QUAD CITIES — UFSAR

6.0 ENGINEERED SAFETY FEATURES

TABLE OF CONTENTS
Page
6.0 ENGINEERED SAFETY FEATURES.........ooutiiiiiiiiiiiiiiiiiiiiiievvvvveaevavvvvaesavaaaaaees 6.0-1
6.0.1 Identification of Engineered Safety Features (ESFs)........ 6.0-1
6.0.1.1 Containment Systems .......cccoeeeevvvvieeeevennnn... 6.0-2
6.0.1.2 Containment Cooling System ...................... 6.0-2
6.0.1.3 Containment Isolation ........cccceeeeeiiiiiiinnnnnnn. 6.0-2
6.0.1.4 Standby Gas Treatment System.................. 6.0-2
6.0.1.5 Emergency Core Cooling System................. 6.0-3
6.0.1.6 Reactor Protection System..........cccceeeeeeennns 6.0-3
6.0.1.7 Main Steam Line Flow Restrictors.............. 6.0-3
6.0.1.8 Control Rod Velocity Limiter....................... 6.0-3
6.0.1.9 Control Rod Housing Support ..................... 6.0-3
6.0.1.10 Other Systems Identified as ESFs in
FSAR...... 6.0-3
6.1 ENGINEERED SAFETY FEATURE MATERIALS...............cccc . 6.1-1
6.1.1 Metallic MaterialS ........cccccuuuuuuuereeiiiiiiiiiiiiiiiiiieieeeieeeeeeaannaanes 6.1-1
6.1.1.1 Materials Selection and Fabrication ........... 6.1-1
6.1.1.2 Composition, Compatibility, and Stability
of Containment and Core Spray Coolants... 6.1-1
6.1.2 Organic Materials .....ccooeeeeeiiiiiiiiiiiieeeeeeeeeeieeeeeee e, 6.1-2
6.2 CONTAINMENT SYSTEMS ....cooiiiiiiiiiiiiiiiieeiieeeeeeeeeeeeeeeeeeee e eee e 6.2-1
6.2.1 Primary Containment Functional Design..............cccco...... 6.2-1
6.2.1.1 Design Bases .......ooovvvveeeiiiiiiiiiiiiiiieeeeeee 6.2-2
6.2.1.2 Design Features ..........c.cooeeeiiiiiieeiiiiiieeeninnn, 6.2-3
6.2.1.3 Design Evaluation ............cccoevvviieennennininnnn, 6.2-11
6.2.2 Containment Heat Removal Systems..........cccccovveeeiinnnnn... 6.2-31
6.2.2.1 Design Bases .......oovvveeeeeiiiiiiiiiiiiiieeeeeeenns 6.2-31
6.2.2.2 System Design.....cc.ccooveeeiiiiiieeiiiiiieeeeieinn 6.2-31
6.2.2.3 Design Evaluation.............ccoovvviiieiineninninnnn, 6.2-32
6.2.2.4 Tests and Inspections........ccoccoevveeeiivinnnnen. 6.2-34
6.2.3 Secondary Containment Functional Design...................... 6.2-34
6.2.3.1 Design Bases ...cooooovvveeiiiiiiieeiiiiieeeeiieeee 6.2-34
6.2.3.2 System Design....cccceeeeeiiiiiiiiiieeeeeeeeeiieeriienn. 6.2-35
6.2.3.3 Design Evaluation..........cccooeeiiiiieiiiiiinennen, 6.2-38
6.2.3.4 Tests and Inspections.............oevvveeeeeeeeennnnnns 6.2-41
6.2.3.5 Instrumentation Requirements.................. 6.2-41
6.2.4 Containment Isolation System ........cccoeeeeeiiviiiiiiiieneeeeninnnnn, 6.2-41
6.2.4.1 Isolation Valves........ccccoeeeeeeiiiiiiiiiiiiiceenee, 6.2-42
6.2.4.2 Instrument Lines ..........cevvvvvivveiiiieiineeenennnn. 6.2-43
6.2.4.3 Main Steam Isolation Valves...................... 6.2-44
6.2.4.4 Materials ......cceveveeeieeiiiiiiiiiiieieeeeeeeeeeeeeeeee 6.2-46
6.2.4.5 Traversing In-Core Probe ..........cccceeeeeiiis 6.2-46
6.2.4.6 Overpressurization Protection Due
To Drywell Temperature Increase............... 6.2-47

Revision 5, June 1999



6.3

Page
6.2.5 Combustible Gas Control in Containment ........................ 6.2-47
6.2.5.1 Containment Inerting .........ccceeeeeeeiiivirnnnnnnn. 6.2-47
6.2.5.2 Containment Atmosphere Monitoring
(CAM) and Atmospheric Containment
Atmosphere Dilution (ACAD) .....ccc.cccoee. 6.2-48
6.2.5.3 Nitrogen Containment Atmosphere
Dilution System (NCAD) .....ocooovvvvvvvvncennn... 6.2-49
6.2.6 Containment System Leakage Testing............cccceeeeeeiiinnn, 6.2-51
6.2.6.1 Drywell and Suppression Chamber............ 6.2-51
6.2.6.2 Containment Penetrations.......................... 6.2-52
6.2.6.3 Containment Isolation Valve Testing......... 6.2-52
6.2.7 Instrumentation Requirements............cccooeeeiivvieeiiiinnneen, 6.2-53
6.2.8 ReferencCes. ... ..uuuuviuiiiiiiiiiiiiiiiiiiiiiieeeeieeeeev e 6.2-55
6.2.8.1 References for Section 6.2.1........................ 6.2-55
6.2.8.2 References for Section 6.2.2........................ 6.2-55
6.2.8.3 References for Section 6.2.5........................ 6.2-55
EMERGENCY CORE COOLING SYSTEM ..o 6.3-1
6.3.1 Introduction and System Design Bases................ccoevvvnnnnn. 6.3-1
6.3.1.1 Core Spray Subsystem .......cccoeeeevvueeerennnn... 6.3-1a |
6.3.1.2 Residual Heat Removal System................... 6.3-2
6.3.1.3 High Pressure Coolant Injection
SUDbSYSEeIM ....oovvvviiiiieeeeeiiiiceee e, 6.3-2
6.3.1.4 Automatic Depressurization Subsystem ..... 6.3-3
6.3.1.5 Management of Gas Accumulation in
Fluid Systems........coooveeiiiiiiiiiiieeeeeeee 6.3-3
6.3.2 System DesSI@N...cccciiiiiiiiiiiiiiieeeeeieeiccee e 6.3-4
6.3.2.1 Core Spray Subsystem .........cccoeeeeeeiiivvnnnnnnnn. 6.3-4
6.3.2.2 Low Pressure Coolant Injection
SUbSYStem .......oovvveeiiieiiiiiiiee e 6.3-9
6.3.2.3 High Pressure Coolant Injection
SUDbSYSteImM ..ovvviiiiiieeeiiie 6.3-15
6.3.2.4 Automatic Depressurization Subsystem
(ADS) e, 6.3-20a
6.3.3 Performance Evaluation .......ccccccccevvvviiiiiiiiiiiiiiiiiiiieeeeeeee, 6.3-22
6.3.3.1 Emergency Core Cooling Subsystem
Performance Evaluations............................ 6.3-22
6.3.3.2 Integrated Emergency Core Cooling
System Performance Evaluation ................ 6.3-37
6.3.4 Tests and INSPectionsS..........c.ueeeiiiiiiieeiiiiieeeeeieee e, 6.3-58
6.3.4.1 Core Spray Subsystem ........ccceeeeeeervvvrvnnnnnnn. 6.3-58
6.3.4.2 Low Pressure Coolant Injection
SUDSYSEEIM ..oovvvviiiiieeeeeeeieecee e, 6.3-59
6.3.4.3 High Pressure Coolant Injection
SUDSYSEEIM ...ovvvvviiieeeeeeeieeeeeee e 6.3-60
6.3.4.4 Automatic Depressurization
SUDSYSEEIM ...oovvvviiiieeeeeeiiieeeeeeeee e, 6.3-61
6.3.5 ReEfErencCes .......uuuuuueiiiiiiiiiiiiiii s 6.3-62

QUAD CITIES — UFSAR

Revision 12, October 2013



6.4

6.5

6.6

QUAD CITIES — UFSAR

Page
HABITABILITY SYSTEMS ......outtittiiiiiiiiiiiiiteiiieieeeiseerieerereseeesaeeeeneree——.. 6.4-1
6.4.1 Design Bases ...oooovviieiiiiiiiece e 6.4-1
6.4.2 System DesSI@N...cccccoiiiiiiiiiiiiieeeeiieeiciee e 6.4-1
6.4.2.1 Definition of Control Room Emergency
/1) s 1< T 6.4-2
6.4.2.2 Ventilation System Design ...............ccoen. 6.4-3
6.4.2.3 Leak Tightness.......ccoooeeeeeiiiiiiiiiiiiiieeeeeeeeiinn, 6.4-4
6.4.2.4 Interaction With Other Zones and
Pressure-Containing Equipment................. 6.4-4
6.4.2.5 Shielding Design ........cccccvvvviveeeeeeeeeieieeiiiinnnn. 6.4-5
6.4.3 System Operational Procedures .............ccoovvvvvveeeeeeeenninnn, 6.4-5
6.4.4 Design Evaluations .........cccccovveeeiiiiiiiiiiiiiiciie e, 6.4-5
6.4.4.1 Radiological Protection ...........ccccceeeeeeeeennnns 6.4-5
6.4.4.2 Toxic Gas Protection ............ccoevvvvveeieeeeennnnns 6.4-6
6.4.4.3 Fire and Smoke Protection .......................... 6.4-8
6.4.4.4 Hydrogen Storage Facility............cccvuunnnn.... 6.4-9
6.4.5 Testing and INSPection........ccceeeeeeiieiiiiiiiiiieeeeeeeeeeeeiieee e, 6.4-9
6.4.6 Instrumentation Requirement..............ccoooeeivvviieiiiiieenennnn. 6.4-9
FISSION PRODUCT REMOVAL AND CONTROL SYSTEMS ............... 6.5-1
6.5.1 Off-Normal/Accident Condition Filter Systems ................. 6.5-1
6.5.1.1 Standby Gas Treatment System Filter
Pack ..o, 6.5-1
6.5.1.2 Control Room Ventilation System Filter
Pack ..o, 6.5-3
6.5.1.3 Filter Pack Tests and Inspections............... 6.5-4
6.5.2 Containment Spray SyStems ......cceeeeeeeerrievvriiiiieeeeeeeeeeernnnnn. 6.5-5
6.5.3 Fission Product Control Systems.............oeeeeeiiiiieeeiiiineen. 6.5-6
INSERVICE INSPECTION OF CLASS 2 AND 3 COMPONENTS.......... 6.6-1
6.6.1 Components Subject to Examination ..........cccccceeeeeeeeennnnnn. 6.6-1
6.6.2 ACCESSIDIIIEY .oovviiiiieiiiccceeee e 6.6-2
6.6.3 Examination Techniques and Procedures..........ccc............. 6.6-2
6.6.4 Inspection Intervals .......ccoooovviiiiiiiiiiiiieee e, 6.6-2
6.6.5 Examination Categories and Requirements....................... 6.6-3
6.6.6 Evaluation of Examination Results.................................... 6.6-3
6.6.7 System Pressure TestS ..o 6.6-3
6.6.8 ReferencCes. ... ..uuuuuiiiiiiii e 6.6-4

Revision 5, June 1999
6-111



QUAD CITIES — UFSAR

6.0 ENGINEERED SAFETY FEATURES

LIST OF TABLES

Table

6.2-1 Principal Design Parameters of the Primary Containment

6.2-2 Drywell Thermal Expansion

6.2-3 Containment Response Summary for a Recirc Line Break Accident

6.2-4 Deleted

6.2-5 Secondary Containment Design

6.2-6 PCIS Group Isolation Signals

6.2-7 Penetrations of the Primary Containment and Associated Isolation Valves

6.3-1 Summary of the Operating Modes of the Emergency Core Cooling
Subsystems

6.3-2 Emergency Core Cooling System

6.3-3A Deleted

6.3-3B Deleted

6.3-3C Plant Parameters Used in Dresden/Quad Cities SAFER/GESTR-LOCA
Analysis for GE14, GE9/10 and ATRIUM-9B at 2957 MWt

6.3-3D Plant Parameters Used in Quad Cities LOCA Analysis for SVEA-96 Optima2
at 2957 MWt

6.3-3E Plant Parameters Used in Quad Cities AREVA LOCA Analysis for ATRIUM |
10XM Fuel at 2957 MWt

6.3-4 Core Spray Equipment Specifications

6.3-5 RHR/LPCI Pump Design Parameters

6.3-6 HPCI Equipment Specifications

6.3-7TA Quad Cities 1 & 2 Single-Failure Evaluation for GE Fuel at 2511 MWt Only

6.3-7B Quad Cities 1 & 2 Single-Failure Evaluation for Siemens Fuel at 2511 MWt
Only

6.3-7C Single Failure Evaluation Used in Dresden/Quad Cities SAFER/GESTR-
LOCA Analysis for GE14, GE9/10 and ATRIUM-9B at 2957 MWt

6.3-7D Single Failure Evaluation Used in Quad Cities LOCA Analysis for SVEA-96
Optima2 Fuel at 2957 MWt

6.3-7TE Single Failure Evaluation Used in Quad Cities LOCA Analysis for ATRIUM |
10XM Fuel at 2957 MWt

6.3-8A Deleted

6.3-8B Deleted

6.3-9A Summary of Quad Cities Unit 1 and Unit 2 Specific Break Spectrum Results
for GE Fuel at 2511 MWt Only (Recirculation Suction Line Break)

6.3-9B Summary of Quad Cities Unit 1 and Unit 2 Specific Break Spectrum Results
for SPC Fuel at 2511 MWt Only (Recirculation Line Break)

6.3-10A Deleted

6.3-10B Deleted

6.3-11A Deleted

6.3-11B Deleted

6.3-12A Deleted

6.3-12B Deleted

6.3-12C SAFER/GESTR-LOCA Licensing Results for GE14, GE9/10 and ATRIUM-9B
at 2957 MWt

Revision 15, October 2019
6-1v



Table
6.3-12D
6.3-12E
6.3-13
6.3-14
6.3-14A
6.3-14B
6.3-14C
6.3-14D
6.3-15
6.3-16
6.3-17
6.3-18
6.3-19A
6.3-19B
6.3-19C

6.3-19D

6.4-1

QUAD CITIES — UFSAR

6.0 ENGINEERED SAFETY FEATURES

LIST OF TABLES

Quad Cities LOCA Licensing Results with SVEA-96 Optima2 Fuel at 2957

MWt

Quad Cities AREVA LOCA Licensing Results with ATRIUM 10XM Fuel at

2957 MWt

ECCS Single Valve Failure Analysis
Deleted

Deleted

SAFER/GESTR-LOCA ECCS Electrical Loading Sequence for GE14, GE9/10

and ATRIUM-9B at 2957 MWt

Quad Cities LOCA Electrical Loading Sequence with SVEA-96 OptimaZ2 Fuel

at 2957 MWt

Quad Cities AREVA LOCA Electrical Loading Sequence with ATRIUM

10XM Fuel at 2957 MWt

ECCS Availability, Small Break With Auxiliary Power
ECCS Availability, Small Break Without Auxiliary Power
ECCS Availability, Large Break With Auxiliary Power

RHR Heat Exchanger Duty Variance with Flow
Deleted

SAFER/GESTR-LOCA Event Scenario for 100% DBA Suction Line Break
and a Diesel Generator Failure without HPCI Using Appendix K
Assumptions for GE14, GE9/10 and ATRIUM-9B at 2957 MWt

Quad Cities LOCA Typical Sequence of Events with SVEA-96 OptimaZ2 Fuel

at 2957 MWt

Quad Cities Units 1 and 2 AREVA LOCA Event Scenario for 0.13 ft2
Recirculation Line Discharge Break with HPCI Failure for ATRIUM 10XM

Fuel at 2957 MWt

Potentially Toxic Chemicals Stored Within the Quad Cities Site Boundary

Revision 15, October 2019



Figure

6.2-1
6.2-2
6.2-3
6.2-4
6.2-5
6.2-6
6.2-7
6.2-8a
6.2-8b
6.2-9
6.2-10
6.2-11
6.2-12
6.2-13
6.2-14
6.2-15
6.2-16
6.2-16a

6.2-16b
6.2-16¢

6.2-17
6.2-18
6.2-18a

6.2-18b
6.2-18c

6.2-19
6.2-20
6.2-20a
6.2-21
6.2-21a
6.2-22
6.2-22a

6.2-23
6.2-23a
6.2-24
6.2-24a

QUAD CITIES — UFSAR

6.0 ENGINEERED SAFETY FEATURES
LIST OF FIGURES

General Arrangement of Mark I Containment System

Elevation View of Containment

Plan View of Containment

Suppression Chamber Section Midbay Vent Line Bay

Suppression Chamber Section - Miterjoint

Resilient Characteristics of Polyurethane

Diagram of Pressure Suppression Piping

Deleted

Deleted

Deleted

Deleted

Recirculation Line Break - Illustration

Pressure Response Calculations and Measurements

Bodega Bay Tests - Vessel Pressure and Drywell Pressure

Bodega Bay Tests - Vessel and Drywell Pressure

Comparison of Calculated and Measured Peak Drywell Pressure

Deleted

Long-term Containment Pressure Response to DBA-LOCA for Quad Cities
(at 2957 MWt)

Short-term Containment Pressure Response (for NPSH) to DBA-LOCA for
Quad Cities (at 2957 MWt)

Long-term Containment Pressure Response (for NPSH) to DBA-LOCA for
Quad Cities (at 2957 MWt)

Deleted

Deleted

Long-term Suppression Pool Temperature Response to DBA-LOCA for Quad
Cities (at 2957 MWt)

Short-term Suppression Pool Temperature Response (for NPSH) to DBA-
LOCA for Quad Cities (at 2957 MWt)

Long-term Suppression Pool Temperature Response (for NPSH) to DBA-
LOCA for Quad Cities (at 2957 MWt)

Deleted

Deleted

Containment Pressure Response to SBA for Quad Cities (at 2957 MWt)
Deleted

Containment Pressure Response to IBA for Quad Cities (at 2957 MWt)
Deleted

Short-term Containment Pressure Response to DBA-LLOCA for Quad Cities
(at 2957 MWt)

Deleted

Containment Temperature Response to SBA for Quad Cities (at 2957MWt)
Deleted

Containment Temperature Response to IBA for Quad Cities (at 2957 MWt)

Revision 7, January 2003
6-vi




6.2-25
6.2-25a

6.2-26
6.2-27
6.2-28
6.2-29
6.2-30
6.2-31

6.2-32
6.2-33
6.2-34
6.2-35

6.2-36
6.2-37

QUAD CITIES — UFSAR

Deleted

Short-term Containment Temperature Response to DBA-LOCA for Quad
Cities (at 2957 MWt)

Suppression Chamber Support - Differential Temperatures

SRV Discharge Torus Shell Loads for Single Valve Actuation

SRV Discharge Torus Shell Loads for Multiple Valve Actuations
Longitudinal Torus Shell Pressure Distribution for SRV Discharge

Deleted

Loading Condition Combinations for Vent Header, Main Vents, Downcomers,
and Torus Shell During a DBA

Loading Condition Combinations for Vent Header, Main Vents, Downcomers,
Torus Shell, and Submerged Structures During IBA

Loading Condition Combinations for the Vent Header, Main Vents,
Downcomers, Torus Shell, and Submerged Structures During an SBA

Nodal Average Power Exceedance Distribution Based on Reactor Operating
Data

Deleted

Reactor Building Superstructure Panel Siding Assembly and Blowoff Details
Reactor Building Pressure (1-Inch Instrument Line Break)

Revision 7, January 2003 |

6-via



QUAD CITIES — UFSAR

6.0 ENGINEERED SAFETY FEATURES

LIST OF FIGURES

Figure

6.2-38 Containment Vessel Penetration

6.2-39 Process Stop Valve and Excess Flow Check Valve - Units 1 and 2

6.2-39A Process Stop Valve and Excess Flow Check Valve - Alternate Detail - Unit 1

6.2-40 Unit 1 Main Steam Isolation Valve Section

6.2-41 Unit 2 Main Steam Isolation Valve Section

6.2-42 Unit 1 Main Steam Isolation Valve Control Diagram

6.2-43 Unit 2 Main Steam Isolation Valve Control Diagram

6.3-1 Emergency Core Cooling System Versus Break Spectrum at 2511 MWt

6.3-2 Diagram of Core Spray Piping

6.3-3 Core Spray System Pump Characteristics

6.3-4 Core Spray Pipe Protection

6.3-5 Core Spray System Functional Control Diagram

6.3-7Ta Deleted

6.3-7b Deleted

6.3-Tc Deleted

6.3-8 Low Pressure Coolant Injection/Containment Cooling System Pump
Characteristics

6.3-9 Residual Heat Removal System - Functional Control Diagram

6.3-10 Residual Heat Removal System - Functional Control Diagram

6.3-11 Residual Heat Removal System - Functional Control Diagram

6.3-12 LPCI Logic Control System Arrangement

6.3-13 LPCI Break Detection System Logic Arrangement

6.3-14 Diagram of High Pressure Coolant Injection (HPCI) Piping

6.3-15 High Pressure Coolant Injection System - Functional Block Diagram

6.3-16 High Pressure Coolant Injection System - Functional Block Diagram

6.3-17 High Pressure Coolant Injection System - Functional Block Diagram

6.3-18 Automatic Depressurization System - Functional Block Diagram

6.3-19 Automatic Depressurization System Auto Blowdown Without High Initial
Pressure Functional Block Diagram

6.3-20 Long Term Reactor Response Equilibrium Conditions (No Core Spray) at
2511 MWt

6.3-21 Model Used for Analysis of the Swell Phenomenon at 2511 MWt

6.3-22 Long Term Cooling Level Swell Model Comparison to Data at 2511 MWt

6.3-23 Long Term Swollen Water Level Response at 2511 MWt

6.3-24 Coolant Distribution (P=130 PSIA: 60KW) at 2511 MWt

6.3-25 Peak Cladding Temperatures for Long Term Cooling Conditions at 2511
MWt

6.3-26 Maximum Cladding Temperature for Long Term Cooling (LPCI Alone) at
2511 MWt

6.3-27 Maximum Cladding Temperature for the Design Basis Accident

(Containment P=30 PSIA) (3 LPCI) at 2511 MWt

Revision 7, January 2003
6-vii




Figure

6.3-28
6.3.28A

6.3.28B

6.3.28C

6.3.28D

6.3.28E

6.3-29
6.3-30
6.3-31

6.3-32
6.3-33

6.3-34

6.3-35
6.3-36
6.3-37
6.3-38
6.3-39
6.3-40
6.3-41
6.3-41A

6.3-42
6.3-42A

6.3-43

6.3-44

QUAD CITIES — UFSAR

6.0 ENGINEERED SAFETY FEATURES
LIST OF FIGURES

Unassisted HPCI Performance at 2511 MWt (0.1 ft2 Break Area)

Upper Plenum Pressure vs. Time After Break (0.12ft2 Pump Discharge Break,
Unassisted HPCI, 102% Power, 108% Core Flow For ATRIUM-9B Fuel)

Total Break Flow and HPCI Flow vs. Time After Break at 2511 MWt (0.12ft2
Pump Discharge Break, Unassisted HPCI, 102% Power, 108% Core Flow For
ATRIUM-9B Fuel)

Upper Downcomer Mixture Level vs. Time After Break at 2511 MWt (0.12ft2
Pump Discharge Break, Unassisted HPCI, 102% Power, 108% Core Flow For
ATRIUM-9B Fuel)

Lower Downcomer Mixture Level vs. Time After Break at 2511 MWt (0.12ft2
Pump Discharge Break, Unassisted HPCI, 102% Power, 108% Core Flow For
ATRIUM-9B Fuel)

Peak Cladding Temperature vs. Time After Break at 2511 MWt (0.12ft2 Pump
Discharge Break, Unassisted HPCI, 102% Power, 108% Core Flow For
ATRIUM-9B Fuel)

Flow Diagram of LOCA Analysis Using SAFER

ECCS Configuration

DBA Suction - Battery Failure Water Level in Hot and Average Channel at
2511 MWt

DBA Suction - Battery Failure Reactor Vessel Pressure at 2511 MWt

DBA Suction - Battery Failure Peak Cladding Temperature (P8x8R) at 2511
MWt

DBA Suction - Battery Failure Peak Cladding Temperature (GE8x8EB) at
2511 MWt

DBA Suction - Battery Failure Core Average Inlet Flow at 2511 MWt

DBA Suction - Battery Failure Minimum Critical Power Ratio at 2511 MWt
Second Peak Cladding Temperature (P8x8R) vs. Break Area at 2511 MWt
Peak Cladding Temperature (P8x8R) vs. Break Area at 2511 MWt
Availability Analysis - Small Line Break

Availability Analysis - Large Line Break

Deleted

Containment Pressure Required and Available in the Long-Term Following a
DBA-LOCA

Deleted

Containment Pressure Required and Available in the Short-Term Following a
DBA-LOCA

Upper Plenum Pressure vs. Time After Break at 2511 MWt (1.0 DEG Pump
Suction Break, LPCI Inj. Valve Failure, ATRIUM-9B Fuel)

Core Inlet Flow vs. Time After Break at 2511 MWt (1.0 DEG Pump Suction
Break, LPCI Inj. Valve Failure, ATRIUM-9B Fuel)

Revision 7, January 2003
6-viil




QUAD CITIES — UFSAR

6.3-45 Core Outlet Flow vs. Time After Break at 2511 MWt (1.0 DEG Pump Suction |
Break, LPCI Inj. Valve Failure, ATRIUM-9B Fuel)
6.3-46 Lower Downcomer Mixture Level vs. Time After Break at 2511 MWt (1.0 DEG |

Pump Suction Break, LPCI Inj. Valve Failure, ATRIUM-9B Fuel)

Revision 7, January 2003 |
6-viiia



Figure
6.3-47
6.3-48
6.3-49
6.3-50
6.3-51
6.3-52
6.3-53
6.3-54
6.3-55
6.3-56
6.4-1
6.4-2
6.4-3
6.4-4
6.4-5
6.4-6

6.4-7

6.5-1

QUAD CITIES — UFSAR

6.0 ENGINEERED SAFETY FEATURES
LIST OF FIGURES

System Pressure vs. Time After Break at 2511 MWt (1.0 DEG Pump Suction |
Break, LPCI Inj. Valve Failure, ATRIUM-9B Fuel)

Lower Plenum Mixture Level vs. Time After Break at 2511 MWt (1.0 DEG |
Pump Suction Break, LPCI Inj. Valve Failure, ATRIUM-9B Fuel)

Peak Cladding Temperature vs. Time After Break at 2511 MWt (1.0 DEG |
Pump Suction Break, LPCI Inj. Valve Failure, ATRIUM-9B Fuel)

Upper Plenum Pressure vs. Time After Break at 2511 MWt (0.5 ft2 Pump
Discharge Break, Diesel Generator Failure, ATRIUM-9B Fuel)

Core Inlet Flow vs. Time After Break at 2511 MWt (0.5 ft2 Pump Discharge
Break, Diesel Generator Failure, ATRIUM-9B Fuel)

Core Outlet Flow vs. Time After Break at 2511 MWt (0.5 ft2 Pump Discharge |
Break, Diesel Generator Failure, ATRIUM-9B Fuel)

Lower Downcomer Mixture Level vs. Time After Break at 2511 MWt (0.5 ft2 |
Pump Discharge Break, Diesel Generator Failure, ATRIUM-9B Fuel)

System Pressure vs. Time After Break at 2511 MWt (0.5 ft2 Pump Discharge |
Break, Diesel Generator Failure, ATRIUM-9B Fuel)

Lower Plenum Mixture Level vs. Time After Break at 2511 MWt (0.5 ft2 |
Pump Discharge Break, Diesel Generator Failure, ATRIUM-9B Fuel)

Peak Cladding Temperature vs. Time After Break at 2511 MWt (0.5 ft2 Pump |
Discharge Break, Diesel Generator Failure, ATRIUM-9B Fuel)

Quad Cities Control Room HVAC Schematic

Diagram of Control Room HVAC System

Quad Cities Control Room Layout

Control Room Habitability General Plant Layout

Control Room Layout and Shielding at Floor Level of the Control Room
Control Room Elevations with Respect to the Turbine Building and Reactor
Building

Torus Layout With Respect to the Control Room

Diagram of Standby Gas Treatment

Revision 7, January 2003
6-1x



QUAD CITIES — UFSAR

TABLE OF CONTENTS (Continued)

6.0 ENGINEERED SAFETY FEATURES
DRAWINGS CITED IN THIS CHAPTER*

*The listed drawings are included as "General References" only; i.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*

B-22
B-23
B-403
B-404
M-13
M-15
M-24
M-25
M-33
M-34
M-35
M-36
M-39
M-40
M-41
M-43
M-44
M-45
M-46
M-47
M-50
M-58
M-60
M-62
M-71
M-72
M-75
M-76
M-77
M-78
M-81
M-82
M-83
M-85
M-87

SUBJECT

Containment Vessels - Drywell Penetrations Unit 1
Containment Vessels - Suppression Chamber Penetrations Unit 1
Containment Vessels - Drywell Penetrations Unit 2
Containment Vessels - Suppression Chamber Penetrations Unit 2
Diagram of Main Steam Piping

Diagram of Reactor Feed Piping

Diagram of Instrument Air Piping

Diagram of Service Air and Control Room Breathing Air Piping
Diagram of Reactor Building Closed Cooling Water Piping
Diagram of Pressure Suppression and Nitrogen Piping
Diagram of Nuclear Boiler & Reactor Recirculating Piping
Diagram of Core Spray Piping

Diagram of Residual Heat Removal (RHR) Piping
Diagram of Standby Liquid Control Piping

Diagram of Control Rod Drive Hydraulic Piping

Diagram of Reactor Building Equipment Drains

Diagram of Standby Gas Treatment Units 1 & 2

Diagram of Fuel Pool Filter Demineralizer Piping
Diagram of High Pressure Coolant Injection (HPCI) Piping
Diagram of Reactor Water Clean-Up (RWCU) Piping
Diagram of Reactor Core Isolation Cooling (RCIC) Piping
Diagram of Clean & Contaminated Condensate Piping
Diagram of Main Steam Piping

Diagram of Reactor Feed Piping

Diagram of Instrument Air Piping

Diagram of Service Air Piping

Diagram of Reactor Building Closed Cooling Water Piping
Diagram of Pressure Suppression and Nitrogen Piping
Diagram of Nuclear Boiler & Reactor Recirculating Piping
Diagram of Core Spray Piping

Diagram of Residual Heat Removal (RHR) Piping
Diagram of Standby Liquid Control Piping

Diagram of Control Rod Drive Hydraulic Piping Unit 2
Diagram of Reactor Building Equipment Drains

Diagram of High Pressure Coolant Injection (HPCI) Piping

Revision 13, October 2015




QUAD CITIES — UFSAR

TABLE OF CONTENTS (Continued)

6.0 ENGINEERED SAFETY FEATURES
DRAWINGS CITED IN THIS CHAPTER*

DRAWING* SUBJECT

M-88 Diagram of Reactor Water Clean-Up (RWCU) Piping

M-89 Diagram of Reactor Core Isolation Cooling (RCIC) Piping

M-461 Diagram of Process Sampling Part 3

M-463 Diagram of Process Sampling Part 3

M-584 Diagram of Traversing In-Core Probe (TIP) System

M-641 Diagram of Containment Atmosphere Monitor System

M-642 Diagram of Atmospheric Containment Atmosphere Dilution System
M-725 Diagram of Control Room HVAC System

Revision 13, October 2015
6-x1




QUAD CITIES — UFSAR
6.0 ENGINEERED SAFETY FEATURES

This Chapter is organized as follows:

Section 6.0 — Identification of the engineered safety features (ESFs)
Section 6.1 — ESF materials

Section 6.2 — Containment systems

Section 6.3 — Emergency core cooling systems

Section 6.4 — Habitability systems

Section 6.5 — Fission product removal and control systems

Section 6.6 — Inservice inspection (ISI) of Class 2 and 3 components

6.0.1 Identification of Engineered Safety Features (ESFs)

Section 6.0 is the complete listing of ESF systems, structures and components. Discussion
of a system, structure, or component elsewhere in Chapter 6 does not imply classification of
that item as an engineered safety feature. Conversely, systems listed in Section 6.0 are
classified as ESFs, even though the detailed discussion of the system, structure, or
component is in another UFSAR Chapter.

This section describes the functional requirements and performance characteristics of the
ESFs which have been provided in addition to those safety features included in the design
of the reactor, reactor coolant system, reactor control systems, and other instrumentation or
process systems described elsewhere in this report. They are included in the plant for the
purpose of reducing the consequences of postulated accidents. The following engineered
safety features have been provided: [6.0-1]

A. Containment systems;
Containment cooling system;
Containment isolation;
Standby gas treatment system;
Emergency core cooling system;

Reactor protection system;

Main steam line flow restrictors;

Ho@Q 2 =B 0 e w

Control rod velocity limiter; and
I. Control rod housing support.
The following systems, which are not normally defined as ESFs during plant licensing, were also
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identified as ESF's in the Quad Cities FSAR.
A. Standby coolant supply system;
B. Standby liquid control system; and

C. Primary containment atmospheric control (inerting).

6.0.1.1 Containment Systems

The containment systems consist of the primary containment system and the secondary
containment system. The primary containment system provides a barrier which, in the event of
a loss-of-coolant accident (LOCA), will control the release of fission products to the secondary
containment, and suppresses the pressure increase in the containment resulting from a LOCA.
The secondary containment system limits the release of radioactive materials to the environs.
The containment systems are described in Section 6.2. [6.0-2]

6.0.1.2 Containment Cooling System

The containment cooling mode of the residual heat removal (RHR) system consists of the
suppression pool cooling subsystem, the suppression chamber spray subsystem, the drywell
spray subsystem, and the RHR service water subsystem. The containment spray subsystems
provide overpressure protection to the primary containment by quenching steam released to the

drywell or torus during a LOCA. The containment cooling systems are described in Section 6.2.2.
[6.0-3]

6.0.1.3 Containment Isolation

Isolating the primary containment system from the plant provides protection against the
consequences of accidents involving the release of radioactive materials from the RCPB.
Sections 6.2.4 and 7.3.2 contain descriptions of the containment isolation system and isolation
valves, including the traversing incore probe (TIP) system shear valves. [6.0-4]

6.0.1.4 Standby Gas Treatment System

The standby gas treatment system (SBGTS) removes fission products from the air in the
secondary containment following a design basis accident by adsorption in an activated charcoal
filter pack before the air is discharged to the environment through the 310-foot chimney. The
standby gas treatment system can also be manually aligned to take a suction on the primary
containment. The standby gas treatment system is described in Section 6.5. [6.0-5]

Revision 5, June 1999
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6.0.1.5 Emergency Core Cooling System

The emergency core cooling system (ECCS) is automatically placed in operation whenever a
loss-of-coolant condition is detected. The subsystems contained in the emergency core cooling
system consist of the core spray system, the low pressure coolant injection (LPCI) mode of RHR,
the high pressure coolant injection (HPCI) system, and the automatic depressurization system
(ADS). The emergency core cooling system is described in Section 6.3. [6.0-6]

6.0.1.6 Reactor Protection System

The reactor protection system (RPS) monitors reactor operation and initiates a reactor trip upon
detection of an unsafe condition that might cause damage to the reactor fuel resulting in the
release of radioactive materials to the environment. The RPS is described in Section 7.2. [6.0-7]

6.0.1.7 Main Steam Line Flow Restrictors

The main steam line flow restrictor is a simple venturi, welded into each main steam line, for the
purpose of limiting the steam discharge through a break in the steam line. A description of the
main steam line flow restrictors is provided in Section 5.4.4. [6.0-8]

6.0.1.8 Control Rod Velocity Limiter

The control rod velocity limiter consists of two conical elements which restrict the downward fall
of the control rod, yet do not retard the upward motion of the control rod during scram. These
conical elements have no moving parts, and are attached to the control rod. A description of the
control rod velocity limiter is provided in Section 4.6. [6.0-9]

6.0.1.9 Control Rod Housing Support

The control rod housing support is a gridwork located immediately below the control rod
housings. Its purpose is to prevent control rod ejection should the control rod housing fail. A
description of the control rod housing support is provided in Section 4.6. [6.0-10]

6.0.1.10 Other Systems Identified as ESFs in FSAR

6.0.1.10.1 Standby Coolant Supply System

The standby coolant supply system is a crosstie between the station service water and the
condenser hotwell of each unit to supply water to maintain feedwater flow to the reactor in the
event it is needed for core flooding or containment flooding following a postulated loss-of-coolant
accident. The crosstie is supplied with double valves to minimize leakage of river water to the
condenser. The system is manually actuated from the control room. [6.0-11]
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The standby coolant supply system is described in Section 9.2.8.

6.0.1.10.2 Standby Liquid Control System

The standby liquid control system (SBLC) provides an additional and independent means of
reactivity control and is capable of making and holding the reactor core subcritical from any hot
standby or hot operating condition. The liquid control is a liquid boron solution which can be
injected into the reactor vessel at pressures above the vessel design pressure at a constant flow.
The standby liquid control system is described in Section 9.3.5. [6.0-12]

In addition, in the event of a design basis LOCA, the required volume of sodium pentaborate is
injected into the reactor (and ultimately flushed to the suppression pool via ECCS flow) to
maintain the suppression pool pH at a value greater than 7. This action ensures that the iodine
deposited into the pool during a DBA LOCA does not re-evolve and become airborne as elemental
iodine. This SBLC function is credited in the radiological assessments performed as part of
Alternative Source Term (AST) — see UFSAR Section 15.6.5.5.

6.0.1.10.3 Containment Inerting

The inerting system allows the atmosphere in the drywell and torus to be replaced with nitrogen.

This is designed to maintain oxygen concentration below flammability limits in order to prevent
hydrogen detonation following a LOCA. The inerting system is described in Section 6.2.5.1. [6.0-
13]

Revision 9, October 2007
6.0-4




QUAD CITIES — UFSAR
6.1 ENGINEERED SAFETY FEATURE MATERIALS

The materials used in the Quad Cities Engineered Safety Feature (ESF) systems have to
withstand the environmental conditions encountered during normal operation and any
postulated accident. The selection of these materials is based on an engineering review and
evaluation for compatibility with other materials to preclude interactions that could
potentially impair the operation of the ESF systems. The compatibility of service water
with the standby coolant supply system is addressed in Section 6.1.1.2.

6.1.1 Metallic Materials

In general, all metallic materials used in ESF systems comply with the 1955 edition of the
American National Standards Institute (ANSI) B31.1 Power Piping Code. Some
components comply with the 1965 edition of the American Society of Mechanical Engineers

Boiler and Pressure Vessel Code (ASME Code), Section III and Section VIII. Adherence to
these requirements ensures materials of the highest quality for the ESF systems. [6.1.1]

6.1.1.1 Materials Selection and Fabrication

Metallic materials in ESF systems must resist corrosion and cracking under both normal
and accident service conditions, including ESF core cooling water and containment spray
solutions.

The original design of the ESF systems included 300 series stainless steel safe ends at the
reactor vessel. At the time, it was recognized that these safe ends would be furnace-
sensitized. Subsequently, these safe ends were replaced during construction of Quad Cities.
Section 5.2.3.4.1.1 addresses the replacement of all safe ends. Further information on
control of intergranular stress corrosion cracking (IGSCC) of plant components is given in
Section 5.2.3. [6.1.2]

Thermal insulation materials for ESF system components are selected based on their
ability to withstand expected service and accident conditions of gamma radiation damage,
vibration, moisture, or forces from the water deluge of the containment spray system. [6.1.3]

Contaminants in piping insulation can induce stress corrosion cracking of ESF system
piping. Such contaminants may include leachable chloride and fluoride ions. However,
leachable sodium silicate in asbestos-type insulation will inhibit corrosion, and has a
guaranteed concentration greater than 50,000 ppm. Leachable chloride concentration in
insulation does not exceed 300 ppm.

6.1.1.2 Composition, Compatibility, and Stability of Containment and Core Spray
Coolants

The high pressure coolant injection (HPCI) system is supplied with clean water from either
the contaminated condensate storage tank or from the suppression pool. The core spray
uses the suppression pool as its source of supply. The containment spray cooling and low
pressure coolant injection (LPCI) modes of the RHR system are supplied from the
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suppression pool. It is possible for the core spray and RHR system to also draw from the
contaminated condensate storage tank, if desired. Water in the pool is demineralized water
with no special additives present. Water in the condensate storage tanks is also
demineralized. Hence, the pH is expected to remain essentially neutral so that neither
alkaline nor acidic corrosion should occur. EGC’s boiling water reactor (BWR) water
chemistry control program is described in Section 5.2.3.2. [6.1.4]

The standby liquid control (SBLC) system uses a sodium pentaborate solution. It is highly
unlikely that the SBLC system would be used following a primary system pipe break since
the reactivity control function of the borated water would be lost due to dilution with ESF
fluids. For this reason, the potential for chloride introduction into the containment by the
SBLC system following a design basis accident (DBA) is not a significant safety concern.
The SBLC system is described in Section 9.3.5. [6.1-5]

The standby coolant supply system uses plant service water (filtered river water). A
description of the standby coolant supply system is contained in Section 9.2.8. It is used
only as a manually actuated backup to other core cooling systems for emergency core
cooling and containment flooding. Therefore, the use of service water for standby coolant
supply is satisfactory for the system to perform its intended function. [6.1-6]

6.1.2 Organic Materials

The likelihood of the protective coatings used inside containment deteriorating in the post-
accident environment and contaminating the suppression pool to the extent that ESF
operation is affected 1s negligible. Section 6.2.2.3 contains a discussion of debris
generation, transport, and examines its impact on ESF system operation. [6.1-7]

The inside of the Unit 1 torus was originally coated with Plasite 7155H epoxy-polyamide
paint, manufactured by the Wisconsin Protective Coating Company of Green Bay,
Wisconsin. This material has been used by CECo and other utilities for over 10 years to
prevent steel condensate storage tanks (which contain hot condensate at 150°-180° F), and
demineralized water reservoirs from corroding. It is one of the few products tested in over
25 years (prior to 1971) that has successfully withstood this type of service exposure.

Plasite was originally sold as a two-component product, with the two components being
mixed just prior to application. However, CECo found paint defects called "half-moon
cracking," caused by shrinkage. To overcome these defects, the manufacturer began
supplying a three-component system in 1967.

In July 1967, test panels were prepared with the three-component coating. After seven
days of air curing, the test panels were continuously immersed in demineralized water at
180°F for seven months. At the end of that time, the panels exhibited excellent retention of
surface smoothness and gloss. No half-moon cracking, deterioration, or penetration to base
metal or rusting was evident, except on panels which were deliberately scored to base metal
at the beginning of the test. Although badly rusted in the score marked areas, the scored
panels showed no undercutting of the coating in the scored areas when bent. The three-
component product was used at Quad Cities.

The Plastic coating on the inside of the Unit 1 torus, including the inside of the vents, but
excluding parts of the personnel walkway inside the torus, was removed and the steel
re-coated in 1994 with 6548/7107 epoxy primer, manufactured by Keeler & Long Inc. of
Watertown, Connecticut. The coating product is manufactured in compliance with ANSI
N101.4 "Quality Assurance for Protective Coatings Applied to Nuclear Facilities." It is a
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Nuclear Certified Level I coating material. It has been certified to ANSI N101.2 "Protective
Coatings (Paints) for Light Water Nuclear Reactor Containment Facilities."

The drywell steel is protected against corrosion by a 2-mil thick inorganic zinc-filled
coating. The drywell steel has been spot-coated with Carbo Zinc 11 primer and Carboline
305 finish paint. The concrete portions of the drywell have also been touched up with
separate Phenoline 305 primer and finish coats. [6.1-8]

The inside of the Unit 2 torus is coated with Phenolic 368 primer and Phenolic 368 finish
manufactured by the Carboline Company. The inside surfaces of the vent headers are
coated with Plasite 7155H. Minor local repairs were performed with Carboline Carbo Zinc
11 SG inorganic zinc primer in March 1974. In subsequent maintenance and touchup paint
repair jobs, the inside of the torus was spot-coated with Carboline 368 primer and finisher.

Revision 5, June 1999
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6.2 CONTAINMENT SYSTEMS

This section presents the design considerations for the containment. The combination of
these design aspects provide a conservative basis for overall containment integrity. [6.2-1]

Each Quad Cities unit employs a multi-barrier pressure suppression containment that
applies containment-in depth principles. Each primary containment system is located
within a common secondary containment.

The Quad Cities primary containment system, depicted in Figure 6.2-1, is commercially
known as a General Electric Mark I design. It includes a drywell, which encloses the
reactor pressure vessel and the reactor recirculation system; a pressure suppression
chamber (or wetwell); and a vent system connecting the drywell to the pressure
suppression chamber.

Any leakage from the primary containment system is to the secondary containment, which
consists of the reactor building, standby gas treatment system, drywell purge ductwork,
main steam isolation valve room, high-pressure coolant injection room, and chimney. The
reactor building encloses both reactors and their respective primary containment systems.
The reactor building provides secondary containment when the primary containment of
either unit is in service. The secondary containment is addressed in Section 6.2.3.

The equipment and evaluation presented in this section are applicable to either unit.

6.2.1 Primary Containment Functional Design

The primary containment system is a steel lined concrete structure which consists of a
drywell, a pressure suppression chamber which is partially filled with water, a vent system
connecting the drywell and the suppression chamber water pool, isolation valves,
ventilating and cooling systems, and other service equipment. The drywell is a steel
pressure vessel composed of a spherical lower portion, a cylindrical middle portion, and a
hemispherical tophead which houses the reactor vessel, the reactor coolant recirculation
system, and other branch connections of the reactor primary system. The pressure
suppression chamber is an approximately toroidal steel pressure vessel encircling the base
of drywell. Due to its shape the suppression chamber is commonly called the torus. The
vent system from the drywell terminates below the suppression chamber water level. [6.2-2]

In the event of a nuclear steam supply system piping failure within the drywell, reactor
water and/or steam would be released into the drywell. The resulting increased drywell
pressure would force a mixture of noncondensible gases, steam, and water through the
connecting vent lines into the pool of water in the suppression chamber. The steam would
condense rapidly in the suppression pool, resulting in suppression of the pressure increase
in the drywell. Noncondensible gases transferred to the suppression chamber would
pressurize the chamber and would eventually be vented back to the drywell through
vacuum breaker valves to equalize the pressure between the two vessels. Cooling systems
(see Section 6.2.2) would remove heat from the drywell and from the water and gases in
the suppression chamber to provide continuous cooling of the primary containment under
accident conditions. Appropriate isolation valves would close to ensure containment of
radioactive materials which might otherwise be released.

Revision 6, October 2001
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6.2.1.1 Design Bases

The principal design criteria for the containment systems are presented in Section 1.2.1.3.
The performance objectives of the primary containment system are: [6.2-3]

* To provide a barrier which, in the event of a loss-of-coolant accident (LOCA), will
control the release of fission products to the secondary containment; and

* To limit the pressure increase in the containment resulting from the LOCA.

To achieve these objectives the primary containment system was designed using the
following bases:

[6.2-4]

Design Free Volume

Drywell (minimum)
Suppression Chamber

158,236 ft3
117,248 to 113,793 ft3ll

Suppression Chamber Water Volume

112,200 to 115,655 ft3ll

Design Pressure of Drywell and Suppression 56 psig
Chamber
Maximum Allowable Pressure of Drywell and 62 psig

Suppression Chamber

Design Leak Rate without Penetrations
(preoperational test)

0.5% per day of total contained
volume at 56 psig

Design Code

ASME B&PV Code Section III,

Class B, 1965 Edition with
addenda to and including
Winter 1965

Seismic As specified in Section 3.8

[a[INote: As-built containment volumes are discussed in Section 6.2.1.3.

The design volume of the drywell was dictated by the space required to contain the reactor
vessel, the recirculation system, drywell cooling equipment, and reactor auxiliary
equipment located in the drywell. The design free volume of the suppression chamber is
based on the free volume of the drywell, such that if all of the drywell atmosphere were to
be discharged into the suppression chamber, the suppression chamber would remain below
its design pressure.

The design pressure was established on the basis of the Bodega Bay pressure suppression
tests,ll with allowance being added for uncertainties (see Section 6.2.1.3.1). Further
discussion of the applicable design code, design allowable and test pressures is included in
Section 3.8.2.1.3. Preoperational leak rate testing is discussed in Section 6.2.6.1.

The volume of water maintained in the suppression chamber was established by allowing a
maximum 50°F rise in the water temperature during a LOCA. Refer to Section 6.2.1.3 for
additional information on this basis.

Revision 6, October 2001
6.2-2



QUAD CITIES — UFSAR

To minimize the release of radioactive gases during accident conditions, the design leak
rate of the primary containment was limited to as low a value as could practicably be
obtained with the type of construction employed.

The design, fabrication, and inspection of the primary containment was in accordance with
the requirements of the ASME Pressure Vessel Code, Section III, Class B, which pertains

to containment vessels for nuclear power plants.

6.2.1.2 Design Features

This section describes the design of the major components of the primary containment. It
also describes some of the modifications performed as part of the Mark I Program.2l The
Mark I program is described in Section 6.2.1.3.4. Table 6.2-1 summarizes the design
parameters of the containment system. Figures 6.2-1 through 6.2-5 show the arrangement
and major components of the primary containment. [6.2-5]

6.2.1.2.1 Drywell

The drywell is a steel pressure vessel with a removable steel head. The lower part of the
drywell is a sphere with an inside diameter of 66 feet. The upper part of the drywell is a
cylindrical shell, 46 feet tall, with an inside diameter of 37 feet. The head and shell of the
drywell are fabricated of SA-212 Gr B plate manufactured to A-300 requirements. [6.2-6]

The drywell shell is enclosed in reinforced concrete to provide radiological shielding and
additional resistance to deformation. Above the foundation transition zone, the drywell is
separated from the reinforced concrete by a gap of approximately 2 inches to accommodate
thermal expansion. Shielding in the drywell head area is provided by a concrete vault
topped with removable segmented reinforced concrete shield plugs.

Access to the drywell is provided by the drywell head, one personnel airlock, one control
rod drive removal hatch, and one bolted equipment hatch. The drywell head is removed
during refueling operations. The head is held in place by bolts and is sealed with a double
tongue-and-groove seal arrangement which permits periodic checks for leak tightness
without pressurizing the entire containment. The head is bolted closed when primary
containment integrity is required. [6.2-7]

The locking mechanism on each personnel airlock door is designed so that a tight seal will
be maintained under either internal or external pressure. The doors are mechanically
interlocked so that a door may be operated only if its companion door is closed and locked.
The hatch covers are bolted in place and sealed with a double tongue-and-groove seal. The
seals on the hatches can be tested for leakage.

The drywell is not normally entered during power operation, but access is permissible with
the reactor in operation following de-inerting and depressurization. Normal environment
in the drywell during plant operation is 1.2 to 1.4 psig with a nitrogen atmosphere and
nominal bulk temperature of about 150°F. This temperature is maintained by
recirculating the drywell atmosphere across forced-air cooling units which, are cooled by
the reactor building closed cooling water system. The containment ventilation system is
discussed in Section 9.4.
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A description of electrical and piping penetrations and their design is provided in Section
3.8. A complete listing of all electrical, instrument, piping, and access penetrations is
presented in Table 6.2-7.

6.2.1.2.1.1 Drywell Expansion Gap

The steel drywell shell is largely enclosed within the structural and shielding concrete of
the reactor containment building. To accommodate thermal expansion, an expansion gap
was provided between the concrete and the drywell shell. [6.2-8]

Although the drywell was designed, erected, pressure tested and N-stamped in accordance
with the ASME code using a design pressure of 56 psig, (reference UFSAR Section
3.8.2.1.3) the maximum temperature is the limiting condition for the expansion gap design.
The expansion gap size was based upon an ultimate steel shell temperature of 281°F
following a postulated reactor LOCA. This temperature corresponds to the temperature of
saturated steam at 35 psig, which the Bodega Bay!!l tests and subsequently, the Plant
Unique Analysis Reportl2l (PUAR), Figure 2-2.2-11, determined to be the suppression
chamber pressure following a LOCA. Note that the peak pressure calculated in the PUAR
is slightly lower than 35 psig, but the original design remains unchanged to be
conservative. [6.2-9]

Both temperature and pressure cause the steel shell to expand. If temperature induced
expansion were restrained by interference with the concrete structure, the resulting
inward normal component could cause rippling and buckling of the steel. It is essential
that sufficient gap exist between the steel shell and the concrete structure to prevent
interference due to thermal expansion.

Pressure-induced expansion results from internal forces acting outward and normal to the
shell. If the concrete structure were to restrain this type of expansion, the resulting
inward normal forces would tend to counterbalance the outward normal pressure-induced
forces. A gap larger than that required for temperature-caused expansion is therefore both
unnecessary and undesirable, and the expansion gap was designed to accommodate only
the temperature-induced growth of the drywell shell. The size of the expansion gap is
tabulated in Table 6.2-2 Column (a).

Close proximity of the concrete structure to the shell also provides structural backup in the
event of missile or jet impingement against the shell. Tests by the containment designers
have shown that the shell can locally deflect 3.0 inches without cracking. Since the
maximum gap size is 2.75 inches, it is highly unlikely that the containment shell would fail
catastrophically due to local forces such as jet impingement. [6.2-10]

A combination of materials was used to permit pouring the concrete support structure over
the steel drywell shell while maintaining the required expansion gap. A 2-inch layer of
resilient polyurethane material was placed over the steel drywell shell. The polyurethane
was then covered with 1.4-inch thick, shop-contained, polyester reinforced fiberglass shell
panels. These panels contained 4 foot x 4 foot, 1/4 inch steel tie plates on 2-foot centers for
attachment to the concrete pour. The fiberglass panels were joint-taped together into a
rigid shell with epoxy-impregnated fiberglass tape. After the tie plates in the fiberglass
were rigidly attached to the outside plywood forms, the fiberglass shell became the inner
form for the pouring of the concrete structure.
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Drywell penetrations, which extend from the drywell shell through the concrete, were surrounded
with concentric pipe sleeves. These pipe sleeves were joined to the fiberglass shell using
fiberglass tape and epoxy resins. This technique similarly provided a form for the concrete while
maintaining an adequate clearance between the penetrations and the sleeves to accommodate
thermal expansion.

Tests were conducted at the site on mockups of the steel/polyurethane foam/fiberglass sections to
determine their displacement from a concrete pour. These tests showed the fiberglass was
displaced less than 1/4 inch from the pouring and curing of concrete. From Figure 6.2-6, which
shows the resilient characteristics of the polyurethane foam, it is apparent that a 1/4 inch
compression of the 2-inch blanket of foam results in only a negligible external pressure on the
steel drywell shell. Table 6.2-2, Column (b) shows the ASME Code allowable external loadings on
the steel shell. These allowable loadings may be compared with the actual external loadings
which would result from the thermal expansion of the drywell with concomitant compression of
the polyurethane foam. Column (c) of Table 6.2-2 which shows these actual loadings, was based
upon the stress-strain curve of Figure 6.2-6 and the thermal growth that would result from a steel
shell temperature of 281°F (Column (a) of Table 6.2-2). Column (d) of Table 6.2-2 shows the safety
factor which exists between the code allowable loadings and the actual loadings that would result
from a LOCA.

The polyurethane foam material was chosen for its resistance to the environmental conditions
likely to exist during its service life. In its position outside the drywell, the polyurethane foam
will be exposed to a maximum radiation exposure of 2.5 x 107 rads, based on 40 full years of
reactor operation. Radiation datal345 show the gamma radiation damage threshold to be between
8 x 10% and 4 x 107 rads for polyurethane elastomers. Polyurethane foam samples, similar to that
used in the gap, were irradiated at various levels from 107 to 10° rads. There was no detectable
change in resilience below 108 rads, thus amply confirming the published data. Although the
normal in-service temperature will be only 150—180°F, the polyurethane which was used has a
temperature rating of 280°F. Further, this material is self-extinguishing in accordance with
ASTM-D1692.

The design, materials, and construction of the drywell expansion gap provide sufficient space for
thermal expansion of the steel drywell shell. This method of construction prevented concrete,
reinforcing bars, and other foreign material from reducing the gap, thereby reducing stress risers.
The primary containment can accommodate both normal operating conditions and any postulated
accident conditions.

6.2.1.2.1.2 Drywell Corrosion Potential

It is not expected that the lower part of the drywell will be subject to corrosion. The drywell steel
is protected against corrosion by a 2-mil thick inorganic zinc-filled coating and is embedded in
concrete 19 ft 10 in. above the rock surface. [6.2-11]

The elevation of the bottom of the drywell is 569 feet 10 inches. The normal ground water level is
slightly higher than the pool stage of the Mississippi River (572 ft 0 in.), resulting in a negligible
driving head of approximately 4 feet.

The concrete plug under the drywell is designed for a thermal gradient of 100°F, from an
operating temperature in the drywell of 150°F to a temperature at the rock interface of 50°F. The
thermal stress in the concrete of 572 psi is greater than the conservative value of 450 psi at which
concrete would crack; therefore, cracking as normally expected with
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any concrete structure under tension could occur. However, the heavily reinforced concrete
plug would inhibit crack propagation and, in fact, would not permit a thermally-induced crack
to open wide enough to act as a water passage. With all these positive factors - protective
coating, negligible driving head for water intrusion, low thermal stress which will not develop
a continuous crack in the concrete, and the heavily reinforced concrete plug - the potential for
corrosion of the drywell is practically nonexistent.

The expansion gap has provisions for drainage of moisture into the basement of the reactor
building by means of a sand pocket and drain tube arrangement at the bottom of this space.
There are no provisions for ventilation or humidity measurements in this space. [6.2-12]

In response to NRC Inspection and Enforcement Information Notice 86-99 and Generic Letter
87-05 an extensive review was conducted for the potential for drywell steel corrosion in the
area of the sand pocket.

This review included:
e inspection of the drain lines,
e initiation of a surveillance program to detect leakage into the annulus, and
e an evaluation of the actual corrosion rates.

The review concluded that although the potential for degradation of the containment could be
postulated to exist, in fact, no corrosion problems were determined to exist. The results of the
review determined that:

e the water present in the sand pocket or inside the drywell was noncorrosive (based
on testing) and

e Dbased on ultrasonic examination, there was no evidence of apparent corrosion.

Also, to ensure active assessment of any future potential problems surveillance procedures
were initiated.

6.2.1.2.2 Vent System

Eight large circular vent lines form a connection between the drywell and the pressure
suppression chamber. The lines are enclosed with sleeves and are provided with expansion
joints to accommodate differential motion between the drywell and suppression chamber. Jet
deflectors at the drywell entrance to each vent line prevent possible damage to the vent lines
from jet forces which might accompany a pipe break in the drywell. The drywell vent lines
are connected to a vent header in the form of a torus which is contained within the air space
of the suppression chamber. The vent header has the same temperature and pressure design
requirements as the vent lines. [6.2-13]

Projecting outward and downward from the vent header are 96 downcomer pipes which
terminate below the water surface of the suppression pool. The downcomers are braced using
3-inch pipe with a 0.281-inch wall thickness to resist expected LOCA forces. A deflector is
installed at the bottom of the vent header, supported by connecting plates
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which are welded to the vent header collar plates. This deflector helps to reduce loading on
the vent header and vent header supports during accident conditions. The deflector and
heavier downcomer bracing were installed as part of the Mark I containment modification.

6.2.1.2.3 Pressure Suppression Chamber

The pressure suppression chamber is a steel pressure vessel, roughly in the shape of a
torus, symmetrically encircling the drywell. The circular path around its major axis is
formed by sixteen cylindrical segments, or bays. Alternate bays (eight in all) are connected
to vent lines leading from the drywell. The horizontal centerline of the suppression
chamber is located slightly below the bottom of the drywell (see Figure 6.2-2). The
suppression chamber is held by supports which transmit dead loads and seismic loads to
the reinforced concrete foundation slab of the reactor building. Space is provided outside
the chamber for inspection and maintenance.

Vacuum breakers permit flow from the suppression chamber free air space into the drywell
to prevent a backflow of water from the suppression pool into the vent header system. As
part of the Mark I containment modification, the original vacuum breaker discs were
replaced with stronger discs that increased the vacuum breakers' strength and reliability.
Additionally, T-quenchers were installed on the safety relief valve (SRV) discharge lines to
reduce hydrodynamic loads on the suppression chamber and discharge line supports. The
term SRV as used herein refers to both the relief valves and the safety relief valve.

The effect of the T-quenchers is to reduce air clearing loads and promote stable steam
condensation in the suppression pool sufficiently which in turn reduces condensation
oscillation loads. This design improvement, in conjunction with the installation of SRV
discharge line vacuum breakers, reduces the loads on the SRV discharge lines and the
hydrodynamic loads in the suppression pool. Refer to Sections 6.2.1.2.4.2 and 6.2.1.3.4 and
Figures 6.2-27 through 6.2-29.

Two manholes with double-gasketed bolted covers provide access from the reactor building
to the pressure suppression chamber. These access ports are bolted closed when primary
containment integrity is required. They are opened only when the primary coolant
temperature is below 212°F and the pressure suppression system is not required to be
operational. A test connection between the double gaskets on each cover permits checking
gasket leak tightness without pressurizing the containment. A drain pipe with double
isolation valves provides for suppression chamber cleaning and decontamination. [6.2-14]

Details of the pressure suppression chamber interior coating are discussed in Section 6.1.

6.2.1.2.4 Other Design Features

6.2.1.2.4.1 Primary Containment Vacuum Relief Devices

Automatic vacuum relief devices on the drywell and the suppression chamber prevent the
primary containment from exceeding the design external-to-internal pressure differential.
The drywell is designed for a maximum external pressure of 2 psi greater than the

6.2-7



QUAD CITIES — UFSAR

concurrent internal pressure. The suppression chamber is designed for a maximum external
pressure of 2 psi greater than the concurrent internal pressure based on the original design
calculations; however, the overpressure capability of the suppression chamber is conservatively
stated to be 1.0 psi. [6.2-15]

The drywell vacuum breakers admit suppression chamber atmosphere into the drywell when the
internal drywell pressure drops to about 0.5 psi below that of the suppression chamber. There are a
total of 12 vacuum breaker valves installed on the vent header which act to relieve the drywell
vacuum relative to the suppression chamber (refer to Figures 6.2-7 in the UFSAR and P&IDs M-34
and M-76). These vacuum breakers are sized on the basis of the Bodega pressure suppression
system tests. Their chief purpose is to prevent excessive water level variation in the submerged
portion of the vent discharge downcomers prior to a large break LOCA. The Bodega tests regarding
vacuum breaker sizing were conducted by simulating a small break LOCA, which tended to cause
downcomer water level variation, as a preliminary step in the large break test sequence. The
vacuum breaker capacity selected on this test basis is more than adequate (typically by a factor of
four) to limit the pressure differential between the suppression chamber and drywell during
post-accident drywell cooling operations to below the design limit. [6.2-16]

An analysis'¥ of the drywell negative pressure protection requirements was performed as part of the
Mark I Containment Program. This analysis confirms that the existing vaccuum breaker system can
satisfy the design criteria for the suppression chamber to drywell differential pressure. Three
scenarios are considered in the analysis: (1) the inadvertent initiation of drywell spray at normal
conditions, (2) the initiation of drywell spray following a LOCA, and (3) a LOCA with no spray
actuation where the maximum flow rate into the vessel is modeled, which cascades out of the break
and condenses the steam in the drywell atmosphere. The LOCA with maximum vessel overflow
results in the most limiting scenario for the evaluation of the vacuum breakers. The analysis
concludes that only 7 to 12 vacuum breakers are required, at a setpoint of 0.5 psid and a maximum
opening time of 1.8 seconds, to maintain the suppression chamber to drywell differential pressure
within the 2 psid design limit for the limiting scenario. [6.2-16a]

The performance of the pressure suppression system can be adversely affected by bypass flow
between the drywell and the suppression chamber. Positive closure of the vacuum breaker valves is
required. A maximum bypass between the drywell and suppression chamber was determined to be
equivalent to the area of an 8-inch diameter pipe. The most critical design case which applies is the
break of a pipe with an area of 0.4 ft2. These issues were analyzed and presented in Quad Cities
Special Report 4161, [6.2-17]

To ensure closure of the suppression chamber to drywell vacuum breakers, the counterbalance arm
of the disc assembly was modified and indicating limit switches installed to alarm in the control
room at any time the vacuum breaker valve moves off its seat by more than 1/16 of an inch as
measured at all points along the disc. These modifications were performed to meet IEEE-279
standards and effectively limit the bypass area between the drywell and suppression chamber to less
than 0.18 ft2. The drywell is leak tested at the end of each operating cycle by pressurizing it to 1.0
psig. The rate of change of pressure must not exceed 0.25 inches of water per minute as measured
over a ten minute period. Monthly tests are conducted to demonstrate the operability of the vacuum
breakers (suppression chamber to drywell). If the valves are not shown to be operable, a pressure
test must be performed.

The suppression chamber vacuum breakers prevent excessive vacuum in the suppression chamber
relative to the reactor building by admitting reactor building air at a preset pressure differential that
does not exceed the equivalent of 0.5 psid. Two vacuum breaker valves
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in series are used in each of two lines leading from the reactor building atmosphere. One valve
is air-operated and actuated by a differential pressure signal, independently of electrical power.
The second valve is self-actuating. The combined pressure drop at rated flow through both
valves does not exceed the difference between suppression chamber design external pressure and
maximum atmospheric pressure. [6.2-18]

6.2.1.2.4.2 Safety/Relief Valve Discharge Line Vacuum Relief Devices

Four relief valves and one safety relief valve are installed on the main steam lines. Refer also to
Section 6.2.1.3.4.2. Each SRV discharges through a dedicated discharge line into the
suppression pool. The discharge lines are not interconnected. Refer to Figure 6.2-7 in the FSAR
for pressure suppression piping, and to FSAR Figure 10.3-1 for main steam [6.2-19]
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piping. Each discharge line incorporates vacuum breaker check valves to permit air flow
from the drywell to relieve any vacuum which may develop in the discharge line.

For repeated actuations, the SRV is assumed not to reactuate until water level oscillations
inside the discharge piping have damped out and the resulting suppression chamber water
level increase has stabilized. In-plant SRV tests[” conducted for Dresden Unit 2 are
applicable to Quad Cities Units 1 and 2. Refer to Sections 6.2.1.2.3, 6.2.1.3.4, and
6.2.1.3.4.4, and for further information on SRVs and discharge related load effects.

As part of the Mark I containment modification, an additional SRV discharge line vacuum
breaker was installed on each line. The present valves comply with ASME Section III
Subsection NC 1977, including Summer 1977 Addendum to meet Class 2 system
requirements. [6.2-20]

6.2.1.2.4.3 Drywell Pneumatic System

To facilitate maintaining an inert atmosphere, the drywell pneumatic system takes suction
from the drywell atmosphere and supplies compressed air or nitrogen to pneumatically-
operated equipment in the containment. The system is crosstied to the instrument air
system for use when the containment is not inerted, and to the nitrogen makeup system for
use when the containment is inerted. The drywell pneumatic system is described in detail
in Section 9.3. [6.2-21]

6.2.1.2.4.4 Drywell to Suppression Pool Differential Pressure Control System

During normal operation, a system consisting of two compressors, a receiver, differential
pressure control, and associated piping maintains a pressure differential between the
drywell and the suppression chamber (see P&ID M-34). This system is referred to as the
pumpback system. The pumpback system maintains drywell pressure slightly above
suppression chamber pressure to decrease the amount of water standing in the
downcomers and the SRV discharge lines. This decreases the dynamic forces on the
suppression chamber during a postulated LOCA or main steam line relief valve discharge.
During normal operation, a compressor takes suction from the suppression chamber free
air volume and discharges through a moisture separator to an air receiver. Air from the
receiver is discharged to the drywell through a differential pressure control valve to
maintain a pressure differential. The minimum drywell to suppression chamber
differential pressure of 1.0 psi was determined during the Mark I short term program to
provide the required safety margin in the suppression chamber design. The drywell to
suppression chamber differential is normally maintained at a higher differential pressure
as specified in the Technical Specifications. The pumpback system flowrate is monitored to
provide a continuous measurement of containment leakage. [6.2-22]
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6.2.1.2.4.5 Containment Venting

6.2.1.2.4.5.1 Normal Containment Venting

The drywell may be vented to minimize pressure fluctuations caused by temperature
changes during various operating modes. This is accomplished through ventilation purge
connections, which are normally closed while the reactor is at a temperature greater than
212°F. The suppression chamber may be vented separately. Containment venting is kept
to a minimum during reactor power operation.

The vent discharge may be routed to the standby gas treatment system so that release of
gases from the primary containment is controlled, with the effluents being filtered and
monitored before discharge through the main chimney.

6.2.1.2.4.5.2 Augmented Primary Containment Vent System

The augmented primary containment vent system (APCVS) is designed to be used for
venting the primary containment in the highly unlikely event of a TW sequence. The TW
sequence has been postulated by probabilistic risk assessment (PRA) of reactors with Mark
I containments. The TW sequence is initiated by a transient event (T) requiring reactor
shutdown followed by a complete and sustained failure of decay heat removal (W)
capability. The APCVS provides a direct vent path from the pressure suppression chamber
and the drywell to the main chimney. The Emergency Operating Procedures define the
limiting containment parameters and direct use of APCVS to prevent a possible
containment breach and an uncontrolled radioactive release. The valves required to
initiate APCVS venting are operated from the main control room.

6.2.1.2.4.5.2.1 Design Basis

The augmented primary containment vent system is non-safety related but seismically
supported as related to the secondary containment boundary. APCVS has no active
functions during normal plant operation or design basis events. Its only required function
under normal operating conditions is that its valves remain in their closed positions, except
for the normally open 18" vent and purge prefilter isolation valve, to allow reactor building
ventilation operation and provide chimney isolation.

The event for which APCVS was installed, a TW sequence, is beyond the design basis of the
plant. In response to Generic Letter 89-16, Quad Cities Station committed to provide
capability to vent the pressure suppression chamber. Although not a part of the
commitment, APCVS also provides the capability to vent the drywell. Normally the
selected vent path would be from the pressure suppression chamber only, to take
advantage of the scrubbing effect of the suppression pool.

The system is designed to prevent containment pressure from exceeding the primary
containment pressure limit (PCPL).

The design assumes a maximum pressure of 62 psig, measured at the bottom of the
pressure suppression chamber coincident with a maximum water level in the pressure
suppression chamber.
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The vent is sized such that under conditions of constant heat input at a rate equal to 0.85% of
rated thermal power and a containment pressure equal to the PCPL, the exhaust flow
through the vent is sufficient to prevent the containment pressure from increasing. This vent
1s capable of operating up to the PCPL. It does not compromise the existing containment
design basis.

The hardened vent path is capable of withstanding, without loss of functional capability,
expected venting conditions associated with the TW sequence. The design precludes possible
sources of ignition for combustible gases.

Existing radiation monitoring capability in the main chimney will alert control room
operators of radioactive releases during venting.

Venting from one unit does not compromise the safety of the other unit. System design
precludes backflow from the venting unit to the other unit.

Because Quad Cities is a dual unit station, the APCVS for both units will be tied together,
and a common line will run to the chimney. It is not postulated that simultaneous TW
sequences in both units would require simultaneous venting of both units. Although
extremely unlikely, simultaneous venting of both units would be precluded administratively,
through procedures and communication between units.

6.2.1.2.4.5.2.2 System Description

Operation of the APCVS would be directed by the Emergency Operating Procedures.

The APCVS is comprised of piping, round duct, square duct, air operated valves, and the
associated electrical components for operation and indication. The air operated valves each
have an accumulator for a backup air supply. The system piping is shown in P&ID M-34,
M-76, and UFSAR Figure 6.2-7.

The piping begins at the suppression chamber main exhaust and the drywell main exhaust
lines. It is routed through the reactor building into the turbine building through an 18"
diameter vent and purge duct. The APCVS vent valve (AO-1699-6) is located in an 8"
diameter branch line connected upstream of the vent and purge system prefilters. This 8"
line 1is routed below the turbine main floor, passes through the turbine building exterior wall,
and penetrates the radwaste ventilation exhaust duct which flows to the main chimney.

The controls for the APCVS are located in the main control room. The APCVS mode switch
and 3 keylock containment isolation valve (CIV) override switches and annunciation of
override of the CIV's are on the 901(2)-5 panel. The APCVS vent valve control switch is on
the 901(2)-3 panel.

6.2.1.2.4.5.2.3 System Operation

Initiation of this system requires multiple, deliberate, operator action. By administrative
direction, the APCVS mode switch, located on the 901(2)-5 panel in the control room, will be
moved from "NORM" to "APCV." The only active function that this switch performs, is to
close the AO-1699-7 and AO-1601-63 valves (if they are not already in the closed
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position) which isolate the vent and purge system prefilters and standby gas treatment
system. The mode switch also provides a permissive for the AO-1699-6 valve to be opened,
and a permissive to override the Group 2 primary containment isolation signal for the AO-
1601-60, -23, and -24 valves, by use of their respective keylock switches.

After Group 2 isolation signal has been overridden, the outboard CIV and the inboard CIV
(torus) can be opened. Finally, the APCVS vent valve can be opened, and the vent path is
now established to the main chimney. Subsequent venting sequences are controlled by
closing and opening the APCVS vent valve until decay heat removal capability is re-

established or until it is assured that primary containment pressure would not exceed
PCPL.

In the event that simultaneous venting of both units were required and simultaneous
venting was administratively precluded, alternate unit venting could be accomplished.

6.2.1.2.4.6 Suppression Pool Temperature Monitoring System

The suppression pool temperature monitoring system (SPTMS) was installed as part of the
Mark I containment modification. The SPTMS is used to measure the suppression pool
water temperature (bulk pool temperature). The SPTMS consists of two channels with
eight thermocouples each. The thermocouples are placed inside thermowells dispersed
circumferentially around the suppression chamber. Four thermowells are located along
the inner circumference and four along the outer circumference. Two sensors (one inner
and one outer) are located in each of the four quadrants of the suppression chamber. The
inputs from the eight sensors are averaged to provide a bulk pool temperature
measurement. The design placement of the sensors is on a horizontal plane 5.88 inches
below the minimum water level, near the centroid of the water mass to assure an accurate
measurement of bulk pool temperature. [6.2-23]

The bulk suppression pool temperature and the individual sensor readings are
continuously recorded in the control room. The SPTMS is designed to operate continuously
during all modes of reactor operation. It is also designed to operate in the environments
expected to follow a LOCA, anticipated transient without scram (ATWS), and safe
shutdown earthquake (SSE).

The SPTMS is classified as safety-related and is designed in accordance with IEEE
Standard 279-1971. The equipment is qualified to IEEE Standards 323-1974, 344-1971, or
344-1975. The sensors are designed to meet Seismic Category I requirements, refer also to
Section 7.5.1.
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In the Unit 1 design, the thermowells placed on the inner suppression chamber
circumference are in bays connected to vent pipes and the thermowells placed on the outer
suppression chamber circumference are in non-vent-pipe bays. The Unit 2 thermowells
were placed with the reverse pattern, 1.e., the outer circumference thermowells in
vent-pipe bays and the inner circumference thermowells in non-vent-pipe bays.

The difference in the thermowell placement can result in slight differences in indicated
bulk temperature readings between the Unit 1 and Unit 2 SPTMS under similar steam
discharge conditions. The Unit 1 indicated bulk temperature can be 2°F higher than the
Unit 2 reading during an extended steam discharge event if steam is discharged into a
suppression chamber bay with thermowells. However, little difference between the bulk
temperature readings is expected if steam discharges into a suppression chamber bay
without a thermowell. The SPTMS bulk temperature is least accurate when a stuck-open
relief valve causes steam discharge into a suppression chamber bay without a SPTMS
thermowell. When this occurs, the SPTMS may underestimate the actual bulk
temperature by as much as 3.1°F on Unit 1 and 3.5°F on Unit 2.

6.2.1.2.4.7 Primary Containment Water Level Indication System

The Primary Containment Water Level Indication System includes pressure transmitters
(0 to 100 psig) at the bottom of the torus (X-213A or B) and at the drywell vent (X-25). The
signals from the transmitters are converted for processing and subtracting the higher
elevation signal from the lower to determine level (0 to 100 feet). Indicators are provided
on Control Room panels for containment pressure, torus bottom pressure, and containment
level. Signals are also provided to the plant computer. [6.2-23a]
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6.2.1.3 Design Evaluation

6.2.1.3.1 Sizing of the Primary Containment

The design parameters for the primary containment system are based on data obtained from the
Bodega Bay tests, conducted for Pacific Gas and Electric Company at the Moss Landing steam
plant in 1962.[11 Although these tests were run in support of a reactor system differing in size
from Quad Cities, the range of parameters investigated covered a system of the size of Units 1 and
2. By juxtaposition of Quad Cities design data and Bodega Bay data, the following design values
were determined: [6.2-24]

A. The application of the Bodega Bay pressure suppression test data to the Quad Cities
primary containments established as design requirements a drywell pressure of 56 psig
and a suppression chamber pressure of 35 psig. To simplify pressure tests of the
primary containment, the suppression chamber design pressure was set equal to that of
the drywell, at 56 psig. The drywell and connecting vents are designed for an external-
to-internal pressure differential of 2 psi at 281°F, and the suppression chamber is
designed for an external-to-internal pressure differential of 1 psi at 281°F. The peak
drywell (airspace) temperature at 2957 MWt is 291°F, which is above the drywell shell
design temperature of 281°F. However, the drywell airspace temperature peaks briefly
as shown in Figure 6.2-25a. Because the drywell shell heatup is governed by heat
transfer phenomena that require sustained high temperatures in the drywell
atmosphere, this brief peak in the drywell airspace temperature results in a drywell
shell temperature below 281°F.

B. The drywell is designed to withstand a local hot spot temperature of 300°F with a
surrounding shell temperature of 150°F, concurrent with the design pressure of 56 psig.

C. The minimum total vent line cross-sectional area is designed to be equal to the
maximum total design accident breakflow area (twice the recirculation pipe area)
divided by 0.0194. The entrance area around the jet deflection baffles from the drywell
to the vent lines is a minimum of 1.4 times the vent line area in order to minimize
entrance losses.

D. The ASME Code impact test requirements for materials used for pressure-containing
parts of the primary containment vessel call for the establishment of the lowest metal
temperature that will be experienced in service while the unit is in operation. The
lowest temperature to which the primary containment vessel pressure-containing parts
could actually be subjected while the unit is in service is 50°F, because the primary
containment system is housed in a building which is maintained at or above this
minimum temperature during reactor operation, and the containment vessel pressure-
containing parts would be maintained at or above this temperature while being
subjected to post-accident design loadings. To provide an additional factor of safety, the
design basis minimum service metal temperature was established as 30°F.
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The size of the reactor vessel and associated auxiliary equipment dictated the required drywell
dimensions. The volume of the drywell vessel, including connected vent lines, is:

Gross Volume 198,440 ft3
Occupied Space 40,204 ft3
Net Free Volume 158,236 ft3

The total liquid volume of the coolant in the reactor process system, which could be discharged
into the drywell and carried over into the suppression chamber during an accident, was calculated
to be 10,030 ft3. This calculation considered the reactor coolant
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system, the recirculation system, the main steam system, the feedwater system, the cleanup
system, and the shutdown cooling system.

The maximum suppression chamber water temperature that occurred during the Humboldt
Bayl®! test was 170°F. This temperature was arbitrarily taken to be the upper limit to achieve
complete condensation, although condensation does occur at temperatures above 170°F. The
amount of water required to absorb the reactor system sensible heat was based upon a maximum
peak temperature rise of 50°F in the suppression chamber water temperature, 10 seconds of
original licensed full power operation, and a temperature reduction from 550°F to 212°F for
reactor vessel and internals, reactor coolant, recirculation water, main steam system, feedwater
system, and cleanup system. The minimum water volume required to meet these criteria was
calculated to be 112,200 ft3.

The size of the suppression chamber was calculated using the gas law equation, performing a
ratio for initial and final conditions, and solving for Vig:

V,= Pi1ViT, (6.2-1)

P>Ti

where:

Viy= Viaw (gas volume of suppression chamber) - 10,030 (carryover volume)

V= Vi (volume of drywell) + Viaw; (gas volume of suppression chamber)

Pay= 14.7+ 0.5 - 0.8 (vapor pressure of water at Tyy)) =  14.4 psia

Poy= 14.7+29.0 - 3.3 (vapor pressure of water at Ty)) = 40.4 psia

Tay= 555°R (95°F) (operational temperature limit)

Ty = 605°R (145°F)
From this it was determined that:
Viawt = 117,000 ft3 [6.2-25]
The design suppression chamber water volume was determined to be 115,600 ft3. The minimum
volume required for heat absorption (112,200 ft3) plus 3,400 ft3 for variation level control. The
structural material volume, which include structural members within the suppression chamber
and the contained volume of vent piping, was determined to be 14,400 ft3. Combining these
volumes yielded:

Gross Volume of Suppression Chamber = 247,000 ft3

From this calculated value for the gross volume of the suppression chamber, the dimensions of
109 feet major diameter and 30 feet minor diameter were derived.

Subsequent to the preceding initial design calculations, the following values have been
established for the suppression chamber: [6.2-26]
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Gross Volume of Suppression Chamber 245,200 ft3
Downcomer Submergence 3.21 ft to 3.54 ft
Water Volume 111,500 ft3 to 115,000 ft3
Air Volume 120,800 ft3 to 117,300 ft3
Structural Material Volume - above water level 11,300 ft3
Structural Material Volume - submerged 900 ft3
Volume associated with 1.0 psi drywell to 700 ft3

suppression chamber differential pressure

The gross volume of the suppression chamber is calculated based on actual as-constructed
dimensions. The water volumes are calculated based on water levels corresponding to a
downcomer submergence of 3.21 ft to 3.54 ft, as analyzed in the Mark I Containment
Program. The structural material volume is calculated based on the Mark I modifications and
the removal of suppression pool baffles. A minimum differential pressure of 1.0 psi between
the drywell and the suppression chamber, was established as an operational requirement to
mitigate hydrodynamic loads during the Short Term Program in 1973. Each 1.0 psi
increment in drywell to suppression chamber DELTA-P results in a 700 ft3 displacement of
suppression pool water. Based on these values, the remaining air volume was established.

These revised suppression chamber parameters have been evaluated in the Mark I Plant
Unique Analysis Report and a subsequent analysis. The new suppression chamber

parameters have been shown to meet the Mark I Containment acceptance criteria presented
in NUREG-0661.

The total vent area is equal to the design accident flow area divided by 0.0194, in accordance
with the Bodega Bay test results.l'!' As noted in Section 6.2.1.3.2, the equivalent break flow
area 1s 5.62 ft2, which would result in a vent flow area of 5.62/0.0194 = 290 ft2. The
as-installed design consists of 96 downcomers having a total minimum area of 284 ft2. This
area was factored into the calculation of peak drywell pressure following an accident, which is
discussed in Section 6.2.1.3.2.

The entrance area around the jet deflection baffles from the drywell to the vent tubes is a
minimum of 1.4 times the vent tube area to minimize entrance losses.

Total Vent (Downcomer) Flow Area 284 ft2
Vent Pipe Entrance Area = 1.4x284 = 397.6 {t2

A plant unique structural analysis was performed based on a operation at full power of 2957
MWt. The suppression chamber water and airspace volumes were 115,000 and 112,800 ft3
(Dresden airspace volume which bounds the Quad Cities volume). The analysis was
compared to loads?* determined from plant unique tests. The calculated dynamic loads (pool
swell, vent thrust, condensation oscillation, and chugging) analyzed at 2957 MWt are bounded
by their respective loads already defined.
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6.2.1.3.2 Containment Response to a Loss-of-Coolant Accident

In order to identify containment response to a loss of coolant (LOCA) accident, several
analyses were performed. These analyses were performed to evaluate the containment short-
term and long-term pressure response following the Design Basis Accident (DBA) LOCA, an
Intermediate Break Accident (IBA), a Small Break Accident (SBA), as well as minimum
NPSH available.

The containment analyses uses the General Electric methodology, which has been reviewed
and approved by the NRC. The M3CPT code!*?! is used to model the short-term (up to 30
seconds) DBA-LOCA containment pressure and temperature response. The LAMB codel'?! is
used to generate the break flow rates and break flow enthalpies that serve as inputs to
M3CPT. The SHEX codel!5122] is used to analyze the containment pressure and temperature
response for other than the short-term DBA-LOCA.

The GE computer code M3CPT is used to analyze the short-term response of pressure
suppression containment systems to LOCA events where the primary system rupture occurs
within the drywell. The basic containment modeling used in M3CPT is described in Reference
15. The M3CPT code models the containment system as three separate but interrelated
models; namely, the vessel blowdown model, drywell model and wetwell model. The code
calculates the pressure and temperature histories of the drywell and wetwell and the mass
and energy interchange between these volumes and the reactor primary system. The use of
the M3CPT code has been accepted by the NRC for calculating the short-term response of the
containment system to LOCAs from the start of the transient until operator intervention via
Automatic Depressurization System (ADS) or until the reactor blowdown is complete,
whichever comes first. The GE containment analysis methods have been reviewed by the
NRC.[161117[18]

For the containment response analysis, these break flows and break enthalpies are calculated
with the LAMB code. Reference 19 describes the more detailed LAMB vessel model used to
calculate break flow rates used as input to the M3CPT code. For the 2957 MWt analysis, the
LAMB blowdown flow rates, used as input to M3CPT, were calculating using Moody’s Slip
flow model.20] The Slip flow model is a conservative model and is the same model used in
Appendix K calculations.

The use of the LAMB blowdown flow in M3CPT was identified in Reference 21 by reference to
the LAMB code qualification in Reference 19. The M3CPT code itself is still used to calculate
the drywell pressurization rate, vent clearing time, vent clearing pressure and peak drywell-
to-wetwell pressure difference, used in evaluating the DBA-LOCA hydrodynamic loads.

The GE computer code SHEX is used to perform the analysis of the long-term containment
pressure and temperature responses to LOCAs and transients until after the suppression pool
temperature peaks. The key models used in the SHEX code are described in References 15
and 22. This methodology is consistent with Reference 21. The SHEX code uses a coupled
pressure vessel and containment model. The code performs fluid mass and energy balances
on the reactor primary system, the suppression pool, and the drywell and wetwell airspace.
The Boiling Water Reactor (BWR) primary system, feedwater system, Emergency Core
Cooling System (ECCS), and SRVs are also modeled to the extent that their response affects
that of the containment system. The code calculates the suppression pool bulk temperature,
and the pressures and temperatures in the drywell and wetwell airspaces.
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The use of the SHEX code has been accepted by the NRC for calculating the response of the
containment during an accident or a transient event and has been applied to the evaluation of
containment response for many BWR plants. The SHEX code is used to perform the long-term
containment analysis as well as the short-term (defined here as the first 10 minutes when
operator action cannot be credited) and long-term containment analyses for the NPSH
evaluation. Reference 23 provides NRC’s acceptance of the usage of the SHEX code in the
analysis of long-term containment pressure and temperature response.

Containment pressure and temperature responses were calculated for Quad Cities Units 1 and 2
for DBA, IBA, and SBA conditions as well as calculations to support assessment of minimum
NPSH availability. These calculations were based on operation at full power of 2957 MWt with
the operational pressure difference between the drywell and wetwell. Where appropriate, the
2957 MWt results are discussed in the sections below. The containment analyses for 2957 MWt
added a 2% margin for uncertainty (i. e., 3016 MWt). The containment analyses for GE14 fuel
bound the SVEA-96 Optima2 fuel [Ref. 30], ATRIUM 10XM fuel [Ref. 32] and all legacy fuel
types in the Quad Cities reactors [Ref. 26]. The introduction of ATRIUM 10XM has no impact to
the containment analysis (Reference 32).

6.2.1.3.2.1 Containment Short-Term Response to a Design Basis Accident

The spectrum of postulated break sizes with respect to reactor core response is discussed in
Section 6.3.3. The following information covers the effects of a LOCA accident on the
containment, with particular emphasis on the most severe break: the doubled-ended rupture of
one of the 28-inch-diameter recirculation pump suction lines. The locations of postulated breaks
are schematically depicted in Figure 6.2-11. The LOCA involving the recirculation pump suction
line would occur upstream of point 1 on Figure 6.2-11. [6.2-27]

For the vessel blowdown, the reactor was assumed to be operating at full power of 2957 MWt.
The analysis assumes the suction valve is open.

If the equalizer line valve is closed (the normal operating condition), the flow will choke in the
nozzles of the ten jet pumps on the jet pump header of the broken line. The total blowdown flow
area in the assumed limiting case results in a break area of 4.261 ft2.

The reactor was assumed to shut down essentially at time zero due to void formation in the core.
A scram initiated from high drywell pressure would occur in less than one second. The
difference between shutdown at time zero and at one second is negligible.

Release of the sensible heat stored in the fuel above 545°F and the core decay heat was included
in the vessel blowdown calculation. The rate of energy release was calculated using a
conservatively high heat transfer coefficient throughout the blowdown. Because of this high
energy release rate, the vessel would be maintained at near rated pressure for
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almost 10 seconds. The high vessel pressure increases the calculated blowdown flow rates,
which is conservative for containment analysis purposes. With the vessel fluid temperature
remaining near 545°F; however, the release of sensible energy stored below 545°F is
negligible during the first 10 seconds. The later release of this sensible energy does not affect
the peak drywell pressure. The small effect of this energy on the end-of-transient pool
temperature is included in the calculations.

The main steam isolation valves were assumed to start closing at 0.5 second after initiation of
the accident, and were assumed to close at the fastest possible rate (3.0 seconds to full closed).
Actually, the isolation signal is expected to come from reactor low-low water level, so these
valves may not receive a signal to close for over 4 seconds, and the closing time could be as
high as 5 seconds. Assuming rapid closure of these valves in the analysis maintained the
reactor vessel at a higher pressure during the blowdown, resulting in a calculated drywell
pressure transient more severe than actually expected.

The original drywell pressure response model has been checked against both the Humboldt
Bay®! and Bodega Bay pressure suppression tests for a wide range of break sizes and has been
found to be very accurate. The pressure response of the containment is calculated assuming:

A. Thermodynamic equilibrium exists in the drywell and suppression chamber;

B. The composition of the fluid flowing in the vents is based on a homogeneous
mixture of the fluid in the drywell;

C. The flow in the vents is compressible except for the liquid phase; and
D. No heat is lost from the contained gases.

Based on assumption A, the following general equilibrium state relationship was used in the
analysis: [6.2-28]

where:
Eo _ er + 2 +{ Vo 'ij| +%Cva (Tp+460) (6.2-4)
WD Vie [ Mwp WD
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Ep; = Total internal energy in the drywell

Mwp; = Mass of steam and water in the drywell

M@y = Mass of air in the drywell

Vi, = Free volume of the drywell

Tp;, = Temperature of the drywell, °F

e, efg= Specific internal energies of saturated liquid and vaporization, respectively
vig, Vit = Specific volumes of saturated liquid and vaporization, respectively

Cpay = Specific heat at constant volume of air

Application of assumption B results in complete liquid carryover into the drywell vents.
Realistically, some of the liquid would remain behind in a pool on the drywell floor. Thus,
the calculated drywell pressure is conservative.

In the development of the drywell flow model, it was noted that the mass fraction of liquid
in the drywell was on the order of 0.60, while the volumetric fraction was only about 0.005.
This fact resulted in the following interpretation of the flow pattern. The liquid is in the
form of a fine mist that is carried along by the predominantly steam/air flow and does not
affect the flow except to add inertia to it. Except for corrections that account for the liquid
inertia, flow was treated as compressible flow of an ideal gas in a duct with friction. The
loss coefficients of the vent/header/downcomer system were lumped as an equivalent length
of pipe.

The accuracy of this interpretation with respect to the effects of liquid carryover is
supported primarily by the Humboldt Bay pressure suppression testsl®. In this series of
tests, changes in the drywell geometry resulted in variations in the amount of liquid
carryover achieved. The liquid remaining in the drywell at the end of the test was
measured and recorded. These tests were performed with a relatively small diameter
orifice so that the vessel blowdown could be accurately calculated using Moody's critical
flow model. In Figure 6.2-12 the calculated and measured pressure responses for these
tests are shown. Note that with 100 percent carryover, the agreement was excellent. In
that test, the drywell was preheated to 184°F before the blowdown was started, which
prevented any condensation on the drywell walls. A calculated response with no carryover
and with the effects of condensation considered is also shown in Figure 6.2-12. Again the
agreement with the measured response with no carryover is excellent.

The model was compared against the Bodega Bay test data for two of the smaller orifices
tested. As shown in Figures 6.2-13 and 6.2-14, the vessel blowdown was accurately
reproduced for these tests. However, the drywell pressure response was slightly
overpredicted. The overprediction is believed to be due to a combination of:

A. No condensation assumed in the calculated response ;

B. Slight overprediction of calculated vessel blowdown flow rates ; and
C. Incomplete liquid carryover into the drywell vents during the tests.
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As the size of the vessel orifice increases, the vessel blowdown rate is overpredicted and the
overprediction of peak drywell pressure increases. This trend is illustrated in Figure 6.2-
15, where calculated and measured peak drywell pressures are compared. In no case did
the model underpredict the test data.

The pressure and temperature responses of the containment are calculated for 2957 MWt
with methodology which has been reviewed and approved by the NRC as documented in
Reference 23. The short-term pressure responses are shown in Figure 6.2-22a with a peak
drywell pressure of 43.9 psig, which is well below the design pressure of 56 psig. The
short-term suppression pool temperatures are shown in Figure 6.2-25a.

Revised analysis of the pressure and temperature response of a similar primary
containment (Dresden Unit 2) following an actual LOCA was performed in which peak
drywell temperature was calculated to be 320°F. This concern was addressed in Dresden
Unit 2 reports entitled "Special Report of Incident of June 5, 1970" and "Supplement to the
Special Report of June 5, 1970". The LOCA which caused this peak drywell temperature
was a special case small break LOCA (actually a steam leak) which did not have any effect
on the design temperature and pressure of the containment (281°F, 56 psig) because the
pressure associated with the higher temperature was not a saturation pressure. The
resulting combination of slightly higher temperature and significantly lower pressure was
less severe than design conditions. [6.2-29]

6.2.1.3.2.2 Containment Long Term Response to A Design Basis Accident

After the blowdown immediately following a postulated recirculation line break, the
temperature of the suppression chamber water would approach 130°F and the primary
containment system pressure equalizes at about 25 psig. Most of the noncondensible gases
would be transported to the suppression chamber during blowdown. As condensation in
the drywell began, the drywell pressure would decrease and the gases would redistribute
between the drywell and the suppression chamber via the vacuum-breaker system.

The core spray system would remove decay heat and stored heat from the core, thereby
minimizing core heatup and limiting metal-water reaction to less than 0.1%. The core
spray system would transport core heat out of the reactor vessel through the broken
recirculation line in the form of hot water. This hot water would flow from the drywell into
the suppression chamber via the connecting vent pipes. Steam flow would be negligible.
The energy transported to the suppression chamber water would ultimately be removed
from the primary containment system by the residual heat removal (RHR) system heat
exchangers.

Prior to activation of the containment cooling mode of RHR (arbitrarily assumed to occur at
600 seconds after accident initiation) the available RHR pumps in the low pressure coolant
injection (LPCI) mode would add liquid to the reactor vessel along with core spray. After
the reactor vessel was flooded, the excess flow would discharge through the break into the
drywell. This flow, in addition to heat losses to the walls, would offer considerable cooling
to the drywell and would cause a depressurization of the containment as the steam in the
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drywell condensed. At 600 seconds, the RHR system may be transferred from the LPCI
mode to the containment cooling mode. The containment spray would not be necessary at
all and the transfer to containment cooling mode would not be necessary for several hours.
As described in Section 6.2.2, valving permits the operator to obtain a variable division of
flow on the RHR system between LPCI and containment cooling. Since the LPCI flow path
comes off the containment cooling flow path downstream of the RHR heat exchanger, any
flow diverted to LPCI injection is not diverted from the flow through the RHR heat
exchanger, and thus would not impact long-term suppression pool cooling.

There is no firm time requirement as to when the containment cooling system must be
placed into operation.

To assess the long-term pressure and temperature response of the primary containment
after the postulated blowdown, an analysis was made of the recirculation line break
accident for the following conditions of containment spray and containment cooling. For all
cases, one of the core spray systems is assumed to be in operation with an initial
suppression pool temperature of 95°F. The following case was chosen to illustrate the
containment response for the limiting availability of equipment:

Operation of one RHR cooling loop with one RHR pump, one RHR service pump,
one RHR heat exchanger, and no containment spray.

The long term pressure and temperature responses of the containment are calculated for
the limiting Case at 2957 MWt with methodology that has been reviewed and approved by
the NRC as documented in Reference 23. The long-term pressure responses are shown in
Figure 6.2-16a. The long term suppression pool temperatures are shown in Figure 6.2-18a.
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6.2.1.3.3 Containment Response to a DBA-LOCA for Minimum NPSH

The DBA-LOCA analysis for NPSH is performed for two time periods: short-term (up to
600 seconds) and long-term (after 600 seconds).

The following are the key assumptions for the short-term containment response to DBA-
LOCA for minimum NPSH.

For the DBA-LOCA for short-term NPSH evaluation (600 seconds), the analysis is based on
a single failure of the loop selection logic. Consequently, the flow from all four LPCI pumps
goes into the broken recirculation loop and subsequently discharges into the drywell
directly. The maximum runout flow rate is assumed. Both core spray pumps are operating
with the maximum flow rate.

Minimum initial drywell and wetwell pressures and maximum initial drywell humidity are
assumed. This minimizes the amount of non-condensable gas in the containment, which
minimizes the pressure response. The initial suppression pool water volume corresponds
to the Low Water Level (LWL) to maximize the suppression pool temperature response.

As a result of the large LPCI injection directly into the drywell during the first 10 minutes,
a significant reduction in drywell pressure and temperature produced a reduction of
pressure in the suppression chamber. Figure 6.2-16b shows a short-term containment
pressure response for NPSH due to DBA-LOCA. Figure 6.2-18b shows the short-term
containment suppression pool temperature response for NPSH due to DBA-LOCA.

The assumptions discussed in Section 6.2.1.3.2.2, which are applicable for the long-term
DBA-LOCA analysis for peak pool temperature, are used for the minimum NPSH analysis
with the following exceptions:

A. Minimum initial drywell and wetwell pressures and maximum initial drywell
humidity are assumed. This minimizes the amount of non-condensable gas in the
containment, which minimizes the pressure response.

B. Containment cooling is achieved by operating one RHR loop at 600 seconds in the
containment spray mode (drywell and wetwell sprays), instead of the pool cooling
mode. This will minimize the containment pressure response, since cold water
sprays will bring down the pressure.

C. The drywell and wetwell spray flow rates are 4750 gpm and 250 gpm, respectively.
The total RHR heat exchanger K-value is 262 Btu/sec-°F.

D. Passive heat sinks in the drywell and wetwell airspace are modeled to minimize the
pressure response.

Figures 6.2-16b and 6.2-18b present the containment pressure and temperature response
for the short-term DBA-LOCA for NPSH. Figures 6.2-16¢ and 6.2-18c present the
containment pressure and temperature response for the long-term DBA-LOCA for NPSH.
It is noted that the early portion (before 600 seconds) of the plots for the long-term DBA-
LOCA should not be used. For this time period,the short-term DBA-LOCA results should

be used.
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6.2.1.3.4 Mark I Program for Re-evaluation of Containment Response to Hydrodynamic
Events

Nuclear Regulatory Commission Order 46 FR 9312, which dealt with the suppression
chamber hydrodynamic loads defined in NEDO-21888, and NEDO-24583-1, required Quad
Cities Station to modify the plant as necessary to assure conformance to Appendix A of
NUREG-0661. The resulting modifications, collectively referred to as the Mark I
containment modification, included installation of supports, stiffeners and related items
listed in the PUAR Vol. I which have a higher capacity to resist postulated loads due to
pool swell, steam condensation and safety/relief valve discharge.

Subsequent to original design, new suppression chamber hydrodynamic loads were
identified. The new loads are related to the postulated LOCA and SRV operation. The new
loads were identified as a generic open item for utilities with Mark I containments. To
determine the magnitude and time characteristics of the dynamic loads and identify the
course of action needed to resolve outstanding concerns, the utilities with Mark I
containments formed the Mark I Owners Group. The Mark I Owners Group established a
short-term program, which was completed in 1976 and approved by the NRC in 1981, and
a long-term program, generically resolved in the fall of 1982. The new loads were
categorized and defined as part of the short-term program. The Quad Cities Load
Definition Report (NEDO 24567) specifically defined the loads for the Quad Cities Station
for the suppression pool and its components. [6.2-33]
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The analysis of containment response to LOCAs and SRV discharge events, including
development of event sequences, assumptions, load definitions, and analysis techniques,
are presented in the Plant Unique Analysis Report (PUAR) for Quad Cities issued in May
1983. The PUAR is the primary reference for this section.2 In February 1986 the NRC
approved the Quad Cities Units 1 and 2 PUAR which effectively closed out this phase of
the redesign effort.

The loads, methods, and results described in the PUAR demonstrate that the margins of
safety which actually existed for the original design loads have not only been restored, but
have been increased. The advancements in the understanding of hydrodynamic
phenomena and in the structural analyses and modeling techniques have substantially
increased since the original design and analysis were completed. This increased
understanding and analysis capability is applied to the original loads as well as to those
newly defined loads.

The Mark I containment modification program also included testing. The containments for
Quad Cities are very similar to those for Dresden, therefore, the subscale and full-scale
tests performed for Dresden are applicable to Quad Cities.

Details of the structural analysis, load combinations service levels and other aspects of
load characterization are presented in Section 3.8. Suppression pool temperature and

pressure response is summarized in this section and detailed in the PUAR. 2

6.2.1.3.4.1 Summary of Loss-of-Coolant-Related Load Effects

Immediately following a postulated design basis accident (DBA) LOCA, the pressure and
temperature of the drywell and vent system atmosphere would rapidly increase. As
drywell pressure increased, the water initially present in the downcomers would be
accelerated into the suppression chamber until the downcomers were cleared of water.
Following downcomer water clearing, the downcomer air, essentially at drywell pressure,
would be exposed to the relatively low pressure in the suppression chamber, and would
produce a downward reaction force on the suppression chamber shell. The consequent
bubble expansion would cause the suppression pool water to swell (pool swell), and the
airspace above the pool to compress. This compression would result in an upward reaction
force on the suppression chamber shell. Eventually, the bubbles would "break through" to
the suppression chamber airspace, equalizing the pressures. An air/water froth mixture
would continue upward (due to the momentum previously imparted to the water), causing
impingement loads on elevated structures. The transient associated with this rapid
drywell air venting to the suppression pool would last from 3—5 seconds. [6.2-34]
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Following air carryover would be a period of high steam flow through the vent system. The
discharge of steam into the pool and its subsequent condensation would cause pool
pressure oscillations, which would be transmitted to various submerged structures and to
the suppression chamber shell. This phenomenon is referred to as condensation oscillation
(CO). As the reactor vessel depressurized, the steam flowrate to the vent system would
decrease. Steam condensation during this period of reduced steam flow would be
characterized by an up-and-down movement of the water-steam interface within the
downcomer as the steam volumes condensed and were replaced by surrounding pool water.
This phenomenon is referred to as chugging.

Postulated intermediate break accident (IBA) and small break accident (SBA) LOCAs
would produce drywell pressure transients that are slow enough that the dynamic effects of
vent clearing and pool swell would be negligible. However, some dynamic effects would
occur: CO and chugging for an IBA, and chugging for a SBA.

6.2.1.3.4.2 Summary Description of Safety/Relief Valve Discharge-Related Load Effects

Quad Cities Units 1 and 2 are each equipped with one Target Rock Safety Relief Valve
(SRV) and four Relief Valves (RV) to control primary system pressure during transient
conditions. In the following discussion, the term SRV refers to both SRVs and RVs. The
five SRVs are mounted on the main steam lines inside the drywell, with their discharge
piping routed down the main vents into the suppression pool. When a SRV is actuated,
steam released from the primary system is discharged into the suppression pool. The SRVs
are actuated either automatically or manually. See Section 5.2.2 for a presentation of the
SRV pressure settings. The lower SRV pressure settings are intended to reduce the
frequency of multiple SRV discharges. [6.2-35]

Prior to the initial actuation, the SRV discharge line contains air at drywell pressure and
suppression pool water in the submerged portion of the piping. Following SRV actuation,
steam would enter the SRV discharge line, compressing the air within the line and
expelling the water slug into the suppression pool. During water clearing the SRV
discharge line would undergo a transient pressure loading.

Once the water had been cleared from the T-quencher discharge device, the compressed air
would enter the pool as high pressure bubbles. These bubbles would expand, resulting in
an outward acceleration of the surrounding pool water. The momentum of the accelerated
water would result in an overexpansion of the bubbles, causing the bubble pressure to
become negative relative to the ambient pressure of the surrounding pool. This negative
bubble pressure would slow and reverse the motion of the water, leading to a compression
of the bubbles and a positive pressure relative to that of the pool. The bubbles would
continue to oscillate in this manner as they rose to the pool surface. The positive and
negative pressures developed due to this phenomenon would attenuate with distance and
result in an oscillatory pressure loading on the "wetted" portion of the suppression
chamber shell and submerged structures.
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6.2.1.3.4.3 General Assumptions

Implicit in the LOCA analysis was the assumption that the event would actually occur,
although the probability is low. No credit was taken for detection of leaks and subsequent
corrective actions to avoid LOCAs. Furthermore, various sizes of pipe breaks were
postulated to evaluate a full range of effects. The large, instantaneous pipe breaks were
considered to be bounding cases in order to evaluate the initial, rapidly occurring events
such as vent system pressurization and pool swell. Smaller pipe breaks were analyzed to
maximize prolonged effects such as CO and chugging. Three different LOCAs were
analyzed — the DBA LOCA, IBA, and SBA. The DBA LOCA is a double-ended guillotine
break in the 28-inch recirculation line (see Figure 6.2-11); the IBA is a 0.1 ft2 break in a
liquid line; the SBA i1s a 0.01 ft2 break. [6.2-36]

The LOCAs were assumed to occur coincident with plant conditions that exacerbated the
parameter of interest. For example, the reactor was assumed to be at 102% of rated power,
a single failure was assumed, and no credit was taken for normal auxiliary power. For the
original design bases the initial power condition prior to a design event was 100% of rated
power. Operator action to mitigate the effects of a LOCA was assumed to be unavailable
for a specified period. Other assumptions were selected to maximize the parameter to be
evaluated. This approach resulted in a conservative evaluation, since plant conditions are
not likely to be in this worst case scenario if a LOCA were to occur (see Section 6.2.1.3.2 for
additional information on LOCAs).

6.2.1.3.4.4 Test Results and Load Definitions

The load definitions utilized in the Quad Cities Units 1 and 2 PUAR were based on
conservative test results and analyses. The LOCA steam condensation loads (CO and
chugging) were based on tests in the Mark I Full-Scale Test Facility (FSTF). The FSTF, a
full-size 1/16 segment of a Mark I torus, was designed and constructed specifically to
ensure that conservative results would be obtained on a generic basis. Actual Mark I
drywells have piping and equipment which would absorb some of the energy released
during a LOCA. The LOCA pool swell loads were developed from similarly conservative
tests at the Quarter-Scale Test Facility (QSTF).

The methodology used to develop SRV loads was based on conservative methods and
assumptions. Safety/relief valve loads were calculated using a minimum or manufacturer-
specified SRV opening time, a maximum steam flow rate, and a maximum steam line
pressure. The conservatism in the SRV load definition approach was demonstrated by in-
plant tests performed at Dresden Unit 2[7 and at several other plants. All such tests
confirmed that actual plant responses are significantly less severe than predicted. The
Dresden in-plant SRV discharge tests are directly applicable to Quad Cities Units 1 and 2.

Several loads were classified as secondary loads because of their inherently low
magnitudes. The loads include seismic slosh pressure loads, post-pool swell wave loads,
asymmetric pool swell pressure loads on the suppression chamber as a whole, sonic and
compression wave loads, and downcomer air-clearing loads. Secondary loads were treated
as negligible compared to other loads in the analysis, in accordance with Appendix A of
NUREG-0661.
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The methodology used to develop plant-unique suppression chamber loads for each load defined
in NUREG-0661 is discussed in Section 1-4.0 of the PUAR. The results of applying the
methodology to develop specific values for each of the governing loads which act on the
suppression chamber are discussed in Section 3.8.

The loads acting on the suppression chamber were categorized as follows:

1. Dead weight loads;

2. Seismic loads;

3. LOCA pressure and temperature loads;

4. Pool swell loads;

5. Condensation oscillation loads;

6. Chugging loads;

7. SRV pressure and temperature loads; and
8. Containment interaction loads.

Loads in Categories 1 through 3 were considered in the original containment design. Loads in
Categories 1 and 2 are documented in the containment data specifications and loads in Category
2 are documented in the plant design specifications. Additional Category 3 loads would result
from postulated LOCA and SRV discharge events. Loads in Categories 4 through 6 would result
from postulated LOCA events; loads in Category 7 would result from SRV discharge events;
loads in Category 8 are reactions which would result from loads acting on the structures
attached to the suppression chamber. Category 3 and Category 7 loads are discussed in this
section; the other load categories are discussed in Section 3.8. The sequences of hydrodynamic
loads are also discussed in this section as definitions of the blowdown and discharge events.
Section 3.8 lists each load category and the resultant effects on major suppression chamber
structures.

The following is a breakdown of LOCA pressure and temperature (Category 3) loads.

A. Normal operating internal pressure loads — The suppression chamber shell is
subjected to internal pressure loads during normal operating conditions. This loading
was taken from the original design specifications. The range of normal operating
internal pressure specified is -0.2 — 0.2 psig.

B. LOCA internal pressure loads — The suppression chamber shell would be subjected to
internal pressure during a small break accident (SBA), intermediate break accident
(IBA), or DBA events. The procedure used to develop LOCA internal pressures for the
primary containment is discussed in the PUAR (Section 1-1.1.1).[21 Figures 6.2-20a
through 6.2-22a present the resulting suppression chamber internal pressure
transients and pressure magnitudes at key times during SBA, IBA, and DBA events.

The pressure specified for each event was assumed to act uniformly over the
suppression chamber shell surface, except during the early portion of a DBA event.
The effects of internal pressure on the suppression chamber for the initial portion of a
DBA event were included in the pool swell torus shell loads.
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The corresponding suppression chamber external or secondary containment pressure
for all events was assumed to be 0.0 psig.

C. Normal operating temperature loads — The suppression chamber is subjected to the
thermal expansion load associated with normal operating conditions. This loading
was taken from the original design specification for the containment.

Additional suppression chamber normal operating temperatures were taken from the
suppression pool temperature response analysis.

D. LOCA temperature loads — The suppression chamber would be subjected to thermal
expansion loads associated with the SBA, IBA, and DBA events. The procedure used
to develop LOCA containment temperatures is addressed in the PUAR (Section 1-
4.1.1). Figures 6.2-23a, 6.2-244a, and 6.2-25a present the resulting suppression
chamber temperature transients and temperature magnitudes at key times during the
SBA, IBA, and DBA events.

Additional suppression chamber SBA event temperatures were taken from the
suppression pool temperature response analysis. The greater of the temperatures
specified in Figure 6.2-23a and that analysis was used in evaluating the effects of SBA
event temperatures.

The temperatures specified for each event were assumed to be representative of pool
temperatures, airspace temperatures, and shell metal temperatures throughout the
suppression chamber. The ambient temperature for all events was assumed to be
equal to the minimum temperature during normal operating conditions.

As the temperature of the suppression chamber shell began to increase, the
temperature difference between it and the suppression chamber vertical supports
would result in differential thermal expansion effects. Temperatures in the
suppression chamber vertical supports were calculated using a one-dimensional
steady-state heat transfer model applying the thermal characteristics of the
suppression chamber. Coefficients were then calculated and temperature profiles are
derived (Figure 6.2-26).

Transient pressures would act on the submerged portion of the suppression chamber shell
during the air clearing phase of a postulated SRV discharge event. The maximum shell
pressures and characteristics of the SRV discharge pressure transients were developed using an
attenuated bubble model that included the load mitigation effects of the 12-inch diameter T-
quenchers.

The SRV actuation cases considered are discussed in Section 1-4.2.1 of the PUAR. The case

resulting in maximum suppression chamber shell pressures was an SBA/IBA first actuation with
elevated drywell pressure and temperature. This pressure load was
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conservatively used for the multiple valve case with actuation occurring in all five SRV discharge
load bays simultaneously. Actuation of the automatic depressurization system (ADS) would also
create this multiple valve case.

The single valve case was derived from the multiple valve case results. These results were
factored by the ratio of the maximum shell pressure for the single valve load profile to that of the
multiple valve load profile. When the ratio of 0.669 was applied to the multiple valve load
profile, the resulting load was a conservative approximation of the single valve load profile at all
locations of the suppression chamber shell. In this manner, the single valve results were
conservatively obtained.

Figures 6.2-27 and 6.2-28 show the resulting SRV discharge shell loads for the single valve case
and multiple valve case, respectively. The results shown include the effects of the spatial
distribution of shell pressures, the absolute summation of multiple valve effects with application
of the bubble-induced pressure cut-off criteria, the use of first actuation pressures with
subsequent actuation frequencies, and the application of +-25% and +-40% margins to the first
and subsequent actuation frequencies, respectively. This methodology is in accordance with the
conservative criteria set forth in NUREG-0661.

The distribution of suppression chamber shell pressures for SRV discharge would be asymmetric
with respect to the vertical centerline of the containment. The pressure distribution which
results in the maximum total vertical and horizontal loads on the suppression chamber would
occur for the multiple valve case (Figure 6.2-28). Figure 6.2-29 shows the longitudinal pressure
distribution for the multiple valve case.

6.2.1.3.4.5 Suppression Pool Temperature Response to SRV Transients

Quad Cities Units 1 and 2 take advantage of the large thermal capacitance of the suppression
pool during plant transients requiring SRV actuation. Steam would discharge through the SRVs
into the suppression pool where it would condense, resulting in an increase in the temperature of
the suppression pool water. Although stable steam condensation is expected at all pool
temperatures, NUREG 0783 imposed a local temperature limit in the vicinity of the T-quencher
discharge devices. [6.2-38]

All Quad Cities ECCS suction strainers are located in suppression chamber torus bays that do
not contain SRV discharge lines quenchers. This arrangement precludes!?5 steam flow from the
quenchers being entrained into the ECCS suction. For this reason the local pool temperature
limit is eliminated for Quad Cities. Therefore, a local pool temperature limit is not applicable.
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6.2.1.3.4.6 Event Sequences

Analysis conditions, load combinations, and service limits are discussed generally in Section
3.8. Event sequences which include only the hydrodynamic loads are discussed in this
section. Event sequences that also include nonhydrodynamic loads are discussed in Section
3.8. All hydrodynamic event sequences are discussed in this section in order to more
completely define the events.

This section describes the event sequences for the following postulated LOCAs:
A. Design Basis Accident

The DBA for the Mark I containment design is the instantaneous guillotine rupture
of the largest pipe in the primary system (the recirculation line). Figure 6.2-31
presents a bar chart of the DBA sequence of events.

B. Intermediate Break Accident

The bar chart in Figure 6.2-32 shows the event sequence for a break large enough
so that the high-pressure coolant injection (HPCI) system cannot prevent ADS
actuation on low-water level, but for break sizes smaller than that which would
produce significant pool swell loads. A break size of 0.1 ft2 is assumed for an IBA.

C. Small Break Accident

The bar chart in Figure 6.2-33 shows the event sequence for a break size of 0.01 ft2.
For a SBA, the HPCI system would be able to maintain water level and the reactor
would be depressurized by manual initiation of ADS. The SBA break is too small
to cause significant pool swell, and CO does not occur during a SBA. The ADS is
assumed to be initiated 10 minutes after the SBA begins.
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6.2.1.3.5 Containment Capability with Respect to Metal-Water Reactions

6.2.1.3.5.1 Potential for Metal-Water Reactions

If, as the result of a severe transient or accident, zircaloy in the reactor core were to be heated to
temperatures above about 2000°F in the presence of steam, an exothermic chemical reaction
would occur in which zirconium oxide and hydrogen would be formed. The corresponding energy
release would be about 2800 BTU per pound of zirconium reacted, which would be
accommodated in the suppression chamber pool. The hydrogen formed, however, would result in
an increased containment pressure due simply to the added moles of gas in the fixed volume.
Although hydrogen would be produced during a DBA, the containment is inerted during reactor
operation and during postaccident conditions to prevent the occurrence of explosive mixtures of
gases in the containment. [6.2-39]

6.2.1.3.5.2 Analysis of Expected Metal-Water Reactions

For OPTIMAZ2 fuel, current analysis of expected metal-water reactions is performed in
compliance with 10 CFR 50 Appendix K using the Westinghouse methodology and the
GOBLIN/CHACHA codes. For ATRIUM 10XM fuel, this analysis uses the AREVA EXEM BWR-
2000 Evaluation Methodology. The previous analysis used the SAFER-GESTR LOCA code.
These analyses are further discussed in UFSAR Section 6.3.3. [6.2-40]

Earlier analyses of the metal-water reactions expected to occur during excessive core heatup
were performed using a core heatup computer code described in NEDO-20566. The code was
also based on requirements in 10 CFR 50 Appendix K. It was used to calculate time and
temperature histories for a range of initial average planar segment power values encompassing
all expected full power operation conditions. The total amount of zircaloy cladding in the reactor
was divided by the amount of cladding in the active fuel region to obtain a percent of cladding
available for metal-water reaction. Since inside cladding hydrogen generation in rods calculated
to perforate is a localized phenomenon, it is ignored in the calculations. The amount of hydrogen
generated due to the reaction of the outer cladding surface having thickness tr in a given axial
segment of a given fuel assembly was modeled as: [6.2-41]

2N
Wy, =07 DLtg p,—2 (6.2-5)
Zr
where
{}WH2 = mass of hydrogen gas generated, lbm
n = number of fuel rods in assembly
tr = average cladding thickness reacted, ft.
rhoc = density of cladding (Ibm/ft.3)
NH2 = molecular weight of hydrogen (2)
Nzr = molecular weight equivalent for zirconium (91.2)
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D

fuel rod diameter (ft)

L

assembly segment length (ft)

SVEA-96 Optima2 fuel is evaluated in accordance with Regulatory Guide 1.7 for the
purpose of verifying a non-explosive hydrogen mixture in containment post-LOCA. Results
of that evaluation show core wide metal water reaction results of less than 4% volumetric
hydrogen concentration, based on five times the maximum amount of core-wide oxidation
calculated in accordance with 10 CFR 50.46 [Ref. 31]. A similar AREVA evaluation for
ATRIUM 10XM fuel shows a core wise metal water reaction result of 4.01% volumetric
hydrogen concentration which is reported in the cycle-specific safety analysis report. The
resulting hydrogen concentration would not lead to an explosive mixture in the
containment post-LOCA because the oxygen fraction decreases with slight increases in
hydrogen as discussed below.

An additional consideration with regard to the NCAD analysis is that the primary
influence on the nitrogen addition rate is the radiolytic generation of oxygen. The fuel type
or extent of hydrogen generation due to metal-water reaction has no impact on the rate of
production of oxygen. Since the analysis is primarily focused on maintaining oxygen
concentrations below 5%, slight increases in the hydrogen generation due to metal water
reaction would actually reduce the oxygen fraction, which would be conservative.

6.2.1.3.5.3 Power Distribution Effect on Hydrogen Generation

The power distribution assumed for all plants in calculating core-wide metal-water
reaction is shown in Figure 6.2-34. This distribution was based on 1973 operating data
from a large BWR which was operating under severe maximum average planar linear heat
generation rate (MAPLHGR) limits as a result of the AEC July 1973 densification model.
The distribution is very flat for that reason, which is conservative for calculation of
core-wide metal-water reaction. [6.2-43]
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The ordinate of Figure 6.2-34 shows the number of six-inch long fuel assembly axial
segments whose power was calculated to exceed the value given by the abscissa, expressed
as a percentage of the maximum permissible segment power. In doing a plant calculation,
Figure 6.2-34 was used to sum up the hydrogen generation in segments with various
values of segment power. The "maximum permissible segment power" was defined for a
given core as follows:

A. The segment power corresponding to operation at design linear heat generation
rate (LHGR) and design local peaking factor was calculated for each fuel type;

B. The segment power corresponding to operation at the MAPLHGR limit (if any)
was calculated for each fuel type;

C. The lower (limiting) of the two values in 1 and 2 was selected for each segment;
and

D. The "maximum permissible segment power" for the core was defined as the
highest value in 3 among all segments in the core.

This definition adds another measure of conservatism in plants with multiple fuel types.

6.2.1.3.5.4 Conclusions

The capability of the containment to tolerate postulated metal-water reactions following a
loss of coolant accident was evaluated in the original design phase. [6.2-44]

It was determined that the design integrity of the containment would not be threatened by
the pressure increase that would result from a core wide metal water reaction of at least
18%.

For the purposes of combustible gas control the value for metal-water reaction for SVEA-96
Optima2 fuel is less than 4%. Furthermore, ATRIUM 10XM fuel shows a core wide metal
water reaction result of 4.01%.

6.2.1.3.6 Containment Subcompartments — Pipe Break in the Subcompartment Between
the Reactor Shield Wall and the Reactor

Section 3.6.2.3.2 provides a discussion of jet impingement forces which could be postulated
to act on the concrete reactor shield wall which surrounds the reactor. [6.4-44a]
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6.2.1.3.7 Seismic Analysis

Seismic studies of the drywell and the pressure suppression chamber were conducted by John
A. Blume and Associates of San Francisco, California. The results of this study are
summarized in Sections 3.7.2.1.4 and 3.7.2.1.5. The suppression chamber seismic analysis
was updated in the Mark I Plant Unique Analysis Report to incorporate the effect of the Mark
I modification.2!

6.2.2 Containment Heat Removal Systems

Containment cooling is a mode of the residual heat removal (RHR) system and is placed in
operation to limit the temperature of the water in the suppression chamber. This section
describes the major functional elements and primary components of the containment heat
removal system. Included are descriptions of the three functional constituents of containment
heat removal: suppression pool cooling, drywell spray, and suppression chamber spray. A
description of the equipment in the RHR system is provided in Section 5.4. [6.2-45]

During normal operation, drywell cooling is provided by seven air handling units. Normal
drywell cooling is addressed in Section 9.4. [6.2-46]

6.2.2.1 Design Bases

The design bases of the containment cooling mode of the RHR system are: [6.2-47]

1. To limit the suppression pool water temperature during RCIC operation (hot
standby condition) so that if a blowdown should occur, the suppression pool
water temperature will not exceed that which is necessary to achieve its
primary role as the quenching agent in the suppression containment system,;
and

2. To furnish a spray into the containment to further aid in reducing
containment pressure following a LOCA; and

3. To control the temperature of the suppression pool following a LOCA.

6.2.2.2 System Design

The containment cooling mode of RHR is a safety function and consists of two cooling
functions: containment spray which consists of drywell spray and suppression chamber spray
and suppression pool cooling. [6.2-48]

The RHR containment cooling mode can be initiated after the core is flooded which, for even
the largest line break, would be accomplished within a few minutes. [6.2-49]
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The RHR containment cooling mode is placed in operation to limit post-LLOCA blowdown suppression
pool temperature to 170°F. This temperature is based on tests which showed that complete
condensation of blowdown steam from the design basis LOCA will definitely occur at temperatures at
or below 170°F. The Bodega Bay and Humboldt Bay tests, upon which the pressure suppression
design is based, covered the temperature range up to 170°F. Other tests have shown that complete
condensation can also be expected at higher suppression pool temperatures. [6.2-50]

During containment spray operation, water pumped through the RHR heat exchangers would be
diverted to spray headers in the drywell and above the suppression pool. The spray headers in the
drywell would condense steam in the drywell, thereby further lowering containment pressure. The
reactor vessel makeup requirement which must be supplied by low pressure coolant injection (LPCI)
is approximately 3000 gal/min, which can easily be handled with one RHR pump. Therefore, one of
the remaining three RHR pumps can be used to provide flow for operation of containment spray. The
drywell spray effluent would collect in the bottom of the drywell until it reached the level of the vent
pipes, at which point it would begin to overflow and drain back to the suppression pool.
Approximately 5% of the containment spray flow may be directed to the suppression chamber spray
ring to cool noncondensible gases collected in the free volume above the suppression pool. The
containment spray function is not required for proper performance of the containment pressure
suppression system.

Initiation of the containment spray function is prevented when the drywell pressure falls too low.
This interlock cannot be overridden. [6.2-51]

During suppression pool cooling operation, the RHR pumps are aligned to pump water from the
suppression pool through the RHR heat exchangers, where heat is transferred to the RHR service
water, then the water is returned to the suppression pool via the full flow test line. The water in the
suppression chamber is thus cooled directly, without using the spray headers. A motor operated
valve is used to regulate flow. [6.2-52]

The containment cooling mode of RHR cannot normally be placed into operation unless the core
cooling requirements of the LPCI mode have been satisfied. Valving permits the operator to obtain a
variable division of flow between LPCI and containment cooling. Since the LPCI flow path comes off
the containment cooling flow path downstream of the RHR heat exchanger, any flow diverted to
LPCI injection is not diverted from the flow through the RHR heat exchanger, and thus would not
impact the heat removal rate of the system or post-accident suppression pool temperature response.
Interlocks are provided to ensure containment cooling operation occurs within certain design
parameters. For a discussion of the control logic for the containment cooling mode, refer to Section
7.4.1. [6.2-53]

If the reactor water level were to decrease below two-thirds core height, the system flow would
return automatically to the LPCI mode, unless the bypass switch was in manual override.

6.2.2.3 Design Evaluation

The possibility of debris contamination of suppression pool water that supplies ECCS has been

considered regarding the design of the ECCS suction strainers as required by NRC Bulletin 96-03.
[6.2-54]

The potential sources of contaminants considered in the design include containment interior
coatings, fibrous insulation, aluminum and stainless steel foil from reflective metal insulation,
insulation jacketing, Cal Sil insulation, dirt/dust, rust flakes, suppression pool sludge, and other
miscellaneous debris.
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The fibrous insulation within the drywell is NUKON blankets used only on parts of the reactor
coolant pressure boundary piping that is 2-inch diameter or smaller. Fibrous insulation is also
located within flued head penetrations between the process pipe and the guard pipe, see Figure
3.8-38. This insulation is a molded asbestos fiber on carbon steel pipe and NUKON on stainless
steel pipe.

Following the accident, the strainers may begin to accumulate debris. To account for this
possibility, design calculations have been performed to model the worst case debris generation,
transport and accumulation resulting from a DBA-LOCA and the simultaneous operation of
ECCS equipment. The design calculations determined the quantity of the debris generated
during a LOCA, the quantity of the debris transported to the suppression pool, the transport of
the debris within the suppression pool to the strainers, the filtration of the strainers for the
transported debris, and the associated head loss. The total strainer head loss is determined
based on the mathematical sum of the clean strainer head loss, the calculated head loss
contribution due to RMI debris, and the calculated head loss contribution of fibrous insulation
including miscellaneous debris. The calculation considers a surface area for each of the four
strainers reduced by two square feet and includes an additional 0.5 cubic feet of fibrous material
on each of the strainers to account for possible additional foreign material inside containment.
The methodology is consistent with the guidance in the BWROG Utility Resolution Guidance for
ECCS Strainer Blockage and the associated SER contained therein.

The ECCS strainers are made from perforated stainless steel having perforations of 1/8-inch in
diameter with an effective 40% open area. The perforation size has been selected to screen out
particles capable of plugging spray nozzles or other ECCS equipment. The strainers are
positioned above the bottom of the suppression pool to minimize any risk of plugging from debris.
The strainers are also located well below the pool surface to prevent air entrainment due to
vortices. The ECCS suction strainers are of the stacked disk design. The outline of the stacked
disk ECCS suction strainers is shown on Figure 3.8-24, Section A-A. The strainers have a
resistance coefficient of 1.16, which was determined by flow testing of a Unit 1 strainer.

In addition to the design of the ECCS suction strainer, the circuitous flow path from the drywell
to ECCS pumps makes it unlikely that damaging debris would actually reach ECCS equipment.
The flow path from the drywell leads through the 1 X 1 1/2 foot openings of the jet deflector plates
through the 6 ft. 9 in. vent lines (see Figure 6.2-4). Inside the suppression chamber, the vent
lines connect to large spherical shells that are interconnected by the 4-foot 10-inch diameter vent
header (see Figure 6.2-5). From this header, the path to the suppression pool is through the 96
24-inch diameter downcomers that extend below the water line. The path then proceeds through
the large suppression pool volume to the four suction strainers, connected to the ECCS header
located about 1/3 of the water level height above the bottom of the suppression chamber. From
the strainers the path leads to a 24-inch suction ring header and then to ECCS pump suction
lines. The path provides many places to trap foreign objects.

Suppression pool water is demineralized and does not contain special additives. The neutral pH
of the pumped fluid would not corrode pump seals or bearings.
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In summary, the ECCS suction strainers have been sized to accommodate the debris
generated by a pipe break inside the containment. Furthermore, the suction strainers
prevent any possibly damaging debris from reaching the ECCS pumps. These considerations
have led to the conclusion that the probability of suppression pool contamination creating a
safety problem is extremely remote, to the point of being negligible.

6.2.2.4 Tests and Inspections

Since containment cooling is an operating mode of the RHR system, testing performed on the
RHR system to verify LPCI operability partially verifies that containment cooling is operable.
An operational test of the discharge valves to the containment spray headers is performed by
shutting the downstream valve after it has been satisfactorily tested and then operating the
upstream valve. Two additional tests are performed to verify that the containment spray
function is operable. Once every 10 years, the spray headers and nozzles are water tested in
the suppression chamber (in accordance with the Technical Specifications) and air tested in
the drywell (in accordance with the Technical Requirements Manual). These tests verify that
a flow path exists through the spray header and nozzles and thereby verifies its operational
status. [6.2-55]

6.2.3 Secondary Containment Functional Design

The description presented in this section is applicable to both units, since the secondary
containment is common to both units. This description includes the design basis and design
features of the secondary containment (reactor building) structure, and all interfacing
structure/systems needed to ensure the integrity of the secondary containment. A design
evaluation is provided which addresses performance characteristics and the impact of an
instrument line break. Tests and inspections needed to verify that secondary containment is
operable, and instrumentation required to monitor and operate secondary containment, are
also described.

6.2.3.1 Design Bases

The safety objective of the secondary containment system, in conjunction with other
engineered safeguards and nuclear safety systems, is to limit the release of radioactive
materials so that offsite doses resulting from a postulated design basis accident (DBA) will
remain below 10CFR100 guideline values. The design bases of the secondary containment
system include the following: [6.2-56]

A. The secondary containment system is designed to provide the required level of
containment when either Unit 1 or 2 primary containment is open for refueling or
maintenance activities.

B. The secondary containment system is designed so that the reactor building
inleakage rate is not greater than 4000 ft3/min under calm wind conditions with an

average internal negative pressure equal to or greater than 0.25 in. H2O gauge.
[6.2-57]
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C. The secondary containment system is designed with sufficient redundancy so that
no single active component failure can prevent the system from achieving its safety
objective. [6.2-58]

D. The secondary containment system is designed in accordance with Class I design
criteria (see Chapter 3.2.1).

E. The reactor building is designed to contain a positive internal pressure of at least 7
in. Hiz;O gauge without structural failure and without pressure relief.

F. The secondary containment system has the capability of processing and exhausting
air from the reactor building and discharging the treated air from an elevated
release point.

G. The secondary containment system is designed so that it may be periodically tested
to verify system performance.

H. The secondary containment isolation system and its associated controls are
designed to isolate the reactor building in the time required to prevent significant

release of fission products through the normal discharge path.

6.2.3.2 System Design

The secondary containment system includes four major parts: [6.2-59]

A. The reactor building;

B. The secondary containment isolation and control system,;
C. The standby gas treatment system (SBGTS); and

D. The 310-foot chimney.

The secondary containment system applies four methods to mitigate the consequences of a
postulated LOCA (pipe break inside the drywell) and the refueling accident (fuel assembly
drop):

A. A negative pressure in the reactor building so that leakage is inward under calm
wind conditions, and any exfiltration due to high wind conditions is minimized;

B. A low leakage containment volume to provide holdup time for fission product decay
prior to release;

C. Filters and adsorbers to remove radioactive particulates and halogens from the
secondary containment atmosphere prior to release; and

D. Discharge of the processed secondary containment atmosphere through an elevated
release point.

Design parameters of the secondary containment are presented in Table 6.2-5.
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6.2.3.2.1 Reactor Building

A single reactor building completely encloses the reactors and pressure suppression primary
containment systems of both units. The reactor building also houses the Unit 1 and 2
refueling and reactor servicing equipment, new and spent fuel storage facilities, and other
reactor auxiliary and service equipment. [6.2-60]

The reactor building is a monolithic reinforced concrete structure up to the refueling floor
level, with a structural steel framework covered by sealed sheet-metal siding panel walls and
a precast concrete roof above the refueling floor level.

The containment barrier function of the reactor building is achieved by design and
construction for low leakage through building walls and roof, airlocks, and pipe and electrical
penetrations.

The wall panels of the reactor building above the refueling floor level (reactor building
superstructure) were designed and installed with special sealing methods. The sheet metal
siding employs interlocking joints between panels, and is sealed with vinyl plastic gaskets
and caulking compounds (Figure 6.2-36). Other joints are sealed with such materials as
rubber strips, adhesive tapes, and caulking compounds. Screw holes are caulked. Blowoff
panels are installed as part of the reactor building superstructure siding to relieve pressure
and control the damage under short term tornado loadings. These panels are attached by
notched bolts, on 6-inch centers, which are designed to fracture at a panel loading of 70 1b/ft2.
Of the approximately 38,200 ft2 of insulated superstructure siding, approximately 5,400 ft2 is
attached with these bolts. The blowoff panel design was laboratory tested by a commercial
testing laboratory to assure conformance with specifications. The remainder of the siding is
attached with self-tapping sheet metal screws.

The reactor building roof is comprised of 3 1/2-inch thick precast channel concrete slabs,
covered with 1-inch thick fiberboard roof deck insulation, felt, asphalt, and gravel. Corners of
the roof slabs are welded to the roof purlins; longitudinal and transverse joints are filled with
mastic sealer, and the corner recesses are filled with grout.

On the 595 foot elevation, at both the southwest and northwest corners of the reactor
building, a personnel access corridor provides access to the turbine building. As shown on
drawing M-5, each corridor includes 3 doors, one to the reactor building, one to the turbine
building, and one leading to the exterior area that has been welded shut. [6.2-61] The reactor
building and turbine building doors are electrically interlocked.

A personnel airlock located on the east side of the reactor building (595 foot elevation)
provides access between the reactor building, the Unit 1/2 diesel generator building, the Unit
1/2 trackway equipment airlock, and the outside. A trackway airlock located adjacent to the
personnel airlock provides access for large equipment and rail cars. [6.2-62]

Doors from the reactor building provide access to each MSIV room. Doors between the MSIV
rooms and turbine building main access areas can serve as a secondary containment
boundary.
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Watertight doors provide access from the Unit 1 and Unit 2 sides of the reactor building area to
the associated HPCI rooms (554 foot elevation). An airlock in the HPCI access tunnel isolates
the HPCI rooms from the remainder of the turbine building. The airlock doors serve as part of
the secondary containment boundary. [6.2-63]

On the 647 foot elevation, a door provides access between the reactor building and the turbine
building. [6.2-64]

On the 690 foot elevation, an airlock provides access to the turbine building roof. [6.2-65]

Reactor building personnel airlock access control doors have seals and are electrically controlled
so that only one door in an airlock can be open at a time. The larger equipment airlock has two
gasketed doors which are kept locked except when they are in use. Procedural requirements
prevent both doors from being opened at the same time. [6.2-66]

Reactor building pipe and electrical penetrations are sealed to minimize air leakage. Electrical
penetrations are typically caulked with inorganic fiber or oakum (historical use) and a soft
setting compound. Airflow through pipeways is limited by use of concrete grout or metal collars
where pipe movement does not occur. On pipes that move, a silicone rubber sleeve is clamped
directly to the pipe at one end with a suitable thermal connection on hot pipes, and to a pipe
sleeve embedded in the wall at the other end. [6.2-67]

The structural design features, shielding design, and seismic design requirements are described
further in Chapter 3.

6.2.3.2.2 Secondary Containment Isolation and Control

The reactor building ventilation system performs two secondary containment functions. First it
automatically controls the reactor building atmosphere at a negative pressure (0.1 - 0.70 in.

H:0) with the exhaust fan dampers, to assure inleakage of air so that exfiltration of airborne
radioactive contamination is minimized. Second, it isolates on a secondary containment isolation
signal. [6.2-68]

The reactor building ventilation isolation valves for each unit are located adjacent to the reactor
building in the turbine building, on the supply and exhaust fan deck above elevation 658 feet.
Isolation involves closing two valves in series in the supply duct and two valves in series in the
exhaust duct, shutting down the ventilation fans, and activating the SBGTS. Isolations
automatically initiated upon instrumentation sensing reactor building ventilation exhaust high
radiation or radiation monitor downscale, refueling floor high radiation or radiation monitor
downscale, high drywell pressure, reactor low water, or drywell high radiation.

6.2.3.2.3 Standby Gas Treatment System

The SBGTS provides particulate filtration and halogen adsorption from the reactor building
atmosphere prior to release. The SBGTS also maintains a negative reactor building pressure
after an accident to minimize the release of unprocessed secondary containment atmosphere. As
part of this capability, the SBGTS can reduce secondary containment pressure to -0.25 in. H20
gauge. See Section 6.5 for a detailed SBGTS description. [6.2-69]
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6.2.3.2.4 310-Foot Chimney

The 310-foot chimney provides for elevated release of processed secondary containment
atmosphere. (Normal reactor building ventilation exhausts through a separate ventilation
stack). The chimney may receive inputs from the turbine building ventilation (Units 1 and 2),
the off-gas recombiner rooms (Units 1 and 2), the max recycle radwaste building, the off-gas
filter building, the resin solidification building, the radwaste building, and the SBGTS trains.
Additional discussion of the chimney is provided in Chapter 3 and in Section 11.3. [6.2-70]

6.2.3.3 Design Evaluation

The secondary containment system provides the principal mechanisms for mitigating the
consequences of a refueling accident in the reactor building. The primary and secondary
containment systems acting together provide the principal mechanisms for mitigating the
consequences of a LOCA in the drywell. Since the reactor building leakage rate is low, and the
reactor building atmosphere is processed and discharged at an elevated release point (using the
SBGTS and the chimney), the offsite radiation doses that would result from postulated design
basis accidents are reduced significantly. The reactor building is a Class I structure. The design
and construction of the reactor building provides a maximum inleakage rate of 4000 ft3/min
under calm wind conditions with an average internal negative pressure equal to or greater than
0.25 in. Hp,O gauge. This results in a low exfiltration rate during high wind conditions. [6.2-71]

In the event of a pipe break inside the primary containment or a fuel handling accident causing
an actuation signal, normal reactor building ventilation for both units will shut down and
isolate. The motor-operated valve from the train inlet on the unaffected reactor unit to the
standby gas treatment system closes. The pre-selected SBGTS primary train will automatically
start and operate at a constant flow of 4000 ft3/min, removing air from all levels of the reactor
building and discharging the processed air to the chimney. A high efficiency particulate air filter
will remove radioactive particulates and an activated carbon adsorber will remove radioactive
halogens from the air stream to reduce the level of radioactive contamination released to the
environs. [6.2-72]

After a secondary containment isolation, the SBGTS holds the building at an average negative
pressure equal to or greater than 0.25 in. Hg,O gauge under calm wind conditions.

A careful determination has been made of the effect of a one inch instrument line break inside a
secondary containment. This conservative analysis has led to the conclusion that the
consequences of such an event would not be severe, with resulting radiological doses being well
within published guideline values. [6.2-73]

The radiological consequence of the one inch instrument line break in the secondary containment
is described in Section 15.6.2. An analysis has been performed of the consequences of a 1-inch
instrument line break in the Quad Cities plant. Radiation levels in the reactor building
ventilation duct would not be high enough to trip Reactor Building (RB) ventilation and start the
standby gas treatment system so that all of the radioactive materials escaping to the atmosphere
do so via the reactor building ventilation stack. The analysis showed that 70,000 pounds of
water and 30,000 pounds of steam are released to the reactor building. Reactor building
pressure starts to increase, thereby causing back pressure to be seen by the ventilation supply
fan such that essentially no air flows into the reactor building. Concurrently, the exhaust fan on
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the ventilation duct increases flow due to increased driving head. As a consequence of this
phenomenon, air in the building is exhausted to make room for the expanding steam. Thus, all
the steam not condensed in the reactor building is transported out the stack.

The RB internal pressure response analysis is applicable to both units, since a single reactor
building completely encloses the reactors and primary containment systems for both units,
resulting in a common secondary containment. The most conservative pressure response case
with normal ventilation in operation is with RB ventilation isolated on one unit at the time of
the accident, thereby minimizing pressure relief from exhaust fan flow and maximizing the
pressure transient in the area of the break. For any fan configuration, any single exhaust fan
flow rate exceeds any single supply fan flow rate by greater than 4,000 CFM. Additionally,
immediately following the accident RB pressure would start to increase, thereby causing back
pressure to be seen by the RB ventilation supply fan such that essentially no air flows into the
building. Since SBGT rated fan capacity is 4,000 CFM, the secondary pressure response is
bounded by analysis Case 5, described below. There was no RB compartment pressure response
analysis performed for the small instrument line break, since secondary containment is one
building. Analysis Case 5 demonstrates that building pressure remains below the minimum
design pressure of 7 in H20 gauge required to lift the panels, and therefore secondary
containment integrity remains intact.

The description that follows was a response to a follow-up question concerning a postulated 1”
instrument line break within secondary containment, during initial licensing of Quad Cities
Station. The AEC requested Quad Cities Station to specifically provide assurance that the
integrity of secondary containment would be maintained and that the building filters (Standby
Gas Treatment) would not be bypassed. The second analysis performed as a result of the AEC
request 1s historical from a dose analysis perspective and is not currently relied upon for plant
activities, but the pressure response analysis remains valid as a bounding analysis. The
assumptions of this evaluation included the original proposed technical specification coolant
activity of 20 micro-Curies/cc total Iodine and automatic start of the SBGT system (based on the
assumption that RB vents isolate on a vent duct high radiation trip signal). The analysis is
historical from a dose perspective because the Technical Specification action limit for required
sampling is 0.2 micro-Curies/gram, which would result in RB ventilation duct dose levels that
would not be high enough to trip vents and start the SBGT system.

[Start of Secondary Containment bounding pressure analysis]

The second analysis is a bounding pressure response analysis, and does not represent the
accident scenario since radiation levels would not be high enough to isolate vents and start the
SBGT system. The more conservative analysis for the reactor building internal pressure
response as described below shows that under no circumstance will a postulated instrument line
break jeopardize the health and safety of the public by degrading the integrity of the secondary
containment.
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Following the postulated instrument line break, part of the instrument line blowdown flow would
flash and enter the reactor building as steam. The remaining blowdown water would descend to
the floor and would not strongly influence building pressure. The steam introduced into the
secondary containment would cause the pressure to rise. The pressure rise would result in a mass
flow through normal building leakage paths, in addition to the SBGTS fan outflow rate.
Condensation on relatively cool surfaces in the building would cause further steam mass extraction.
Building pressure would adjust to a value such that the volumetric inflow rate of steam would be
approximately equal to the combined volume extraction rates of the SBGTS fan, leakage, and steam
condensation.

SBGTS Fan Flow Rate

Although it can be shown that the SBGTS fan flow outflow rate would increase with building
pressure increase, a continuous removal of 4000 CFM was assumed for the computation. This
conservatism leads to slightly higher-than-expected building pressure.

Building Leakage Rate

The building leakage rate is accurately known from normal operational requirements of the
SBGTS. The reactor building outflow will correspond to 4000 CFM inflow at 1/4 inch of water
vacuum. There is no apparent reason to expect any leakage paths to become plugged or otherwise
unavailable for flow during outflow rather than inflow. However, 9 times the flow resistance is
arbitrarily considered (or, equivalently, only 1/3 the leakage flow area) for leakage outflow for this
worst-case pressure analysis. The effect of higher leakage outflow resistance provides
higher-than-expected building pressure.

Condensation Rate

The surface area available for condensation increases as the steam volume increases. Only the
concrete exterior surfaces were considered for condensation in the analysis applicable to Section
15.6.2.1. Internal surfaces and numerous other metal equipment surfaces were neglected which
would increase the total condensation rate and further reduce building pressure. For the analysis
to determine the pressure effects in the secondary containment only one-half the estimated
condensation rate is used which also leads to higher-than-expected building pressures.

Outflow Properties

Steam first entering the reactor building would compress air rather than homogeneously mix with
it. However, diffusion would occur which would tend to provide a steam-air mixture of varying
concentration throughout the building. If air without steam is removed via leakage and the SBGTS
fan, less energy removal would occur than if steam or air-steam mixture were removed. The
calculated building pressure would be higher. Therefore, it was assumed that only air escaped from
the building.

Results

Figure 6.2-37 shows calculated building pressure for Cases 2 and 5 in the following list of
considered analysis cases. These analyses were also based on the preceding assumptions and
conditions. The maximum building pressure is 6.8 in. H2O, which is below the reactor building
minimum design pressure of 7 in. H2O gauge and the blow-off panel breakaway loading of 70 1b/ft2.
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Five cases were considered to demonstrate the available margin between the resulting
postulated reactor building pressure and the maximum reactor building pressure that could
be experienced without coincident panel blowof.

Maximum Reactor

Case Assumptions Building Pressure
1. a. Expected leakage outflow 0.75 in water

Rated fan capacity

c. Condensation (on exterior walls only)

2. a. Expected leakage outflow 1.0 in water
Rated fan capacity

c. No condensation

3. a. Expected leakage outflow 2.1 in water
No fan

c. No condensation

4. a. 1/3 leakage outflow 5.6 in water
Expected fan capacity

c. 1/2 condensation

5. a. 1/3 leakage outflow 6.8 in water
Rated fan capacity

c. 1/2 condensation

Cases 1 — 5 above are based upon no mixing of steam and air.

It is concluded for Case 1 that the expected reactor building pressure of 0.75 in. H20 following
an assumed guillotine instrument line break has a margin which is nearly a factor of ten
times expected when compared to the secondary containment design pressure . Even if the
assumptions are degraded to a case with no SBGTS fan operating and no condensation (Case
3), there is still more than a factor of three in the margin. Using the conservative
assumptions of only one-half the calculated condensation and one-third of the calculated
building leakage, the building pressure is still below 7 in.H20 gauge. For case 4, the building
pressure would rise to 5.6 in.H20 with the expected SBGTS fan flow (accounts for effect of
higher building pressure), and even if only rated fan capacity is used (case 5) the building
pressure of 6.8 in. H20 is below the minimum design pressure of 7 in.H20 gauge.

[End of Secondary Containment bounding pressure analysis].
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6.2.3.4 Tests and Inspections

Secondary containment integrity is verified by demonstrating that an air discharge rate of
4000 ft3/min produces a negative pressure of at least 0.25 in. H20. This is accomplished by
completely isolating the reactor building and using the SBGTS to exhaust air from the
building. Differential pressure measurements are made across each of the four walls with
zero flow through the standby gas treatment system to obtain base readings at existing wind
conditions and existing internal and external temperature conditions. Similar differential
pressure measurements are made at a flow of 4000 ft3/min. Subtracting the base readings
obtained at zero flow from those obtained at 4000 ft3/min. flow provides differential pressure
data corrected to zero wind conditions and zero differential temperature. [6.2-74]

If the reactor building average negative pressure (corrected for zero wind and zero differential
temperature conditions) is equal to or greater than 0.25 in. H20 gauge, the building design
basis low leakage requirement is verified. The Technical Specifications require this test to be
performed every 24 months. [6.2-75]

The radiation monitors that provide signals to isolate the reactor building can be tested by
exposing sensors to appropriate radiation test sources or by simulating high radiation with
instrumentation provided in the control room. Similarly, high drywell pressure instruments
and reactor low water level instruments that provide signals to isolate primary containment
and secondary containment are tested in a manner dictated by primary containment isolation
requirements. Testing details for the SBGTS are found in Section 6.5. [6.2-76]

6.2.3.5 Instrumentation Requirements

The instruments required to support secondary containment are those instruments necessary
to shut down reactor building ventilation and start SBGTS. These include the vent and area
radiation monitors, drywell pressure monitors, and reactor level monitors.

Each parameter is monitored by redundant sensors which actuate redundant logic channels,
housed in separate panels, which in turn initiate the redundant SBGTS trains. Radiation
sensors are fail-safe such that a loss-of-signal from one sensor will alarm its condition and
loss-of-signal from two redundant radiation sensors will initiate secondary containment
system operation. Only one radiation sensor is required to initiate secondary containment
system operation if an "accident" signal is detected. Pressure and level sensors require one-
out-of-two-twice logic indication to initiate secondary containment isolation and start SBGTS.
The redundant instrumentation and electrical controls for sensing "accident" signals,
initiating the secondary containment isolation system, and operating SBGTS, are provided
with separate power sources which can be supplied by separate standby diesel generators.
Sufficient redundancy and electrical separation has been provided so that no single active
component failure can prevent the system from performing its function. [6.2-77]

6.2.4 Containment Isolation System

The discussion presented in this section is applicable to either unit.
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6.2.4.1 Isolation Valves

Isolation valves are provided on lines penetrating the drywell and pressure suppression
chamber to assure integrity of the containment during emergency and post-accident periods.
Isolation valves which must be closed to assure containment integrity immediately after a
major accident are automatically controlled by the primary containment isolation system
(PCIS). The controls and logic system are described in Section 7.3. [6.2-78]

Table 6.2-6 lists the of group isolation signals and setpoints for PCIS. Table 6.2-7 lists all
penetrations by penetration number; identifies isolation valves with their pertinent modes,
characteristics, and closing times; and identifies valves subject to Type C leak testing. For
those valves closed by PCIS, Table 6.2-7 identifies the associated isolation group. Table 6.2-7
also lists electrical penetrations and special penetrations such as hatchways and other double
gasketed penetrations.

Pipes which penetrate the containment and connect to the nuclear steam supply system, and
pipes which open into the free space of the containment are equipped with two isolation

valves in series. As a general rule, one of each pair of isolation valves in the series is located
inside the containment, the other outside and as close to the containment as practical. [6.2-79]

For each inflowing line, one of two valve arrangements is used. In the first arrangement, both
isolation valves in series are self-actuated check valves, one inside and one outside the
containment. In the second arrangement, one is a check valve and the other is a
power-operated valve (electric motor or air). On lines where flow may be in either direction,
both valves are power operated.

On lines such as vacuum relief from atmosphere and suppression chamber water makeup
lines, which open to the free space of the containment and have two normally closed valves,
the valves are located outside the containment.

Lines forming a closed loop with primary containment (i.e., closed systems) but which, as a
result of pipe failure, may carry radioactive fluids outside primary containment are generally
provided with one isolation valve outside the containment. This may be either a self-
actuating check valve or a remote manually-controlled motor-operated valve.

Systems which connect to the nuclear steam supply system and may be required to have flow
after an accident are provided with two check valves, a check valve and a remote manually-
controlled valve in series, or two remote manually-controlled valves in series. These include
the feedwater, control rod drive hydraulic, standby liquid control, RHR, and core spray
systems.

For lines that extend the primary containment boundary, the boundary includes the piping to
the last (i.e., outboard) isolation valve. A primary containment pathway must be capable of
being isolated. Technical Specification 3.6.1.3 provides the operability requirements for
primary containment isolation valves.

Closed systems do not communicate with the primary containment atmosphere; rather they
communicate with the suppression pool and are expected to remain submerged during a
LOCA. Primary containment isolation valves on closed systems are exempt from 10 CFR
Appendix J “Type C” testing because they are not required to isolate containment atmosphere
due to the intact piping (inside containment to the outboard isolation valve) and the water
seal provided by the suppression pool.
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Any containment pathway with a structural flaw is evaluated for operability. Leakage from a
through-wall flaw that cannot be isolated is evaluated against the leakage limits specified in
Section 15.6.5.5.1 (atmospheric leakage or emergency core cooling system leakage as
appropriate). In addition, the structural integrity of the pathway must be evaluated. ASME
Code Case N-513 (Temporary Acceptance of Flaws in Moderate Energy Class 2 or 3 Piping)
provides a method for evaluating pipe flaws.

In general, the closure time of all isolation valves is such that the release of fission products to
the environment is minimized. The closure times of all valves on lines in systems connecting to
the nuclear steam supply system are based on the design intent to prevent uncovering the core
following pipe breaks outside the primary containment and to contain released fission products
following pipe breaks inside the primary containment.

The valve closure time for the main steam line is based on the main steam line break accident
discussed in Section 15.6 By keeping the main steam isolation valve (MSIV) closure time less
than or equal to 5 seconds, sufficient coolant will remain in the reactor vessel to provide
adequate core cooling. The valves are designed to close and to be leak-tight during the worst
conditions of pressure, temperature, and steam flow following a break in the main steam line
outside the containment. The MSIVs are leak tested in accordance with the 10CFR50
Appendix J program. [6.2-80]

Motive power for each of a pair of power-operated isolation valves in series is from physically
independent sources to preclude the possibility of a single malfunction interrupting power to
both valves. Air-operated valves which close for the normal containment isolation mode fail
closed on loss of motive power. Electric motor-operated valves fail as-is. Main steam isolation
valves are discussed in 6.2.4.3.
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All containment isolation valves, including their power operators, are designed to operate
under the most extreme ambient conditions of pressure, temperature, etc., to which they may
be exposed after a major accident. All isolation valves in lines connecting to the nuclear steam
supply system and all pipe welded connections were fully radiographed to assure their
integrity. They were built to the applicable ASME Codes and all nuclear interpretations of
these codes that were applicable at the time of installation. For all containment penetrations
that require redundant isolation, all powered valves inside containment are AC. Normally,
outside containment, DC powered valves are utilized. For the HPCI turbine exhaust vacuum
breaker line, where both isolation valves are located outside the containment/suppression pool,
the inboard valve is AC and the outboard valve is DC, to provide diversity in power and control
circuits for Division II.

The reactor building serves as secondary containment, and its ventilation system is provided
with two isolation valves in series in both the supply and exhaust ducts. These valves

automatically close as described in Section 7.3, 11.5, 6.2.3.2.2, and 6.2.3.4.

6.2.4.2 Instrument Lines

Twenty-three penetration assemblies are used for primary system instrumentation. Each of
these assemblies is configured to carry multiple instrument lines through the containment
shield wall. 96 of the total of 146 penetrating pipes are active lines and 50 are spares. All of
the active penetrating lines are equipped with stop valves. Lines penetrating the primary
system are also equipped with excess flow check valves located outside the containment, as
indicated in Table 6.2-7. [6.2-81]

The penetrating lines are 1-inch schedule 80, type 304 stainless steel pipe. Each of the lines is
welded to a stainless steel pipe which is in turn welded to the drywell penetration housing. A
typical detail of the multiple pipe instrument penetration is shown in Figure 6.2-38.

Within the secondary containment are 1-inch process stop valves, excess flow check valves, and
1/2-in. schedule 80, type 304 stainless steel piping to the instrument rack. Piping or stainless
steel tubing is used within the rack to the instrument sensors. All welds have been
dye-penetrant tested. Analyses have been performed to assure that the installations from the
penetrations to the instrument rack meet seismic Class I requirements.

Each process stop valve and excess flow check valve is either 304 or 316 stainless steel. The
excess flow check valves permit a maximum flow of 2 gal/min. A detail of the penetrating pipe
installation is shown in Figure 6.2-39 for Units 1 and 2, and Figure 6.2-39A shows alternate
detail for the Process Stop Valve and Excess Flow Check Valve for Unit 1. It was not necessary
to provide special protection for any of the lines within the secondary containment.

The vent and instrument line on the No. 1 seal cavity of each of the two reactor recirculation
pumps are interconnected with the reactor recirculation pump seal purge lines between the
excess flow check valves and the instruments. Redundant, safety-related check valves are
installed in each seal purge line in close proximity to the containment penetrations. The piping
between the excess flow check valves and the safety-related seal purge line check valves are
seismically designed, consistent with containment isolation boundaries.
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6.2.4.3 Main Steam Isolation Valves

The purposes of the main steam isolation valves (MSIVs) are:

A. To prevent coolant inventory loss and protect plant personnel in the event of line
breakage outside the isolation valves;

B. To complete the containment boundary after a LOCA.

The MSIVs are 20-inch airspring-operated, balanced "Y"-type globe valves mounted inboard
and outboard of the containment. The inboard valve air is supplied from the containment
drywell pneumatic system. The outboard valve is supplied by the normal instrument air
system. Figures 6.2-40 and 6.2-41 show the typical design features for this type valve. This
valve type combines full port design with straight-line flow to provide a very good flow pattern.
These valves use upstream pressure to aid in closure by tilting the actuator toward the
upstream side of the valve. The balancing feature takes advantage of upstream pressure to
aid in holding the valve closed. This valve type requires a smaller actuator cylinder to open
the valve. This is accomplished by allowing the full upstream line pressure to bleed into the
chamber above the plug through the balancing port to exert a force on the plug internals in a
direction to hold it against the seat. When the actuator starts to open the valve, the stem lifts
the pilot off its seat to vent the steam inside the plug into the downstream line. As the stem
travel continues, the plug is lifted off the main valve seat to open the valve port. [6.2-82]

The valve actuator is completely supported by four spring guide shafts. Coil springs located
around the spring guide shafts are used for closing the valve in case of air failure. Spring
closure of the valve due to loss of supply pressure is assisted by the backup supply from the
accumulator attached to the top of the actuator cylinder. [6.2-83]

The valve is opened and held in the open position by compressed air. Operating air is supplied
to the valve from the plant air systems through a check valve. An air tank accumulator
provides backup operating air. The leak tightness of the check valve is periodically tested to
assure sufficient air is available from the accumulator to close the main valve on demand. The
valve will close in the specified time with both air and spring action.

On several occasions early in the plant life of US BWRs, MSIVs failed to operate due to
sticking pneumatic valves which control the flow of air to the MSIV cylinder operator. The
cause of the failure was determined to be excessive heat in the vicinity of the valves and the
highly sensitive nature of the small clearance pneumatic valves to oil-contaminated air
causing binding due to the build up of deposits within the valves. The air control valves were
replaced with "poppet valves." Poppet valves seal with elastomers between the poppet and the
metallic valve seat. This design permits the clearance between the valve body and the poppet
to be larger, precluding the possibility of deposits forming a mechanical bond. In addition, the
instrument air quality has improved with the use of dryers.

For Unit 1, the valve opening and closing times are controlled by a hydraulic (oil) cylinder and
two flow control valves, mounted below the main air cylinder. The closing time can be
controlled between 3 and 10 seconds by adjusting the large (1 inch) flow control valve. The
opening time can be controlled between 5 and 20 seconds by adjusting the small ( 1/2 inch)
flow control valve.[6.2-85]
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For Unit 2 the valve closing time can be controlled between 3 and 10 seconds by a hydraulic
(o1l) dashpot mounted below the main air cylinder and is equipped with an external bypass
pipe and flow control valve. Valve opening time cannot be adjusted.

Schematic control diagrams for the Unit 1 and 2 MSIVs are shown in Figures 6.2-42 and 6.2-
43 respectively. To open an MSIV, the solenoid on either the dc or ac, both main control
solenoid valves (1) and (2) are energized to shift valve (1) into the energized position. This
vents air from the upper side of the air cylinder on the main valve and
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exhausts the air from valve (2) which supplies air to the top of the cylinder, opening the
valve and compressing the springs on the main valve. To close the MSIV, the solenoid on
both solenoid valves (1) and (2) are de-energized to shift the solenoid valves and valve (1)
into the position shown in Figures 6.2-42 and 6.2-43. This shifts valve (2) to the position
shown which exhausts the air below the piston and allows compressed air to enter the top
of the cylinder which, with the springs on the main valve, forces the valve closed. Valve (4)
also shifts to the position shown to provide a redundant exhaust path for the air below the
piston.

To exercise the MSIV, solenoid valves (1) and (2) and valves (1), (2), and (4) are left in the
energized position and the solenoid on the solenoid valve (3) is energized to shift valve (3)
into the position opposite that shown in Figures 6.2-42 and 6.2-43. This allows the springs
on the main valve to force the cylinder downward, exhausting the air through the flow
control valve associated with valve (3). The main valve is returned to the open position by
deenergizing the solenoid on valve (3) to shift valve (3) back to the position shown on
Figures 6.2-42 and 6.2-43 thereby permitting air to enter the lower side of the air cylinder.
As a fail-safe feature, the main valve will close on loss of compressed air or loss of both ac
and dc voltage to solenoid valves (1) and (2). In both of these cases, valves (2) and (4) shift
positions and exhaust the air below the cylinder of the main valve. An accumulator is
installed downstream of the control solenoid valves. It provides compressed air to the top
of the cylinder to assist the springs on the main valve upon loss of compressed air.

The ability of the MSIVs to close within the times assumed in the DBA analysis under
conditions of high pressure differentials and fluid flows, with fluid mixtures ranging from
mostly steam to mostly water, was demonstrated prior to plant construction in a series of
dynamic tests. A full-size, 20-inch valve produced for actual use in a BWR was tested in a
range of steam/water blowdown conditions simulating postulated accident conditions. The
test valve was opened and closed more than 400 times (200 cycles) during the test program.
Included in the program were 40 flow (shut off) tests which simulated accident conditions
up to those more severe than postulated for the DBA.

The variety of steady flow conditions on which the valve was closed covered the following
ranges:

Steam Tests: 50 — 1080 lb/sec

Water Tests: 240 — 3490 1b/sec

Mixture Tests: 1530 — 3860 1b/sec (quality 17% - 45%)
Surge Tests: 520 — 2970 lb/sec (quality 1%-33%)

The analysis of valve closing performance with this wide variety of conditions
demonstrated that closure is not critically sensitive to fluid temperature, fluid pressure in
the valve, or fluid flow through the valve. In every case, the valve opened and closed when
signalled and shut off the flow completely and reliably. It was further observed that steam
and mixture flows assisted valve closure, with closing speeds up to 20% faster than those
obtained under cold station conditions. A detailed description and analysis of this test
program is contained in Reference 10.
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6.2.4.4 Materials

The containment shell, electrical penetrations, and piping penetrations are metallic
components (with a ceramic filler in the electrical penetrations) that are designed to pressure
vessel standards (i.e., no degradation will occur from temperature, pressure, or radiation
damage). [6.2-86]

Some of the valves use Nordel (EPDM) and Silicone rubber as the elastomer and seat
material. These valves are located outside the concrete shield. Thus, the temperature
(continuous 250°F) and radiation exposure dose for these locations are less than the service
rating for these materials. During an accident, the temperature to which this material is
exposed could approach 340°F for about 48 minutes and then drop to less than 250°F for the
remainder of the accident. Silicone rubber is good for this temperature range (up to 340°F
maximum). The exposure dose approaches the radiation damage threshold for these
materials within a short time, but does not exceed their capability (108 rads). Nevertheless,
the valves and valve seats in question have served their function within a short time; that is,
they have prevented bypassing of steam and thus, pressure suppression has been assured.

The manways into the suppression chamber, the two equipment access hatches, the personnel
access lock, and the drywell head all have double O-ring seals. The maximum temperature of
the primary containment walls has been shown to be 320°F. The time above 250°F will be
less than 10 hours; therefore, temperature will not have an effect on these O-rings. The
radiation damage limit is greater than 5 x 108 rads; whereas, the maximum calculated
exposure doses are less than 5 x 10% rads at 100 days. Thus, there is adequate time to reduce
the containment pressure to atmospheric before the radiation damage limit is reached.

All other isolation valves in the primary containment system use metal seats; therefore, the
structural integrity and leak-tightness of these valves will remain essentially unchanged
following a DBA.

Buna-N rubber, Teflon, and nylon are used in certain applications in the valves discussed
above; but, these materials are used only in locations where their failure would not affect the

structural integrity or operability of these valves.

6.2.4.5 Traversing In-Core Probe

The traversing in-core probe (TIP) system, described in Section 7.6, has 5 guide tubes which
pass from the reactor building through the primary containment. Guide tube penetrations of
the primary containment are sealed by brazing which meets the requirements of ASME Boiler
and Pressure Vessel Code, Section VIII. Each TIP system guide tube has an isolation valve
which closes automatically after the appropriate containment isolation signal retracts the TIP
cable and fission chamber. In series with each isolation valve a shear valve provides alternate
isolation. The isolation and shear valves are located outside the drywell. The function of the
shear valves is to assure integrity of the containment if the other isolation valves fail to close
or if the chamber drive cable fails to retract when it is extended in the guide tube during the
time that containment isolation is required. The shear valve is a manual, keylock, dc
actuated explosive-type valve which will shear the cable and seal the guide tube, if necessary.
The position of each isolation and shear valve is indicated in the control room. [6.2-87]
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6.2.4.6 Overpressurization Protection Due To Drywell Temperature Increase [6.2-88]

Relief valves have been added between the primary containment valves on the RWCU system
for each Unit to prevent the volume between the containment isolation valves from becoming
overpressurized during a high-energy line break accident condition. As the drywell
temperature increases during an accident, the water within the trapped volume expands.
Assuming no leakage from the containment isolation valves, the piping pressure is postulated
to rise above the design pressure of the piping and components. Relief valves were also added
for Unit 1 on the drywell floor drain and equipment drain systems. The relief valves will vent
excess pressure to the drywell and prevent the piping from developing stresses above
allowable limits. The relief valves have been installed as part of the response to NRC GL 96-
06.

6.2.5 Combustible Gas Control in Containment

The discussion presented in this section is applicable to either unit. Combustible gas
mixtures could accumulate in the containment as a result of several mechanisms expected to
occur during and after a postulated accident. These mechanisms include fuel cladding metal-
water reactions, radiolysis and reactions of other materials in the containment. [6.2-89]

The containment inerting system, described in Section 6.2.5.1, is the primary system for
combustible gas control in the containment. The containment atmosphere monitoring (CAM)
system provides the ability to monitor post-accident Hz2 and Oz concentration and airborne
radioactivity. If Hz exceeds the flammability limit (6%) by volume and Oz exceeds 5% by
volume, the nitrogen containment atmosphere dilution (NCAD) system could be manually
actuated to reduce and maintain the O2 and the H2 below the flammability limit.

6.2.5.1 Containment Inerting

Equipment has been installed on both Quad Cities Units to allow the primary containment
atmosphere to be inerted with nitrogen to maintain oxygen content below 4.0% by volume
during normal operation. This equipment consists of a liquid nitrogen storage tank,
electrically powered nitrogen vaporizers, a steam heated nitrogen vaporizer, one atmospheric
vaporizer, associated piping, isolation valves, and pressure regulators. Nitrogen is supplied to
the drywell through the drywell purge inlet line penetration X-26. A flow regulating valve is
installed to limit low nitrogen supply temperatures which could damage the nitrogen piping
system. [6.2-90]

The nitrogen inerting system can supply nitrogen to either Unit 1 or 2 containment drywell or
suppression chamber from either the electric or steam vaporizers. [6.2-91]

When inerting the containment, nitrogen is supplied to the containment while air is vented to
the reactor building ventilation system or the Standby Gas Treatment system (SBGTS). A
similar method is used for inerting the suppression chamber. Oxygen content is monitored by
an oxygen analyzer at various locations within the containment to ensure the containment is
maintained at the desired low oxygen concentration. The
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containment is deinerted by admitting air into the containment as the containment
atmosphere is vented to the reactor building ventilation system or SBGTS.

Containment inerting is performed to prevent possible explosive mixtures of hydrogen and
oxygen in the containment following a postulated LOCA. Hydrogen generation is discussed in
Section 6.2.1.3.5. The nitrogen inerting system is not safety-related; however, it can be used
for post-LOCA hydrogen control. [6.2-92]

While the containment is inerted, pressure is supplied to pneumatically operated equipment
in the containment from the nitrogen system or the drywell pneumatic system (Section
6.2.1.2.4.3). This prevents dilution of the containment nitrogen atmosphere by air leakage
from equipment in the containment. [6.2-93]

The nitrogen inerting system is also required to serve as a backup to the pump-back system to
maintain the required drywell-to-torus-AP. [6.2-94]

6.2.5.2 Containment Atmosphere Monitoring (CAM) and Atmospheric Containment
Atmosphere Dilution (ACAD

The containment atmosphere monitoring (CAM) system is a safety-related, fully-redundant
system consisting of hydrogen, oxygen, and high gross gamma radiation sensors which
monitor the containment atmosphere. The sensors provide signals to redundant control room
recorders. The monitoring system is powered from separate electrical divisions. [6.2-95]

The CAM system was originally designed to support the ACAD system. The oxygen and
hydrogen recorders are combined units activated when the CAM system is activated.!! [6.2-96]

During CAM system operation, containment atmosphere is withdrawn through 1/2-inch
piping connected to a 1-inch penetration. Hydrogen and oxygen concentration are measured
outside the primary containment and the sample returned to the primary containment. The
sample withdrawal lines in both cases are heat traced to prevent condensation in the sample
lines which would cause measurement inaccuracies. A check valve is installed in the return
discharge line for primary containment. In addition, a check valve is installed in each reagent
and calibration gas line for primary containment. [6.2-97]

The CAM hydrogen monitors are designed to analyze samples under post-LOCA containment
conditions. The monitors were installed to meet NUREG 0737 I1.F.1. Attachment 6,
Containment Hydrogen Monitor. General environmental qualifications are discussed in
UFSAR Section 3.11.

The CAM System automatically initiates upon the occurrence of a loss of coolant accident.

The drywell radiation monitor recorder has an upper scale limit of 1 x 108 R/hr. The alarm
contacts on the hi-range drywell radiation monitor are set to alarm at 20 R/hr and to initiate a
Group ITI PCIS isolation at the high-high allowable value of < 70 R/hr. The design limit for the
hi-range drywell radiation monitor to initiate a Group II PCIS isolation is <100 R/hr. [6.2-98]

Two redundant radiation sensors are located in the upper half of the containment about 180°
apart.
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The pressure retaining portion of the CAM system was designed and installed in accordance
with the ASME Boiler and Pressure Vessel Code — Section III Division I; Subsections NE-
2000, NC-2000, NE-4000, NC-4000, NA-4000, and NE-5000, 1974 edition

up to, and including the Summer 1976 Addendum.

The ACAD System once consisted of two subsystems: the dilution air injection subsystem and
the pressure bleed subsystem. [6.2-99]

The dilution air subsystem was abandoned in place in June 1996 by cutting and capping the
four one-inch diameter piping lines (two drywell lines and two torus lines) that enter the
containment. The piping was cut and capped on the outboard side of the containment
between the containment penetrations and the air operated containment isolation valves.
The pressure bleed subsystem was also permanently removed from service. The subsystem
was removed from service because it was only operated in conjunction with the operation of
the dilution air injection subsystem. In addition, the volumetric flow rate of the system was
too limited for the purge and vent method of operation utilized in the emergency operating
procedures. [6.2-100]

The pressure bleed subsystem was removed from service by cutting and capping the one-inch
diameter piping lines from the pressure suppression system. The piping was cut and capped
on the outboard side of the containment between the containment penetration and the air-
operated containment isolation valves.

The ACAD Drywell pressure sensing instrumentation remains in service to provide post-
accident containment pressure monitoring as required by Reg. Guide 1.97.

The dilution air subsystem was abandoned in accordance with the recommendations of
Generic Letter 84-09 - "Recombiner Capability Requirements of 10CFR50.44(c)(3)(i1) and NRC
Safety Evaluation Report, SAFETY EVALUATION BY THE OFFICE OF NUCLEAR
REACTOR REGULATION REGARDING POST-ACCIDENT COMBUSTIBLE GAS
CONTROL SYSTEM AT DRESDEN, UNITS 2 AND 3, AND QUAD CITIES, UNITS 1 AND 2,
COMMONWEALTH EDISON COMPANY DOCKETS NOS. 50-237, 50-249, 50-254, AND
50-265, dated June 29, 1993. The ACAD dilution air subsystem was replaced with the
Nitrogen Containment Atmosphere Dilution (NCAD) system.

6.2.5.3 Nitrogen Containment Atmosphere Dilution System (NCAD) [6.2-101]

The NCAD system was installed in June of 1996 in response to Generic Letter (GL) 84-09,
"Recombiner Capability Requirements of 10CFR50.44(c)(3)(i1)." The GL stated that the
commission has determined that a Mark I BWR type design will not rely upon purge
repressurization systems as the primary means of hydrogen control if certain technical
criteria were satisfied. With that finding, a Mark I containment facility need not be required
to have recombiner capability. The main focus of the GL 84-09 criteria was to assure that
there were no additional oxygen sources other than those recognized in the GL supporting
technical analyses. The NRC concluded that the NCAD system provided reliable purge-
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repressurization capability, and met the GL 84-09 criteria for relief from recombiner
requirements.

The nitrogen inerting system is considered the primary system for combustible gas control in
the containment. The NCAD system is a backup system to the nitrogen inerting system and
1s intended for post LOCA operations. The NCAD system was installed to be used in lieu of
the ACAD system. The ACAD system injected air into the containment which could have
increased the oxygen concentration in the containment.
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The NCAD system injects nitrogen, a non-combustible gas, into the containment to purge the
containment of oxygen and hydrogen. The primary purpose of NCAD is to maintain the
oxygen concentration at or below 5% by volume.

The NCAD system is a variable flow system capable of delivering a maximum flow rate of
approximately 312 scfm at a nominal pressure of 160 psig. This maximum flow rate is
limited by the flow capacity of one of two electric vaporizers. If both electric vaporizers are
unavailable, the atmospheric vaporizer may be utilized at a maximum flow rate of 150 scfm if
the outdoor ambient temperature is > 34°F. The maximum flow rate through the atmospheric
vaporizer is limited to 50 scfm if the outdoor ambient temperature is below 34°F, in order to
prevent approaching the nil-ductility temperature of piping in the containment.

Nitrogen is supplied at a constant pressure from the bulk nitrogen storage tank, located
outside on the nitrogen skid. A back up nitrogen source may be connected through two truck
connections located near the nitrogen skid. Local instrumentation has been provided to
monitor temperature, pressure, and flow for the system.

The NCAD system is a manually operated system that is operated locally at the nitrogen skid
by manually throttling a globe valve to achieve the desired flow rate. The system is a non-
safety-related system. The piping that is routed through the 1/2 Diesel Generator Room and
Reactor Building is seismically qualified.

The NCAD system is made up of two independent redundant flow paths for each unit. Each
flow path in turn can supply gaseous nitrogen to either the drywell or suppression chamber.
One flow path runs from the units corresponding electric vaporizer and taps back into the
nitrogen inerting system piping just upstream of nitrogen purge vaporization valve, AO 1(2)-
1601-55, on the non-safety-related side. The other flow path runs from the opposite unit's
electric vaporizer and taps back into the normal nitrogen makeup system just upstream of
nitrogen makeup valve, MO 1(2)-1601-57. Either flowpath can be supplied by the nitrogen
atmospheric vaporizer. The containment purge and vent valves can be aligned to inject
nitrogen into the drywell or suppression chamber for either flow path.

Each redundant piping run contains two manual isolation valves. One valve is located in the
reactor building and is normally locked open. After a LOCA, this valve will be inaccessible
due to high radiation levels. The valve is locked open to ensure that the system will remain
in a ready state. The other valve is located outside at the nitrogen skid and is locked closed.
After a LOCA, radiation levels will be lower outside and the valve will be accessible. The
valve can be unlocked and flow can be manually adjusted. The valve is normally locked closed
to prevent inadvertent operation of the system.

The NCAD system is used in a vent and purge mode of operation in accordance with the

QGAs.

Venting can be accomplished by either the Standby Gas Treatment System (SBGTS) or the
Augmented Primary Containment Vent (APCV) System. If the SBGTS is used, gas could be
released through the main line to the SBGTS to the 310-foot chimney intermittently at a rate
of about 200 SCFM until the desired volume has been released. Releases would be continued
until the containment hydrogen and oxygen concentrations can be maintained below
combustible limits.
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Changes in containment pressure as a result of containment venting are slow. To reduce
containment pressure by one psi, for example, 19,000 SCFM of gas would be released. At a
100 SCFM release rate, this would take 190 minutes. The gas release is started and stopped
by the operator. Pressure, hydrogen content, oxygen content, radioactivity in the containment
atmosphere, and meteorological information will be available to the operator. Using this
information, an operator can safely follow the venting procedure without exceeding the

10 CFR 100 limits following a LOCA. Because it is coordinated with meteorological
information, the venting operation is closely supervised and automatic termination is not
considered to be necessary. However, in accordance with the QGAs, the operator can vent
and exceed the release rate limits of 10 CFR 100 to maintain combustible gas concentrations
below combustible levels.

6.2.6 Containment System Leakage Testing

The discussion presented in this section is applicable to either unit. [6.2-102]

The Primary Containment Leakage Rate Testing Program was developed to provide
assurance that the primary containment, including those systems and components which
penetrate the primary containment, does not exceed the allowable leakage rate values
specified in the technical specifications and bases. The allowable leakage rate is determined
so that the leakage rate assumed in the safety analysis is not exceeded. This program meets
the requirements of Regulatory Guide 1.163, Performance-Based Containment Leak-Test
Program and 10 CFR 50 Appendix J.

Table 6.2-7 provides a list of primary containment penetrations and associated isolation
valves. Specific leakage testing requirements necessary to implement the requirements of

Regulatory Guide 1.163 are included in the Primary Containment Leakage Rate Program.

6.2.6.1 Drywell and Suppression Chamber

Following construction of the drywell and the suppression chamber, each was pressure tested
at 70 psig which i1s 1.25 times its design pressure. Penetrations were sealed with welded end
caps. Following the strength test, each vessel was tested for leakage rate at design pressures.
Each met the criterion for leakage of less than 0.5 percent of total contained volume per day
at design pressure. The suppression chamber was also tested while half filled with water to
simulate operating conditions. [6.2-103]

After completing installation of all penetrations, integrated leak rate tests of the drywell,
suppression chamber, and associated penetrations were conducted at two test pressures to
establish a leak rate curve.

The "design-basis accident" used for determination of allowable containment leak rates was
the LOCA as discussed in Section 6.2.1.3.2.

The initial containment conditions, containment pressure transient, percent metal-water
reaction and fission product release to the containment assumed for the double-ended
recirculation line break were used in this analysis. In addition, the SBGT system was
assumed operative such that fission products which leak from the primary containment pass
through filters prior to discharge to the environment via the main chimney.
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Periodic integrated leak rate tests are conducted in accordance with the requirements of
the Primary Containment Leakage Rate Testing Program. The integrated leak rate test is
performed at time intervals based on maintaining primary containment leak rate below the
permissible leak rate limit, in accordance with 10 CFR 50 Appendix J. An integrated test
yielding results above the leak rate limit requires testing to a more frequent test schedule.

6.2.6.2 Containment Penetrations

The major portion of leakage from the containment has been shown at Humboldt Bay!!!l
and other nuclear power stations to come primarily from valves and penetrations. [6.2-104]

Containment penetrations are tested in accordance with the Primary Containment
Leakage Rate Program. Penetration leak rate testing is conducted at test pressures
greater than or equal to the design basis accident pressure (43.9 psig, except MSIVs which
are tested at greater than or equal to 25 psig). This testing verifies the ability of the
penetrations to withstand the peak containment pressure expected as a result of a LOCA.
Penetration leak rate testing verifies the capability of the penetrations to maintain overall
containment leakage within the limits established by 10 CFR 50, Appendix .

The access air lock is provided with double doors and is tested by pressurizing the entire
access area. Holddown bars are installed on the inside door to prevent damage due to
external pressure during testing. These tests are performed on a regular basis in
accordance with the requirements of the Technical Specifications. Access to the
containment during operation is infrequent, therefore the access locks do not receive
excesslve use. [6.2-105]

Flanged openings are provided with double "O" rings and are pressure tested to 43.9 psig.
Pressure testing is conducted before resuming operation whenever the seal has been
broken.

6.2.6.3 Containment Isolation Valve Testing

Isolation valves are tested in accordance with the requirements of the Inservice Testing
Program. [6.2-106]

The operational testing of the primary containment isolation valves includes pressure
tests, leakage tests, operability tests, and closure timing tests.

During normal operation, each power-operated isolation valve is exercised by fully opening
(or closing) at regular intervals. Closure times of all power operated isolation valves are
measured on a regular basis. Isolation initiation upon a signal from the primary
containment isolation system is also tested for each power operated isolation valve.
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6.2.6.3.1 Main Steam Isolation Valve Testing

Main steam isolation valve testing is accomplished both during reactor operation and during
shutdowns. Functional performance and leak tests are performed during reactor shutdowns
when access to the area of the valves is permitted. In-service exercising is used to demonstrate
operability and to check closure times. [6.2-107]

Shutdown tests include actuation and closure time tests to assure: that the valves operate
properly, that the sensors are set correctly and cause the proper actuation, that the response
speed is correct, and that the fail-safe features are operable. Test taps located between the
double isolation valves permit leak testing while the reactor is in the cold shutdown condition by
pressurizing the enclosed space between the valves.

The exercising of MSIVs during reactor operation is conducted in a manner to avoid the risk of a
high flow PCIS trip and reactor scram. The valve closure scram signal requires less than or
equal to a 9.8 percent closure (Technical Specification Allowable Value) of the inboard or
outboard valves in three lines; and as a result, in-service testing is limited to one valve at a
time. Each MSIV can be exercised partially closed (90% open) at full power or fully closed from a
reduced power level. To support exercising at power, each MSIV is equipped with a slow speed
exercising circuit and limit switches which provide position indication (i.e., full open, 90% open,
full closed). Exercising an MSIV to the 90% open position at full power can be accomplished by
momentarily holding the test control switch in the “test” position which will initiate slow closure
of the valve. Upon reaching the 90% open position, the test circuitry will return the valve to the
fully open position. Exercising an MSIV to verify a closure time of 3 to 5 seconds may be
conducted during power operation by reducing reactor power level to less than 75% of reactor
power and closing the valve using the normal control switch, and measuring the time to receive
the fully closed indication. [6.2-108]

6.2.7 Instrumentation Requirements

To maintain the primary containment within structural load limits, it is necessary to provide
measurements of the differential pressure between the drywell and the suppression chamber
and atmosphere (or the reactor building). It is also necessary to measure the suppression
chamber water level and water temperature to assure appropriate conditions are maintained to
respond to a potential accident or event as required. See Section 6.2.1.2.4.4 for further
information.

The containment atmosphere must be monitored for oxygen both for combustible gas control and
for personnel protection. The capability to measure hydrogen concentration under post-accident
conditions is also required. See Sections 6.2.1.3.5 and 6.2.5. Isolation of the containment must
be assured by a continuous overall leak rate measurement,
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reference Section 6.2.1.2.4.4. Also, it is necessary to be able to remotely monitor
containment isolation valve position. The containment bulk air temperature is monitored
to maintain an appropriate temperature environment for equipment.

The containment pressure is monitored during leak rate testing under specified conditions,
reference Section 6.2.6; and in order to initiate venting when required to assure
containment integrity. Containment venting to the SBGTS is described in Section 6.2.3.5.
For instrumentation requirements associated with post accident containment cooling refer
to Sections 6.2.2. For instrumentation requirements associated with containment cooling
during normal operation refer to Section 9.4.
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Table 6.2-1

PRINCIPAL DESIGN PARAMETERS OF PRIMARY CONTAINMENT

Vent System

Vent Pipes

Number 8
Internal Diameter 6 ft 9 in.
Vent Tubes flow area, total 285 ft2
Vent Header Internal Diameter 4 ft 10 in.
Downcomer pipes

Number 96
Internal diameter 2 ft 0 in.

Submergence below suppression pool
water level

3.21 min to 3.54 max ft.

Pressure Suppression Chamber

Water Volume

111,500 ft3 — 115,000 ft3

Free air volume

117,300 ft3 — 120,800 ft3

Chamber inner diameter 30 ft
Torus major diameter 109 ft
Suppression Chamber To Drywell

Vacuum Breaker Valves

Number 12

Vent area, total 2,715 in2

Actuation set-point

0.5 psi suppression chamber to drywell dp for
full open

AP

1.0 PSI (minimum AP required by NRC)

Service Water Temperature Limits

105° max normal

85° min normal

General

Metal Material
Design Code

SA212 GR B tested to A300 (ASTM,
Section 32) ASME Boiler and

Pressure Vessel Code Section III,

Class B, 1965 ed including Winter 1965

addenda.
Drywell
Cylindrical section - diameter 37 ft
Spherical section - diameter 66 ft
Drywell height 111 ft 11 in.
Free Air volume 158,236 ft3

(Sheet 1 of 2)
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Table 6.2-1 (Continued)

PRINCIPAL DESIGN PARAMETERS OF PRIMARY CONTAINMENT

Wall Plate Thickness

Spherical shell Varies 11/16" to 1-1/8"
Spherical shell to 2-3/4"

cylindrical neck

Cylindrical neck Varies 3/4" to 1-1/2"
Top head 1-1/4" and 1-7/16"

Reactor Building to
Suppression Chamber

Number valves 2

Actuation set-point 0.5 psi, reactor building to suppression
chamber dp for full open

Design Conditions

Design internal pressure 56 psig @ 281°F
and temperature @
Maximum allowable internal 62 psig @ 281°F

operating pressure and
temperature®

Design external pressure and

temperature:
Drywell 2.0 psid @ 281°F
Suppression chamber 1 psid @ 281°F

Normal internal pressure
and temperature

Drywell, maximum for normal operation |1.5 psig up to 