PART OR ASSEMBLY'IN THE DESIGN

2. IDENTIFY ALL THE POSSIBLE FAILURE MOOES WHICH THE PART OF ASSEMBLY MIGHT INCUR
3 IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAIL.URE MODE
4. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE
S. MAKE REFERENCE TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH'AN INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
a ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
7. IDENTIFY AND CARRY OUTCORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

(M0 CD

0.

(.0~-jN

PART ASSEMBLY OR PROCESS P/N 'PREPARED BY ,DATE
Heat Transuort (HIJS) Shutdown Logic Plant Protection System (PPS) SDD-99 GWods 9/4/74

PART, ASSEMBL Y PART, ASSEMBLY PART, ASSEMBLYI
NO. OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) L FAILURE EFFECT(S) CORRECTIVE ACTION OR PART, ASSEMBL OR PROCESS

NUMBER NAME FUNCTION A ;.
l 1 1. Auxlijaryv IlliLLItu HIS (I.) COtiLau!.L fall (1) Poor electrical 2 3/1 (1) 2/3 contact openl gs

Cv-ntacts Shutdown on Open Contact are required for
on Scram eactor scran HTS shutdown.
Breakers Safe failure

(2) Contacts fail (2) Insulation 2 5/1 (2)1 channel cannot
closec breakdown open. HTS Shutdoin

from other channe
contacts.

2. Shutdown -oil indicat• s() Fails to de- (1) Relay coil open 2 3/1 (1) Same as 18.1-1
Relays scram energized positicn circuited (loose Safe failure

reaker or broken wire)
osition

(2) Fails to energize (2) Relay blocked, 2 5/1 (2) Same as 18.1-2
position

3. HTS 'nei1gizing (1) Fails to open. (1) Loose or broken 2 5/1(1) Coil incapable of
Breaker ither circuit wire breaker trip.
Trip Coils rimary or Secondary coil or

econdary redundant breaker
Irip coil must provide trip.
rips HTS (2) Fails to short (2) Insulation 2 5/1(2) Sane as 18.3-1
reaker circuit failure

4. Wiring ransmits (1) Fails to open (1) Loose or broken 2 5/1•() Same as 18.3-
from . rip voltage circuit wire
Shutdown ignal to (2) Fails to short (2) Insulation 2 5/](2) Same as 18.3-1
Relay (TS shutdown circuit failure
P.nel to reaker
HIS Breaker
irip Coils

PROBABILITY NUMBERS DEFINITIONS

5-4 AN OFF.NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

3 AN ,OFF NORMAL rONnlTION WHICH tNnI•vnJ.•% I Y IS N PT [xPf I', F51 cxI: ErRn
DURING'THE PLANT IFETIME. HOWEVER WHEN INTEGRATED OVER ALL PLANT
COMPONENTS AND SYSTEMS. EVENT IN THIS CATEGORY MAY BE EXPECTED TO

OCCUR A NUMBER OF TIMES

AN OFF-NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO

EVENT IN THIS CATEGORY IS EXPECTED TO OCCEUR DURING THE PLANT LIFE tIME
BUT WHICH, NEVERTHELESS. REPRESENT EXTREME OR LIMITING CASES OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE

6487.1

CRITICALITY NUMBERS

B

3
2

1
*,\/B

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFILLI UN SAFETY BUT CAUSES'UNSCHEOL.•D.OUTAUL

NO EFFECT ON SAFETY. REFAIR DE FERGD UNT.iLSCHEOULEO

OUTAGE

NO EFFECT ON SAFETY OR OPERATION
Represen!tR criticality to redundant com-

ponent (A) and criticality to System (B)

0 0



TABLE C.S.1-18

CO. (

1-4 N

MI .

FAILURE -MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART AS!MBLY OR PROCESS PIN DATE
HTS Shutaown Logic (Continued) Plant Protection' System (PPS) SDD-99 R.BG. Woods 9/4/74

ITEM ART. ASSEMBLY PART. ASSEMBLY PART. ASSEMBLY FALU" .FCTS -CORRECTIVE ACTION OR PART ASSEMBLY OR PROCESS
OR PROCESS OR PROCESS OR PROCESS FAILURE MOOE(S) FAILURE CAUSE(S) P FAILURE EFFECT( REVENTIVE ACTION OR IPTERFACINGSSE AND REMASS, ,

NUMBER NAME FUNCTION

18 5. Trip Coil Supplies (1) Fails to low or (1) Internal failure 4 5/1 (1) Same as 18.3-1
Voltage tripping zero voltage
Supply oltage to (2) Fails to high (2) internal failure 2 5/1 (2) Breaker would

TS breaker voltage function properl,
trip coils for reasonably

high overvoltageC
Extremely high
voltages results
similar to 18.3-ý

6. 13.8 KV Provides HTS (1) One breaker (1) Defective breaker 2 3/3 (1) HTS prime mover
HITS Breakers shutdown fails open or trip coil coasts down.

n per loop Reactor scram
5asis on tri follows. Safe.
Df PPS scra, failure..
reakers (2) One breaker (2) Mechanical 2 5/1 (2) HITS shutdown is

fails closed failure or , dependent upon
blockage. Both reduindant breake
trip coils fail
open

5457?2



TABLE C.S.1-19

STEPS: 1. LIST EACH PART OR ASSEMBLY IN THE DESIGN •
2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH-THE PART OF ASSEMBLY MIGHT INCUR

3. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE .
4. DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE
5. MAKE REFERENCE.TO ANY OTHER PART OR ASSEMBLY WHICH THROUGH AN INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
K. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
7, IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

C-)

(M (

4 r\

(.4) L

PART ASSEMBLY OR PROCESS P I P/N PREPARED BY DATE 9
Control R(,d ((rive Mec(hanism (CRlM) Powe Plant Protection System (PPS) SDD-99 P.G. Wod /4/7
Tra n

ITEM FART, ASSEMBLY PART, ASSEMBLV FAST. ASSEMBLY CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS
ORPROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) L - FAILURE EFFECT(S)

NO. PREVENTIVE ACION INTERFACiNGS AND REMARKS

NUMBER NAME FUNCTION 
CAUSE(S)

19 1 480 V 3: , Fower Suppl (1) Fails to low or Fault in power distri 4 3/31(1) Primary control
Puwer Suppl for CRDM zero voltage bution system rods will fall.

x-G sets Safe failure.

(2) Fails to high Primary winding short 2 3/3 (2) Distribution
voltage circuit in stepdown system over-vol-

transformer tage relays
would trip power
supply. Same
results as 19.1.
Safe failure.

(3) Less than 1/2 Lightning strike or 4 3/1 (3) N-C sets are
second reduc- other fault which is designed to ride
tion or outage cleared by breaker through outage
in voltage trip and reclose. with no effect.

Longer outages
• result as in

. 19.1.1.

2 M-G Set Starts and (1) Fails open Failure of main elec- 2 3/3 (1) M-G set coasts,
Starter disconnects " trical contacts down. Same "

M-C set results as
19.1.1. Safe
failure.

(2) Fails closed Mechanical blockage 2 3/3 (2) No effect on
plant safety,

although M-C
set may be damag
ed. Safe failure

- - ~~I .. _ _ -_

*ROBABII LITY NUMBERS . DEFINITIONS

AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

32 AN OFF NORMAL CONDITION WHICH INDIVIDUAt LY IS NOT EXPECTED TO OCCUR
DURING THE PLANT" LIFETIME: HOWEVER. WHEN INTEGRATED OVER ALL PLANT - "
COMPONENTS AND SYSTEMS. EVENT IN THIS CATEGORY MAY BE EXPECTED TO
OCCUR A NUMBER OF TIMES

AN OFF NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO

EVENT N THIS CATEGORY IS EXPECTED TO OnrraR DURING TIlE PLANT LIFETIME
BUT WHCH NEVERTHELESS. REPRESENT -E;TREME OR LIMITING CASES OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE

CRITICALITY NUMBERS

5

-V
4

3

2

*A)B

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFFECT ON SAFETY BUT CAUSES UNSCHEDULED OUTAGE

NO E FFECT OfN SAFETY, REPAIR DE FERBD'UNTIL SCHEDULED

OUTAGE

NO EFFECT ON SAFETY OR OPERATION -- " .
Ruprcsehts criticality;::to redundant com-
ponent (A) and criticality to system (B)

64M'



TABLE C.S.1-19

9

LA

to M

FAILURE MODE AND; EFpECrS ANALYSIS
CRITICALITY ANALYSIS

PAe.T A$$E~gY0 +RC$ - , / .. |' ' .
S(ntro do ive eenans (CR0) Powe: Plant Protection System (PPS) SDD-99 PREPARED SY P.DATE

rar nonrinue P G. oods 91474

PART, ASSEMBLY PART, ASSEMBLY PART, ASSEMBLY * "
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) -' E . FAILURE EFFECTS) CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS
NO. FAIMURO ; ) PREVENTIVIE ACTION INTIERFACINCS AND REMARKS

.NUMBER NAE FUNCTION Z

19 3 M-G Set Supplies (1) Fails to low or Regulator failure and 4 3/3 (1) Same as 19.1.1
voltage for zero voltage decreasing field cur- Safe failure.
CRDM opera- rent.
ti0n (2) Fails to high Regulator failure an4 2 3/3 (2) Overvoltage moni

voltage Increasing field cur- tor annunciates
rent. high voltage and

high machine
. temp. CRDM oper
ales properly
until stator
windings burn
out and rods falL.

• Safe failure.

(3) Output frequenc Frequency variation 2 3/3 (3) Motor frequency

variation to motor of M-G set variation tied

to TVA system.
Underfrequency
relays will trip
power supply if
variations be-

•come significant
• t" -. • . ' Safe failure. :

4 M-G Set' Provides (1) Fails open Failure in trip mech7 .2. 3/3 (1): Same as 19.1-1

Output overcurrent anism - ,Safe failure
Breaker protection

and d*is- (2) ails closed Failure in breaker 1 /.(2) Scram capability
connects mechanism not affected.
M-G set. Equipment elec-

trical protec-

tion and control

performance affe-
ted. _aI.,.L2iL



TABLE C.S.1.-19

.(-3

-.o

-,a)P
0• ,.y

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEM BLY OR PR OCESS P /N PR EP .ARED IV P . 14OATE 9 4 7Control Rod Drive Mechanism (CRDM) Powe Plant Protection System (PPS) SDD-99 ods

,'ru u•~l~tinlue ;j " i.

PART, ASSEMBLY PART. ASSEMBL PART. ASSEMBLY C ., cORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS
ITEM Or PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) ' FAILURE EFFECT(S) PREVENTIVE ACTION INTERFACINGS AND REMARKS
NO.

NUMBER NAME FUNCTION

19 Scram Drop contro (1) Fails open Worn trip latch or 2 3/3 (1) Same as 19.1.1
Breakers rods by undervoltage coil Safe failure

open cir- fails open circuited.
cuiting
power to (2) Fails closed Mechanical blockage 2 5/1 (2) Single scram
powr tos breaker failure

requires that
the other two.
breaker trains
open properly
for HTS shutdown

(3) Fails with long Spring failure or 2 5/1 (3) Same as 19.5-2.
time response, friction buildup.
on opening.

6 Wiring from Transmits (1) Fails to open Loose or broken wire 2 3/3 (1) Same as 19.1-1.
.- G set to generated circuit
Control voltage to (2) Fails to short Insulation failure 2 3/3 (2) MG output break-

Cabinet control circuit er trips. Same
results as
19.1-1. Safe

failure

7 3 to 6 phas Converts (I) Fails to low or Transformer failure 2 3/3 (1) Same as 19.1-1
zransformer power for zero voltage (e.g., open windings) Safe failure

SCRS and (2) Fails to high Primary to secondary 2 3/3 (2) Same as. 19.3.2
CRDMs. voltage short circuit except there is

no overvoltage
monitor. ',"F -
ure indicated "

by high temp.
alarms. Safe
failure



9
TABLE C.S.1-19

STEPS: 1. LIST EACH PART OR ASSEMBLY IN TME DESIGN"
2. IDENTIFY ALL THE POSSIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
3. IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MOOE
4. DETERMINE THE EFFECT OF EACH FAILURE ON THE-PRODUCT PERFORMANCE
S. MAKE %'fREPC".E ýQ COINTHTATO .SeB2YWCMhP\Il EN EAt"COULD I.!LAO TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUYING REMARKS
B. ESTIATF OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
7. IDENTIFý AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS PIN • PREPAREO BY DATE
Control , Dr;- : Y.echanisr. (CRDM) Power Plant Proteztion System (PPS) SDD-99 P.. Woods 9/4/74
Irai A: . . .

ITEM ART. ASSEMBLY PART. ASSEMBLY PART, ASSEMBLY " 0 CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESSNO. OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) E i FAILURE EFFECT(S) PREVENTIVE ACTION INTERFACINGS AND REMARKS
NUMBER NAME FUNCTION

"19 8 SCR Bank Supplies DC (1) SCR fails to SCR fails open cir- 2 3/3 (1) Control Rod fed
voltage to zero output cuit from affected
6 stator .SCR bank will
windings of drop.. Scram
one CRaM1 follows. Safe

failu're

(2) SCR fails SCR or sequencer 2 3/1 (2) No safety effect
tIrncEd on ta lure Scram breakers

can still drop
rods. CRDM
controller will
sense this con-
dirion'and stop.
rod motion.

9 Sequencer Controls (1) Fails so all Loss of DC control 2 3/3 (1) Same as 19.8-1
firing of outputs go to power Safe failure

SCRs to zero voltage/ontrol rod
speed and (2) Fails so that Misfiring output 2 3/1 (2) Same as 19.8-2
direceion extra outputs circuit Safe failure

are turned on

(3) Runs at fast Drive motor over- 2 3/1 (3) If rod motion
speed, speed exceeds 9"/min

by more than
].0%, rod motion
is held. Maxi-
111111m 5,CC 1:111 ) a' I

speed of CRDM
is 70"/iin. Saft
failure

C/)

4-

EQ D

0) U

PROBABILITY NUMBER, DEFINITIONS.

5. AN. OFF NORMAL CONDITION WHICH INOIVOUALLV MAN RE EXPECTED TO OCCUR
ONCE O1 MOPE DURING THE PLANT LIFETIME

, Ntr NO•MAl ION H!Y N WHICH IN-VrII-Ir.I 1 IS .. r .NO tT TOl f`•r!'-I

RING THE PLANII -- ! FTINIl HOES..L ?! , E - ,iir- N,!NZPV. ALL PltANT
* l'ýuICST ANDS VSYCLIMs jV.N I IN t: !. . .! L,:, .- ANT LAE EXPECTO ED 1

OCCUR A NUMBER OF TIMES

ý' . OrF NUAMAL CONDITION OF SUCHI EXTREMELY LOW PROBARILITV 1"IAT NO
F 

1
-'1 ýN THISCAIEGORY IS EXPECTITO 10 OC('IIR 0ITNYOP, T1 1 I .11,1 L If IIMFE

BRu WHICH. NEVERTHELESS. REPRESENT EXTREME OR LIMITIN•G CASES OF FAILURES
AHICH ARE IDENTIFIED AS CONCEIVABLE

E487.1

CRITICALIT Y NUMBERS DEFINITIONS

5 FAILURE TO PERFORM SAFETY FUNCTION

4 . DEGRADATION OF SAFETY FUNCTION

3 NO EFEtC (N U)AFTIk N AUI C.AUSES UNSCHEDULED OUTAGE

NO EFFEC. ONl SAFETY REPAIR OEFER0D UNTIL SCHEDULED
OUTAGE

I NO EFFECT ON SAFETY OR OPERATION . -

\ll Represuents'criri'aliLy Lo 'eJundant com-
ponent (A) and criticality to SYStem (B)

*.\



TABLE C.S.1-19

C-)

Lao

(0I

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS',

PATýI.A:,ASSEM'Bo.Of 'PROCEI;r... P..2"• -'IN ' •se• PS O-9PREPARED BY IDATE' " ". ,-ehanism. (CRD.I) Power Plant Protection System (F'PS)'oods •/4/74

P APT ASSEM.R. V -APT, ASSEML V PART. ASSEMBLY ' . CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESSN O PRU ,S OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) - -- FAILURE EFFECTISI PREVENTIVE ACTION INTERFACINGS AND REMARKS.NJM8E k NAME FUNCTION

r " ii. roiI: /raný. L1 (i) jail. .o .•*e Loose or broken wire 2 3/3 (1) Same as 19.8-1.
::ontrol Cab voltage fro; circuir Safe failure as

Lro.: Co sequenctr I scram breakers
"RýI:i C?.: can still drop

rods.

(2 Fail,, zo s-,orr Insulation iailure 2 3/3 (2) Same as 19.8-1.
Lircuit Safe failure as

scram breakers
can still drop
rods.

I.

U87 2

0
0-



S
TABLE C.S.1-20

STEPS! 1.
2.

3.

4,
5.

6

7.

LIST EACH PART OR ASSEMBLY.IN THE DESIGN
IDENTIFY ALL THE PO3SIBLE FAILURE MODES WHICH THE PART OF ASSEMBLY MIGHT INCUR
IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE
DETERMINE THE EFFECT OF EACH FAILURE ON THE PRODUCT PERFORMANCE
MAKE REFERENCE TOANY OTHER PART OR ASSEMBLY WHICH THROUGH AN INTERFACE
COLLD l EAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
ST-.A _ OR f'AICIILATF THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE-MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

U')

icAi
1.

PART ASSEMBLY OR PROCESS P/N PREPARED BY DATE
PPS Voitage _ignai Buffer Plant Protection System (PPS) SDD-99 -. Woods 9)/4/74

ITEM PART, ASSEMBLY PART. ASSEMBLY PART, ASSEMBLY e CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESSOR PROCESS OR PROCESS OR PROCESS FAILURE MOOE(S) FAILURE CAUSE(S) FAILURE EFFECTISP
NO. PREVENTIVE ACTION tNTERFACINGSANDREMARKS

NUMB ER NAME FUNCTION 5 I 1

Ž1 FPS Vol'tage Provides (1) ,)pen circuit to Loose or broken wire 2 5/1 (1) One PPS channel
-ignal non-PPS out buffer input fails. Indicate
luffer put for all . by interchannel

PPS voltage comparison.signal in- .2
sga in- (2) Short circuit to Insulation failure 2 5/1 (2) Same as 20.1-1ftr isolate buffer input

PPS from. (3) Short circuit, Various failures 2 3/1 (3) PPS is not
other syste s. open circuit, affected. Safe

or voltage or failure.
current source
applied to
buffer output

(4) Buffer failure Internal failure 2 5/1 (4) 1 PPS channel
not properly
isolated from
external
systems.

6.0

PROBABILITY NUMBERS DEFINITIONS

5-4 AN OFF NORM.AL CONDITION WHICH INDIVIDUA LLY MAY B E EXPECTED TO OCCUR

ONC.E OR MORE DURING THE PLANT LIFETIME

77. o•nrLI- lN ITIOIN WHICH INDIVInt IA I Y IS NOT FXPFCTErD Tn OCCUR

DURING THIE PLANT LIFETIME. HOWEVER. WHEN INTEGRATED OVER ALL Pt ANT

O IPONES.T. AN• SYSTEMS. EVENT IN THIS CATEGORY MAY BE EXPECTED TO

OC,'UR A NUMBER OF TIMES

I N OFF NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO

VrNT IN TYI11 CATEGORY IS EXPECTTE TO OCCIIM DURING TH" PLANT I.IFFTIME

BUT WHICH. NEVE RTHELESS. REPRESENT EXTREME OR LIMITING CASES OF FAILURES

WHICH ARE IDENTIFIED AS CONCEIVABLE

64871

CRITICALITY NUMBERS

5 •

4

3

2

*A/B

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

Nio LFFLLI uN SAFElY BU I CAUSES UNSCHEDULED OUTAGE

NO EFFECT ON SAFETY. REPAIR DEFERiD UNTIL SCHEDULED

OUTAGE

NO EFFECT ON SAFETY OR OPERATION
Represents criticalitV to rodundant com-
ponent (A) and criticality to system (B)



TABLE C.S.1-21

STEPS. 1. LOST EACH PART OR ASSEMBLY IN THE DESIGN
2. IDENTIFY ALL THE POSSIBLE FAILURE MOOES WHICH THE PART OF ASSEMBLY MIGHT INCUR
3 IDENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE
4. DETERMINE THE EFFECT OF EACH rAIL11PE ON IHE PRODUCT PERFORMANCE
5 MAKE PEFE RENCE 10 ANY OTHER PART OR ASSEMBLY WHICH THROUGH X 14 INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
6 ESTIMATE OR CALCULATE THE PROBABILITY GF.OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE .
7. IDENTIFV AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

C-)

PART ASSEMBLY OR PROCESS P/N PREPARED BY DATE
PP Cjrren' Sional Buffer Plant Protection Svsten (PPS) SDD-99 ,, G. Woods 9/417

PART, ASSEMSLY PART. ASSEMBLY PART, ASSEMBLY CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS
ITEM ORPROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) , FAILURE EFFECT(S) PREVENTIVEACTION INTERRACINISANDREMARKS
NO. .- 2PEETV CIN ITRAIG N EAK

NUMBER NAME FUNCTION

21 1 Buffer In- Provides (1) Buffer resistor Resistor failure or 2 311 (1) PPS input signal
::.;:Resis- voltage In- open circuited broken lead goes to zero.

S put to PPS Safe failure.

buffer (2) Buffer resistor Resistor or insulatio 2 3/1 (2) PPS signal not

snort circuited failure affected. Safe
failure.

2 PPS Input Provides (1) PPS resistor Resistor failure or 2 3/1 (i) Same as 21.1-1.
Resistor voltage in- open circuited broken lead Safe failure.

put to PFS

(2) PPS resistor Resistor or insulatio 2 3/1 (2) Same as 21.1-1.
short circuited failure Safe failure.

3 PPS Voltage Provides (I) Open circuit to Loose or broken wire 2 3/1 (1) Same as 21.1-1.
Signal Buf- non-PPS buffer input Safe failure.
fer output

which iso- (2) Short circuit to Insulation failure 2 3/1 (2) Same as 21.1-2.

late. P1• b1uffer input Safe failure.

from other (3) Short circuit. Various failures 2 3/1 (3) Same as 21.1-2.
systeems open, open cir- Safe failure.

cuit, or voltage
or current hourc
applied to buffe
output

(4) Buffer failure Internal failure 2 5/1 (4) 1 PPS channel
not properly
isolated from
external systems.

PROBAB I

tQ (D

a) L

LITY NUMBERS DEFINITIONS

54 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR

ONCE OR MORE DURING THE PLANT LIFETIME

2 AN rr %C•RýIsI -{1Nr:TInN WHIrH INCOVInIlA1 I Y " %-nlT I ,PF'CTFO TO OrntiE

SUPINON, THE 'LANT LIFETIME: HOVVEVER. ITTHEN INTEGRATED OVER ALL PLANT
OlPONr'-t .%NDO SISTEMSt EVENT IN TIlISCATFGORY MAY BE EXPECTED TO

.OCCUR A NUMBER OF TIMES

AN OFF NCRMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO

EVENT IN THIS CATEGORY IS FXPECTFD TO ()CCI !R DURING IlE[ P( ANT LIFETIME

BUT WHICH. NEVERTHELESS. REPRESENT EXTREME OR LIMITING CASES OF FAILURES

WHICH ARE IDENTIFIED AS CONCEIVABLE

CRITICALITY NUMBERS

S

2

*AI/B

I DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFFECT ON SAFETN BUT CAUSES UNSCHEDULED OUTAGE

NO EFFECT ON SAFETY. REPAIR DEFERtD UNTIL SCHEDULED

OUTAGE

NO EFFECT ON SAFETY OR OPERATION

Represents criticalily) Lu redundan com-

ponent (A) and Criticality to system (B)



. '

TABLE C.S.1-22

STEPS. I LUST EACH PART OR ASSEMBLY IN THE DESIGN

2ý IDENTIFY ALL THE POSSIBLE FAILURE Moors WHICH 'HE PA17T OF ASSEMBLY MIGHT INCUR

3 IDENTIFY ALL THE POSSIBLE FAILt+RE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE

4 DETERMINE THE EFFECT OF EAC- 'AlLURF Of', HE PRODUCT PERFORMANCE

5 MAKE HEF RFNCE TOANY OTHEI1 PART .ORASSEMBL WHICH THROUGH A% INTERFACE

COULE, LfAU TO ANOTHER FAIl URE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS

6 S I MATI. OP CAI EILAATE THE PROBARPI ITY (IF OtC.LRANCF AND THE ODGREE OF CRITICALLY

OF EACH FAILURE

7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE. MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

C)

C/)

PART AlSEMBLY OPS PHHILESS PIN PREPARER8Y DATE Ju 31, 1975
•IiI:.Sr/ ~LT.t' se':,Cly-37 Pin Corcep. LZSK 379114J Revision: Preliu.inary 8-28-74 I. F. Wandell/T. Pitterle

ITEM ART ASSEMBLY PARTCOASSEMLPART ASSEMBLY CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS
OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) FAILURE EFFECT(S)RNO FrIUR F't(S PREVENTIVE ACTION fNTERFACINGS AND REMARKS

NUMBER N4AME FUNCTION is

Handling Provide Contv:ination or Coolant Chemistry or 1 2 Unable to engage and Control coolant Refueling grapple;
Socket lifting debris collects on cleanliness causes remove the primary chemistry and coolant

surface lifting shoulder. deposits of control assembly cleanliness
for contamination or
handling debris.
tool to
remove
Primary Weld to outer duct Design/Quality 1 4 Control rod system Normal design and Control rod system;
Control falls Assurance misalignments quality assurance welding process
Assembly increase. processes.
from
reactor

Provide Hexagonal guide pad Metal self-welding; 1 2 Normal refueling Minimize .friction co Core restraint
position- seizes in core bowing of other equipment unable to efficient-on load system; refueling
ing of restraint system outer ducts, remove PCA. pads; verify core equipment.
the upper restraint system
end of the performance
primary
cqntrol
assembly Coolant passage Debris within the 2 1 None unless several Ensure assembly ,lanufacturing

clogs assembly at blocked cleanliness during. processes.
manufacture. manufacture.

Limit lower
travel of
the absor- Crushing of upper Seisrmc event 1 4 Increased drag force Mlaintain heavy wall Core restraint
ber assy. load pad thickness at upper system.

load pad to assure
_adeouate strenath.

PROBABILVTY NUMBERS DEFINITIONS

(0 D

5.4 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR

ONCE OR MORE DURING THE PLANT I IFrTIMF

T/ .,N Ir, NORMAI CONOITION WHICH N•ND!IVlIAI 1.5 I 7 VIOT rF Xf C-TEC TO OE.rUR

DURING THE PLANT LIFET'1.1E HOVILVER WHE!.N 'N!EGRATED OVER ALL PLANT

COM•ONENIS A4NE SYSTEM'S. EVENT I, TiHIS CAT7 GORY V-1T RIL EAPEC'ITO TO

OCCUE A NUMBER OF TIMES

1 AN OFF NORMAL LONOIT!IOJ orI VOULI EA TRt-I.ITLY LOISV I-POHAEIL.IIY THAT NO
EVENT IN T14lS CATI.;IiRY IS I IULILI T 0(1.ISn 11UTIN TIlT I't ANT I IFE TIME
BUT WHICH. NEVERTHELESS. REIRF.EN1T FETREME OR LII.ITIN(C TASESOF FAILURES

WHICH ARE IDENTIFIED AS.CONCEIVABI F

6487 1

5 Failure of a PC;RS to insert (A PCRIS consists
of a singlo L.:'i (Cidul, and L'LA)

4 A loI~c i .. ~i ~ i~~'AAAlous u-, rej~tivity.

3 .~spurious ?CYS j~nrtil.- 0ro
1
' Ohr u'TschdtIled outage.

2 No e~ffect ;nT af.ty~'; •.,paj, 7 of CR deferred until

1 NO e ffect on.7r .lI p£.LT



TABLE C.S.1-22

CsýL

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMCLY OR PROCESS " P/N PR •E•.~dl/ PBterT AEJuy3,1
PART A .SEUCY As'e;:'bl -37? n Cenceý! EDS', 379114i Revision: Preliminary 8-28-74 . ,y 1975

PART. ASSEMBLY PART. ASSEMBL\ PART, ASSEMBLY

ITEM OR PROCESS OR PROCESS oR PROCESS FAILURE MCDO(S) FAILURE CAUSE(S) FAILURE EFFECT($) CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS
NO. NUMBER PREVENTIVE ACTION INTERFACINGS AND REMARKS

arrest fiaa.ge impact during mary control assy; velocity limits by
insertion further insertions analysis and test-

may damage absorber ing
assy. or other
parts of primary
control assembly.

Galling at inside Rubbing between 2 4 Increased friction Review materials Materials
diameter of scram control rod shaft drag during last couples for wear development
arrest flange and flange six inches of scram data. testing

Consider need for
hard surfacing of
scram arrest flanget,

Contact of coupling Inadequate clearance 4 4 Increased insertion. Design revision to Control rod shaft
flange and handling between coupling frictional retardinc increase length of
socket exit chamber flange and handling forces large shaft diameter
and inside diameter socket caused by to prevent contact

large clearance with handling socket
between tapered exit chamber
shaft and scram
arrest flange.

2 Outer Duct Connects Weld to handling Design/Quality 1 4 Control rod system Normal design and Control rod system;
Assembly handling socket fails Assurance misalignments quality assurance welding process

socket to increase. processes.
inlet
nozzle Weld to inlet nozzle Design/Quality 1 4 Control, system mis-. Normal design. and Control rod .system;

fails Control alignments increase quality assurance welding process
significant mis- processes.

Guides alignment effect

absorber would require total
shear failure of

assembly .eld vhich is
du~r i~ considered incredib a

'des iS~o r", buckcles, Therial distortion, 5 lay ja, absorber l'etailed analyses Absorber Assembly
clolant collaoses or other- excessive compressive assemLbIy nended -o assure
flow wise defori's stress, scram impart e satisfaction of

_~ _ffects and irradia- .. desiýn re.quirerenti .t

6487-2
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TABLE C.S..1-22
9

a-,

FAILURE MODE AND .EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART.ASSEMBLY OR 
0

PE'$ v-37 P/N PREPAREesBY in7DATE 3.975

- St.,y-37 Pin Concep, EDSK 379114J Revision; Preliminary. __28-74 G. F. Wandell/T, Pitterl_ July 31_

PART. AS A EMBI. PAART, ASSEMBLY

ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MOCE(S) FAILURE CAUSC(S) •,- • FAILURE EFFECT(S) CORRECTIVE ACTION.OR PART, ASSEMBLY OR PROCESS

NO. NAME F PREVENTIVE ACTION INTERFACINGS AND REMARKS

tion effects on which would reduce
material properties. probability factor
Of lesser importance to unity.
might be differen- Duct bowing tests
tial pressure, should be consider-
residual stresses, ed to verify
scram hydraulic insertion predicticis
pressure transient for bowed ducts.
effects. Tests of insertion

impact effects on
irradiated ducts
should also be
considered.

Wall breaks insertion impact I 1 None, unless Normal design None
effects; irradiatior accompanied by processes.
effect on material distortion.
properties.

Outer duct galls Rod withdraws with 3 4 Potential increase Limit CA lifetime' Materials
hex to hex contact in insertion.drao so that wear development
due to clearances forces effects will not program
in torque taker key impact performance.
way

Review material
couples for
materials with
minimal wear
features.

Rotation of outer Excessive inter- 2 4 Retarding force Perform core Core restraint
duct assembly gap during insertion restraint analyses system

clearances or core from contact of hex to verify acceptabla
assembly motion wear pads on contro limits of duct

rod and outer duct rotation

.~. _____________ ________ ________ __________________________

e"87-2



TABLE C.S.1-22

%.0
4 r%.)

FAILURE MODE AND. EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS P/N PR ARED R" DATE
- - .j -_ LL: 37** 14J PVv ion;___ r_,__ j_ _-_-_7 r__ in Wndel /Tn Ptte ll 31, 1

) PART.AS05MRIL PART. ASE3 AT SEBY FI~FMO I ) -
ITE ORPROCF.S R PROCESS OR PROCESS AITEM OPOCDRPOFAILRESES > AS CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESSNN FAILUREE FAILURC FAFFURECAANSAKno NUBR--CTO PREVENTIVE. ACTION INTERFACINGS AND REMAR KS

',r~trol rod
coupl ing

(including
shaft and
additional
couplings
up to the
absorber
asse•ibly)

'in bundle

Connects
absorber
asseb"ly v
to control
rod drive
mnechanism;

Limits lowee
travel of
the
absorber
assembly

Contains
bC moved
in and out
of the
reactor
core for
control
and shut-
down
purposes

internal coupling,
connection to CROM
seizes

Shaft buckles

Top plate to adapter
plate weld joints
fail circumferen-
tially.

Inner duct distorts,
buckies, collapses
or otherwise deforms

Galling, self-welding
or contamination

Burr at inside
diameter of CRD
coupling

Pin bundle, jamnned by
an unidentified
mechanism

Poor weld quality

Excessive compressive
stress, residual
stresses, pin bowing
or swelling from
thermal and
irradiation effects,
pin rupture, thermal
distortion,
differential pressur,
during insertion, and
irradiation effEcts
on 1.aterials.

2 2

2I

1 1 4

Unable to separate.
CRD coupling for
refueling operation

CRD or coupling
galling causing
difficulties in
disconnect
operation.

Buckled shaft could
result in binding
during further
withdrawals or
insertions.

Pin bundle discon-
nects from the
shaft causing-
spurious insertion

May jam pin bundle
insertion.

1

2

3

5

Assure satisfaction
of design
requirements for a
breakaway joint
feature

Break or radius.
inside diameter
corner

Assure design
margin against
potential.buckling
loads. Shaft.
designed to with-
stand max. PCRDM
drive-in force
without buckling.

Normal design and
quality assurance
processes

Circumferential weld
failure highly: Im-
probable due to low
loads on weld.•
Provide sufficient
clearance. between
inner and outer
duct

Provide margins
against pin fail-
ure

Consider test to
.verify effects. of
pin rupture on
inner duct

:1aintain adequate
pin to.nduct
ciea,'ance.

Ve,'if 1 effect of
pressure buildup
during scram
insertion.

Breakaway joint
feature

CRC affected

Pin bundle

Welding processes

Outer duct; pins



TABLE C.S.1-22

FAILURE MODE :AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART AS•FMSLY OR PROCESS - P/N IPREPAREDJY - DATF.•im j r,,• ;,.'.,2.hy-.37 Pu, , :• [USK 379114J Revision: Prelininarv i3-2P-74 F, e Pi*terle July 31. 1975
PART ASSEMB$L PAST ASSEMBL. PARTA.SSEMBLY

ITEM OR PROCESS OR PROCESS OR PROCESS FAILUE MODEIS) CAUSS LURE trECTIS CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS

NNo. E NME Z 2CI PREVENTIVE ACTION INTERFACINGS AND REMARKS

CL

'-A

Ln

Upper pin support
plate to pin end
cap weld fails

Upper pin support
plate distorts

Contamination or
debris clogs upper
or lower pin
support flow pas-
sage

Lower pin support
plate distorted

Upper or lower wear
pad loose between
inner duct and
outer duct

Contamination or
debris collects at
upper or lower wear
pad

Overload due to inser
tion impact or ther-
mal effects; quality
assurance

Thermal effects

Coolant chemistry or
cleanliness causes
deposits of contam-
ination or debris

Thermal effects

Weld failure and loss
of pin

Foolant chemistry or
cleanliness causes
deposits of contam-
ination or debris

2

4

4

Pins not restrained
axially within the
absorber assembly

Weakens pins

None, unless several
clogged

Imposes load on
absorber pins

Retards control rod
insertion

Restricts control
rod movement

Normal design and
quality assurance
processes.

Normal design process Pins

Control coolant .
chemistry and clean-
liness

Normal design process
Lower plate Is at
essentially iso-
thermal inlet
coolant conditions

Normal design process
Maintain press fit
of pin

Control coolant
chemistry and clean-
liness;

Utilize special core
assemblies with
filters for 'rtti•l
CRER coolar, cL1ain
to reLmove foreign
particles potemtlall
lef1t fror racCtO,,

rý t..ructison

Coolant; absorber
• pins

Absorber pins

;Outer duct
and inner duct

Outer duct
and

.inner duct

Pins; weld
processes

6487-2



TABLE C.S.1-22

CL

FAILURE MODE AND EFFECTS ANALYSISCRITICALITY ANALYSIS

PART ASSEMBL.Y OR PROCESS PIN -bATE
- . - fn.•rr_ , 7 Revision: Preliminary 8-28-75 Wardell/T._Pitterle A July 31, 1975

PART. ASSEMBLY PART, ASSEMaLN PARI. ASSEMBLY

- IJE FFCTS CORRECTIVE ACTION OR PRoSE1L RP0Z
ITEM OR PRSCFSS OR PROCESS OR PROCESS FAILURE MOOESI FAILURE CAUSE(S) - FAILURE EFFECTIS) PRENTIVEACTION O NTRAS O RESNO." PREVENTIVE ACTION INTERFACINGS AN0 REMARKS•

NO. NUMBER NAME FUNCTION

Upper or lower wear Materials incompat- 2 4 Potential increase Verify materials " Outer duct
pad galls ability; self- in insertion drag coempatability by

welding, contamina- forces test; control
tion,debris coolant chemistry

and cleanliness
Limit CA lifetime
so wear effects
will not impact per.

Lower absorber pin Materials incompat- 2 2 Pin buckles; may form.,ce Lower pin
end plug galls, ability, self- rupturem End plug Same support plate
seizes in Tower pit welding to clad weld may End Plate to
support plate fail. clad weld

Lower or upper Flow induced 1 2 None, unless Normal design proces Other absorber
absorber end plug vibration further damage to pins
pin area broken pin occurs
off

Lower Or' upper end Quality control; 2 3 B C could enter Normal quality Coolant; particle
plug to clad weld overstress due to goolant. No assurance and sensitive
fails high internal significant effect design processes reactor

pressure; ratchetin unless additional components
pin bowing; lower pins fail possibly
end plug jamming affected.
in lower capsule
plate

Clad ruptures High internal 2 4 B4C may enter Normal design proces Same
pressure; irradia- coolant; potential
tion effects on loss of rod worth
materials, B4C
pellet or outgass-

Ang Rapid Release of Gas Tests will show
distorts Adjacent potential distor-
Pins and/or Inner- tions will not
Duct. sicni.ficantly

ý-ýact scram
insertion

64S2 2

0 0
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TABLE C.S.1-22

In (

FAILURE MODE AND, EFFECTS ANALYSIS
.CRITICALITY ANALYSISPARTAS.SEMBL OR PROCESS " P" .... ""N""PART S "SL OR - EPRCSK 379114j Revision: Preliminarv 8-28-75 " Wandell/T. Pittere..Jul 31 1975WIVE

PART ASSEMPI PART, ASSEMB . PART, ASSEMBLY
ITEM OR PROCESs OR PirOCESS OR PROCESS FAILURE MOOES) FAILURE CAUSE(S) • . CORRECTIVE ACTION OR PART. ASSEMBLYOR.PROCESSITE FALR MOESALUECUES FAILURE EFFECT'IS)"
NO. NUBR NMERNTO PREVENTIVE ACTION INTERFACINdS ANO REMARKS

Clad bulges ign Internal 1 . ould contrioute to Normal design process Same
pressure; irradia- clad loads wi.thtion effects on increased likelihood
material; B4 C pellet of pin rupture
swelling or out-
gassing.

Clad melts Cooling flow blocked 1 3 4C enters coolant Control coolant Coolant sensitive
No effect unless chemistry and clean- reactor components
additional pins lines ; eStentiall) possibly affected
fail total fhow blockage

would be required
Absorber pin bows Uneven heating or 4 2 Increased potential to melt clad Coolant; pin bundle

cooling for pin failure. Same and outer duct; clad

Wire wrap weld fails Design/quality assur- 2 2 Io effect, however Normal design and Welding• process; clad.
ance may cause damage to quality assurance:

* clad; may allow pins processes
to touch causing
.hotspots

Wire wrap breaks Wear; irradiation 2 2 Same Normal design pro- Clad
effects on materials cess;

Excessive pin bowing Increased cross-

or pin vibration sectional area of
side channel wire
wrap is preferrable
to reduced wire
diameter

Wire wrap loose Thermal effects; 3 2 ame Nomrmal design process Same
irradiation effectson materials

Pellet holddown Overheating; 2 2 Pellets free to move Same Same
spring relaxes or irradiation effects a short distance
breaks on materials within the pin;.

potential exists
for small reactivity
oscillations

1 5487.2



TABLE C.S.1-22

C-,

CID

FAILURE. MODE AND. EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PR•o•ESS P/N OATEPA.R V,,. July
'rarv CCtrol n-.A'errbly-37. in Coorc.: EDSK 379114J Revision: Prelimindry 8-28-75 ".- ,b.. * wandel1/T. Pitterle ATly 31, 1975

PART ASSEMBYPRT ASSEMBL PART ASSEMBLY
ITEM Oi PROCESS /JR PROCESS FIR IOCESS PAILURE MODE(S) FAILURE CAUSE(S) FAILURE EFFECT(S) CORRECTIVE ACTION OR PART. ASSEMILY OR PROCESS

NO. NUMBER NAME FUNCTION z PR-VEINnIVE ACTION INTERFACINGS AND REMARKS

Upper or lower Material incompat- 1 2 Pellets unable to Same; plus normal Clad to end:plug
plenum seizes in ability; pin over- move; possible quality control. weld*
clad heating failure of clad Also, select same

or clad to lower material for
end plug weld plenum spacer and

clad and provide
adequate clearance
for spacer.

B4 C pellets melt Insufficient coolant 1 3 Clad failure could Control coolant Coolant; clad
flow; result chemistry and

Excess gap between cleanliness;
pellets and clad. Normal design

requirements specif
no melting even In
transients to
minimize uncer-
tainties in pin
behavior

84C pellets break Thermal stresses 3 1 Potential for rod Limit 84C pellet
from non-uniform worth change if length, to reduce
heat generation small chips of B4 C cracking potential
and cooling. are formed

BB4C pellet seizes Pellet cocks; 2 2 Clad interaction Normi. design

to clad contamination.or rate increases with processes.-
debris;8 C swells• B C contact. Design requirements
due to iPradiation Pravides potential ; specify no pellet
effects for axial motion of to clad press.ure

pellets. .• .contact so that7
seizing is highly •
improbable.

: -A

6487.2



TABLE C. L-22 9

4D

UD(D

'C0L

FAILURE MODE AND EFFECTS ANALYSIS
• CRITICALITY ANALYSIS

ATS__M_ O_ PROC_ _ _ i PIN -75 PREPAEo, W OATE 1975
_rmary ontro_ _ Ssemb1_-37 Pin Con,._ EDSK 379114J Revision: Preliminary 8-28-7• Wlndell1T. Pitterle1

PART, ASSEMBLY PART, ASSEMRL PART. ASSEMBLY
ITEM OR PROCESS OR PROCESS OR PROCESS FCORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS

N NUMER NAME FUNCTION PREVENTIVE ACTION INTERFACINGS AND REMARKS

Insulator pellet Insufficient coolant 1 2 Distortion of the control coolant Coolant; clad
melts flow; lower plenum and/or chemistry and

Excess gap between clad could result, cleanliness
pellet and clad Appropriate selectior

Excessive B C of insulator pellet
temperaturgs material

Insulator pellet Thermal stresses 2 1 None None required
cracks

Insulator pellet Pellet cocks; con- 1 2 Lower plenum expansio Provide adequate Clad to lower
seizes in clad tamination or debris restricted; possible pellet to clad end plug. weld

material incompat- failure of tube to clearance
ability; over- lower end plug
heating weld

One or more pin Inadequate quality 1 3 Reduction in rod Differences In Coolant; PC
assemblies install- control worth diameter between assembly
ed upside down top and bottom end

caps preclude
upsic. down
insertion.

Internal pin Same 2 3 Loss of rod worth Normal quality Coolant; PC
assembly parts not from misalignment control process, assembly
installed in of B C most
correct sequence; probible effect
some wrong parts
installed

No inert gas in Same 2 l lihreased potential Same Coolant; clad
in assembly for clad failure

at beginning ot
47life

54872 •. i• iii~i ,.



TABLE C.S.1-22

3-)

(~CD

m cn

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLYORPR 9C S [P. N Revision: O8-28-75 __$..°.andell/T. PitPterle DATE July 31,1975
, rimary Contro sem,bl -37 Pin curcei, EDSK 379114.1 ...PR.?AOT I 1975

PART, ASSEMBL AT; SEOPR.ASML
ITEM OR PROCESS ORPROCESS OR PROCESS .AILUREMODElS? FAILURE CAUSE(S) F .,. " FAILURE EFFECT(V CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS

NO. NUMBER NAME FUNCTION PREVENTIVE ACTION INTERFACINGS AND REMARKS

5 Shielding Providel, Flow passayes clog Debris or contamin- 2 1 None, unless several Perform gas flow Coolant;

Assembly shield.ing' ant in coolant blocked test as last step Manufacturing and
to protect in manufacturing, quality assurance

the core', Large particle processes

support debris (>.25")
structure.f blocked by core

support structure

Shielding parts not Inadequate quality 1 1 Some loss of shield- Insure adequate Manufacturing and
installed in cor- control ing effectiveness quality control. quality assurance

rect orientation Potential increase Design is not processes
in flow rate sensitive to

orientation

Shielding assembly Design/quality 1 2 Coolant flow to pin Normal design and Welding process
to inlet nozzle control bundle may become quality assurance
weld fails restricted processes

Shielding parts Thermal effects 1 2 Same Normal design proces Pin bundle

break

Orifice. Control. Orifice plate Inadequate quality 1 3 Overheating of Perform gas flow tes Mandfacturing-and.
Plate pin' assemblies instal- control assembly leading.to as last step in -quality assurance

Assembly 'bundle ed or not installed reduction of its manufacturing processes
coolant contrary to life or, conversely
flow for requirements overcoolinq
certain
core
locations

(Groýp '
assemube Orifice plates Same 1 1 Higher flow rate Same Samec0sontain .
cothe.orifin incorrectly through the assembly

: °re~ted .relative
p a te, to each other
Groulri asserbly.

,o not)..

8 - - . - - _ __. .. _ _. . •

e .•e7, . .2
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PA$RT SSSEMaY OR PRQCESS . ' • / ~P~ ~ AE:"
,ii r.Y OR C • e • in Conce, EDSK 379114. Rev.son: Preliminar, 8-28-75 W OATErle.u, 31, 1975

PART. ASSMBL Y PART, ASEMBLv PART, ASSEMBLY
ITEM OR PROCESS OR.PROCESS OR PROCESS FAILURE MODEiS) FAILURE CAUSE(S) • '- FAILURE EFFECT(S) PART' ASSEMBLY OR PROCESS
No. NUMBER NAME FUNCTION • PREVENTIVE ACTION iNTERFACINGS ANDREMARKS,

Weld to inlet Differential 1 1 Orifice plate Normal design and Outer duct
nozzle fails temperature effects; assembly loose quality assurance

Inadequate quality processes
control

7 Inlet Supports Inlet flow passage Large particle debris 1 3 OVerheating of Inlet modules filter Inlet modules
Nozzle *lowerend clogs, or contamination control rod assy. coolant to particle

of size smalier than
control inlet passages.
rod assy.

Contains Blockage of one
orifice passage would not

plate assy restrict flow.
and shield
ing parts;

Connects to Weld to outer duct Design/quality 1 4. Control system mis- Normal design and -Control rod
outur duct fails control alignments increase; quality assurance system; welding

significant: mis-, processes. process.
alignment effect
would require total
shear failure of
weld which is
considered incredibl

Weld near orifice Differential 1 2 Flow bypasses Design analyses Same
plate assembly, temperature effects; orifices; potential needed to determine
fails, quality control overheating of the effect,.if any

control rod of probable weld
assembly cracks on control

rod assembly flow

.' -_ _ _ _. *. _ _ - __ _ __ __

B4R7-2
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART S.SEr LY OR PFR, C rSS ]'PIN " "PREPARED ?Y FA.E
-r',r" S ,E L . in O1 143J Revisison 8-28-75 - G. 1-. Wand"i.l T. Pittere UL 31 1975

PART ASSEMBLY PART ASSEMBLY PART ASSEMBLY
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURe MOSEIS) FAILURE CAUSECIS) O' =- . " rALURE EPPECTISI coRRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS
NO. NUMBER N F PREVENTIVE ACTION INTERFACINGS ANDE REMARKSN. NUMBER NAE FNTN

8 Piston Ring Provides a Not installed Inadequate quality 1 2 Potential reduction Insure adequate Manufacturing and
seal control in flow rate quality control quality control
.betweer process
nigh
pressure
sodium Ring broken Manufacturing/quality 1 2 Same Insure proper manu- Same
inlet and facturing and
low quality control
pressure procý.,ses.
region
between
assemblies Ring not adequately Debris or contamin- 1 2 Same Insure cleanliness Coolant; inlet

seated ation on the control of reactor modules
rod assembly or on components and
the mating inlet coolant
module

_____ _____-._________________ ____________________________
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TABLE C.S.1-23

STEPS I LIST EACH PART OR ASSEMBLY IN THE DESIGN

2 IDENTIFY ALL THE POSSIBLE FAILURF MODES WICH 'P PA'T OF ASSEMY-LY M•GHT INCUR

IDFNTIFY ALL THE F'OSIRLE I Atl OiiCI LAI'RLL W( IIIIT OR ASSEMALY MIGHT INCUR

FROM EACH FAILURE MODE

4. DETERM:NE THE EFFECT OF EACIU FAILU! ON !.41 PROITUCT PERrORMANCE

5 MAKE RA FE RFNCT TO ANY OTHER PART UJR AS'L.MULY WNHICH THROUGH t N INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIeUTIN-; REMARKS

6. ESTIMATE OF CALCULATE THE PROVARiLITY OF OCCURANCI AND THE DEIGREE OF CRITICALLY

OF EACH FAILURE

7 IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS PRERED BY I DATE
___"___ or Tube _sseby 128J004 Revision H •GFWdell.ARD/JMoody.Roal, July 31, 1975

ITEM ART. ASSEMBLY FART. ASSEMEL PART ASSEMBLY - FAILURE EFFE CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS
OR PROCESS OR PROCESS OR PROCESS FAIL URE MODE(S) FAILURE CAUSE(S) • - - CS PREVENTIVE ACTIONL- INTERFACINFS ANFREMARK

O. NUMBER NAME FUNCTION

l12JO04 Lower motor louses rotor I. Break at weld Poor weld quality 1 3 Pressure boundary The co-. onent has Motor tube assembly
tube assembly joint penetrated; scram been designed and

capability not installed to make
affected, this failure high-

ly improbable

Cover gas leakage
can occur only if
bellows also fails.

2. Outer wall de- Safe shutdown earth- 1 4 Insertion retarded. Sufficient analysis.
flects radially quake illustraing in;
inward significant radial

deflection; testing

128J004 Center louses 1, Break at weld Poor weld quality 1 3 Pressure boundary The component has Motor tubeassembV
motor tubj totor joint penetrated; scram been designed and

assembly capability not installed to makea laffected. this failure high-

ly improbable
Cover gas leakage

can occur only if
bellows also fails.

2. Outer wall Safe shutdown earth- 1 3 Wall would push on Sufficient analysis
deflects quake segment arms illustrating insig-
radially inward potentially leading nificant radial

to spurious scram, deflection; testing

128J004 Leadscrew Houses 1. Break at weld .1 Poor weld 1 3 Pressure boundary
withdrawal withdrawn joint quality penetrated; scram The component has Motor tubeassemb] -
housing leadscrew capability not been designed and

affected. installed to make
this failure highly
improbabl e

Cover gas leakage
can occur onls af.. . .... . "be -i~s also Tai s,,

L,,
LI)

(0 C

=7 C

PROBABIL!TY NUMBERS DEFINITIONS

54 AN OFF.NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR

O';CE OR MORE DURING THE PLANT LIFETIME

S. F1 •'OHMAL CONDITION WHICH INDIVII••t. I N', F'T XP IT F CTF t I) i ':l

o lANG THE PLANT LIFEYIME; HOWEVER v1 ,i',-•IV:,HT OVFT ALL PLANT
C'FI.'P-INENTS ANC) S'S TEMS, TV'';T if, THI!, CA TLCrRY MAY 9E EXPECTED TO

OCCUR A NUMBER OF TIMES

1 • All OFF N(ORMAL CONDITION OF SUCH EXTREMELY LOW PFROABILITY THAT NO

E'YLNT N. 114,CA•I• ORY IS EXRFCTCEPC C"I IILCDll IRT ; TIlE PLANT LII I lIME

BUT WHICHI. NFVERTHELESS, REfRESENT k XRIM.E OR LIMITING CASES OF FAILURES

WHICH ARt IDENTIFIED AS CONCEIVABLE

64871

5 failure of a PcI<sT Co Jnaert (A I'CRS c~nsists of a
single. PCRflýI, ?'C,=, and4 FC1 ).

S..lse C"4lC~. LiaSIui . reacl-: I Cv.

3 A spulrious PCRSA ill-:ItLofl Lr -tlleel ,,rsch,,,du1e ouCage.

2 No affect 0on safety, cuo,aFir oi PCKS deferred u Fntil

I NO eifeICL On 'FafuLIy Or OPIraL.UES.



TABLE C.S.1-23

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

LIa
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PART ASSEMBLY OR PROCESS PIN InPREPARln NY aATE_ T . ..... 128JI,.. Pevisio,.H G.Wndela July 31• 1975
PART, ASSEMBLY PART, ASSEMBL. PART, ASSEMBLYITEM OR PRCS'R RCS O RCS CORRECTIVE ACTION OR PART, A.SSEMBLY O R PRO CESS

IM OR PROCE OR PROCSS OR PROCESS FAILURE MOOB(S) FAILURE CAUSE(S) -- - FAILURE EFFEVT(S) PREVENTIVE ACTION IKTERFACINS AND REMARKS
NO. NUMBER NAME FUNCTION " A

2. Outer wall 2. Safe shutdown 1 4 Insertion retarded. Sufficient analysis
deflects radially earthquake illustrating insig
inward nificant radial

deflection;testing

128J014-1 iotor tube Holds m,,to 1. Break 1. Defective part 1 4 CROM misalionment Component designed Motor tube assembly
holddown tube may lead to contact to make failure lower assembly
ring assembly of leadscrew and highly improbable

in positio housing with
increased drag- -
forces. Potential
pressure boundary
penetration.

2. Excessive Same Same as above
mechanical
stresses during
Installation

2. Inward radial 1. Safe shutdown 1 4 Insertion retarded. Sufficient analysis
deflection earthquake illustrating that,
toward rotor during an earth-
assembly quake this failure

mode is highly im-
probable testing

128FOlO Position Protects 1. Loses pressure 1. Leak caused by 2 3 Indicates a bellows Quality control in Position Indicator and
and indicator position seal defective gas- failure. Pressure manufacturing.and leadscrew

128F012 housing indicator kets and seals boundary penetrated. assembly; component
including mechanism is designed toMake
guide this failure mode
bushing unlikely

2. Leak caused by Same Component is de-
safe shutdown sigr,,d to make this
earthquake failure mode

unlikely; testing

2. Jams or galls to 1. Misalignment 1 4 Insertion retarded Proper design makes.-
leadscrew inside this failure mode:
diameter highly improbable,

Flexibility of
housing minimizes..
draC forces.

2. Falling chips. Same Same
or debris

_____..________ -.

487 2
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS P/N • P AR it to ATEJ ,
t.. otor Tube Asse:rbly " 128J004 Revision H -. r.~an ell ARD/J. Moody, Roya July 3•. 1975

?AT SML ART, ASS•EMIL• PART. ASST'ELY "" "

lTEK OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) rAILURE CAUSE(S) - - FAILURE EFFECT(S) CORRECTIVE ACTION OR PART. ASSEMBLY OR-PROCESSORRT ASSEMBL PART 

CORREMBTIV 

PART. 

AAISSEMARBLYMBYORPR¢e

NO. NUMBER NAME FUNCTION PREVENTIVE ACTION INTERFACINS ANM REMARKS.

12.8F)18 Position Indicates 1. Sensor failure I. Excessive heating 2 1 Inaccurate position Component is design- Leadscrew assembly
indicator leadscrew indication ed to make this upper mechanisms

position failure mode un-
likely

2. Safe shutdown Same Same and testing
earthquake

3. Aging Same Component is design-
ed and tested to
make this failure
mode unlikely

2. Loss of signal 1. Electrical wire 2 1 One indicator out Repair wire; monitor,
break signal during oper-

ation

2. Failed meter Same Meter is designed to
make this fai.lure
mode unlikely

12c203 Argon Indicates 1. Inaccurate• 1. Normal wear (aging 2 2 Operational data. Upper mechanisms
pressure pressure from FFTF indicates. position indicator
transducer within this'failure mode housing

motor 1. Bellows failure is unlikely
tube undetected

2. Unnecessary bel-
lows and seal
examination

2. Faulty switch 3. Inability. to Switch 'esigned to
detect leak in make this failure
upper CRDM seals mode unlikely
to head access
area

3. Safe shutdown Same
earthquake

n,

(Q C

0)'X

6487.2
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FAILURE MODE AND.EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS PIN
1?1t•J)f4 Ro~visinni H hRD/Y (~6odv. RIIvRlIDATE . vuly Jl, 197N

U3 CD

S0~
M Ln

PART. ASSEMBLY PATASSEMa7PART. ASSEMBLY
ITEM OR PROCESS OR PROCESS OR PROCESS MODE(S) FAILURE CAUSE(S) . FAILURE EFFECT(S) CORRECTIVE ACTION OR PART ASSEMLY OR PROCESS

No. NUMBER NAME FUNCTION A a 7 PREVENTIVE ACTION INTERFACINGS AND REMARKS

128F093 Conoseal Seals Posi- Leaks 1. Wear aging 2. 3 Argon pressure trans- Seal designed-to maK Position Indicato "
gasket tion indi- ducer indicates a this failure mode housing -leadscrew

cator leak. Preasure unlikely assembly
housing boundary penetrated

2. Incorrect instal- Same Cover gas leakage
lation

if bellows also
fails."

Quality control dur
ing manufacturing.

and installation

Operational data..
from FFTF indicates
failure is unlikel .

3. Faulty seal Same Same

648742
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

'ART A(SSYRLY OR POC, P/Nr l.i...owerAn::. 128J003 Revision H b.•.,endell ARD,'J. Mood1, Rcjl A uly 31 1975

ASSEVEL ! PART ASSFYMLN PART. ASSEMBLY
17A OR PROCESS OR PP.OLESS OR -ROCESS FAILURE MODEISI FAILURE CAILSEIS -- ' FAILURE EFFECTIS) CORRECTIVE ACTION OR PART. ASSEMBL.Y ORt PROCESS110, t U Bt A [ F N T O _ • PREVENTIVE ACTION INTERFACINGS AND REMARK S

Nc 'IMBIR NAME FUNT.TION

'cram Provides 1. Break 1. Defective spring 2 4 Insertion retarded Sprinqgdesigned and Scram assist spring -assist initial material Potential bellows: material selected tube guidespring scram damage. to make this fail-
assist ure mode unlikely
force

2. Fatigue Same Spring designed and
fatigue tested to
make this failure
mode unlikely

2. Spring relaxes 1. Thermal creep 2 4 Insertion retarded Spring designed and.
slightly fatigue tested to.

make this failure..
mode unlikely

2. Excessive Temper- Same Same,
ature

3. Galling to 1. Debris 1 4 Same Components are de-
guide tube signed to make this

failure mode highly
improbable

. Spring-tube guide Same Same
• interaction

. Excessive sodium Same Same
condensation on

• guide tube

4. Self welds to . Dwell time 1 4 Same Operational data.
guide tube from FFTF confirms

that this failure
mode is highly
improbable

5. Spring binds on 1. Spring buckle 1 4 Insertion retarded Spring design to
guide tube slightly make this failure

unlikely
128ul?2 Guide 3uides . Galling to scram 1. Debris 1 4 Insertion retarded Con.ponents are de- Guide tube scram

:.he -:r' sorin- slightly siened to make this spring
4iai lure node highly
Timprtbabl e

2. Self we;ding to 1 Dwell ti me 1 4 Sme Oeratiunal data. fro.scram spring "jFFTF confirms *that.
t*kis failure rndeý 4sSelf I hiqgy irmpobable
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FAILURE MODE AND. EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PA RT ASS MBY OR PIC CESS P'N l• ~ ~ ~ ' y ii ATE
PA •T S RD:S 8Lo ..SS , : iij iy • 12 8JO03 Zevision _Hn e AR /IJ. Ioody, E July 31, 1975

PAT*ASSEMBI. PART. ASSEMSI. PAPT, ASEMBI.Y 
CORCIEATO1R PR.ASML RRCSIT PM 0R PROrESS OR PROCESS OR PROCESS FAiLUAe MODEUS) FAILURE CAUSE(S) FAILURE EFFECT(S)

No. NUMBER . .NAME FCTION PREVENTIVE ACTION INTERFACINGS AND REMARKS

, j e Hoz, CPeY." FrcXture 1. Fxc~essive thermal 1 4 Primary boundary Nozzle as tbeen Fe- nozzle., torque Ltue, .:
in ,sit$.iI and mechanical penetrated. signed and analyzed scram spring housing

stresses CRDM misalignments to make this fail-
increased. ure mode highly

improbable. Nozzle

loads and motion are
limited by shield-
seismic support
structure- -

2. Safe shutdown Same Same
earthquake

2. Inward radial 1. Safe shutdown 1 4 Insertion retarded Same and testing -

deflection earthquake due to increased
misalignment.

128JI22 Leadscrew Provides 1. Threads damaged 1. Roller nut engage 3 3 CRDM will not drive Operatlonal data Leadscrew-roller nut

for axial or eliminated ment leadscrew, but no from FFTF & proper.
transla- locally l effect on insertion design makes.this
tion of failure mode un-
driveline . likely

2. Ratchetlng due to Same Same
control failure

3. Wear-aging Same Same

4. Manufacturing Same Quality control.dur
defects ing manufacturing

2. Galling 1. Accumulation of 1 4 Retards insertion Components have been Leadscrew -upper

metal chips due to increased designed to make bellows support.
contact with lead- this failure mode• upper and lower
screw bushings highly improbable guide bushings

3. Self welding 1. Dwell time 1 4 Same Component couples
have been tested
to make this fail-
ure-mode highly
improbable

4. Bowing 1. Safe shutdown 2 4 Same Cor;ronent has been
earthquJake fdesianed and ala-

led til ~make this

failure mode
ur••,kely; testing
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

'PART ASSEMBLY OR PBOCE• ' '/', bly l...128J003 Revision II ,.r .,anel ARD/J. Moodv, P.val _AT_.._July 31, 1975_.

PART ASSEMBY PART, ASSEMBL PART, ASSMBLY
ITE R FIRO -;,SS OP PROCESS OR PROCESS FAILURFCAUSE(S) t CORRETE ACTION OR PART. ASSEMBLY OR PROCESS

NUMBER NAME FUNCTFON UR TPREVENTIVE ACTION INTERFACINGS AND REMARKS

I-.f

CA

i. Teeth develop high
friction coeffi-
cient

1. Bellows loosens

2. Deflects radially
inward

3. EL.cessive Sodium
bcildup on I.D.

tion

3. Faulty manufactur
I ng

1. Severe damage due
to unusual abuse
in service

2. Sodium Buildup due
to failed Bellows

1. Weld breaks

1. Safe shutdown
earthquake

I F, 4le. , I_.lC) ..

allows sodiumn eon-
densation on cool
Crn!l parts

acme

5

5

2

4

4

Same

Sufficient force to
overcome high fric-
tion and disengage
segment arms may not
be present

same as above

3ellows free at upper
ýnd Potential entry
)f sodium vapor to
ipper mechanism.

Insertion retarded

;ame

Quality control Our-.
ing installation
acceptance testing

would detect error.

Quality control dur-
ing manufacturing
acceptance testing
would indicate
error.

Life testing and
component designr
material selection,
manufacture, and
inspection are such
that this "mode of
failure is highly
improbable.

Evaluate margin of
segment arm springs.
against high fric-
tion coefficients.

Component design,
material selection,
manufacture, and
inspection are such
that this mode of
failure isihighly
improbable. Testing
to confirm capabil-
ity ) operate With
a failed bellows

Quality control on
welding and opera-
tional data from
FFTF makesthis
failure mode un-
likely

'omponent is design-
ed to make this

failure mode highly
hrprobable& testing

Testing to confirm
capability to. oper-
ate with a failed.
he" ows10 "I

Roller Assembly

Same as above

:Upper bellow supporip
leadscrew

Upper bellow support-
main bellows

128J125 Upper bel-
lows sup-
port

Supports
upper bel-
lows,
houses
leadscrew

6487 2
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASS ., LowerPcESssemly 128J003 Revision H GPf,%Mid'eil ARD/J. Moody, Royal July 31, 1975

TSSEMBL PART. ASSEML PART,ASSEMBLY - CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCES

ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) - FAILURE EFFECT(S) C
NO. NUMBER NAME FUNCTION PREVENTIVE ACTION INTERFACINGS AND REMARKS

128•! 3 Main bel- Permits Mo- 1. Leak leading to 1. Defective weld 3 4 Sodium vapor could Reliability test Main bellows- upper

lows tion of failure and sep- reach upper assem- program to determini bellow support

leadscrew aration of bel- bly and retard in- Probability and

while lows pieces insertion failure modes and

maintain- their effort upon

ing a pres insertion. System

sure boun- 
designed for oper-

dary 
atlon with failed
bel 1 r.,s

2. Hairline crack Same Same
from fatigue

3. Pin hole from hot Same Same
spots

4. Wear Same Same

5; Caustic attack Same Same

2. Interacts with 1. Leadscrew mis- 1 4 Retards insertion Components are de- Main bellows-lead-

I eadscrew alignment signed, manufactur- screw
ed , and iostal•led
to make this failuk
mode unl ikely; test.
ing.to verify no
interaction with

2. Bowing of lead- Same leadscrew.
screw Same

128G140-1 Holddown Holds lower 1. Loosens .1. Installation 1 3 Cover gas in head Proper design, qual- Holddown bearing.

bearing assembly errors compartments. No ity control in man- ring-upper bellows

ring in place effect on insertion. ufacturfng and In- support
stallation makes
this failure mode.

2. Holddown bolts Same Same
loosen

128C126 Upper guid Supports 1. Locks leadscrew 1. Falling 1 5 Leadscrew may be- Operational data Upperguide bushi'•-

bushingcome bound to bush- from FFTF indicates leadscrew-extensio.
ing, and, unable to this failure mode
scram unlikely; Reliab .i .l -

ity Tests CRDM,'

designed'tomini-
mize potential for
chips to enter
bushirigs

_ -".. ____ ______
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FAILURE MODE AND :.EFFECTS ANALYSIS
CRITICALITY ANALYSIS.

PART ASSEMBLY OP. PROCESS PINE PREPARflRv
___________~~~REP~y ""ell________ A_____________ S,,yT 1975_____.___ _/'r____,_.... 28J003 Revision P_ . G.GA andem D/,11Mo0dv.Rol

PART ASSEMELY PART. ASSEM8L PART ASSEMBLY
ITEM OR PROCESS OP. PROCESS OR PROCESS FAILURECORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESSFAL. .NUMSER FAMR FUNTIO FA R " PREVENTIV ACTION INTERFACINGS AND REMARKSNO: NUMSER 14AME FUNECTION WVNTIr.

2. Bushing breaks up Defective material or 1 5 Debris is.generated Component design. Leadsrew. -Upper
in s~rvi.ce manufacture or which may be of material selection. Guide Bushing

fatigue endurance. sufficient size to manufacture, and
inhibit unlatching. Inspection are such

that this mode of
failure is highly
improbable

3. Fails in Service Defective material 1 5 Allows Leadscrew to Component design.,, Leadscrew
or manufacture or move sideways and material selection,.
fatigue endurance. fail to disengage manufacture, and

one Segment Arm. Inspection are such
that this mode, of
fai.lure is highly
improbable

128C143 Holddown Supports 1. Becomes loose 1. Locking cup fails 1 2 Holddown bearing Proper design of Ho0'ddown bolt-hold-
bolt holddown (one bolt) ring becomes loose. locking cup makes down bearing ring

bearing Potential Cover gas this failure mode
..ring leakage if more than highly improbable

one bolt fails

2. Strips and fails 1. Poor installation 1 2 Same Quality control dur.
out (one bolt) Ing Installation".

2. Safe shutdown Same Proper design and
analysis of com-
ponent makes this .
failure mode highly
improbable

128F138-1 Conseals Seals lower Leaks 1.. Incorrect instal- 1 2 ack of cover gas in- Quality control in
mechanisms lation to CRDM no effect on manufacture and

insertion capability installation
Seals to be tested
before operation
to assume negligible
leak rate

2. Defective part Same Same

lSJl;-l Torque tubc Guides tor- 1. Keyway looses 1. Wear during 1 3 Retards torque reac- Operational data. Torque tube- torque
gue taker shape operation tion of leadscrew from FFTF indicate :takern.

this failure. mode
is highly improba-
ble.ý

2. Galling 1. Torque taker- 1 4 Insertion retarded Same

toroue tube inter .
.... ', ~ik at ion :. .

6487.2
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMWLY OR PROCESS PIN 8- oP EP, 'V , "D"ATE
PCPD!.! Lower Assebly 128J003 Revision It _G•_'aanlellARD/J. Moody, R OaT . August 31, 1975

PART. ASSEM10 PART, ASSEM EL 4ART.ASS EM8L Y*- REETEANRMAK 1
HEW OP. PROCESS OR PP.OCESS oR PROCESS FACR MOES AIUECUES ALR FETS ORRECfl/E ACTION OR PART. ASSENMOE iOR PROCESS,

SFAILURE MO DEIS) FAILURE CAUSE(S) FAILURE EFFECT(S)

NO.. oU£R"". PREVENTIVE ACTION . . .INTERFACINGS. AND REMARKS
O. NUMEER NAME FUNCTION 0~ATO TRAIG

3. Sel f-welding 2. Debris 1, .5 Insertion prevented eI"!LbLfwe potential"
Deri.1>. rnortt self-welding
3. Se ligDwell tmie fd

128F350 Torque Reacts tor- 1. Galling 1. Operational 1 4 Insertion retarded Operational data Torque taker -

F349 taker que in forces or prevented; CROM from FFTF makes torque tube
354 leadscrew will not drive this failure mode

:151 leadscrew highly improbable

2. Debris in keyway Same Same

2. Key wears 3. Excessive NA 1 3 Retards torque reac- Same
buildup on torque tion of leadscrew
taker
Operational

motions

3. Key fails 1. Fatique 1 4 Causes bellows fall- Same as above and
ure ; potential sufficient analysis
increase in contact to show this fail-
force bewteen con- ure mode is highly
trol rod, wear pad, improbable
and outer duct...
Causes bellows
failure; CRDM can-
not drive out may
jam control rod
assembly.

128C128 Lower bush- Guides lead 1. Locks leadscrew Falling chips 2 5 Insertion retarded Component is de- Lower bushing..-
ing guide screw extension or prevented Signed to make leadscrew

this failure mode extension
unlikely; tests to
ver ,.y absence of
failure mode

2..Excessive Sodium Failed Bellows . 4 Insertion prevented Same Same
buildups on I.D. allow sodium con- or retarded due to

densation on cool rubbing on trans-
mechanism parts lating assembly.

128J133 Scram Cocks-scraa 1. Breaks 1. Defective. 1 4 Insertion retarded Proper design of Scram.sp.ring.actuator-
spring ac- spring material component and scram spring .
tuator quality Control

of material
selection-makes
thisf ailure mode
highly improba'hle.

.2. Excessive load Same Same

5487.2
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

FAR' ASSEMBLY OR POCESS P/N .0RPA%, oAT 1...
-_ -r -t __.+:,-' •r s___bl'_ " 128JO03 Revision _ u...ae l ARD/J. Moody, R August 31, 1975

PART. ASSEMBI. PART. ASSEMEL PART, ASSMEBLY ..
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODELS) FAILURE CAUSE(S) O FATION OR PR.ASSEMBLY OR PROCESS
NO. F L UI EFU j C RE CT

NO MER NAM FUCION*~ - PREVENTIVE ACTION INT IRFACINCI ARC REMARKS

2. Galls

3. Excessive vibra-
tions during scram

Excessive sodium
buildup on guide
tube

Same •Same

C-1

LO0 (D

0*1Lr

125J120

128C356

128J119

Lower
bellows
support

Spring seat
ring

Leadscrew
Extension

Supports
lower bel-
lows and
houses
1eadscrew
extension

Translates
motion be-
tween
Scram
spring
ard scram
spring ac-
tuator

Translates
6xial Ino-
ýion fro',
1 ea dx~~

to Orive-
line

2. Deflects radiall,
inward

I. Wear

2. Galling

3;. Breaks up in ser-
vice.

Locks

I. Safe shutdown
earthquake

Motion during scram

1. Chips

2. Frictional heat-
ing

3.. Excessive sodium
buildup.

Defective material
or workmanship

Falling chips be-
tween upper or lower
guide bushings and
leadscrew extension

I. Bellows loosens 1 1. Weld breaks 2

2

2

Insertion retarded

Bellows free at lowei
end. Potential enir)
of sodium vapor to
upper mechanism.

Insertion retarded.

Retards insertion &
damages bellows

Retards insertion

Same

Same

Retards insertion

Same

Quality control .on
welding and opera-
tional data from
FFTF makes thisfailure mode unlikely

Proper design and
analysis-.makes this
failure mode highly
improbable;

Testing

Friction and wear
test data.

Operational data
. from-FFTF indicates..this failure mode.
is unlikely; life
test

Same

Same

Component design,
material selection,
manufacture,.and

* inspection are such
that this mode of
failure is highly
improbable

Conmpo•ent.is design-
ed tomake this
failure..mode:..n-
likely;.1 ife test.,

Lower bellmows suppnrz-
main bellows

Lower bellows support-
leadscrew extension

Spring seat ring
scram spring

Spring seat ring
scram spring ac
tuator

Leadscrew exten-
sion.upoer and/
c! lower guide
bushing . •

2 Leadscrew may
.come bound .in
ing and unable
scram

be-
bush-
e.to

6487.2
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS P/N PA D"Y DATE

r0:J' Low,- Asse;.lli _ 128J003 Revision H _ . . IwanoelI ARD/J. Moody,.Royal Ajaust 31, 1975
FART Ac' FBLY PART. ASSEMBLI ART ASSEMBLY

MTM OR PROCESS OR PROCESS OR PROCESS FAILURE MODEMS/ FAILURE CAUSEIS) ." FAILURE EFFECT(S) CORRECTIVE ACTION OR PART. ASSEMBLY OR.PROC.ESS
NO NMEp NAME FUNCTION F PREVENTIVE ACTION INTERFACINGS AND REMARKS

A slight increase in
retarding forces is
more probable than
scram failure

128C,21 Lock pin Couples Break 1. Defective material 1 3. Allows inadverent Quality control on Lock pin bellows
lower scram only if lead- material selection support
bellows screw extension un-
support screws from lower "
with bellows support.:
1 eadscrew
extension

2. Excessive shock Same Component is.design-
ed.to make' this
failure mode highly
improbable

128FWTa-1 Anti-ejec- Restricts 1. Anti-ejection 1. Spring 2 2 Outward motion of Proper spring design Anti-ejection pawl;
tion pawl outward • pawl becomes in- breaks leadscrew is not for application; segment arm

motion operative restricted life test No mechanism exists
when rol- for outward motion of
ler nuts 2. Tooth wears or Outward motion of Proper pawl design CRD and CA even if
-'re dis- breaks .leadscrew.is not re to make this fail- anti-ejection pawl.
e,igaged stricted lure unlikely . fails

3. Pivot pin galls Outward motion of Operational data
and locks leadscrew is not from FFTF

restricted

4. Lock pin falls Outward motion of Proper lock pin de-
leadscrew is not sign tý make this
restricted failure unlikely

2. Excessive contact 1. Debris (chips) in 1 4 Increased drug force 1. Operationl data
force with lead- threads or anti- of pawl on leadscrem from FFTF
screw during ejection pawl
scram

• 2.Pawl.;has beentde-
signed; to make

this failure "
• unlikely

2. Defective part Same Pawl has been.de-..
signed to makI this

failure, unl:ikely.

3. Galling of pivot Same Quality control. in.: •
pin .material se',ection.

FFTF *est te st

• _________________ .......... I this effect unlikely.
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CIAILUITY ANLY SFIEt;S 4 ýNlk. "4
CRITICALITY ANALYSIS

2. Insertion pre-
vented when debri!
falls between
bushings and lead.
screw

Roller assembly-
leadscrew

Roller assembly-
segment arm

C-)

(31.
2. Roller nut will

not :revolve

3. Roller bearing
failure

4. Retainer breaks
up in service.

2; Ratcheting due to
control'fallure

1. Failure in elec-
trical system

2. Debris from ball
bearing failure

1. Ball bearing fail-
ure

2. Pin drops out of

bearing

3. Race failures

Defective material
or workmanship.

3

5

5

Same

CRDM cannot drive
leadscrew

CRDM cannot drive
leadscrew

1. CRD!I cannot drive
leadscrew.

Bearing failure could
jam leadscrew which
could retard or pre-
vent insertion.
Same

Same

Provides a source of.
debris which may jam
translating assembly.

Control system de-
signed to make this
failure unlikely;
testing

Sufficient operation-
al data-from FFTF

Roller bearings...have.
been designed to_
make this failure
unlikely; testing

Roller bearings have
been designed to
make this failure
unlikeiy; testing

Same

Same

Component design,
material selection,.
manufacture, and
inspection are such
that this mode of
failure is highly
improbable
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEI,1A, p 9PROCESS PI . "Dna ATE
____. _ RioH•r _____ 12__059_Revis Aioo. H Auoust 31. 1975

PART. ASSEMBLY PART ASSEMBLN PART, ASSEMBLY
ITEM OR PROCESS OR PROCESS On PROCESS FAILURE MODE(S) FAILURE CAUSE(S) • . FAILURE EFFECT(SI CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS

.U.EER A NME FUNCTION PREVENTIVE ACTiON INTERFACINGS AND REMARKS

5. Teeth develop 1.Severe damage du 1. 5 Sufficient force to Life testing and Leadscrew
high friction to unusual abuse overcome high fric- component design,
coefficient in service tion and disengage material selection,

Segment Arms may manufacture, and
not be present. inspection are such

that this mode of
failure is highly

-- improbable

2. Sodium buildup 1 5 Same as above omponent design, and Leadscrew
due to failed material, selection,
bellows. are such that this

mode of failure is
highly improbable

128C067 Spindle Support and Pin fails allowing Defective material 1 Leadscrew may not bE Component design. Leadscrew
Roller locate axis Roller Assembly to or manufacture or released. material, selection,

of Roller remain engaged with fatigue endurance. manufacture, and
Assembly Leadscrew while Seg- inspection are such

ment Arms retract. that this mode of
failure is highly
improbable

128F078 Sdgment Provide 1. Break in Service 7. Defective mater- 1 5 Sufficient force to Component design, Segment Arms
128F079 Arm disengaging lal or manufac- disengage Segment material selection.

Spring(s) force for ture of fatigue Arms may not be manufacture, and
Rotor endurance. present. inspection are such
Assembly that this mode of

failure is.highly
improbable. Review
design anslysis to
ensureacceptable
spring margin.

2. Relaxes in Ser- 1. Creep 1 4 Sufficient force to Same as above
vice overcome high fric-

2. Higher than design tion and disengage
basis temper- Segment Arms may
atures not be present.

3. Galls with 1. Excessive wear 1 4 Segment Arm disen- Failed bellows:test Sa ,me ast above
Segment Arm and/or sodium gagement is retarded planned to confirm

buildup due to absence of failure
failed bellows I:'ode.

0



TABLE C.S.1-25
FAILURE MODE.AND EFFECTS. ANALYSIS,

CRITICALITY ANALYSIS

PART ASSEMBLY OR PROPE5S PIN " Y "AT
FCD'.. otor Asseb.l . 128J059 RevisionH ARD/J. Moody, Roya" DATE August 31. 1975

tART ASSEMBt YPART ASSEMBL FART. ASSEMBLY
ITEM OR PFOCESS 1 OWPROCESS OR PROCESS FAILURE MOOE(S) FAILURE CAUSE(S) - FAILURE EFFECTIS) CORRECTIVE ACTION OR PART; ASSEMBLY OR PRAOCESS

No NUMBER NAME FUNCTION e PREVENTIVE ACTION INTERFACINGS AND REMARKS

U.- Pivot pin Fulcrum for I. Break .1. Defective mater- 5 Segment aril not Pivot pin designed Pivot pin-seqment

Segment ial or manufact- functional; inser- to make this failure arm
arm ure or fatigue tion may be prohi- mode highly improb-

endurance bited. able

2. Excessive load Same Same and Life Test

2. Locks 1. Galling 1 5 Segment arm not Uperatioýil data
functional; unlatch- from FFiF and Life
ing may be prevented Test

2. Chips or debris Same Component design
material selection
manufacture, and
inspection are ,suc
that this mode of
failure is bighly
improbable

3. Excessive Sodium 1 5 Unlatching may be Same as above Same as above
buildup on O.D. prohibited.
due to failed
Bellows

3. Bending 1. Excessive load 2 4 May retard segment Pivot pin designed

arm motion to make this fail-
ure mode unlikely;.

Life Test

2. Wear Same Same

128J006-1 Segment Positions 1. Locked in CRDM 1. Pivot pin breaks 1 5 CRDM will not re- Pivot pin designed Segment arm-roller

arm roller drive position or locks lease leadscrew to make this fail- nuts
nuts ure mode highly

improbable

2. Debris in pivot Same Same
pin hole

3. Wear and galling Same Same
of pivot pin

2. Breaks 1. Fatigue 3 Spurious scram. Segment arm design-
ed and tested to
make this failure
mode highly improbý
able

_,-_ _.1 1. __

C-)

CT1
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CRITICALITY •ANALYSIS
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.AAr AS Mj. ,Rr.E. bl .e. 1 y "128J059 Revision H Augut ARD/. Moody, RoyaI A us 31, 1975

FART AS$t'. ;.YjPART. ASSEMSL FART,.ASSEMBLY
ITEM OR For.S'• OCPROCESS OR PROCESS • FAI'UREMooUS) FAILURECAUSE(S) EFFECT(S) UBY OR PROCESS

O. NUM U PREVENTIVE ACTION INTERFACINGS AND REMARKS

3.:Residual magne- 1. Rotor tube be- 1 5 CRD01 will not' Operational data
tism keeps arm comes magnetic release leadscrew from FFTF assures
locked in CROM this failure mode
drive position is highly impobabýe.

4. Galls with Sodium buildup due 1 5 Segment Arm disen- Component. design, , Segment Arms
Rotor Tube to failed Bellows gagement motion material selection' Rotor Tube

may be prohibited .manufactire, and
inspectiLi are
such that this .mo
of failure is
highly improbable

128J060 Rotor Tube Supports., 1. Wal,l fails at 1. Wear 1 5 Insertion retarded Rotor tube designed, Rotor tube-segment.
segment. pivot pin hole or prevented as well as suffi- arm
arm and cient FFTF opera-
anti-.*. " tional data to
ejection make this failure Rotor tube-anti-
pawl and mode highly im- ejection pawl
rotates . Probable
segment
arm to 2..Tube will not 1. Failure in con- 3 3 CRDM will not drive Control system de-
drive.' " ' revolve trol system :leadscrew signed' to make
lead-crew '. . this mode of fail-

ure ublikely

.3. Excessive sodium Failed Bellows allo 1 4 Insertion may be Component design,
buildup on I.D. sodium condensation retarded by rubbing material selection"

on cool CRDM parts. on leadscrew manufacture,- and
inspection are
such that this.
mode of failure
is highly improb-
able

128JO85-1 Radi,l Aligns 1 Out er or inner I. Defective part 1 3 CRDM will not drive Radial bearing is.. Radial bearings-
bearing .rotor race locks with leadscrew designed and assem- rotor 'tube
assembly tube as- ball bearings bled to make this

se.bly failure mode.high-
y improbable

2. Debris initiates Same Same
.. :, . .. galling • '

'3 g Bearing surface Same : ' . Same.

' j ..:wears "'
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS "

PART ASSENbIY Or PPnr5;:' PIN HII•.i.•,iuYll APD/J, Moody, Royal OAE August 31, 1975FC ';!•FOtrr ,ss,,7rlblj !28Jn59 Revision H Pl1ADJ ,Oy oa

ANT ASSE'OLý PAjIT. ASSEM8L PART. ASSEMBLY CRETVITM RT ,RSEMSL OART PRCSS OR P:RT.CASS•MIY••' CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS

ITEM OR PROCESS OR PROCESS OR.ROVESS FAILURE MODE(SI FAILURE CAUSE(Si t r 1 FAILURE EFFECI(S).

NO NUMBER NAME FUNCTION PREVENTIVE ACTION INTERFACINGS AND REMARKS.

2. Outer or inner 1. Excessive radial 1 3 CRDM will not drive Radial bearing. is
race deforms or or hoop stress leadscrew designed to make
breaks loads this failure mode

highly improbable

3. Ball bearing in 1. Retainer surface 1 3 Same Same
retainer locks wears

2. Failure in re- Same Same
tainer

4. Race or bell I. Defective material 1 5 Debris generated Component design, Synchronizer Bearing
retainer fails or or manufacture, which may be of Material Selection, Segment Arms
disintegrates in or fatigue endur- sufficient size to Manufacture, and
service. ance inhibit unlatching inspection are such

or Debris may Jam that this mode.of
synchronizer Bearing failure is highly

improbable

128JO83 Synchroniz Causes seg- 1. Ball bearing 1. Defective part 1 5 Segment arms may not Synchronizer bear- Synchronizer bearing
er bearin ment arms locks disengage leadscrew ing assembly is de- segment arms
assembly to move signed and installed

together to make this failure..
eode unlikely

2. Debris initiate Same Same and Life Test .
galling,

3. Bearing surface Same Same and Life Test
wears

4. Erosion in ball Same Same and Life Test.
bearings

0')

In ED
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TABLE C.S.1-25
FAILULIE MODE AND E.FFECIS ANALNSiS

CRITICALITY ANALYSIS

_Pt*TA Mi~MLT OR PqnCESS P/N l2I5 ee o RPAEB ,0_______r________fP____, Sý 1Ak '1 1,975r_,128J_59 Reves'in H IG 0/. Moody, Ryal Jul1
PART, iSSEMRL P PART, ASSEMBLY PART, ASSEMBLY

ITEM OR PROCESS OR PROCESS OR PROCESS TFAILURE MODE(S FAILURE CAUSE(S) FAILURE EFFECTOSR PROCESS
NO. NUMBER NAME FUNCTION PREVENTIVE ACTION INTERFACINOS AND REMARKS

2. Outer or inner 1. Excessive radial 1 5 Segment arms may not Synchronizer bear-
race deforms or hoop stress disengage leadscrew ing assembly is

loads designed and install
ed to make this fail
ure mode unlikely;
Life Test

3. Synchronizer pIn 1. Fatigue 1 5 Same Component is design-
mounting boss edand fatigue
fails tested to make this

failure mode un-
likely;

Life Test

2. Heavy press fit Same Component is design-
causes axial split ed and inspected

by manufacturing
before and after
assembly to make
this mode of fail-
ureunlikely;

Life Test

4. Bearing breaks up 1. Defective material 1 5 Debris generated Component design, Syncronizer Bearing
in service, or manufacture, o which may be of suf- Material selection, Segment Arms

fatigue endurance ficient size to Manufacture, and
inhibit unlatching inspection are such
or Debris may jam that this mode of
synchronizer failure is highly

improbable

1 4 Synchronizing action Same as above Same as above
is lost

5. Becomes.coated. 1. Failed Bellows 1 5 Same as above Same as above Same .as above
.with sodium de-,
posits and jams
or friction is
Increased

128C062-1 Synchronl- Fulcrum for 1. Locked pin 1. Galling 1 5 Motion of segment .Component Is design- Synchronizer pin-
zer pin rotational arms may be inhibit- 4Ad to make this segment arms

motion of ed mode of failure
segment am unlikely;

Life Test
Sufficient FFTF.
testing to show
this failure mode
is very unlikely.

0
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TABLE C.S.1-25 FAILURE MODE AND EF&FECTS ANALYSIS
CRITICALITY ANALYSIS

La.

PART ASSE•X,. B n=• . P/N ... .. ATEA~ V .. ,
PAR, ASS , hI ss mIy 128J059 Revision H ,. . -anOeii ARD/J. Moody, Royal OATE July 31, 1975

PART. ASSEMBLY PART. ASSEMOL PART, ASSEMBLY " "
ITEM OR PROCESS OR PROCESS OR PROCESS " " FAILURE'MODElS) FAILURE CAUSE(S) L FAILURE EFFECT(S) O PCESS

NO. NUMEER NAME FUNCTION • • PREVENTIVE ACTION INTERFACINGS AND REMARKS
2.r Veri ,U

2. Debris Same Same

3..Defective pin Same Same

2. Breaks up in 1. Defective Mater- 1 4 Synchronizing action Component design, Synchronizer Bearirg
service. . ial or manufact- is lost Material Selection, Segment Arms

ure or fatigue Manufacture, and
endurance Inspection are such

that.tl,.s mode of

of failure is high-
ly improbable

1 5 Debris generated Same as above Same as above
which may be of
sufficient size to
inhibit unlatching.

3; Becomes coated 1. Failed Bellows 1 4 Same as above Same as above Same as above
with sodium de-
posits and jams
or friction is
increased

128C063 Rivet Retains 1. Break, allowing I. Defective part 2 4 1. Sychronizer pin The rivet has':been Rivet - synchro-
synchro- pin to be lost falls out which designed and mater- nizer pin
nizer pEn could retard un- ial selected to make

latching due to this failure mode.
loss of synchroni- unlikely; Life Test
zing action

2. High stress and Same Same
loads

1 5 2. Debris is pene- :Same as above Same as above
trated which may
be of sufficient
size to inhibit
unlatching.

128F086 Rotor Provides 1. Does not rotate 1. Broken pin 1 3 Position indicator Pin has been design-. Rotor- rotor
segment with.rotor tube " " failure ed to make this mode tube
arms rota- of failure unlikely
tional .
indicatior
to positi(n , . •
indicator I

.__ 1 * .*. . . _ _ _ _ _•__ _ _ _ __._ __-
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- FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBII Y Ili ~riocE~s P/4 IPREPARED AV ]OA1t
. 2c,]059 Revisioi Ii I(.F._In1PlI 1•1.1/J. Moodx; Royal[ July 31, 197b

PART ASSEMBLY PART ASSEMNI. PARI.AZSEMBLY r
ITEM OT POES0S, PROCR O% IR PROCESS FAILURE'MOOEIS) FAILURE CAUSE(S FAILURE EFFECTS) CORRECTIVE ACTION OR PART ASSEMBLY OR PROCESS

N NAME FUNCTION " PREVENTIVE ACTION INTERFACINGS AND REMARKS

2. Loose collar Same Coll'ar has'been de-
signed and will be
inspected after in-
stallation to make
this failure
unlikely

2. Fails to respond 1. Rotor becomes too 1 3 Same Sufficient operation-
to electro-mag- hot-during opera- al data from FFTF' t
netic field tion and looses insure this mode of

electro-magnetic failure is higly
properties improbable

3. Cracks or breaks 1. Fatigue 1 3 Same Component has been
designed and fatigue
tested to insure
this mode offail-
ure is highly
improbable

128C088 Rotor col- Supports 1. Becomes loose 1. Broken pin 1 3 PositionPin has been desgn- Rbtor collar - rotor
lar rotor to Psion ed to make this, mode

-rotor tube failure of failureunlikely Rotor.collar - rotor
tube

2. Pin falls out due Same Rotor collar has been
to.broken lip designed to make

this mode of failure
unlikely

128CC84 Spacer Separates I. Compresses 1. Defective part 1 2 Small motion of syn- Component has.been Spacer. - radial bear-
radial radial cronizer bearing. No designed to make ings
bearing and syn- effect on scram this failure.mode

chronizer performance highly improbable Spacer -rotor tubebearings
Spacer - synchronizer

2. High mechanical Same Same bearings
and/or thermal Sa.e"
stresses

128FO82 Nut for Iolds thrust 1. Becomes loose 1. Vibrations 1 2 Retards CRDM from Operational data froE Nut - thrust bearing
thrust bearing in driving leadscrcw FFTF makes this, faill
bearing place Oil urv imde unlikely

rotor as- Roat onof thread-
semol. ed nut is prevented

by deforeling n*it I?-
to motor assembly

2. Temperature gra- Same Same.
dients and cycling . .*.

.. j .- .

6487-2
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AR , EY....... rbl~y' ",IN 12f0059 Revision H •.~an ll ARD/J. Moody,, Royall DAE July 31, .1975

PART. ASSEMBY PART, ASSEMBL PART, ASSEMBLY . " r-"
ITEM OR PROCE"S OR PROCESS OR PROCESS FAILURE MODELS) FAILURE CAUISE(S) " FAILURE EFFECT(S) CREVCNTIVE ACTION .INPERFACINGS AN OREMAROKS

NO. NUMBER NAME FUNCTION CRRECTIVE ACTION R, PART. AL OR PRCEMSS

3. Defective threads Retards CROM from Component ha-s' been.
driving leadscrew . designed and in-

spected tomake
failure mode
unlikely

4. Deformed groove 0 Same Same
fails at both 18

0

places

5. Wrong torque set- Same Inspection of com-
ting during as- ponent after in-
sembly stallatlon insures

failure is. unlikel)

128FO2 I. Nut strips or 1. Defective material 1 s If Rotor Assembly Component design Rotor Assembly
fails in service or manufacture or falls into contact material selection Segment Arms

fatigue with Lower Mecha- manufacture, and
endurance. nism, the Segment inspection are such

Arms may be prevent- that thismode
ed from opening. of failure Is.high,

Sily .improbable

128F100 Rotor Supports 2. Fails in service 1. Defective material 1 *. 5 If Rotor Assembly Component design ,Rotor Assembly
Assembly Thrust or manufacture or . falls into contact material selection Motor Tube
Nut Bearing and fatigue endurance with Lower Mecha- manufacture, and,,.

Rotor nism~the Segment inspectionare suc•
Assembly Arms may be prevent- that this mode of

ed from opening. failure is highly
improbable

128F064 Latch ro- Limits up- 1. Spring breaks 1. Fatigue 2 2 Increased length In Spring designed Latch rotational
tational ward mo- CRDM for withdrawal and fatigue tested stop-leadscrew
stop tion of motion. Withdrawal to minimize failure

leadscrew would be stopped by probability Latch-rotational
other stops such as stop-spring
torque taker travel

2. Defective part Same ' Spring properly de-
signed and manu-
facturing to insure
failure is likely

2. Lock pin breaks 1. Defective part 1 3 Same Lock pin designed to
make failure unlike
ly

3. Pivot pin breaks 1. Defective part 1 3 Same • Pivot pinl designed
to make-failure un-

- likely ' . • . .. .
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PART ASSMELY R PRflEs /N . :ATE
DCRpC:! R!.torRssembN•iPCRDM Strator-jacket Issembly 128JO59 Revision H I a .WandelI ARD/J. Moody. Royal . Jul3 .1, 1975

ART. ASSEMBL PART ASSEM6BL PART. ASSEMBLY I "

ITEM OR PRCESS OR PRO R PROCESS FAILURE MODE(S) FAILURE CAUSE(S PAILURE E S CORRECTIVE ACTION.OR PART, ASSEMBLY OR PROCESS

NO. NUMBER NAME FUNCTION -R PREVENTIVEACTION INTERFACINGS AND REMARKS

.01 -

4. Latch breaks up
in up in service

Defective material or
manufacture or fatigLE
endurance.

I 5

S. Jams Segment Arm Sodium buildup due to
with leadscrew failed Bellows

128,017 Stator-
Jacket

Assembly
C-)

4:6

r_ (
In C

Converts
electrical
power to
magnetic
field
to. engage
and drive

regment
arns

1. Residual
magnetism

2. Stator windings
fall open or
short

3. Coolant flow or
jacket fails

1. Improper material
in stator lamina-
tions .

2. Extraneous
external field

1. Overheating

2. Insulation
Breakdown

3. 'dire breakage

1. Safe shutdown
earthquake

Debris is generated
which may be of
sufficient size to
inhibit unlatching

Unlatching may be
prohibited

Segment~arm disen-
gagement is retarded

Loss of magnetic
field will cause
spurious insertion

Loss of coolant will
cause stator failure
and spurious.rod
insertion

Component design,
material selection,
manufacture, and
inspection are suct
that this mode of
failure is highly
imprnbable

Component design,.
material selection,
manufacture, and
inspection are suct
that this mode of
failure is highly
improbable

Adequate quality
control and mater-
ial certification

Acceptance testing
will ensure that
this failure mode
is highly improbable

The stator-Jacket
assembly incorpor-
ated.provisions for
cooling

Adequate quality
control-and material
certification

Connecting wire
protection is pro-
vided

The statorwjacket
assembly will be'
designed.and testad
to ensure thatthis
failure mode is
highl'y improbable

Leadscrew Upper
Guide Bushing

PCRDM Rotor
Assembly Segment
arms

A A....,LLA.

0
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TABLE C.S.1-26

CRITICALITY ANALYSIS

PART A4 •, V oR.PRnrFS& -' PR•PAr1'Y . DATE
- C:f.* Strator-Jacket Assernblv 128FO80 Revision H G_.F.andell ARD/J Moody, RoyalD July 31, 175•

FART. ASS!YBLY PART, ASSEMBL. PART, ASSEMBLY

ITEM OR PROCESS OR PROCESS on PROCESS PALR OSS ALR ASI~~-PIUEEFC4I CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS
NO. NUMBER NAME FUNCTION PREVENTIVE ACTION INTERFACINOS AND REMARKS

128JI12-l Thrust Reacts the 1. Locked 1. Bearing surface 2 3 CRDM will not drive 1. Sufficient lubri- Thrust bearing-upper
bearing; CRDM radial wears leadscrew cation mechanisms
outer and and thrust 2. Proper design of
inner loads component
race's 3. Sufficient wear

data of material
coup'.s

2. Defective part CRDM will not drive Proper design of
leadscrew component

3. Debris initiates CRDM will not drive Sufficient opera-
galling leadscrew tional data of

thrust bearings

2. Outer or inner Excessive radial or 2 3 Will retard CRDM This component has
race deforms hoop stress loads from driving lead- been designed and

screw installed to make
this failure un-
likely

3. Outer race cage 1. Poor assembly 1 5 Gross misalignment. 1. Assembly. quality
fails technique of leadscrew causing. control

failure to insert 2. Proper mounting
control rods design, making

this failure
highly improbable

4. Race breaks up in Defective material o 1 5 Debris is generated Component design, Leadscrew, Upper
service workmanship which may be of material selection, Guide Bushing

sufficient size to manufacture, and
Inhibit unlatching inspection, are

such that this mode
of failure is un-
likely

128FO80 Thrust Supports 1. Race or ball re- 1 5 Debris is generated Component design Segment Arms
Bearing and lo- tainer fails or which may be of material selection,

cates breaks up in sufficient size to manufacture, and
Rotor service inhibit unlatching inspection are such
Assembly that this node of

failure is highly
improbable

Same as above Same as above 1 5 If Rotor Assembly Same as abo,.,e Segment Arm,
falls into contact Rotor Assembly
with Lower Mechanism
the Segment Arms may
'_ prevented from
op~ening



TABLE C.S.1-27
IAILURE MOth. AN) EFFECIS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY or POnrFSS P/N oREpAJFnyv 3AT 1975•ART FCRC;', Thr!st Bearinn Assembl, : 128FO80 Revision H __!..'Nandell ARDAJ y July 31M 1975

PART. ASSEMBLY PART. ASSEMBLY PART ASSEMSL 
CO A OR P1TM RPRCES ORPRCS$ ORRCF• FAILURE MOOE(VS FAILURE CAUSE(SI = I FAILURE EFFECT(S RRECTIVE ACTION OR PART ASSEMBL OR PROCSNO NROBE R PROE FUNFTIRN 0 " PREVENTIVE ACTION INTERFACINGS AND REMARKS

.NUMBER N AM E FUNCTION

128F. 08 Thrust
bearing
retainer
assembly

Spaces and
seats balls

Locked 1. Retainer bearing
surface wears

2. Failure in retain-
er

Defectivematerial or
manufacture or fa-
tigue endurance.

1 3 Will retard CROM
from driving lead-
screw

Will retard CRDM
from driving lead-
screw

Debris is generated
which .may be of suf-
ficient size to in-
hibit unlatching

I. Sufficient lubri- Thrust bearing -
cation upper mechanisms

2. Sufficient wear
data or operation-
al data for thrust
bearings

The component has
been designed to
make this failure
highly improbable

Component design.
material selection,
manufacture and in-
spection. are such
that this mode of
failure is highly
improbable

2. Retainer breaks
up in service

5 Leadscrew, Upper
Guide Bushing

(MCD

e_ N
M .n

________ L ________ ________ ________________ ________________
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TABLE C.S.1-28
FAiLURE MODE AND) EFFECTS ANAL'rSiS
CRITICALITY ANALYSIS

L~CD

0-.

4.

PART ASSFMAI Y OR PROCFqý PIN I AEEOSY IAT

i Shi-ld Pluo Assembl H4-22458 Revision H __rwAdl I ARD/J. Moody. Royal July 31. 1975
PART ASSEMBL PART ASSEMIL PART ASSEMBLY

ITEM OR PROCSS O PROCESS *ORPROCESS A E EACORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESSS-FAILURE EFC(l..ITE ORPROESS OR ROCSS OR ROCSS FAILURE MODE(S) FAILURE CAUSE(S) FALR EFFVECT(S)TO ITRFCNG NORMAK

NO NUMBERL NAME FUNCTION PREVENTIVE ACTION INTERFACINGS ANO REMARKS

H4-22458 CROM shiel( Shielding 1. Breaks 1. Defective material 1 3 Debris falls into Component is design- Shield plug - drive-
plug coolant ed to make this line

mode highly improb
able

2. Safe shutdown Same Same and testing
earthquake

2. Inward radial de-
flection 1. Safe shutdown 1 4 Retards Insertion Component is design-

earthquake ed and analyzed to

make this failure
mode highly improb-
able

3. Distorts 1. Thermal gradients 1 4 Retards Insertion Same

H4-22458 CRDM shielc Prevents 1. Breaks 1. Defective material 1 3 Debris falls into Componet is design- Shield plug extension
plug ex- dashpot coolant; dashpot_ ed to make this -driveline
tension cup from cup could be lifted failure mode high-

moving up- by drag forces in improbable
ward rod withdrawl

2. Safe shutdown Same as above Component is design-
ed and analyzed to:
make this failure
mode.highly improb-
bable

2. Inward radial de- 1. Safe shutdown 1 4 CRDM will not insert Same as,j testing Shield plug extension
flection. earthquake control rods dashpot cup

3. Distorts I. Thermal gradient! 1 4 Retards or prevents Same
insertion

__ _ _ _ _ _ _ __ _ _ _'_L ._ _._ "_ __ _



TABLE C.S.1-29

riTPs A
2.
3

6

LIST EACH PART OR ASSEMBLY IN THE ODSIGN

IDENTIFY ALL THE POSSIBLE FAILURE MODES'WhIIH TOlF PART OF ASSEMBLY MIGHT INCUR

IDEIFTIPY ALL THE POSSIBLE FAILURE CAUSES WHICH THL PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE

DETERMINE THI EFFECT OF EACH FAILURE ON THEI PRODUCT PE AFORMANCE

MA•E REFERENCE 10 ANY O1TIR RARt OR ASSEMBLY WHICH THROUGH 4 N INTERFACe

COULD LEAD TO ANOTHER FAILURE MAKE.ANY ADDITIONAL CONTRIBUTING REMARKS
ESTIMATE OR CAL CULATE THE PROBABILITY OF OCCURANCE AND THE DFGPf F OF CRITICAL LY

OF EACH FAILURE

IDENTIF Y AND CARRY OUT CORRECTIVE OR PREVEN TIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

n~

DO

PART ASSEMBLY OR PROCESS PIN - DATE 3 17C•C Driveline ExtensionlAsse!;4, v 128J300 Revision H .. Wand~llARD/J. floody, Royal July.3i, 1975

ITEM PART, ASSEMBLY PART, ASSEMBLY PART. ASSEMBLY
OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(Si FAILURE CAUSECSI O R FAILURE EPFECTS PORRECTIVE ACTION OR PART, ASSEMBIY OR PROCESS

NO. NUMER - ~ . PREVENTIVE ACTION INTERFACING$ AND REMARKS
NUMBER NAME FUNCTION

128F303 Upper dis- Actuates 1. Locked Galling and self 2 2 Disconnects are in- Component is design- Upper disconnect .
connect disconnect welding operative ed to make this fail actuating shaft -
actuating ure mode unlikely upper driveline
shaft

128F316 3riveline Couples . Breaks 1. Defective material 2 3 Control rod cannot be Quality control on -Oriveline extension
extension driveline withdrawn material selection shaft flange - upper
shaft extension• proper design of driveline
flange with CRDM component

lower as-
Sembly 2. Safe shutdown Same Proper design of com-

earthquake ponent to make this
failure mgre unlike-
IY; testing

3. Bolts fail Same Same

2. Bent 1. Safe shutdown 1 5 Retards or prevents Component has been de
earthquake insertion signed and analyzed

to make this failure
mode extremely un-
likely ; testing

128F317 ellows as- Permits mo- 1. Leak 1. Defective weld 3 4 Sodium vapor could Reliabiliy Test Bellows assembly-
sembly tion of reach CRDM upper Proaram to determine upper driveline

driveline mechanism and retard probability and
while main- insertion failure modes and
taining their effect upon
pressure insertion
boundary

2. Hairline crack Same .. . . Same --
from fatigue

ROBABILITY NUMBERS DEFINITIONS .

5-4

32

C

E.Q

O'I

ir

.(,

AN OFf'NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

AN Of ( NORM4L CONOITION WHICH INDVIDUIALLY IS NOT EXPECTED TO OCCUR
DURING THE PL ANT L :ETIME; HOWEVER. WHEN NI EGRATED OVER ALL PLANT
COMPONENTS AND SYSTEMS. EVENT IN THIS CATEGORY MAY BE EXPECTED TO
OCCUR A NUMBER OF TIMES

AN OFF NORMAL CONDITION OF SUCH EXTREMELY LOW PROBAB;LITY THAT NO
EVENT IN THIS CATEGORY IS EXPECTED i0 OCCUR DURING THE PLANT LIFETIME
BUT WHICH NEVE ITHELESS, REPRESENT EXTREME OR LIMITING CASES OF FAILURES
WHICH AlE ;DENTIFIED AS CONCEIVABLE

5 Failure of a FCRS to insert (A PCRS consists of a:
single PCRDM, PCRD, and PCA)-

4 A slowed PCRS insertion. Partial loss Of reactivity.

3 A spurious PCRS insertion or other unscheduled outage.

2 NO effect on safety; repair of PCRS deferred until
scheduled outage.

1 No eCt on safety or jperatiU...

64s?.I
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TABLE C.S.1-29 FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

CD0

PART ASSEMBLY OR PROCESS P/R PREPARED•Y "R. DATE
ri-< b~volir'- Fxtensio• H. N__2_J30 Revi__ io_ _ý_ _.F._an'____J. Mood Royal July 31, 1975

PAR7. ASSIMEL PART, ASSEMBLY PART. A.SEMBLY

ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(SI FAILURE CAUSE(S) FAILURE EFFECT(,} CORRECTIVE ACTION 0R PART, ASSEMBLY OR PROCESS
No. NUMBER NAME FUNCTION PREVENTIVE ACTION INTERFACiNGS AND REMARKS

3. Pin hole due to Sodium reaches CRDM Design of CRD and
hot spots lower assembly temperature-profile

is such.that fail-
ure of bellows does
not significantly
effect operation

4. Wear Same Same

128F309 Disconnect Lifts upper 1. Spring relaxes or 1. Fatigue 1 1 No effect as func- Spring designed-and ýisconnect shaft sup-
shaft sup- disconnect breaks tions only to keep material selected t port spring - discon-
port sprin actuating coupling in unlatch- make this failure nect actuating shaft

shaft ed mode during mode extremely un-
refueling likely

2. Defective material Same Same

128C331 Spring sup- Supports . Galls to shaft cen I. Metal chips 1 2 Same Component designed tc pring support ring -
port ring disconnect ter disconnect make this failure disconnect,shaft

shaft sup- mode .extremely un- support spring
port sprinc likely

2. Corrosion Same Same

3. Self welding Same Same

128F322 :osition in-Verifies . PIR retracted 1. PIR holddown 2 Insertion of CRD Spring is design- osition indicator
dicator completion spring fails coupling into con- ed and testedrto rod - disconnect
rod (PIR) of discon- trol assembly for make this failure actuating shaft

nect opera- coupling connection mode unlikely
tion is more difficult

Under misaligned
conditions

2. False couple 1. PIR holddown 2 2 Operator thinks Components are de-
spring fails couple is complete. signed to make

this failure mode
unlikely

64R7 2



TABLE C.S.1-30 FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

C-)

0) r

PART ASSEMBLY OR PROCESS"F DATE
A CPD DrivelineOR.ROE. 766J602 Eevision H .J. !ood,, Royal July 31, 1ý75

PART, ASSEMBLY PART, ASSEMBLY PART, ASSEMBLY
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSELS) CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESS
No. NUMBER NAME FUNCTION PREVENTIVE ACTION INTERFACINGS AND REMARKS

766J602 Dashpot cup Provides 1. Dampening effect 1. Leak in dashpot 2 2 Insertion impact on 'Sufficient qaul.ity Dashpot cup -dash-
dampening inactive cup absorber duct control and proper pot piston
during exceeds design limit material selection
scram,
guides 2. Clearance too Same Proper design of
dashpot ldrge components make
piston this failure mode

unlikely

3. Wear or errosion Same Same
between dashpot
cup and dashpot
piston, or shaft
and dashpot

2. Downward motion 1. Debris caught in 2 4 Full insertion is Proper-design of com
of driveline is dashpot prevented ponent to make this
prevented failure mode un-

likely;,•Tt tihng

2. Dashpot cup de- Same Same

flected radially
or cocked in
shroud tube.

766J602 Dashpot pis Provides 1. Galled 1. Metal chips be- 2 4 Insertion retarded Sufficient wear test Dashpot piston -
ton dampening . tween piston and or full insertion data and proper de- 4ashpot cup

during cup prevented sign
scram

2. Distorted dashpot 1. Dashpot cup de- 2 4 Sane Proper design ofcup prevents mo- flected radially components to make
tion of piston or cocked in this failure mode

shroud tube. unlikely; testing

3. Dashpot doesn't 1. Assembly errors 1 3 Dashpot piston is Quality control dur-
fill with sodium damaged from drop; ing assembly and

will not prevent proper design to
control rod inser- make this failure
tion mode unlikely

• i.
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TABLE C.S.1-30

FAILURE MODE AN) EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSý L•k? y R P CES" PIN _P. PADU _, " D.... ... . .. ...,

, riveiPne 765J602 Revision 11 __..anLl. ARD/J. Moody, Royall July 311975

'A R T .A SS EM BL Y PA R T. A SSEM B L Y PA R T. A SSEM BL Y " I E " D R P R A " "C
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODEMSI FAILURE CAUSE(S) L > FAILURE EFFECT(S) CONNECTIVE ACTION OR PART ASSEMBLY OR PROCESS
NO. NUMBER NAME FUNCTION PREVENTIVE ACTION INTERFACINGS AND REMARKS

128C123-1 Lcckring Retains Lockring breaks Up i Defective material o .1 5 Debris is generated Component design, Le adscrei, Upper
Lockpin for[service, manufacture of fa- which may be of suf- material selection, Guide Bushing

..laonet tigue endurance ficient size to in- manufacture, and
assembly hibit unlatching inspection are such

that this mode of
failure is highly
improbable

200J295 Lockring Retains Lockring breaks up Same 1 5 Debris is generated Same Driveline
IT.2 pins for in service which may inhibit

torque insertion
taker

200J295 Jackscrew Seals Cono- Jackscrew breaks Same 1 5 Same Same Driveline

IT. 5 seal at up in service
lower
mechanismi
drive

_ ___ ____ i_ _ ____
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TABLE C.S.1-31
'CPS: 1. LIST EACH PART OR ASSEMIBLY IN T HE CIESIGN

2. IDENTIFY ALL THE PoSSi}LE FAILURE MODES WHICH THE PART OF ASSiEMBLY MIGHT INCUR
I. DIENTIFY ALL THE POSSIBLE FAILURE CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR

FROM EACH FAILURE MODE
4 DETERMINE THE EFFECT OF EACH FAILURE ON 7h"I 0R0DUCT PERFORMANCE
S. MAKE REFERENCE TOANY OTHER PART OR ASSELTAILY WHICH THROUGH tN INTERFACE-

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
6. ESTIMATE OR CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
?. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

n)

PART ASSEMBLY OR PROCESS P/N PREPARED BYDATE
cojndary Control Rod Drive Mechanism

PART. ASSEMBLY PART, ASSEMET. FART. ASSEMBLY

ITEM OR RSS CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS
OR PROCESS OR PROCESS OR PROCESS FAILURE MODEIS) FAILURE CAUSE(S) FAILURE EFFECTISI PREVENTIVE ACTION INTERFACINGSAND REMARKSNUMBER NAME FUNCTION E

Carriage Fails to operate -Loss of power 3 2 Operator unable to -Repair at next outage
Position .Electro-mechanical detect carriage posi- -Rely on limit switch al
Indication tion accurately. SCRDM4housing for backm
MeChanism Possible error in up

coupling or uncoupl- -Fails to operate. It
ing unless repaired would be noted and re-

paired after shutdown.

Operates False .Electro-mechanical 3 2 Incorrect sensing of -Repair at next outage

position of collet -Might notice false in-
and drive with res- dication during routine
pect to SCA housing. exercising
This could lead dir- -Limit switch would In-
ectly to Operator dicate movemen froo
error: normal positions.

unable to detect .Sensing rod used for
movement of car- - coupling sequence.
riage such as drift
or pull up (both
require additional
failure)
M More difficult.
positioning of
carriage during
recoupling and
refueling

.OlSABLIT NUMBERS OEFINITIOS ON$

" .4 AN OFF-NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PI.ANT LIFETIME

2-2 AN OFF NORMAL CONDITION WHICH INDIVIDUALLY IS NOT-EXPECTED TO OCCUR
DURING THE PLANT LIFETIME; HOWEVER. WHEN INTEGRATED OVER ALL PLANT
COMPONENTS AND SYSTEMS. EVENT IN THIS CATEGORY IMAY BE EXPECTED TO
OCCUR A NUMBER OF TIMES

AN. OFF-NORMAL. CONDITION OF SUCH EXTREMELY-LOW PROBABILITY THAT- NO
EVENT IN THIS CATEGORY IS EXPECTEO TO OCCUR DURING THE PLANT LIFETIME
BUT WHICH. NEVERTHELESS, REPRESENT EXTREME OR LIMITING CASES OF.FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE

CCRITICAL ITYNUMBERS

4

]I

2

E FINITIONS

'FAILURE TOPERFORMSAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION-

"NO EFtI•. UNSbA ETHUTCAI•I$,E•'SI 4LDULE0OUTrAt

NO EFFECT oN SAFETY REAIR O.EFER1 UNTIL SCHEOULED

OUTAGE

NO EFFECT ON SAFETYWOR OPERATION

LIM CD
0.

-a.



TABLE C.S.1-32

;TSPS. 1
2

3.

4

5

?.

LIST EACH PART OR ASSEMBLY IN THE DESIGN
IDENTIFY ALL THE POSSIBLE FAILURE 'ODEDS WHICH THE PART OF ASSEMBLY MIGHT INCUR

IDENTIFY ALL THE POSSIELE-FAILLIRE CAUSES AHIICtI THY PART OR ASSEMBLY MIGHT INCUR

F"OM EACH FA!LURF MODE

OE TFRMINF fHT F FECT OF EAIIr FAILLtRE ONI TH!. PtEODUCT PIE FORMANCE

MAKE REFERENCE 1O ANY OTHER PART OR ASSEMBLYr WHICH THROUGH AN INTERFACE

COULD LEAD TC %-aOTIIFQ FAILURE MAKE ANY ADDITIONAL CONTRIBUTING REMARKS

ESTIMATE GO ESECI. ATLE 1F I-IORAOIIrIIY OF OCCURAN:F. AND THE DEGREE Of CRITICALLY

OF EACH FAILURE

IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO FREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

'ART. ASSEMBLY OR PROCESS P/N PREPAREo BY DATE

E PART. ASSEMBLY PART, ASSEMBLY PART. ASSEMBLY p. CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESSTEM OR PROCESS DR PROCESS OR PROCESS FAILURE MODOE(S) FAILURE CAUSE(S) t = FAILURE EFFECTIS)
NO.ACTION INTERFACING$ANREMARKS

NUMBER NAME FUNCTION

2 Positioning Operates false .Electro-mechanical 2 3 (1) Normal operation: This should be prevente
.otor -False signal to motor -Motor pull up by the brake mechanism

-Power supply failure which would pull which is treated separ-
the absorber pins ately as Part 3.
and damper assy.
up until they hit
the extension on
the handling sock
et (see SCA -
Item 10)

2 3. *Motor rundown Movement of the carriag
- little, (1/2")- would require shutdown.

no problem to repair. If motor of
> 1/2" requires gravity and hydraulic
action (possible forces woul d ;cause driflshutdown) if brake also fails

2 3 (2) Shutdown or re-
fueling:

-Motor pull up may
disallow proper
recoupling and/or
disengaging of
control rod

Fails to operate "Electro-mechanical 2 3 nable to recouple This would not cause a
..Bearing.failure rod after shutdown, shutdown, but it could
-Loss of power Also unable to dis-. extend the outage.

engage .SCRO Assy.
from SCA and withdraw
driveline as reauired

C-)

L0-(. *: RD

5.0

PROBABILITY NUMBERS OEFINITIONS

AN Ocr NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR

ONE IT, 0A NPE DtRINC; THE PLANT LIFETIME

3 2 .A I.r '( ý,%!AL I t;,017t ",; ý11-l ý t%:1:;'='DUALt -" 0q NO f EXP- ,T~n fc, ,•,CUR

: URING TI-" PLANT LIFETIME. HO*EVE$t, WHEN IN! ELGP' TED UER ALl. Pt ANT

LOMPEY.I - tS AND SYSTEMS. EVENT IN I h1 CATEGORY MAY 1kI I NSIECTE D ED

OCCUR A kUMBER OF TIMES

AN OF' N('AMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO

EVEN r IN I lHS CAT(I;ORY I, FXPECTEO I0, OCCtIR 0 URING THE PLANT LIFI. TIME

BUT WHICH NEVERTHELESS. REPRESENT EXTREME OR LIMITING CASES OF FAILURES

WHICH ARE IDENTIFIED AS CONCEIVABLE

6487 I

CRITICALITY NUMBERS

5

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

)U TfA AF

NO EFFECT ON SAFETY OR OPERATION



TABLE C.S.1-32

%0l (D

M C

FAILURE MODE. AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY.OR PROCESS PIN PREPARED BY DATE

PART. ASSEMBLY PART. ASSEMBL PART ASSEMBLY
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) L'- FAILURE EFFECT(S) CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS
NO. NUMBER. NAM FUNCTION PREVENTIVE ACTION INTERFACINGS AND REMARKS

3 5rake Fails to prevent Excessive wear of 1/2 3/2 -Allows carriage to Position indicators
Mechanism movement of posi- steel to friction ma- drift. Most likely would alert operator@F
(On Posi- tioning motor and terial contacts drift will be down. drift. Shutdown of
tioning carriage ward in safe direct- plant would be neces-
Motor) ion due to hydraulic sary.

and 'gravitational
forces If slow drift, carriage

could be driven up
Periodically.

1 2 'Upward drift is pos- Position indicators
sible, but very un- would alert operatorof
likely. Effect is drift. Shutdown of
probably negligible plant might be neces-

sary..

Prevents Movement of -Binding of brake 3 2 Unable to move car- Failure to move carriage
Carriage -Electrical lead riage would not affect plant

failure -during refueling, during normal operation
-Coil burn-out .during shutdown

4 Ball Screw Fails to operate Ball bearing seizure 2 2 Carriage unable to Inability of carriage
Mechanism .metal chips nove movement would not affec

,improper lub normal operation. It
would extend downtime
for drive replacement.

-Screw breaks 1 3 Carriage unable to Unlikely to fail a- Screw
move able to take up to 10.00

lbs. (each).

.4tT8-2
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TABLE C.S.I-32

>'

Q0 CD

ko
4 r10

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMLY OR PPIN PREPARED BY DATE

PART. ASSEMBLY PART. ASS[MRL V PART ASSEMBLY
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) = - CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESSNO FAILURE EFFECT($) .. .

NO NUMBER NAME FUNCTION PREVENTIVE ACTION INTERFACINGSANO REMARKS

5 Dr~ve Shaft Fails to Move -Position motor fails 3 2 Unable to recouple Inability of carriag tz
Fcsitionina (see 2) after shutdown move would not affect
Carriage normal operation

-Brake mechanism jams Unable to move for Shutdown could'be extend
(see 3) refueling ed if failure severe

-Ball screw mechanism
jams (see.4)

Spuriously moves -Position motor oper- 2 4 Motor runup See Item 2 for
ates false (see 2) . consequences

2 . 3 Motor rundown could
cause spurious scram

-Brake mechanism 2 2 Failure of break '' See Item 3 for
fails to hold (see allows drift consequences
3 ) . . . .

6 Latch Posi- Fails to Operate Loss of power or 3 2 Operator unable to During normal. operation
tion Indi- electro-mechanical detect if collet open there is no effect, but
cation Mech failure (e.g. LVDT or closed. No effect during recoupling there
anism fails, wire breaks) unless attempting to would not be theconfir-

recouple. mation of coupling-to
collet. Policy would
prevent plant from oper-• • ating.-.

Operates false Electro-mechanical 3 2 Incorrect information
failure (e.g., short regarding collet.
in wiring or) cali- .coupling:unconfirm-
bration drift ed; repair during

shutdown

6487-2



TABLE C.S.1-32

Co

In (

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBlY OR PROCESS P/N PREPARED BY DATE

PAR. ASSEMBLY PART ASSEMBL, ,ART. ASSEMBEYITEM er P-OCESS Ol PROCESS OR PROCESS FAILURE MODE(S1 FAILURE CAUSE(S) CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESSNo- 0 AIU Ez PREVENTIVE ACTION INTERFACINOS$ANO REMARKS
NO. NUMBEE NAME FUNCTION -

6 3 2 Uncoupled state
/con*,, indicateda.a coupled. Rely on coupling head

Coupling head positio position indicator, item,
indicator detects un- . 7 to indicate lack of
latched head coupling

toupling Fails to Operate Loss of power or 3 2 Lengthen outage due No effect during normal
Head Posi- electro-mechanical to replacement of operation. Need.to .
tion Indi- failure drive, know position of coup1i-
cator Mech- ing head during recoupl-
anism i ng.

Operates false Electro-mechanical 3 2 Lengthen Outage time
failure

3 2 Require shutdown due
to suspicion of stuck
rod ..8 •oi] cord Electrical and/or Overstress 3 3 Spurious Scram

oneumatic lines break .-
coil Cord Jam Friction 2 2 Causes Overtenslon It loss of items 7 or ,
Guide of coil cord on run-
Pins Break Tolerances 1 3 down or runup

Assembly Only if internals. break.

6487.2
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TABLE Co S. 1-33

0",

;1IEPS: I:. LIST EACH PL 111 OR ASFMRLLY IN IHE ODEIGN
2. IOENTIFY ALL THE PUSSIUL. FAILURE MOD(S WHICH NHNr FAnT OF ASSEMBLY MIGHT INCUR

3 IDENTIFY AL. THR PO5061. FAILiR! CAUSES WHICH THE PART OR ASSEMBLY MIGHT INCUR
FROM EACH FAILURF MODO

4 DETERMINE TH1 EFFECT of FrACP FAILURE ON OFf PRODUCT PERFORMANCE
6. MAKE REFERENCE TOANY OTHER PARt OR ASSEMBLY WHICH THROUGH AN INTERFACE

COULD LEAD TO ANOTHER FAILURF MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
6. ESTIMATE OP CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

OF EACH FAILURE
7. IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE ANDEFFECTS ANALYSIS"
CRITICALITY ANALYSIS

00
(-5

I -

-O

PART ASSEMBLY OR PROCESS ?IN PREPARED BY DATE
Secondary Cont tro Rod Driveline (SCRD)

PAR. ASSEMSLY PART ASSEMLN PART,ASSEMBLY CORRECTIVE ACTION OR PART ASSEMBLY OR PROESS
ITEM OR ROCESE FORLURE PROAESURO PFOEESS CORECIV ACTION OR PAUSE(S) FSILMBL ORFOCT

no. FAILOR FLREA CUS PREVENTIVE ACTION INEERfACINGS AND REMARKS
NUMBER NAME FUNCTION -uu

I Tandem Pneu, Extremely unlikely.
foatic Cylin, Pressure relief
der provided.

1.1 Cylinde Rupture Overstress 1 3 Spurious Scram
Housing 1 • nabity to ecouple

Radial Deformation * Overstress l 1 around Piston Extremely unlikely.
Missile Damage 1 3 Spurious Scra• Pressure relief

provided.

Radial Deformation Missile Damage
at Piston 1 5 Prevent Scram

1.2 Piston Seal Leakage Degradation over Time
(2) and Temperature 2 3 Spurious Scram

Jam • Galling 2 5 Prevent Scram Not likely. Proto-
type testing.

.3 Piston Fracture Overstress 1 3 Spurious Scram Large design margins.Rod

Relaxation Creep 1 3 Spurious Scram. Not likely at temp-
eratures present
above reactor head.

Piston Separation Overstress 1 3 Spurious Scram

0-r~

r\I31

ROBABILITY NUMBERS DEFINITIONS

b-4 AN OFF NOnMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR
ONCE OR MORE DURING THE PLANT LIFETIME

2? AN OF' r.F1RM.I ITINDITIOW WHICIH INDIVIDUALI v N"! F' RP Tr;' In -

DURINC THE PLANT LIFETIME; HOWEVER, WHEN INTEGRATED OVER ALL PLANT
,OMPO'.ENTS AND SYSTEMS, EVENT IN THISCATEGORY MAY BE EXPECTED 10

OCCUR A NUMBER OF TIMES

AN OFF NORMAL CONDITION OF SUCH EXTREMELY LOW PROBABILITY THAT NO
EVENT 11! THIS CATEGORY IS EXPT (CTE TO OCCUR DURING THr PLANT LIFETIME
BUTWHICII .NEVERTHELESS, REPRESENT EXTREME OR LIMITING CASES OF FAILURES
WHICH ARE IDENTIFIED AS CONCEIVABLE

,147.1

CRITICALITY NUMBERS

5

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NO EFFECT ON SAFETY BUT CAUSES UNSCHEDULED OUTAGE

NO EFFECT ON SAFETY. REPAIR OEFERtO UNTIL SCHEOULED

OUTAGE

NO EFFECT ON SAFETY OR OPERATION



TABLE C.S.1-33
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FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROEE "/PREPARED BY"
Secondary Control Pod Driveline (SCRD) 

_/_ _DATE

PART, ASSEMBL PART, ASSEMBLY PART, ASSEMBLY
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MOOCISI FAILURE CAUSEWS FALR FETS CORRECTIVE ACTION OR PART, ASSEMBLY OR PROCESSNo. NUMBA ILUMEEFFEC.S PREVENTIVE ACTION INTERFACINGS AND REMARKS

N. NUMBER NAME FUNCTION a

Jam " ilissile Damage 1 5 Prevent Scram
Thermal Distortion

.4 Piston Jam Galling 2 5 Prevent Scram lot likely. Proto-
Rod type testing.
Bush-
ings (2:

1.5 Piston Leak * Wear 2 2 Loss of Pressure Early detection
Rod ' Degradation :ould allow planned
Seals * Change of Propertie 2 3 rpurious Scram hutdown.

1.6 Spring, Relaxation Creep 2 1 No Effect
in pneu-
matic. Fracture Overstress 3 1 No Effect
cycle

1.7 Tubing 0 Rupture ' Overstress 2 3 Spurious Scram
(8) ' Fatigure
Lines - * Fracture ' Missile Damage
Valves
to Cylir
der

2 rension Rod Fracture Overstress 1 3 Spurious Scram

Relaxation Thermal Creep 2 1 ^ollet Pos. Ind. Erro )neum. Cyl. takes up
slack

Jam Crushing of Driveline •equires large
and Sensing Tube 1 5 Prevent Scram nisallgnments.

3 oupling to * Fracture Overstress 1 3 3purious Scram
liston.Rod * Thread

Disengagement

4 ension Rod * Fracture Overstress 1 3 Spurious Scram
Counlings ' Thread

Disengagement

5 Scram Valve Jam Exit Vent klanufacturing Defect 3 5 Irevent Scram )nly If both fail.
(2) Closed

Jam Exit Vent Open lanufacturing Defect 3 2 Inobility to Recouple

Exit Vent Fail * Electrical Power Di[
Open Coil Failure 3 3 5purious Scram

- _ _I_ _ _ _ _ _ _ _ _ _ _ _ - - _ _ • .. _ _

OWr.2
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TABLE C.S.1-33

FAILURE MODE AND EFFECTS ANALYSIS
CR ITICALUTY ANALYSIS

.eRonoary COnnftrO5E5I Driveline (SCRD) Pi!REPAR .RA. DATE>

PART, ASSEMSLY PART. ASSEMBLY PART. ASSEMBLY
ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MDES) FAILURE CAUSE(S)ACTION OR

.NUMBER NAME FUNCTIN • PREVENTIVE ACTION. INTERFACINGS AND REMARKS

6 Valve• Fracture Overstress 2 3 Lead to Fatigue See l0b. 1.7 above.
Bracket Fracture of Tubing

7 Sensing Jam Lateral Motion of 2 3 Inability to Hlonitor
Sleeve Control Assembly Coupling Head

Rupture Overstress 1 I No Effect

8 Bellows, Leak * Wear 2 4 Sodium will rise up •Only if lower bel-
Sensing ' Overstress into the mechanism lows or gas pres-
Sleeve to and solidify. sure also failed.
Drive Shaf.

3 .2 Driveline pressure
leakage to.housing

9 Sleeve Deform Overstress 2 1 No Effect
Housing

10 Soring, Relaxation Creep 3 1 No Effect
Sleeve
Housing Fracture Overstress

11 Bellows, * Leak * Wear 2 4 Loss of Positive P Positive pressure
Sensing * Fatigue Na barrier gas flow prevents Na entry
Sleeve into Na. into sleeve.
(Lower) Recommend mohnitoring

gas flow..

Rupture Overstress 2 4 Na enters upper driv( Only if gas pressure
line and solidifies fails (See 8).

12 End Plate Jam Tolerances 2 5 Prevent Scram Prototype Testing.
(Guide Bush Galling
ing for
Tension Rod.

13 Cylinder Deformation lissile Damage 1 3 Spurious Scram or
Standoff 1 1 No Effect
Frame

•uckling 1 3 Spurious Scram

Iverstre-s 1 2 Sto~.cr readings
thrown off.

14 Sensor . Deformation .Overstress 1 2 Sensor readings
1 Brackets - Missile Damage thrown off.

Is')

(M (D

-a)._
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TABLE C.S.1-33
FAILURE MODE- AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS PI N PREPARED BY OATESecnncrv Crntrol Rod OrivcIfne (SCPD) i .,._.,,-..
PART ASZMBLY PART, ASSEMEL PART. ASSEMBLY

ITEM OR PROCESS OR PROCESS OR PROCESS FAILURE MODEM) FAILURE CAUSE(S) t: FAILURE EFFECTIS) CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS
NO. NUMBER NAME FUNCTION- PREVENTIVE ACTION INTERFACINGS AND REMARKS

F. G Zit

15S250 PsitGas Rupture * Overstress 2 3 Spurious Scram

15 Drive Shaft Rupture Overstress 2 2 Sodium Vapors can Only in conjunction
Pressure Fatigue enter mechanism with bellows fail-
Balance Lir - housing. ure. Ii. this case

Na could freeze and
bind the shaft.

17 Drive Shaft Excessive Overload Buckling 1 2 Inability to Recoupl
Deformation

Compression of Bulb 1 5 Prevent Scram Unlikely.End

Differential Swelling Differential 1 5 Prevent Scram by Negligible.
Axial Elongation locking up tension

rod.

Radial Jamming Lateral Motion of 1 2 Inability to.Recoupl(
Zontrol Assembly

Fracture Shear 1 5 Prevent Scram Earthquake, unlikely* Overstress

Stick ýodium Migration/ 1 2 Difficult Drive Latch till.:operable
)eposition removal with stuck shaft

18 Shaft Coup- * Fracture )verstress 1 2 Inability to Recoupl, Earthquake
lings *.Thread

Disengagement 1 3 Spurious Scram

19 Drive Shaft Fracture Fatigue 3 2 Release housing gns No immediate pro-
Bellows Overstress into cover gas area. blem.

Leak Wear

20 Bulb End of Blockage oul 1 5 Pr~event Scram Negligible.
Shaft

21 Collet Fracture of Overstress 1 5 Jamprevents scram
Fincier(s) Fatigue

2 3. Spurious Scram Requires more than
one (1),finger to
fail.

tic, at ".haft Prsieon (Fou3) 2 5 Prevent Scrar, .c FIowing sodium

Conttact Surface Self--!eld not likely,

'4a7,2z.
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TABLE C.S1-33
FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART A CME S$L• Drive PIN (SCR) N PREPARE OBY DATE.

PART. ASEMBLY PART, ASSEMEI. PART. ASSLMBL Y

ITEM ORPROLESS OR PROCESS OR PROCESS FAILURE MOOE(S) FAILURE CAUSE(S) C- AILUREEVPEcTE CORRECTIVE ACTION 01 PARTRA EMLY OR PRDArU
FAIUR 0:ETS NEFGWMN ,RNA - K -No. %UMBER NAME FUNCTION PREVENTIVE ACTION

Collet Stick around Deposition 1 5 Prevent Scram Requires jam of
(cont'd.) Sensing Rod sensing tube which

is spring loaded
down

Finger(s) Held Out * Rod Fracture 1 2 Unable to Recounle
Foul

Relaxation Thermal Creep 1 3 Spurious Scram Very Low Creep Rate

Axial Deformation Overload from Control 2 3 Spurious Scram
Rod

Separation from Thread Shear 2 3. Spuri'ous Scram
TensionRod .. and/or Inability

2 3 to Recouple

22 Sensing Fracture or Overload from Couplin4 2 2 Inability to Monitor
Probe Permanent Head (Overstress) or Recoupling

Deformation spring forces

Jam Galling with Collet 2 2 Inability to Recouol,

2 2 Inability to Monitor
Scram

23 Tension Rod Fracture O *. verstress 2 3 Spurious Scram
Col1et
Coupling Thread Disengagement Overstress 2 3 Spurious Scram

24 Tension Rod Rupture * Overstress 2 4 Loss of Positive Positive pressume
Bellows - Fatigue Sodium Barrier, Gas prevents Na entry

Flow into Na into sleeve.

Leak Wear 2 4 Na enters upper drivw Only if gas pressure
line and solidifies fails.

25 Tension Rod Leak laterial Degradation. 2 4 Sodium will rise up Only if upper bellows
Sleeve . into mechanism and also failed.
Bellows solidify.

2 4 60 psig gas leakage
to housing

6487.2
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TABLE C.S.1-34
LIST EACH PART OR ASSEMOLY IN THE O f.IGI.

OEIETIFE ` At.L THE PTISSVRLE FAILURE MOUES WHICH THE P-.TIE (IF ASSEMBLY MIGHT INCUR

tI)E!ITIFH ALL TI-E PO•SIBLE FAILkTIr CAi.SES WHICH THE PARr OR ASSEMBLY MIUHT INCUR

FROM EACH FAILURE MODE

DETERM'NIE THE EFF*CT OF-EACH rAIlURE ON TI.! PRODUCT PERFORMANCE

MAKE REE I RENILE TY. ;,NY OTHER.PAR I OR ASSE.MBLY WHICH THROUGH AN INTERFACE

COULD LEAD TO ANCTHF9 PHIrILUR• MAKE ANY ADDITIONAL CONTRIBUTING REMARKS

ESTIMATE OP CALCUiATE THE PROBABILITY OF OCCURAIICE AND THE DEGREE OF CRITICALLY

OF EACH FAILURIE

IDENTIFY AND CAERRP OUT 'ORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

tb

BART.ASSEMBLY OR PROCESS PIN PREPARED BY 0ATE
3econdary Cq---ol Assy (SCA _

ITEM [PART.ASSEMIBLY PART, ASSEMBLY PART.ASSEMBLY 'B~CORRECTIVE ACTION OR PART.ASSEMBLY OR PROCESSI OR PROI:ESS OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSE(S) t FAILURE EFFECT(S)
NO. • • PREVENTIVE ACTION INTERFACINGS AND REIMARKS

NUMBER NAME FUNCTION

Coupling Fails to reiease from .Selt-Weid(due to s.o- 2 5 Unable to scram tTn s Possible CommoI mode
head and grippers dium purity, over rod . failure. Weldment most
shaft temperature, excess likely to grippers, but

loads) drawing shows possible
.____. __ eld to sensin rod.

-Friction forces too 7 5 Unable to scram this Test reslts eted tc
high (incorrect long rod show friction no problem
term calculations,
e.g., improper ma-
terial) t11_ Spuriousscram_____

Spurious release -Holding forces too 2 3:Spurious scram Replace entire drivelin
low; incorrect long ano/or cotrol assy (SCI).
term calculations,
(normal oeration_
Incorrect oup- 'Spurious rod drop ay have to replace dri

ing (after scram) during shutdown line and/or control ass)
mode • (SCA).

3 3 -(or possibly during
normal operation)

Coupling head . -Breaks due to excess l 3 Spurious scram Replaces this SCA
Shaft failure load (e.g., spurious

motor pull up)

•Breaks. at weld to 1 3 Spurious scram Replace this SCA
damper

to D

ROBABILITY NUMBERS DEFINITIONS

5-4 , AN OFF NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR

ONCE OR MORT DURING THE PLANT LIFETIME

3-2 AN OFF NO'VA CONDITIONI WHIr'E INOIVIIID I I V II NOT:EXPEr'TYr TO oFrrER
, . . DURING THE PLANT LIFETIME. HOWEVER, WHE N INTEGRATED OVERALL PLANT

• . L(I).IMOICENTS AND SYSTEMS, EVENT-IN THIS CATErORY MAY BE EXPECTED TO

OCC,'u ;. %'J.BER OF TIMES

1 A'. OF' NORMAL CO)NDITION 0I SULCH EXTREMELY LOW. PROBABILITY THAT NO
PE. IN 'I- CATEGORY IS FXPECTET TO OrtIR DlIRING-T1IF PLANT LIFETIME

BuT INHICH. NEVERTHELESS. REPRESENT EXTREME OR LIMITING CASES OF'FAILURES

WHICH ARE IDENTIFIED ASCONCEIVABLE

64871

CRITICALITY NUMBERS

4

3-

2

OEFINiTIONS
-FAIL.URETOPERFORM SAFETY FUNCTION

. DEGRADATION OF SAFETY FUNCTION

NO EFi-ECI UN SAFET N 0,I L , AUbES UNSCHEDULED OUTAOE

NO EFFECT ON SA rrTVT REPAIR DEFERtOUNEILSCHE6ULEO
OUTAGE.

NO EFFECT ON SAFETY OR OPERATION
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TABLE C.S.1-34
FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS.•

PART ASSEMBLY OR PROqESS P/N PREPARED BY DATE

Secc__,'' lontro,! A5se:mIv (SCA)
PART. ASSEMBLY PART. ASSEM!Lý PARTT. ASSEMRL -

!NE Or PROCESS OR PROCESS on PROCESS FAILURE MOOE(SP FAIl URE CAUSE(S) FAILURE EFFECT(S) CORRECTIVE ACTION OR PART ASSEMBLY OR PROCESSNo .C PREVENTIVE ACTION INTERFACINGS AND REMARKS

2 Dam.per As- Interference of -Binding to SCA.duct 1 5 Unable to insert rod Possible common mode
tCmbly housing (outer duct) during failure.

Scram. __
-Binding to guide 1 2 Extends shutdown Extends shutdown to
tube (dashramiiams) -_ ___-_____ replace this SCA.

Failure of Spring As- ArrTstin rm fai Is 'T- /2 No effect or extend Rely on dashram timing
sernhly shutdown

-Spring jams 71 1Z No effect or extend Rely on dashram
•_ _shutdown

3 Absorber Absorber pins fail -Cladding failure 1 5 Leakage of absorber Replace this SCA during
Bundle -End cap failure matl. into Na with shutdown. Low absorber

possible binding of loss due to sodium
control rod or collet erosion.

-Pellet failure 2 1 Smll reactivity No effect
(incorrect manufac- effect
turing)

• Sprinq/spacer failurý I
4 Control Rod Interference of Duct -Binds to guide tube 2 5 Unable to insert rod Possible common mode

Duct 
failure.

Piston Excess Leakage Chipping or breaking 1 2 Reduces hydraulic. Gravity should be suffi-
(around piston) of piston due to ex- assist by reducing cient for insertion

cess loading, corro- pressure drop.
sion.

Binding of piston to *Foreign material '5 Unable to insert
guide tube J jamming around pis- assembly

ton
•-Interference from 2 " Unable to insert
guide tube distor- assembly
tion ._. .

-Piston twists and 1 5 Unable to insert
binds to guide tube assembly

6 Guide Tube Interference to mo- -High thermal load 2 5 Unable to insert
tion 'Improper- welds assembly

-Overpressure
-Irradiation creep.
oval deformation

64.7-2



TABLE C.S.1-34
FAILURE MODE AND EFFECTS ANALYSIS

'CRITICALITY ANALYSIS.

C-)

(D

kon

PART ASSEMBLY OR PROCESS I PIN IP."EPAREO•E8 I""AE
Secondji-i Cort.,o, Assembly (SCA)I IOA. .

PART. ASSEMBL Y PART. ASSEML N PART, ASSEMBLY
ITEM OR PPCCESS OR PROCESS OR PROCESS FAILURE MOCES) FAILURE CAUSE(S) • .- FAILURE EFFECT(S) CREVEACIOE

No. NUMiER NAME FUNCTION C., 2 PREVENTIVE ACTION INTERFACIGSANOf. REMARKS

6 %continued) Ledkage Guide Tube cracks .2 4 Reduce hydraulic Gravity should:be
assist by reducing sufficient for in-
_ressure drop sertion

7 hielding Flow Interference Corrosion, foreign I 5 nable to insert
particle build up ._sse blb

8- .ow Pressure Leakage or rupture Thermal loads, c0rd - Z ýeduce~hydraulic Gravity shouldsuf-
-low Ductinc rosion _ forces for insertion fice for insertion

Flow Interference Foreign particle, cor. 1 5 nable to insert as-
rowion eMbly ..__ _.._.

"ose Piece Leakage or rupture Corrosion 2 2 edu:e hydraulic Gravity should sf-
forces for insertion fice for insert-ion.

Break weld to Secon- Excess thermal load 2 2 ,educe hydrauli'c G ravity should suf-
dary Control Assem- or corrosion forces for insertion fice for Insertion
blv Duct_

ow interference Foreign particle 2 Lass of cooling. Gravity should'suf-
Slow insertion if flee for insertion
ravity releases

_ atch.

Jams to core support Corrosion 3 2 nable to: remove Could~extend.shut."
plate rive after shutdown down time excessive-

;econdary Leakage or rupture Excess thermal load 1 2 ,educe hydraulic Gravity shold'idst
Control or corrosion assist due, to venting fice for insertion
Assembly to reactor pressure
Duct

Distortion (bowing) Excess thermal load-. See Item Numbers
ing and irradiation 2. 3, and 4•
gradients _7_

TT Handling Excess leakage past -Excess 1oadng 2 2 Reduce hydraulic Gravity Should*suf
Socket seal between handl- "Corrosion assist by venting for insertIon ..

ing socket and drive Errosion high pressure Na to
line. channel. .__.,
Gross leakage Deformation l 5 Prevent scram due to

(Earthquake only) possible net upward
force

End of driveline Excess load 1 2 Jam prevents- with- Extends plant outage
jams to socket. (Earthquake only) draw.il of drive after'. .shutdown •_,_,_._-___"_

Interference with .eposition of impur- 1 5 Loss of cooling flow
flow ities of foreign around absorber. pins

matter
-Differential expan-

. . ,i-.
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TABLE C.S.l'35

?FPS I
2

:4

"S.

LIST EALH PART OR ALSE'ISnIY IN TIl nrSIF;N

,IaFt IT Y Alt THI PO N;IIILI FA!L I1It Mt DI ý ; WhIt:U , fM. 'Art 1II A'ýSSMRLY MI(;H1 INLU It

IDENI I ALL THE PFOITIRLE FAILUnt CAUSE1 WIlCR THE f'AlIT !M ASSkMRIL MIGHT INCUR

FR'OT I AA FAILURE MODE

DETrRMtIN THE F 'I ECT OF EACH FAILURE ON TI!E PRODUCT PERFORMANCE

MAKE REFERENC , I OANY.DTHER PART OR ASStINOLY WHICH THROUGH XN INTERFACE

COULD LEAD TO ANOTHER FAILURE MAKE ANY ADDITIONAL CONTRIRUTING REMARKS

,STILNIATE OP CALCULATE THE PROBABILITY OF OCCURANCE AND THE DEGREE OF CRITICALLY

Of EACH FAILURE

IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

L)

PAT ASSEMBLY OR PROCESS • PIN P =A[ Y DATE

PART ASSEMBLY PART. ASSEMBLY PART ASSEMBLY

OR PROCESS OR PROCESS OR PROCFSS FAILURE MODEMS) FAILURE CAUSEIS)I - - FAILURE EFFECT(S) CPREVENTIVE ACTION O NTESACENGB ANOR REMARKSS

NO. NUMBER . NAME FUNCTION Of = P

Cirriage No power delivered -Internal electrical 3 2 Lengthen down times Access port avail-
mlotor pow- . fault able to manually
er supply. -Incoming power fail- turn motor.
and control ure

False signal -Internal fault 3 2 False operation. Rate limited by
-Operator error Could cause withdraw- design. Inter-

al at max. rate durinn locks to limit one
start up. Could rod withdrawal at a
cause, plant shutdown time.

. . ... .. .• • ... if inserted at power. ___________

Scram Fail spuriously -Lead failure 3 3 Spurious scram

solenoid .Operator error
power in- -Loss of. power
put "-.Protection system Analyzed with Pro-

fault tection system
Fail to de-energize Short to electrical 2 5 Prevent scram ( Separate scram
for scram supply . . leads from control

leads and position
_ -_ _-_ - ., Ind:. leads

Protection system 2 5 Prevent scram . • Analyzed with.pro-
fault - "_tetion System

3Position in No indication on any Power supply fault 3 2 " No effect . . Problem identified
dication readout device and fixed on line
readout _ _

No indication on par- -Sensor failure 3 2 Not effect•
ticular readout de- -Wiring 3 2 *Shutdown Possibly required
vices . if signal and back-

up signal fail on
.__ _.._ _more than.one drive

False indication Internal electrical• 3 2 'No:effect if iden- Fix on line,
tifiable as readout
fault

ROBABILITY NUMBERS DEFINITIONS

54 .N Of' NORMAL CONDITION WHICH INDIVIDUALLY MAY BE EXPECTED TO OCCUR

()NCE OR MORE DURING THE PLANT LIFETIME

3?2 :-'. "Of NI'InMAL I:OqEiTIYIIN WHICH INOIVIDUAI I Y IS IOT E'XPEeTED TO OCCUR

L;UII'IG THE PLANT LIFET 'MEE: HOWEVER, I'NHEN INTEGRATED OVER ALL PLANT

AuIP6NENTS AND SYSTEMS. EVENT IN THIS CATEGORY MAY BE EXPECTED.TO

OCCUR A NUMBER OF TIMES

I AN OFF-NURMAL CONDITION FSUCH EXTREMELY LOW PROBABILITY THAT NO

FVENT IN THIS .ATFOrly IM EXPECt D0 TO o(CCUR DURING T'IF PLANT LIFETIME

RITY, WIICIIt NEVEIITHELESS. REPRESENT EXTREME OR LIMITING CASES OF FAILURES

WHICH "lFE IDENTIFIFD ASCONCEIVABLF

CRITICALITY NUMBERS

5

DEFINITIONS

FAILURE TO PERFORM SAFETY FUNCTION

DEGRADATION OF SAFETY FUNCTION

NUL fI-LCI ON SAIOI Y EUIJ CAU-.tS UNSCHECU.ED OUTACI,

NO EFFECT Oro SAFETY. REPAIR DEFER0O UNTIL SCHEDULED

OUTAGE

NO EFFECT ON SAFETY OR OPERATION

2

OLD (D

ME(n



TABLE C.S.1-35

4D,

in L

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART ASSEMBLY OR PROCESS P/N PREPAREOBY DATE•,i••J t• r m'itien Ind raions ,__,___.... ___. ___________

PART .ASSEMEBL PART. ASSEM RL. PART, ASSEMBLýY C" , O "
ITEM 09 PROCESS,, OR PROCESS OR PROCESS FAILURE MODE(S) FAILURE CAUSERS . FAILURE EFFECT(S O

NUMBER NAME FUNCTION - PREVENTIVEACTION INTERFACINGS AND REMARKS

3 (cont) Position Failure indication -Treat as sensor
indication failure if not iden.
readout tifiable as readout
(Cont) fault

Sensor failure See SCRDM and SCRD
FMEA's for specific
sensor failure
effects

GA87-2
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STEP I LIST EACH PART OR ASSEMBLYIN iT DESIGN TABLE C.S.1-35
S " IDENTIFY ALL THE POSSIBLE FAILUI, ,OOEJ WHICH THE PART Of ASSEMBLY MIGHT INCUR
3. IDENtIFY ALL THE PO',tIBLE FAU!.!JRf. CAUSES V.I'ICH T.lT PART OR ASSEMBLY MIGHT INCUR

FROA EACH FATLURE MODE
4 I GETER1 IIN I "'IE ErTECT OP E11 1 ý AILURE ON .TIIT PROOUCT PERFORMANCE
S. MAE qFFEENC 10 ANY OTHIER PArT OR ASCF AELY WHICH THROUGH AN INTF.RFACE

COULD LEAD c. ANPO-.rR FAITUTL MAKE ANY ADDITIONAL CONTRIBUTING REMARKS
Y •'r;/ATI ORI 'AL9P " '.tTRAYtL(TY OF UCCURANCF ANO R1E OEGREE OF CRITICALLY

OF EACH FAILURE
T7 IDENTIFY AND CARRY OUT CORRECTIVE OR PREVENTIVE ACTIONS TO PREVENT OR MINIMIZE THE POTENTIAL FAILURE

FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

C,
CA
-4

s-a
-J

PART ASSEMBLY OR PROCS s' PREPARED BY DATE"
Pri ma ry o 1 Assembly-37 Pin Conceot LSDK 379114i Revision: Preliminary 8-28-74

IEM PART. ASSEMBLY PART ASSEMBLY PART ASSEMBLY .> . CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS
OR PROCESS OR PROCESS OR PROCESS FAILURE MODE(M) FAILURE CAUSE(S) F , • PAILURE EFFECT(S) PREVENTIVE ACTION IRTERFACINOS AND REMARKS

RUMBER NAME FUNCTION

Regulator Fails Open Manufacturing De- 2 2 High Pressure Gas to All Pressures When
fect Inlet Valve gas is req'd a false

• Missile Damage leak alarm results
from too many vent
valve functions,

Leaks Manufacturing De- 3 4 Low Pressure Gas at 54&65i-When leak
fect Inlet Valve signar is given gas.

* Missile Damage vents out from inlet
valve.' . loss of
argon buffer.

3 3 200p4-Leak signal
to inlet vlave will
be repeated-result-
ing In loss, of pres-
usre to cylinder and
spurious scram..'

2 ýressure Fails to Indicate Manufacturing De- 3 4 -Does not. Detect Leak All pressures-Loss
ransducer fect *Does not Detect Over- of system function

* Missile Damage pressure
* Electrical Malfunc-

tion

Indicates False Electrical Drift 3 1 -Drift to high side All pressures-Regu-
would allow over- lators would prevent
pressure significant over-

pressure

•3 3 -Drift to low side 200 ps'-Spurious

would permit un- Scram

-" :. I detected leaks

PROB-BI LITv N MAItjlS DEFINITIONS

54 . N OFF "JCRMAL CONDITION WJHICH INDIVIDUALLY MAY BE EXPECT-ED TO OCCUR

(INCI OR AORE 011PI'NO;YI TI-P PLL'4I I If I TIMI-

- AN II"Ail C TI-"I '411CH INITIVIIDIA IC N-OT r t,'FrTI-D 10 E(C-I)R

t-IS I' LAN! I' lIE '$It~ '- "N NNTT.f'T VER ALL 0LIN

.UM'-TI-'.1. f.., -. '- .1F £V, f ',I ',!10A T 8EA X ECIF !t'0
• 'uq- JL.NIBEr, -rf T .I*ES

I-' F " II;CRIA(.L LtCNO;'ION OF 
5

L1.I EATR. JIE, .OW PRIT8A8..l!TY THAI NIP
VE , ! •'-S CAT ̀0 1RY IS XIPECTED TO CCCUq DURING THIF PLANý LIFETIME

UT .r.; :1 NERIIA ASSj REPRESENT EXSI ,ENIE CR L0MIEIG CAS.. UF FA:LURES

4NICH RF DENTIF C!AS CONCE;IABLE

CRITICALITY NUMBERS

4

DEFINITIONS
FAILURE FOPERFORM SAF.TY FUNCTION

DEGRADATION OF SAFETY FtUNCTIOTN

NOL0$IVCE I'NAr[EY B, ?II. lIN~rHED)Id,E OUYAGE

NO EFFECT ON.SAFETY REFAIF DO FfPýE UNTIL SCHEDULED

OUTAGE

NO EFFFC ' N SAFETY OR OPFRAT CS



!

0-

TABLE C.S.1-35
FAILURE MODE AND EFFECTS ANALYSIS
CRITICALITY ANALYSIS

PART A.SSEMBLY 0R PROCESS PIN PREPAREODBY •4 " ATE

PARr,ASSEMBLY PART. ASSFMR0 FART. ASSEMBLY
ITEM OR PROCESS OR PROCESS oR PROCESS FAILURE EOFET(S CORRECTIVE ACTION OR PART. ASSEMBLY OR PROCESS

FAILURE- MOES FAIUILUREEIO. F PEVENTIVE ACTION INTERFACINGS AND REMARKS
NUMBER NAME FUNCTION . REENIV

•3 4 65 psi-Loss of pro-
tective buffer.

3 2 .5 psi-Loss of protec-
tive buffer.

3 Solenoid Fails to Operate -Janmed plunger 2 4 Cannot Pressurize All pressures-Argon
Valve (in- (Closed) -Open circuit System unction lost.
let)

Fails to Operate -Jammed plunger 2 2 Continuous Venting All pressures-Leak
(Open) of Outlet Valve, a8la5r iven•

Leaks Sticking Plunger 3 2 Continued Venting of All oressures-Alarm
Outlet Valve for o.verpressure may

be given.

4 Solenoid Fails to Operate -Jammed plunger 2 2 Permits overpressure All pressures-Over
Valve (Out- (Closed) -Open circuit -------e a-r given.
let) 

.M

Fails to Operate .Janmed plunger 2 2 Vent Argon All pressures-Down-
(Open) stream pressure re-

lief prevents signi-
ficant under pressure

Leaks Sticking Plunger 3 2 Pressure constantly All pressures-Down-
added by inlet valve stream pressure re.-

.- lief prevents signi-
ficant under pressure

5 System Fails to Operate Electrical Malfunc- 2 4 Loss of pressure con- All. pressures-Argon
Logic Con- tion trol Sste •lost.

trol

Operates Intermittent.Electrical Malfunc- 3 4 Over or under pres- 65 psi-Bellows lose
ly tion . sures occur protective buffer.

3 1 § 5 psi-Bellows lose
protective buffer

3 3 • 200 psi-Spurious
Scram may occur

•__ _,_ :._ _._ _ _ _.

6487.=

0 0,
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Appendix D was deleted

in Amendment 24

D-i Amend. 24
July 1976



CLINCH RIlVER

BREEDER REACTOR PROJECT

PRELIMINARY
SAFETY ANALYSIS

REPORT

APPENDIX E

PRIMARY PIPE RUPTURE ACCOMMODATION

PROJECT MANAGEMENT CORPORATION.



Appendix E was deleted

in Amendment 26

Amend. 26
Aug. 1976

E-i



Appendix F was deleted in

Amendment 60

F-i
Amend. 60
Feb. 1981


