5.0 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

LSCS-UFSAR

CHAPTER 5.0 - REACTOR COOLANT SYSTEM AND

CONNECTED SYSTEMS

TABLE OF CONTENTS

5.1 SUMMARY DESCRIPTION

5.1.1
5.1.2
5.1.3
5.1.4

5.2 INTEGRITY OF REACTOR COOLANT PRESSURE BOUNDARY

Schematic Flow Diagram

Piping and Instrumentation Diagrams
Elevation Drawing

References

5.2.1
5.2.1.1
5.2.1.2
5.2.2
5.2.2.1
5.2.2.1.1
5.2.2.1.2
5.2.2.1.3
5.2.2.1.4
5.2.2.2
5.2.2.2.1
5.2.2.2.2
5.2.2.2.2.1
5.2.2.2.2.2
5.2.2.2.2.3
5.2.22.24
5.2.2.2.2.5
5.2.2.2.3
5.2.2.2.3.1
5.2.2.2.3.2
5.2.2.2.3.3
5.2.2.3
5.2.2.4
5.2.24.1
5.2.2.4.2
5.2.24.2.1

5.2.2.4.2.1.1
5.2.2.4.2.1.2

Compliance with Codes and Code Cases
Compliance with 10 CFR 50, Section 50.55a
Applicable Code Cases

Overpressurization Protection

Design Basis

Safety Design Basis

Power Generation Design Bases
Discussion

Safety Valve Capacity

Design Evaluation

Method of Analysis

System Design

Operating Conditions

Transients

Scram

Safety-Relief Valve Transient Analysis Values
Safety/Relief Valve Capacity

Evaluation of Results

Safety/Relief Valve Capacity

SRV Time Response

Pressure Drop in Inlet and Discharge
Piping and Instrument Diagrams
Equipment and Component Descriptions
Description

Design Parameters

Safety/Relief Valve and Safety/Relief Valve
Accumulator Descriptions

Safety/Relief Valves

Safety/Relief Valve Accumulators

5.1-1

5.1-1

5.1-3
5.1-3
5.1-3
5.1-3

5.2-1

5.2-1
5.2-1
5.2-2
5.2-3
5.2-3
5.2-4
5.2-4
5.2-4
5.2-6
5.2-7
5.2-7
5.2-8
5.2-8
5.2-8
5.2-8
5.2-8
5.2-9
5.2-9
5.2-9
5.2-10
5.2-10
5.2-11
5.2-11
5.2-11
5.2-16

5.2-16
5.2-16
5.2-16

5.0-1 REV. 15, APRIL 2004



LSCS-UFSAR

5.2.2.4.2.2 Design Transients 5.2-16
5.2.2.4.22.1 Loading and Stress Criteria 5.2-16
5.2.2.4.2.2.1.1 RCPB Components Designed by Stress Analysis 5.2-16

5.0-i-a REV. 14, APRIL 2002 |



LSCS-UFSAR
Table of Contents (Cont'd)

5.2.2.4.2.2.1.2 Components Designed Primarily by Empirical
Methods

5.2.2.4.2.2.2 Detailed Analyses (RCPB Pressure Parts)

5.2.2.4.2.2.2.1 Reactor Vessel

5.2.2.4.3 Identification of Active Pumps and Valves

5.2.2.4.3.1 Classification of Pumps and Valves

5.2.2.4.3.2 Pipe Break

5.2.2.4.3.2.1 Reactor Recirculation Pump and Motor

5.2.2.4.3.2.2 Recirculation Flow Control Valve

5.2.2.4.3.2.3 Safety/Relief Valves

5.2.2.4.3.2.4 Isolation Valves

5.2.2.4.3.2.5 Pipe Rupture

5.2.2.4.4 Design of Active Pumps and Valves

5.2.2.4.5 Inadvertent Operation of Valves

5.2.2.4.6 Stress and Pressure Limits

5.2.2.4.7 Stress Analysis for Structural Adequacy

5.2.2.4.8 Analysis Method for Faulted Condition

5.2.2.4.9 Protection Against Environmental Factors

5.2.2.4.10 Compliance with Code Requirements

5.2.2.4.11 Stress Analysis for Emergency and Faulted Condition
Loadings

5.2.2.4.12 Stress Levels in Seismic Category I Systems

5.2.2.4.13 Analytical Methods for Stresses in Pumps and Valves

5.2.2.4.14 Analytical Methods for Evaluation of Pump Speed
and Bearing Integrity

5.2.2.4.15 Operation of Active Valves Under Transient Loadings

5.2.2.4.15.1 Main Steamline Isolation Valves (MSIV)

5.2.2.4.15.2 Safety/Relief Valves

5.2.2.4.15.3 Other Provisions to Assure Operability

5.2.2.4.16 Field Run Piping

5.2.2.5 Mounting of Pressure-Relief Devices

5.2.2.6 Applicable Codes and Classification

5.2.2.7 Material Specification

5.2.2.8 Process Instrumentation

5.2.2.9 System Reliability

5.2.2.10 Inspection and Testing

5.2.3 Reactor Coolant Pressure Boundary Materials

5.2.3.1 Material Specifications

5.2.3.1.1 General Material Considerations

5.2.3.1.2 Compatibility with Reactor Coolant

5.2.3.1.3 Compatibility with External Insulation and
Environmental Atmosphere

5.2.3.2 Compatibility with Reactor Coolant

5.2.3.2.1 Chemistry of Reactor Coolant

5.0-1

5.2-17
5.2-17
5.2-17
5.2-17
5.2-17
5.2-18
5.2-18
5.2-18
5.2-18
5.2-18
5.2-18
5.2-19
5.2-19
5.2-20
5.2-20
5.2-20
5.2-20
5.2-20

5.2-21
5.2-21
5.2-21

5.2-21
5.2-21
5.2-21
5.2-22
5.2-22
5.2-22
5.2-23
5.2-23
5.2-24
5.2-24
5.2-24
5.2-25
5.2-26
5.2-26
5.2-26
5.2-26

5.2-26

5.2-27
5.2-27

REV. 13



LSCS-UFSAR
Table of Contents (Cont'd)

5.2.3.3 Fabrication and Processing of Ferritic Materials

5.2.3.3.1 Fracture Toughness

5.2.3.3.1.1 Compliance with Code Requirements (Historical)

5.2.3.3.1.2 Compliance with 10 CFR 50 Appendix G, Fracture
Toughness Requirements

5.2.3.3.1.2.1 Historical Compliance with 10 CFR 50 Appendix G
(Historical)

5.2.3.3.1.2.2 Alternative Compliance with 10 CFR 50 Appendix G

5.2.3.3.1.3 Acceptable Fracture Energy Levels

5.2.3.3.1.4 Operating Limits Based on Fracture Toughness

5.2.3.3.1.4.1 Historical Operating Limits Based on Fracture
Toughness

5.2.3.3.1.4.2 Current Operating Limits Based on Fracture Toughness

5.2.3.3.1.5 Temperature Limits for Boltup

5.2.3.3.1.6 Temperature Limits for Preoperational System

Hydrostatic Tests and ISI Hydrostatic or Leak
Pressure Tests

5.2.3.3.1.7 Operating Limits During Heatup, Cooldown, and
Core Operation

5.2.3.3.1.8 Reactor Vessel Annealing

5.2.3.3.1.9 Compliance with 10 CFR 50 Appendix H (Historical)

5.2.3.3.1.10 Compliance with 10 CFR 50 Appendix H Reactor
Vessel Material Surveillance Program Requirements

5.2.3.3.2 Control of Welding

5.2.3.3.3 Nondestructive Examination

5.2.3.4 Fabrication and Processing of Austenitic Stainless Steel

5.2.3.4.1 Avoidance of Sensitization

5.2.3.4.1.1 Carbon Content and Temperature Control

5.2.3.4.1.2 Unstabilized Austenitic Stainless Steels

5.2.3.4.1.3 Material Inspection Program

5.2.3.4.1.4 Solution Heat Treatment Requirements

5.2.3.4.1.5 Retesting Unstabilized Austenitic Stainless Steels
Exposed to Sensitizing Temperatures

5.2.3.4.1.6 Control of Delta Ferrite

5.2.3.4.1.7 Cleaning and Contamination Protection Procedures

5.2.3.4.1.8 Design Changes to Avoid Sensitized Material Exposure

5.2.3.4.2 Control of Welding

5.2.3.4.2.1 Welding Controls

5.2.3.4.3 Nondestructive Examination

5.2.4 Inservice Inspection and Testing of Reactor Coolant Pressure

Boundary

5.2.4.1 Inservice Inspection Program

5.2.4.2 Provisions for Access to Reactor Coolant Pressure Boundary

5.2.4.2.1 Reactor Pressure Vessel

5.2.4.2.2 Pipe, Pumps, and Valves

5.2-29
5.2-29
5.2-29

5.2-29

5.2-29
5.2-30
5.2-30
5.2-30

5.2-30
5.2-32
5.2-32

5.2-33

5.2-33
5.2-33
5.2-33

5.2-34
5.2-34
5.2-34
5.2-35
5.2-35
5.2-35
5.2-35
5.2-35
5.2-36

5.2-36
5.2-36
5.2-37
5.2-37
5.2-37
5.2-37
5.2-37

5.2-37
5.2-37
5.2-38
5.2-38
5.2-38

5.0-111 REV. 20, APRIL 2014



LSCS-UFSAR
Table of Contents (Cont'd)

5.2.4.3 Equipment for Inservice Inspection 5.2-38
5.2.4.4 Inspection Intervals 5.2-38
5.2.4.5 Inservice Inspection Program Categories and Requirements 5.2-38
5.2.4.6 Evaluation of Examination Results 5.2-39
5.2.4.6.1 Recording and Comparing Data 5.2-39
5.2.4.6.2 Reactor Vessel Acceptance Standards 5.2-39
5.2.4.7 System Leakage and Hydrostatic Pressure Tests 5.2-39
5.2.4.8 Coordination of Inspection Equipment with Access Provisions  5.2-39

5.2.5 Reactor Coolant Pressure Boundary Leakage Detection Systems 5.2-39

5.0-111a REV. 20, APRIL 2014



LSCS-UFSAR
Table of Contents (Cont'd)

5.2.5.1 Leakage Detection Methods 5.2-39
5.2.5.1.1 Detection of Abnormal Leakage Within the Primary

Containment 5.2-40
5.2.5.1.2 Detection of Abnormal Leakage Outside the Primary

Containment 5.2-41
5.2.5.2 Leak Detection Devices 5.2-42
5.2.5.3 Indication in Control Room 5.2-44
5.2.5.4 Limits for Reactor Coolant Leakage 5.2-45
5.2.5.4.1 Total Leakage Rate 5.2-45
5.2.5.4.2 Normally Expected Leakage Rate 5.2-45
5.2.5.5 Unidentified Leakage Inside the Drywell 5.2-45
5.2.5.5.1 Unidentified Leakage Rate 5.2-45
5.2.5.5.2 Length of Through-Wall Flaw 5.2-46
5.2.5.5.3 Margins of Safety 5.2-49
5.2.5.5.4 Criteria to Evaluate the Adequacy and Margin of the

Leak Detection System 5.2-49
5.2.5.6 Differentiation Between Identified and Unidentified Leaks 5.2-50
5.2.5.7 Sensitivity and Operability Tests 5.2-50
5.2.5.8 Safety Interfaces 5.2-50
5.2.5.9 Testing and Calibration 5.2-50
5.2.5.10 Main Steamline Leak Detection Outside the Primary

Containment 5.2-50

5.2.6 References 5.2-50
5.3 REACTOR VESSEL 5.3-1
5.3.1 Reactor Vessel Materials 5.3-1
5.3.1.1 Material Specifications 5.3-1
5.3.1.2 Special Processes Used for Manufacturing and Fabrication 5.3-1
5.3.1.3 Special Methods for Nondestructive Examination 5.3-1
5.3.1.4 Special Controls for Ferritic and Austenitic Stainless Steels 5.3-1
5.3.1.5 Fracture Toughness 5.3-1
5.3.1.6 Material Surveillance 5.3-1
5.3.1.6.1 Compliance with "Reactor Vessel Material Surveillance

Program Requirements" 5.3-1
5.3.1.6.2 Positioning of Surveillance Capsules 5.3-2
5.3.1.6.3 Time and Number of Dosimetry Measurements 5.3-2
5.3.1.7 Reactor Vessel Fasteners 5.3-2
5.3.2 Pressure-Temperature Limits 5.3-3
5.3.3 Reactor Vessel Integrity 5.3-3
5.3.3.1 Design 5.3-3
5.3.3.1.1 Description 5.3-3
5.3.3.1.2 Safety Design Bases 5.3-4
5.3.3.1.3 Power Generation Design Basis 5.3-5

5.0-1v REV. 15, APRIL 2004



5.3.3.1.4
5.3.3.1.4.1
5.3.3.1.4.2
5.3.3.1.4.3
5.3.3.1.4.4
5.3.3.1.4.5
5.3.3.1.4.6
5.3.3.1.4.7
5.3.3.2
5.3.3.3
5.3.3.4
5.3.3.5

5.3.3.6
5.3.4

LSCS-UFSAR
Table of Contents (Cont'd)

Reactor Vessel Design Data

Vessel Support
Control Rod Drive Housings
Incore Neutron Flux Monitor Housings
Reactor Vessel Insulation
Reactor Vessel Nozzles
Materials and Inspections
Reactor Vessel Schematic (BWR)

Materials of Construction

Fabrication Methods

Inspection Requirements

Shipment and Installation

Operating Conditions
References

5.4 COMPONENT AND SUBSYSTEM DESIGN

5.4.1
5.4.2
5.4.3
5.4.4
5.4.4.1
5.4.4.2
5.4.4.3
5.4.4.4
5.4.5
5.4.5.1
5.4.5.2
5.4.5.3
5.4.5.4
5.4.6
5.4.6.1
5.4.6.1.1
5.4.6.1.2
5.4.6.2
5.4.6.2.1
5.4.6.2.2
5.4.6.2.3
5.4.6.2.4
5.4.6.3
5.4.6.4
5.4.6.5
5.4.7
5.4.7.1
5.4.7.2

Reactor Recirculation Pumps

Steam Generators (PWR)

Reactor Coolant Piping

Main Steamline Flow Restrictors
Safety Design Bases

Description

Safety Evaluation

Inspection and Testing

Main Steamline Isolation System
Safety Design Bases

Description

Safety Evaluation

Inspection and Testing

Reactor Core Isolation Cooling (RCIC) System
Design Bases

Safety Design Bases

Power Generation Design Bases
System Design

Schematic Piping and Instrumentation Diagrams
Applicable Codes and Classifications
System Reliability Considerations
Manual Actions

Performance Evaluation
Preoperational Testing

Safety Interfaces

Residual Heat Removal System
Design Bases

System Design

5.0-v

5.3-5
5.3-5
5.3-5
5.3-6
5.3-6
5.3-6
5.3-6
5.3-7
5.3-7
5.3-7
5.3-7
5.3-7
5.3-7
5.3-8

5.4-1

5.4-1
5.4-1
5.4-1
5.4-1
5.4-1
5.4-1
5.4-2
5.4-3
5.4-3
5.4-3
5.4-4
5.4-6
5.4-8
5.4-9
5.4-9
5.4-9
5.4-10
5.4-10
5.4-10
5.4-10
5.4-11
5.4-12
5.4-13
5.4-14
5.4-15
5.4-15
5.4-15
5.4-16

REV. 15, APRIL 2004



5.4.7.2.1
5.4.7.2.2
5.4.7.2.2.1
5.4.7.2.2.2
5.4.7.2.2.3
5.4.7.2.2.4
5.4.7.2.2.5
5.4.7.2.3
5.4.7.2.4
5.4.7.3
5.4.7.3.1
5.4.7.3.2
5.4.7.4

5.4.8
5.4.8.1
5.4.8.1.1
5.4.8.1.2
5.4.8.2
5.4.8.3

LSCS-UFSAR
Table of Contents (Cont'd)

Schematic Piping and Instrumentation Diagrams
Equipment and Component Description
General
Shutdown Cooling and Reactor Vessel Head Spray Mode
Deleted
Low-Pressure Coolant Injection Mode
Containment Cooling Mode
Applicable Codes and Classifications
System Reliability Considerations
Performance Evaluation
Reactor Shutdown with Crack in RHR Cooling Loop
Required Operator Response Time
Preoperational Testing, Inservice Inspection
and Testing

Reactor Water Cleanup System
Design Bases

Safety Design Bases

Power Generation Design Bases
System Description
Safety Evaluation

5.4.9 Main Steamlines and Feedwater Piping

5.4.9.1
5.4.9.2
5.4.9.3
5.4.9.4
5.4.9.5

Safety Design Bases

Power Generation Design Bases
Description

Safety Evaluation

Inspection and Testing

5.4.10 Pressurizer
5.4.11 Pressurizer Relief Tanks
5.4.12 Valves

5.4.12.1
5.4.12.2
5.4.12.3
5.4.12.4

Safety Design Bases
Description

Safety Evaluation
Inspection and Testing

5.4.13  Safety/Relief Valves

5.4.13.1
5.4.13.2
5.4.13.3
5.4.13.4

Safety Design Bases
Description

Safety Evaluation
Inspection and Testing

5.4.14  Component Supports

5.4.14.1
5.4.14.2
5.4.14.3
5.4.14.4

Safety Design Bases
Description

Safety Evaluation
Inspection and Testing

5.4.15  Hydrogen Water Chemistry System

5.4.15.1

Hydrogen Injection System

5.4-16
5.4-16
5.4-16
5.4-17
5.4-18
5.4-19
5.4-20
5.4-20
5.4-21
5.4-22
5.4-22
5.4-23

5.4-23
5.4-24
5.4-24
5.4-24
5.4-25
5.4-25
5.4-26
5.4-27
5.4-27
5.4-27
5.4-28
5.4-28
5.4-28
5.4-28
5.4-29
5.4-29
5.4-29
5.4-29
5.4-29
5.4-29
5.4-30
5.4-30
5.4-30
5.4-31
5.4-31
5.4-31
5.4-31
5.4-31
5.4-32
5.4-32
5.4-32
5.4-33

5.0-v1 REV. 15, APRIL 2004



LSCS-UFSAR
Table of Contents (Cont'd)

5.4.15.1.1 Design Basis

5.4.15.1.2  Description

5.4.15.2 Oxygen/Air Injection System
5.4.15.2.1 Design Basis

5.4.15.2.2  Description

5.4.15.3 Tests and Inspections
5.4.15.4 Instrumentation Applications
5.4.15.5 Performance Analysis

5.4-16  References

5.0-via

5.4-33
5.4-33
5.4-33
5.4-34
5.4-34
5.4-34
5.4-34
5.4-35
5.4-35

REV. 17, APRIL 2008



LSCS-UFSAR

CHAPTER 5.0 - REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

LIST OF TABLES
NUMBER TITLE
5.2-1 Code Case Interpretations (Historical)
5.2-2 Exceptions to Conformance to 10 CFR

50.55a for Reactor Coolant Pressure
Boundary Components

5.2-2a ASME Section III, 1971, Summer and
Winter Addenda Changes

5.2-3 Deleted

5.2-4 Plant Events

5.2-5 Reactor Coolant Pressure Boundary
Loading Combinations

5.2-6 RCPB Pump and Valve Description

5.2-7 Reactor Coolant Pressure Boundary
Materials

5.2-8 Summary of Isolation/Alarm of System
and the Leak Detection Methods Used

5.2-9 Nuclear System Safety/Relief Set
Pressures and Capacities

5.2-10 LaSalle Unit 1 Reactor Vessel Toughness

5.2-11 LaSalle Unit 2 Reactor Vessel Toughness

5.2-12 Reactor Vessel Material Surveillance Program
Withdrawal Schedule

5.2-13 Deleted

5.4-1 Reactor Water Cleanup System Equipment
Design Data

5.4-2 Hydrogen Water Chemistry System Alarms and
Isolations

5.0-vil REV. 21, JULY 2015



LSCS-UFSAR

CHAPTER 5.0 - REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

LIST OF FIGURES AND DRAWINGS

FIGURES

NUMBER TITLE

5.1-1 Intentionally Deleted

5.1-2 Coolant Volumes

5.1-3 Reactor Coolant System Elevation Drawing

5.2-1 Typical Dual Safety/Relief Pop Valve Capacity
Characteristics

5.2-1a Power Actuation and Safety Action Valve Lift
Characteristics

5.2-2 Scram Rod Drive and Scram Reactivity Time
Characteristics (Typical and Initial)

5.2-3 (Typical) Peak Vessel Pressure vs. Safety/Relief Valve
Capacity

5.2-4 (Initial Core) Time Response of Vessel Pressure for MSIV
Closure Transients

5.2-4a Typical BWR-5 Reactor Vessel Pressure Following
Transient Isolation Event

5.2-4b (Initial Core) MSIV Closure, High Flux Scram, 104% Power

5.2-4c¢ Graphic of Safety/Relief Valve with Auxiliary
Actuating Device

5.2-4d,e,f,g MSIV Closure, Flux Scram Event (with 10 SRVs
available)

5.2-5 Nuclear Boiler System P&ID Data Sheet

5.2-6 Safety/Relief Valve Schematic Elevation

5.2-7 Safety/Relief Valve Schematic Plan

5.2-8 LaSalle Unit 1 Pressure-Temperature Operating Limits
Valid to 16 EFPY (Historical)

5.2-8a LaSalle Unit 1 Pressure-Temperature Operating Limits
Valid to 32 EFPY (Historical)

5.2-9 LaSalle Unit 2 Pressure-Temperature Operating Limits
Valid to 16 EFPY (Historical)

5.2-9a LaSalle Unit 2 Pressure-Temperature Operating Limits
Valid to 32 EFPY (Historical)

5.2-10 Deleted

5.2-11 Calculated Leak Rate As A Function of Crack

Length and Applied Hoop Stress

5.0-viil REV. 19, APRIL 2012



LSCS-UFSAR
LIST OF FIGURES AND DRAWINGS Con't

5.2-12 Axial Through-Wall Crack

5.2-13 Typical GE MSIV Closure, High Flux Scram

5.2-14 SPC MSIV Closure, High Flux Scram System Response

5.2-15 SPC MSIV Closure High Flux Scram Pressure Response

5.3-1 Reactor Vessel Cutaway

5.3-2 Reactor Vessel Nominal Water Level Trip and Alarm
Elevations

5.4-1 Main Steamline Flow Restrictor Location

5.4-2 Main Steamline Isolation Valve

5.4-3 Reactor Core Isolation Cooling System Process
Diagram

5.4-4 Reactor Core Isolation Cooling System Flow
Control Diagram

5.4-5 Residual Heat Removal System Process Diagram

5.4-6 Reactor Water Cleanup System Process Diagram

5.4-7 Filter/Demineralization Subsystem Process Diagram

5.4-8 Reactor Water Cleanup System Flow Control Diagram

5.0-1x REV. 21, JULY 2015



LSCS-UFSAR
LIST OF FIGURES AND DRAWINGS Con't
CHAPTER 5.0 - REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

LIST OF FIGURES AND DRAWINGS

DRAWINGS CITED IN THIS CHAPTER* |

* The listed drawings are included as "General References" only; 1.e., refer to the

drawings to obtain additional detail or to obtain background information. These
drawings are not part of the UFSAR. They are controlled by the Controlled
Documents Program.’

DRAWING* SUBJECT |

M-55 Main Steam System P&ID, Unit 1

M-57 Feedwater and Zinc System P&ID, Unit 1

M-86 Primary Containment Chilled Water Coolers System P&ID,
Unit 1

M-90 Reactor Building Closed Cooling Water System P&ID, Unit 1

M-91 Reactor Building Equipment Drains System P&ID, Unit 1

M-93 Nuclear Boiler and Reactor Recirculation System P&ID, Unit 1

M-96 Residual Heat Removal System P&ID, Unit 1

M-97 Reactor Water Cleanup System P&ID, Unit 1

M-98 Fuel Pool Cooling Filter and Demineralizer System P&ID

M-100 Control Rod Hydraulic System P&ID, Unit 1

M-101 Reactor Core Isolation Cooling System P&ID, Unit 1

M-116 Main Steam System P&ID, Unit 2

M-118 Feedwater and Zinc System P&ID, Unit 2

M-129 HVAC Equipment Drains Reactor Building P&ID

M-136 Reactor Building Closed Cooling Water System P&ID, Unit 2

M-139 Nuclear Boiler and Reactor Recirculation System P&ID, Unit 2

M-142 Residual Heat Removal System P&ID, Unit 2

M-143 Reactor Water Cleanup System P&ID, Unit 2

M-146 Control Rod Hydraulic System P&ID, Unit 2

M-147 Reactor Core Isolation Cooling System P&ID, Unit 2

M-153 Process and Effluent Radiation Monitoring System

M-155 Leak Detection System P&ID, Unit 1

M-156 Containment Monitoring System P&ID, Unit 1

M-157 Leak Detection System P&ID, Unit 2

M-2055 Main Steam System P&ID/C&I Details, Unitl

M-2080 Turbine Building Equip. Drains System P&ID/C&I Details,
Unit 1

M-2091 Reactor Building Equip. Drains System P&ID/C&I Details,
Unit 1

5.0-x REV. 14, APRIL 2012 |



LSCS-UFSAR
LIST OF FIGURES AND DRAWINGS Con't

CHAPTER 5.0 - REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS
LIST OF FIGURES AND DRAWINGS
DRAWINGS CITED IN THIS CHAPTER(Continued)*

DRAWING* SUBJECT

M-2096 Residual Heat Removal System P&ID/C&I Details, Unit 1

M-2097 Reactor Water Cleanup System P&ID/C&I Details, Unit 1

M-2101 Reactor Core Isolation Cooling System P&ID/C&I Details,
Unit 1

M-2103 Radioactive Waste Disposal System P&ID/C&I Details,
Units 1 & 2

M-2105 Auxiliary Building Drains System P&ID/C&I Details,
Units 1 & 2

M-2106 Turbine Building Floor Drains System P&ID/C&I Details,
Unit 1

M-2116 Main Steam System P&ID/C&I Details, Unit 2

M-2143 Reactor Water Cleanup System P&ID/C&I Details, Unit 2

5.0-xi REV. 14, APRIL 2012 |



LSCS-UFSAR

CHAPTER 5.0 - REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

5.1 SUMMARY DESCRIPTION

The reactor coolant system includes those systems and components which contain
or transport fluids coming from or going to the reactor vessel. These systems form a
major portion of the reactor coolant pressure boundary. This chapter of the
Updated Final Safety Analysis Report provides information regarding the reactor
coolant system and pressure-containing appendages out to and including the
isolation valve. This grouping of components is defined as the reactor coolant
pressure boundary (RCPB) and is indicated below.

Reactor coolant pressure boundary (RCPB) means all those pressure-containing
components such as pressure vessels, piping, pumps, and valves, which are:

a. part of the reactor coolant system, or

b. connected to the reactor coolant system, up to and including any
and all of the following:

1. the outermost containment isolation valve in system
piping which penetrates the primary containment,

2. the second of the two valves normally closed during
normal reactor operation in system piping which does not
penetrate the primary containment, and

3. the reactor coolant system safety/relief valves.
Section 5.4 deals with various subsystems which are closely allied to the RCPB.

The nuclear system pressure relief system protects the reactor coolant pressure
boundary from damage due to overpressure. To protect against overpressure,
pressure-operated relief valves are provided that can discharge steam from the
nuclear system to the suppression pool. The pressure relief system also acts to
automatically depressurize the nuclear system in the event of a loss-of-coolant
accident in which the high-pressure core spray (HPCS) system fails to maintain
reactor vessel water level. Depressurization of the nuclear system allows the low-
pressure core cooling systems to supply enough cooling water to cool the fuel
adequately.

Subsection 5.2.5 describes the bases for nuclear system leakage inside the drywell

so that appropriate action can be taken before the integrity of the nuclear system
process barrier is impaired.
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The reactor vessel and appurtenances are described in Section 5.3. The major
safety consideration for the reactor vessel is the ability of the vessel to function as a
radioactive material barrier. Various combinations of loading were considered in
the vessel design. The vessel meets the requirements of various applicable codes
and criteria. The possibility of brittle fracture is considered, and suitable design
and operational limits are established that avoid conditions where brittle fracture is
possible.

The reactor recirculation system provides coolant flow through the core.
Adjustment of the core coolant flow rate changes reactor power output, thus
providing a means of following plant load demand without adjusting control rods.
The recirculation system is designed to provide a slow coastdown of flow so that fuel
thermal limits cannot be exceeded as a result of recirculation system malfunctions.
The arrangement of the recirculation system routing is such that a piping failure
cannot compromise the integrity of the floodable inner volume of the reactor vessel.

The main steamline flow restrictors are venturi-type flow devices. One restrictor is
installed in each main steamline inside the primary containment. The restrictors
are designed to limit the loss of coolant resulting from a main steamline break
outside the primary containment. The coolant loss is limited so that reactor vessel
water level remains above the top of the core during the time required for the main
steamline isolation valves to close. This action protects the fuel barrier.

The main steamline isolation valves automatically isolate the reactor coolant
pressure boundary in the event a pipe break occurs downstream of the isolation
valves. This action limits the loss of coolant and the release of radioactive materials
from the nuclear system. Two isolation valves are installed on each main
steamline, one inside and the other outside the primary containment.

The reactor core isolation cooling (RCIC) system provides makeup water to the core
during a reactor shutdown in which feedwater flow is not available. The system is
started automatically upon receipt of low reactor water level signal or manually by
the operator. Water is pumped to the core by a turbine-pump driven by reactor
steam.

The residual heat removal (RHR) system includes a number of pumps and heat
exchangers that can be used to cool the nuclear system under a variety of
situations. During normal shutdown and reactor servicing, the RHR system
removes residual and decay heat. The RHR system allows decay heat to be removed
whenever the main heat sink (main condenser) is not available (e.g., hot standby).
One mode of RHR operation allows the removal of heat from the primary
containment following a loss-of-coolant accident. Another operational mode of the
RHR system is low-pressure coolant injection (LPCI). LPCI operation is an
engineered safeguard for use during a postulated loss-of-coolant accident. This
operation is described in Section 6.3.
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The reactor water cleanup system recirculates a portion of reactor coolant through a
filter-demineralizer to remove particulate and dissolved impurities from the reactor
coolant. It also removes excess coolant from the reactor system under controlled
conditions.

5.1.1 Schematic Flow Diagram

A schematic flow diagram of the reactor coolant system denoting all major
components, principal pressures, temperatures (or enthalpies), and flowrates 1s
given in Figure 1.2-1. Figure 5.1-2 shows the typical coolant volumes for a BWR-5
plant under steady state full power operating conditions.

5.1.2 Piping and Instrumentation Diagrams

Piping and instrumentation diagrams covering the systems included within the
reactor coolant system and connected systems are presented in the following:

a. the nuclear boiler shown on Drawing Nos. M-93 and M-139,

b. main steam shown on Drawing Nos. M-55 and M-116,

c. feedwater shown on Drawing Nos. M-57 and M-118,

d. recirculation system shown on Drawing Nos. M-93 and M-139,

e. reactor core isolation cooling system shown on Drawing Nos. M-
101 and M-147,

f. residual heat removal system shown on Drawing Nos. M-96 and
M-142,

g. reactor water cleanup system shown on Drawing Nos. M-97 and
M-143.

5.1.3 Elevation Drawing

An elevation drawing showing the principal dimensions of the reactor coolant
system in relation to the containment is shown in Figure 5.1-3.

5.1.4 References

1. Power Uprate Project Tasks 100/ 101, “Power Uprate Nominal Heat
Balance / Power Uprate Offrated Heat Balance,” GE-NE-A1300384-01,
Revision 0, July 1999.

la. Design Analysis L-003559, Rev. 0, "Reactor Heat Balance," July 2010.
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5.2 INTEGRITY OF REACTOR COOLANT PRESSURE BOUNDARY

5.2.1 Compliance with Codes and Code Cases

5.2.1.1 Compliance with 10 CFR 50, Section 50.55a

The reactor pressure vessel for Unit 1 was originally ordered in January 1967 and
applied to LSCS in November 1970. Unit 2 RPV was initially ordered for LSCS in
January 1970. Design and fabrication had progressed on the basis of ASME 1968
Section III for both these units with respect to materials, welding, and quality
control requirements. By the time 10 CFR 50.55a originated, updating these RPV's
to the 1971 edition of the code was impossible. This was due primarily to the
absence of the earlier requirements for subcontractor material certification and
certifications on procedures, test equipment, inspectors' qualifications, etc.

In PSAR Amendment 11 Commonwealth Edison identified this noncompliance with
the subsequently issued codes and standards rule. The commission granted
approval for relief therefrom for LSCS RPV's and acceptance in lieu thereof the
ASME Section III codes and addenda specified in PSAR Amendment 11.

A table which shows compliance with the rules of 10 CFR 50.55a 1s included in
Section 3.2, code edition, applicable addenda, and component dates are in
accordance with 10 CFR 50.55a except for those reactor coolant pressure boundary
components listed in Table 5.2-2. The design, fabrication, and testing of the reactor
coolant pressure boundary components listed in Table 5.2-2 was in accordance with
the recognized codes and standards in effect at the time the components were
ordered as shown in the table. The code edition and applicable addenda that would
be required by strict interpretation of the rules set forth in 10 CFR 50.55a are
1dentified in Table 5.2-2.

The LaSalle application for a construction permit was filed with the Commaission in
November 1970. At that time, a construction permit was expected before the end of
1971. Asis common practice in the utility industry, Commonwealth Edison
proceeded with the design engineering, and long-term material and component
procurement in anticipation of the Commission's granting a construction permit to
meet the filed project schedules. Had the Commission issued the construction
permit as initially expected, the requirements of 10 CFR 50.55a would have been
met to the letter of the law for the RCPB equipment.

The last reactor recirculation piping was ordered in October 1971 to the 1971
Edition of the ASME Section III Code including the 1971 Summer addenda. A close
scrutiny of the 1971 Winter and 1972 Summer addenda has not detected any
additional requirements applicable to the fabrication of the recirculation piping.
Therefore, updating to the 1972 Summer addenda would produce no noticeable
effect on the quality or reliability of the piping and would only incur added expense.
This conclusion is in keeping with the recirculation piping code exception granted to
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Susquehanna for piping designed to 1971 Code with the Summer addenda and
required by purchase order date to comply with the 1972 Summer addenda.

The reactor recirculation gate valves were ordered in April and June of 1971 to the
1971 Edition of the ASME Section III Code. A detailed evaluation of the changes
through the 1971 Winter addenda (presented in Table 5.2-2a), has identified no
additional requirements applicable to the fabrication of the valves. Therefore,
updating to the 1971 Winter addenda would produce no effect on the quality or
reliability of the valves and would only incur added expense.

The reactor recirculation pumps were ordered in May 1971 to the 1971 edition of
the ASME Section III Code. There were no changes introduced through the 1971
Winter addenda (Table 5.2-2a) which would have a substantive effect on the
recirculation pumps. Therefore, upgrading to the 1971 Winter addenda would
merely incur added expense with no effect on the design and configuration of the
pumps.

As noted in the preceding discussion, the addenda changes have been reviewed with
the conclusion that the addenda required by the rules of 10 CFR 50.55a affect
documentation format but impose no new technical requirements or changes in
quality control procedures from the code version applied in the procurement of the
components. The level of safety and quality provided by conformance to the earlier
code edition and addenda applied in the actual equipment procurement is
technically equivalent to that which would be required by strict application at the
rules of 10 CFR 50.55a. The effort and expense of recertification for these RCPB
components would not provide any increase in the level of safety and quality, but
only add paper with new formatting.

Analyses have been provided by CECo to the NRC which demonstrated the safety
integrity of the LSCS RCPB components. Details of the anlayses and NRC
evaluation and acceptance are discussed in Subsection 5.2.3.3.

5.2.1.2 Applicable Code Cases

The reactor pressure vessel and appurtenances and the RCPB piping, pumps, and
valves have been designed, fabricated, and tested in accordance with the Nuclear

Pump and Valve Code of ASME Code, Section III, including the addenda that were
mandatory at order date for the applicable components.

Table 5.2-2 lists the procurement date for LSCS primary pressure boundary
components along with specific version of the ASME Section III Code cited in the
purchase order. For comparison purposes, the 10 CFR 50.55a reference is also

listed. The various ASME Code case interpretations that were applied to

components in the RCPB are listed in Table 5.2-1 (Historical). Also a code case |
exemption for hydrostatic testing of open-ended LSCS piping is tabulated there for
reference purposes.
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5.2.2 Overpressurization Protection

5.2.2.1 Design Basis

Overpressure protection is provided in complete conformance with 10 CFR 50,
Appendix A, General Design Criterion 15. Preoperational and startup instructions
are given in Chapter 14.0. The overpressure protection report is provided in
Attachment 5A to Chapter 5.0 in the FSAR. The report contains sufficient
information and documentation to show compliance with all the requirements of
Article 9 of ASME Code Section III, 1968, including 1970 addenda. Included is the
design basis for the sizing of the safety/relief valve, the overpressure protection
analysis, and the analysis of safety valve-reactor protection system availability.
The analyses and assumptions presented in Section 5.2.2 are part of the historical
analyses performed by GE for the initial core. These analyses were performed to
show compliance to the ASME code at the design steam flow conditions and design
inputs for the initial core. Parametric studies were performed to demonstrate
adequate safety valve sizing. This historical information has been retained for
information as it relates to system design and the trends of the results are
considered typical.

Compliance to the ASME code is verified every cycle for the reload fuel. The cycle
specific results represent the ASME licensing basis for each cycle. On a cycle
specific basis the applicable fuel vendor evaluates the limiting pressurization event
for the ASME code on overpressure. The ASME code requires that the direct scram
on valve position is bypassed and that only the safety valve function is credited for
pressure relief. The peak pressure for the limiting overpressure event shall be less
than 110% of design pressure (1250 psig) which is 1375 psig. The methods and
sample calculations for the cycle specific analyses are presented below.

GE Analysis

The ODYN model (Reference 11) may be used in GE analysis for compliance to the |
ASME code on a cycle specific basis. GE has determined that the MSIV closure
event with the bypass of the direct scram on valve position is the limiting event
for overpressure. This event takes credit for the high neutron flux scram. The
initial conditions assumed for this analysis are consistent with 102% of original
licensed power to account for input uncertainties. The MSIVs are conservatively
assumed to close in 3 seconds consistent with the minimum speed allowed by tech
specs. Additional conservatism is applied in the analysis in that the MSIV area is
assumed to close to 1% open in 1.7 seconds and the final 1% MSIV area closes in
the final 1.3 seconds. This closure rate provides a large pressure wave to the
vessel, which produces a large neutron and heat flux power excursion. The high
pressure recirculation pump trip is assumed and the Technical Specification
minimum control rod insertion speed is assumed for conservatism. These
assumptions will tend to increase the calculated peak pressure. The safety
function only of the dual function safety/relief valves is assumed to occur for this
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analysis at the maximum allowed technical specification setpoints. No credit is
taken for the relief function

Figure 5.2-13 shows the typical results from the GE MSIV flux scram analysis with
ODYN.

The 1999 LaSalle County Station Power Uprate Project included re-evaluating a
broad set of most limiting transient events at the power uprate conditions (uprate
from 3323 MWt to 3489 MWt). The transient events which are re-analyzed with
power uprate conditions are summarized in UFSAR Table 15.B-1 and Reference
18.

Cycle Specific analyses may be performed using either ODYN or TRACG methods.
The primary difference between TRACG and ODYN overpressure analyses are that
TRACG overpressure cases are initiated from 100% license power as initial power
uncertainties are incorporated using a pressure adder. Additionally, TRACG is a
3-dimensional code while ODYN is 1-dimensional. TRACG may be used with, or
instead of, ODYN codes for AOO analyses as consistent with References 23 and 24. |

5.2.2.1.1 Safety Design Bases

The nuclear pressure-relief system has been designed:

a. to prevent overpressurization of the nuclear system that
could lead to the failure of the reactor coolant pressure
boundary;

b. to provide automatic depressurization for small breaks in

the nuclear system occurring with malfunction of the
high-pressure core spray (HPCS) system, so that
low-pressure coolant injection (LPCI-mode of RHR) and
low-pressure core spray (LPCS) systems can operate to
protect the fuel barrier;

c. to permit verification of its operability; and
d. to withstand adverse combinations of loadings and forces
resulting from operation during abnormal, accident, or

special event conditions.

5.2.2.1.2 Power Generation Design Bases

The nuclear pressure relief system safety/relief valves have been designed to meet
the following power generation bases:
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a. discharge to the containment suppression pool, and

b. correctly reclose following operation so that maximum
operational continuity can be obtained.

5.2.2.1.3 Discussion

The ASME Boiler and Pressure Vessel Code requires that each vessel designed to
meet Section III be protected from overpressure. The code allows a peak allowable
pressure of 110% of vessel design pressure. The code specifications for safety
valves require that: (1) the lowest safety valve be set at or below vessel design
pressure, and (2) the highest safety valve be set so that total accumulated pressure

does not
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exceed 110% of the design pressure. The safety/relief valves are set to open
automatically (relief function) at pressure settings indicated in Table 5.2-9. The
safety function (spring action, safety mode) of the safety/relief valves is analyzed at
higher pressures than these nominal operating setpoints. This satisfies the ASME
Code specifications for safety valves, because all valves open at less than 1250 psig
(nuclear system design pressure).

Two major transients, the closure of all main steamline isolation valves and a
turbine trip with a coincident closure of the turbine steam bypass system valves,
provide the most severe abnormal operational transients resulting in a nuclear
system pressure rise.

The transient produced by the closure of all main steamline isolation valves
represents the most severe abnormal pressure transient resulting in a nuclear
system pressure rise when direct scrams are ignored. The required safety valve
capacity is determined by analyzing the pressure rise from such a transient. The
plant is assumed to be operating at the turbine-generator design conditions at an
analytically conservative vessel dome pressure. The analysis hypothetically |
assumed the failure of the direct MSIV position scram. The reactor is shut down
by the backup, indirect, high neutron flux scram. Cycle specific analyses assume
that the self-actuated safety/relief valves initiate at the Technical Specification
value plus 3% for the SRV opening range. For the results for a specific cycle, refer
to the cycle specific Supplemental Reload Licensing Report (SRLR).

Under the general requirements for protection against overpressure as given in
Section III of the ASME Boiler and Pressure Vessel Code, credit can be allowed for
a scram from the reactor protection system. In addition, credit is also taken for the
protective circuits which are indirectly derived when determining the required
safety/relief valve capacity. The backup reactor high neutron flux scram is
conservatively applied as a design basis in determining the required capacity of the
pressure-relieving dual purpose safety/relief valves. Application of the direct
position scrams in the design basis could be used since they qualify as acceptable
pressure protection devices when determining the required safety/relief valve
capacity of nuclear vessels under the provisions of the ASME code. The
safety/relief valves are operated in a relief mode (pneumatically) at setpoints lower
than those specified for the safety function. This ensures sufficient margin
between anticipated relief mode closing pressures and valve spring forces for
proper seating of the valves.

The loadings which the main steam pipe and relie