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Occupational Safety and Health Administration
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Private Automatic Branch (Telephone) Exchange
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Preventive Maintenance
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REPAVS

RFP
RG
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RHX
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RPV
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Plant Service Water System

Liquid Penetrant Examination

Pressurized Water Reactor

Safety Classification for Safety-related SSC
Quality Assurance

Quality Group A

Quality Group B

Quality Group C

Quality Group D

Rod Action Control Subsystem

Reliability, Availability and Maintainability
Rod Action and Position Information
Reserve Auxiliary Transformer

Reactor Building
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Rod Brake Controller Cabinet

Reactor Building Chilled Water Subsystem
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Reactor Building HVAC (Heating, Ventilation and Air Conditioning)

Rod Block Setpoint

Reactor Building Vibration

Rod Control and Information System
Remote Communication Cabinet
Reinforced Concrete Containment Vessel
Reactor Component Cooling Water System
Reactor Coolant Pressure Boundary
Reactor Coolant System

Rod Drop Accident

Resolver-to-Digital Converter

Refueling and Pool Area Ventilation Subsystem of Fuel Building HVAC (Heating, Ventilation and

Air Conditioning)

Reactor Feed Pump
Regulatory Guide

Residual Heat Removal
Regenerative Heat Exchanger

Root Mean Square
Radiation Monitoring Subsystem

Remote Multiplexer Unit
Reverse Osmosis
Read-Only Memory
Reactor Protection System

Reactor Pressure Vessel

3-xviii



ESBWR

Term
RRPS
RSM
RSPC
RSS
RSSM
RSW
RT
RTIF
RTNDT
RTP
RW
RWCU/SDC
RWE
RWM
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SB
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Rod Server Module

Rod Server Processing Channel

Remote Shutdown System

Reed Switch Sensor Module

Reactor Shield Wall

Radiographic Examination

Reactor Trip and Isolation Function(s)
Reference Temperature of Nil-Ductility Transition
Reactor Thermal Power

Radwaste Building

Reactor Water Cleanup/Shutdown Cooling
Rod Withdrawal Error

Rod Worth Minimizer

Severe Accident

Single Active Component Failure

Seismic Anchor Motion

Safety Analysis Report

Service Building

Design Control Document/Tier 2

Digital Gamma-Sensitive GM (Geiger-Mueller Counter) Detector

Suppression Chamber

Scintillation Detector

Single/Dual Rod Sequence Restriction Override
Signal-to-Noise

Suppression Pool

Service Air System

Steam Bypass and Pressure Control System
Station Blackout

Simplified Boiling Water Reactor

System Component Evaluation Work
Selected Control Rod Run-in

Shutdown Cooling

Shutdown Margin

System Design Specification

Sealed Emergency Operating Area

Safety Evaluation Report

Service Water Building

Spent Fuel Pool
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Structural Integrity Test
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Steam Jet Air Ejector

Standby Liquid Control
Standby Liquid Control system

Safety Limit Minimum Critical Power Ratio

SSLC (Safety System Logic and Control) Multiplexing Unit

Solenoid Operated Valve
Setpoint
Suppression Pool Cooling

Safety Parameter Display System
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Suppression Pool Temperature Monitoring Subsystem of Containment Monitoring System

Surveillance Requirement

Source Range Monitor

Startup Range Neutron Monitor

Senior Reactor Operator

Standard Review Plan

Software Requirements Specification
Single Rod Sequence Restriction Override
Square Root Sum of Squares

Safety Relief Valve

Safety Relief Valve Discharge Line
Standard Safety Analysis Report
Structure, System and Component(s)
Safe Shutdown Earthquake

Soil Structure Interaction

Safety System Logic and Control

Steel Structures Painting Council

Spare Transformer

Sewage Treatment Plant

Scram Time Recording and Analysis Panel
Scram Time Recording Panel

Safety Valve

Static Water Head

Solid Waste Management System
Switch Yard

Top of Active Fuel

Turbine Auxiliary Steam System
Turbine Building

Turbine Building Compartment Exhaust
Turbine Building Exhaust
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TBLOE Turbine Building Lube Oil Area Exhaust

TBS Turbine Bypass System

TBHV Turbine Building HVAC (Heating, Ventilation and Air Conditioning)
TBV Turbine Bypass Valve

TC Training Center

TCCWS Turbine Component Cooling Water System
TCS Turbine Control System

TCV Turbine Control Valve

TDH Total Developed Head

TEMA Tubular Exchanger Manufacturers' Association
TFSP Turbine First Stage Pressure

TG Turbine Generator

TGSS Turbine Gland Seal System

THA Time-History Accelerograph

TLOS Turbine Lubricating Oil System

TLU Trip Logic Unit

T™I Three Mile Island

TMSS Turbine Main Steam System

TRM Technical Requirements Manual

TS Technical Specification(s)

TSC Technical Support Center

TSI Turbine Supervisory Instrument

TSV Turbine Stop Valve

UBC Uniform Building Code

UHS Ultimate Heat Sink

UL Underwriter's Laboratories Inc.

UPS Uninterruptible Power Supply

USE Upper Shelf Energy

USM Uniform Support Motion

USMA Uniform Support Motion Response Spectrum Analysis
USNRC United States Nuclear Regulatory Commission
USS United States Standard
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Vent Wall
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Wash Down Bays
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Water Storage
Water Treatment
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Transformer

Zero Period Acceleration
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3. DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND
SYSTEMS

3.1 CONFORMANCE WITH NRC GENRAL DESIGN CRITERIA

This section contains an evaluation of the principal design criteria of the ESBWR Standard Plant
as measured against the NRC General Design Criteria for Nuclear Power Plants, 10 CFR 50
Appendix A. The General Design Criteria are intended to establish minimum requirements for
the principal design criteria for nuclear power plants.

The NRC General Design Criteria are intended to guide the design of water-cooled nuclear
power plants; separate BWR-specific criteria are not addressed. As a result, the criteria are
subject to a variety of interpretations. For this reason, in some cases conformance to a particular
criterion is not directly measurable. In these cases, the conformance of the ESBWR design to the
interpretation of the criteria is discussed. For each criterion, the ESBWR design is specifically
assessed and a complete list of references is included to identify where detailed design
information pertinent to that criterion is treated in this Design Control Document (DCD).

3.1.1 Group I — Overall Requirements

3.1.1.1 Criterion 1 — Quality Standards and Records
Criterion 1 Statement

Structures, systems, and components important to safety shall be designed, fabricated, erected,
and tested to quality standards commensurate with the importance of the safety functions to be
performed. Where generally recognized codes and standards are used, they shall be identified
and evaluated to determine their applicability, adequacy, and sufficiency and shall be
supplemented or modified as necessary to assure a quality product in keeping with the required
safety function. A quality assurance program shall be established and implemented in order to
provide adequate assurance that these structures, systems and components shall satisfactorily
perform their safety functions. Appropriate records of the design, fabrication, erection and
testing of structures, systems, and components important to safety shall be maintained by or
under the control of nuclear power unit licensee throughout the life of the unit.

Evaluation Against Criterion 1

Safety-related and nonsafety-related structures, systems, and components are identified in
Table 3.2-1. The quality assurance program is described in Chapter 17 and applies to the safety-
related items. Nonsafety-related items are also controlled by the quality assurance program
described in Chapter 17 in accordance with the functional importance of the item. The intent of
the quality assurance program is to assure sound engineering in all phases of design and
construction through conformity to regulatory requirements and design bases described in the
license application. In addition, the quality assurance program assures adherence to specified
standards of workmanship and implementation of recognized codes and standards in fabrication
and construction. The quality assurance program also includes the observance of proper
preoperational and operational testing and maintenance procedures as well as the appropriate
documentation. The quality assurance program is responsive to and in conformance with the
intent of the quality-related requirements of 10 CFR 50 Appendix B.

3.1-1
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Structures, systems, and components are identified in Section 3.2 with respect to their location,
service, and their relationship to the safety-related or nonsafety-related function to be performed.
Applicable codes and standards are applied to the equipment commensurate with their safety-
related function.

Documents are maintained to demonstrate that the requirements of the quality assurance program
are satisfied. This documentation shows that appropriate codes, standards, and regulatory
requirements are identified, correct materials are specified, correct procedures are utilized,
qualified personnel are provided, and the finished parts and components meet the applicable
specifications. These records are available so that any desired item of information is retrievable
for reference. These records are maintained for the life of the operating licenses.

The quality program and records meet Criterion 1. For further discussion, see the following
sections:

Chapter/ Title

Section

1.2 General Plant Description

3.2 Classification of Structures, Components, and Systems
17 Quality Assurance

3.1.1.2 Criterion 2 — Design Bases for Protection Against Natural Phenomena
Criterion 2 Statement

Structures, systems, and components important to safety shall be designed to withstand the effect
of natural phenomena such as earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches
without loss of capability to perform their safety functions. The design bases for these
structures, systems and components shall reflect:

(1) appropriate consideration of the most severe of the natural phenomena that have been
historically reported for the site and surrounding area, with sufficient margin for the limited
accuracy, quantity, and period of time in which the historical data have been accumulated;

(2) appropriate combination of the effects of normal and accident conditions with the effects of
the natural phenomena; and

(3) the importance of the safety functions to be performed.
Evaluation Against Criterion 2

The ESBWR design is designated as a standard plant, so the design bases for safety-related
structures, systems and components may not have been evaluated against the most severe of the
natural phenomena that have been historically reported for each possible site and its surrounding
area. The envelope of the site-related parameters, which encompass the majority of the potential
sites in the contiguous United States is defined in Chapter 2. The design bases for safety-related
structures, systems, and components reflect this envelope of natural phenomena including
appropriate combinations of the effects of normal and accident conditions within this envelope.
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The design bases for safety-related structures, systems, and components meet the requirements of
Criterion 2. Detailed discussions of various phenomena considered and design criteria
developed are presented in the following sections:

Chapter/ Title

Section

2.0 Site Characteristics

3.2 Classification of Structures, Systems, and Components

33 Wind and Tornado Loadings

3.4 Water Level (Flood) Design

3.5 Missile Protection

3.7 Seismic Design

3.8 Design of Seismic Category I Structures

3.9 Mechanical Systems and Components

3.10 Seismic and Dynamic Qualification of Mechanical and Electrical
Equipment

3.11 Environmental Qualification of Mechanical and Electrical Equipment

Table 7.1-2  Regulatory Requirements Applicability Matrix for I&C Systems

3.1.1.3 Criterion 3 — Fire Protection
Criterion 3 Statement

Structures, systems, and components important to safety shall be designed and located to
minimize, consistent with other safety requirements, the probability and effect of fires and
explosions. Noncombustible and heat-resistant materials shall be used wherever practical
throughout the unit, particularly in locations such as the containment and control room. Fire
detection and fighting systems of appropriate capacity and capability shall be provided and
designed to minimize the adverse effects of fires on structures, systems, and components
important to safety. Firefighting systems shall be designed to assure that their rupture or
inadvertent operation does not significantly impair the safety capability of the structures,
systems, and components.

Evaluation Against Criterion 3

Fires in the plant are prevented or mitigated by the use of noncombustible and heat- resistant
materials such as metal cabinets, metal wireways, high melting point insulation, and flame
resistant markers for identification wherever practicable.

Cabling is suitably rated and cable tray loading is designed to avoid unacceptable internal heat
buildup. Cable trays are suitably separated to avoid the loss of redundant channels of protective
cabling if a fire occurs. The arrangement of equipment in reactor protection channels provides
physical separation to limit the effects of fire.

3.1-3
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Combustible supplies, such as logs, records, manuals, etc., are limited in such areas as the
control room, thus limiting the potential of a fire.
The plant fire protection system includes the following provisions:

e automatic fire detection equipment in those areas where fire danger is greatest;

e atrained fire brigade; and

e suppression services which include suppression systems with automatic actuation with
manual override as well as manually-operated fire extinguishers.

The design of the fire protection system meets the requirements of Criterion 3. For further
discussion, see the following sections:

Chapter/ Section Title

7 Instrumentation and Control Systems
8 Electric Power

9.5.1 Fire Protection System

Appendix 9A Fire Hazard Analysis

13 Conduct of Operations

3.1.1.4 Criterion 4 — Environmental and Dynamic Effects Design Bases
Criterion 4 Statement

Structures, systems, and components important to safety shall be designed to accommodate the
effects of and to be compatible with the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents, including loss-of-coolant accidents.
These structures, systems, and components shall be appropriately protected against dynamic
effects, including the effects of missiles, pipe whipping, and discharging fluids that may result
from equipment failures and from events and conditions outside the nuclear power unit.
However, dynamic effects associated with postulated pipe ruptures in nuclear power plant units
may be excluded from the design basis when analyses reviewed and approved by the
Commission demonstrate that the probability of fluid system piping rupture is extremely low
under conditions consistent with the design basis for the piping.

Evaluation Against Criterion 4

Safety-related Structures, Systems, and Components (SSC) are designed to accommodate the
dynamic effects of, and to be compatible with, environmental conditions associated with normal
operation, maintenance, and postulated pipe failure accidents including Loss-Of-Coolant-
Accidents (LOCA).

Safety-related structures, systems, and components are appropriately protected against dynamic
effects including the effects of missiles, pipe whipping, and discharging fluids that may result
from equipment failure. The effects of missiles originating outside the ESBWR Standard Plant
are also considered. Design requirements specify the duration that safety-related SSC must
survive the environmental conditions following a LOCA. Subsection 3.6.3 identifies design |
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requirements for piping that is to be excluded from pipe rupture consideration for design of the
plant against dynamic effects from postulated pipe failure accidents.

The design of structures, systems, and components important to safety meets the requirements of
Criterion 4. For further discussion, see the following sections:

Chapter/ Title

Section

2.0 Site Characteristics

3.3 Wind and Tornado Loadings

34 Water Level (Flood) Design

3.5 Missile Protection

3.6 Protection Against Dynamic Effects Associated with the
Postulated Rupture of Piping

3.8 Design of Seismic Category I Structures

3.11 Environmental Qualification of Mechanical and Electrical
Equipment

5.2 Integrity of Reactor Coolant Pressure Boundary

6 Engineered Safety Features

7 Instrumentation and Control Systems

8 Electric Power

3.1.1.5 Criterion 5 — Sharing of Structures, Systems, and Components
Criterion 5 Statement

Structures, systems, and components important to safety shall not be shared among nuclear
power units unless it can be shown that such sharing does not significantly impair their ability to
perform their safety functions, including, in the event of an accident in one unit, an orderly
shutdown and cooldown of the remaining units.

Evaluation Against Criterion 5
There are no shared SSC because the ESBWR Standard Plant is a single-unit station; the
requirements of Criterion 5 are met.

3.1.2 Group II — Protection by Multiple Fission Product Barriers

3.1.2.1 Criterion 10 — Reactor Design
Criterion 10 Statement

The reactor core and associated coolant, control, and protection systems shall be designed with
appropriate margin to assure that specified acceptable fuel design limits are not exceeded during

any condition of normal operation, including the effects of Anticipated Operational Occurrences
(AOO:s).
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Evaluation Against Criterion 10

The reactor core components consist of fuel assemblies, control rods, in-core ion chambers,
neutron sources, and related items. The mechanical design is based on conservative application
of stress limits, operating experience, and experimental test results. The fuel is designed to
maintain integrity over a complete range of power levels, including AOO transient conditions.
The core is sized with sufficient heat transfer area and coolant flow to ensure that specified
acceptable fuel design limits are not exceeded under normal conditions or anticipated operational
occurrences.

The safety-related Reactor Protection System (RPS) is designed to monitor certain reactor
parameters, sense abnormalities, and to scram the reactor, thereby preventing specified
acceptable fuel design limits from being exceeded. Scram setpoints are based on safety design
basis analyses and setpoint methodology. There is no normal operation or AOO condition from
which the scram setpoints allow the reactor core to exceed the specified acceptable safety limits.

AOO analyses are presented in Chapter 15. The results show that the Minimum Critical Power
Ratio (MCPR) does not fall below the Safety Limit MCPR (SLMCPR), thereby satisfying the |
transient design basis.

The reactor core and associated coolant, control, and protection systems are designed to assure
that the specified fuel design limits are not exceeded during conditions of normal or abnormal
operation and, therefore, meet the requirements of Criterion 10. For further discussion, see the
following sections:

Chapter/ Title

Section

1.2 General Plant Description

4.2 Fuel System Design

4.3 Nuclear Design

4.4 Thermal and Hydraulic Design

5438 Reactor Water Cleanup/Shutdown Cooling System
7.2 Reactor Trip System

15 Safety Analyses

3.1.2.2 Criterion 11 — Reactor Inherent Protection
Criterion 11 Statement

The reactor core and associated coolant systems shall be designed so that in the power operating
range the net effect of the prompt inherent nuclear feedback characteristics tend to compensate
for a rapid increase in reactivity.

Evaluation Against Criterion 11

The reactor core is designed to have responses that regulate or dampen changes in power level |
and spatial distribution of power production to a level consistent with safe and efficient
operation.

3.1-6
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The inherent dynamic behavior of the core is characterized in terms of:
o fuel temperature or Doppler reactivity coefficient;
e moderator void reactivity coefficient; and
e moderator temperature reactivity coefficient.
The combined effect of these coefficients in the power range is termed the power coefficient.

A negative Doppler reactivity coefficient is maintained for any operating condition. Doppler
reactivity feedback occurs simultaneously with a change in fuel temperature and opposes the
power change that caused it; it contributes to system stability.

A negative core moderator void reactivity coefficient resulting from boiling in the active flow
channels is maintained for any operating condition. The negative void reactivity coefficient
provides an inherent negative feedback during power transients. Because of the large negative
moderator void reactivity coefficient, the ESBWR has a number of inherent advantages, such as:

e the inherent self-flattening of the radial power distribution;
e the ease of control; and
e the spatial xenon stability.

The reactor is designed so that the moderator temperature reactivity coefficient is negative above
hot standby, and the overall power reactivity coefficient is negative, well within the range
required for adequate damping of power and spatial xenon disturbances.

The reactor core and associated coolant system are designed so that in the power operating range,
prompt inherent dynamic behavior compensates for any rapid increase in reactivity in accordance
with Criterion 11.

For further discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

4.3 Nuclear Design

4.4 Thermal and Hydraulic Design

3.1.2.3 Criterion 12 — Suppression of Reactor Power Oscillations
Criterion 12 Statement

The reactor core and associated coolant, control, and protection systems shall be designed to
assure that power oscillations which can result in conditions exceeding specified acceptable fuel
design limits are not possible or can be reliably and readily detected and suppressed.

Evaluation Against Criterion 12

The ESBWR is designed to be inherently stable, and in addition, it includes control and
protection systems designed to ensure that power oscillations that could result in exceeding

3.1-7
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specified acceptable fuel design limits are reliably and readily detected and suppressed. The
power reactivity coefficient is the composite simultaneous effect of the fuel temperature or
Doppler reactivity coefficient, moderator reactivity void coefficient and moderator temperature
reactivity coefficient. The power reactivity coefficient is negative and well within the range
required for adequate damping of power and spatial xenon disturbances. Analytical studies
indicate that for large boiling water reactors, under-damped, unacceptable power distribution
behavior (i.e., xenon instability) could only be expected to occur with power coefficients more
positive than about -0.01 Ak/k/AP/P. Operating experience has shown large boiling water
reactors to be inherently stable against xenon induced power instability. The negative reactivity
coefficients also provide:

e good load following with well-damped behavior and little undershoot or overshoot in the
heat transfer response; and

e strong damping of spatial power disturbances.

ESBWR stable operation is developed by establishing sufficiently high natural circulation flow
through inherent design features such as shorter length fuel to reduce core pressure drop and the
addition of a tall chimney above the core to promote natural circulation. Power fluctuations
subject to coupled neutronic-thermal-hydraulic feedback are inherently damped under the high
natural circulation flow operating conditions.

The Neutron Monitoring System in conjunction with the Reactor Protection System design
provides further protection from coupled neutronic-thermal-hydraulic instability. Core wide and
local oscillations abnormalities are sensed, and, if protection system limits are reached,
corrective action is initiated through an automatic scram. High integrity of this protection
system is achieved through the combination of logic arrangement, trip channel redundancy,
power supply redundancy, and physical separation.

The combination of inherently stable design and the instability detection and suppression |
systems assure that Criterion 12 is met. For further discussions, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

43 Nuclear Design

4.4 Thermal and Hydraulic Design
7.2 Reactor Trip System

7.7 Control Systems

15 Safety Analyses

3.1.2.4 Criterion 13 — Instrumentation and Control
Criterion 13 Statement

Instrumentation shall be provided to monitor variables and systems over their anticipated ranges
for normal operation, for anticipated operational occurrences, and for accident conditions as

3.1-8



26A6642AJ Rev. 01
ESBWR Design Control Document/Tier 2

appropriate to assure adequate safety, including those variables and systems that can affect the
fission process, the integrity of the reactor core, the RCPB, and the containment and its
associated systems. Appropriate controls shall be provided to maintain these variables and
systems within prescribed operating ranges.

Evaluation Against Criterion 13

Modern proven BWR instrumentation and controls are provided in the ESBWR Standard Plant
design. The neutron flux in the reactor core is monitored by four subsystems. The Startup
Range Neutron Monitor (SRNM) Subsystem measures the flux from startup through 15% power
(into the power range). The power range is monitored by many detectors which make up the
Local Power Range Monitor (LPRM) Subsystem. The output of these detectors is used in many
ways. The output of selected core-wide sets of detectors is averaged to provide a core-average
neutron flux. This output is called the Average Power Range Monitor (APRM) Subsystem. The
Automated Fixed Incore Probe (AFIP) Subsystem provides a means for calibrating the LPRM.
Both the SRNM and APRM Subsystems generate scram trips to the Reactor Protection System.
They also generate rod-block trips.

The Reactor Protection System protects the fuel barriers and the nuclear process barrier by
monitoring plant parameters and causing a reactor scram when predetermined setpoints are
exceeded. Separation of the scram and normal rod control function prevents failures in the
reactor manual control circuitry from affecting the scram circuitry. To provide protection against
the consequences of accidents involving the release of radioactive materials from the fuel and
RCPB, the Leak Detection and Isolation System (LD&IS) initiates automatic isolation of
appropriate pipelines whenever monitored variables exceed pre-selected operational limits.

The LD&IS provides instrumentation and controls to detect, annunciate and, in some cases,
isolate the RCPB to ensure its integrity. Also see the evaluation of GDC 30.

The Process Radiation Monitoring System (PRMS) monitors radiation levels of various
processes and provides trip signals to the RPS and LD&IS whenever pre-established limits are
exceeded.

Adequate instrumentation has been provided to monitor system variables in the reactor core,
RCPB, and reactor containment. Appropriate controls have been provided to maintain the
variables in the operating range and to initiate the necessary corrective action in the event of
abnormal operational occurrence or accident.

The design of instrumentation and control systems meets the requirements of Criterion 13. For
further discussions, see the following sections:

3.1-9
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Chapter/ Title
Section
1.2 General Plant Description
5.2 Integrity of Reactor Coolant Pressure Boundary
5.2.5 Reactor Coolant Pressure Boundary (RCPB) Leakage Detection
6.2 Containment Systems
7 Instrumentation and Control Systems
7.3.3 Leak Detection and Isolation System

3.1.2.5 Criterion 14 — Reactor Coolant Pressure Boundary
Criterion 14 Statement

The reactor coolant pressure boundary shall be designed, fabricated of, erected, and tested so as |
to have an extremely low probability of abnormal leakage, rapidly propagating failure, and of
gross rupture.

Evaluation Against Criterion 14

The piping and equipment pressure parts within the RCPB (as defined by Section 50.2 of
10 CFR 50) are designed, fabricated, erected, and tested in accordance with 10 CFR 50.55a to
provide a high degree of integrity throughout the plant lifetime. Systems and components within
the RCPB are classified as Quality Group A (Section 3.2). The RCPB is protected from
overpressure by means of pressure relieving devices. The design requirements and codes and
standards applied to this quality group help ensure high integrity in keeping with the safety-
related function.

To minimize the possibility of brittle fracture within the RCPB, the fracture toughness properties
and the operating temperature of ferritic materials are controlled to ensure adequate toughness.
Section 5.2 describes the methods utilized to control toughness properties of the RCPB materials.
Materials are to be impact tested in accordance with ASME Boiler and Pressure Vessel Code
Section III, where applicable. Where RCPB piping penetrates the containment, the fracture
toughness temperature requirements of the RCPB materials apply.

Piping and equipment pressure parts of the reactor coolant pressure boundary are assembled and
erected by welding unless applicable codes permit flanged or threaded joints. Welding
procedures are employed which produce welds of complete fusion that are free of unacceptable
defects. All welding procedures, welders, and welding machine operators used in producing
pressure containing welds are qualified in accordance with the requirements of the ASME Boiler
and Pressure Vessel Code Section IX for the materials to be welded. Qualifications records,
including the results of procedure and performance qualification tests and identification symbols
assigned to each welder, are maintained.

Section 5.2 contains the detailed material and examination requirements for the piping and
equipment of the RCPB prior to and after its assembly and erection. Leakage testing and
surveillance is accomplished as described in the evaluation against Criterion 30 of the General
Design Criteria.

3.1-10
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The design, fabrication, erection, and testing of the reactor coolant pressure boundary help assure
an extremely low probability of abnormal leakage, thus satisfying the requirements of Criterion
14. For further discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

3 Design of Structures, Components, Equipment, and Systems
5.2 Integrity of Reactor Coolant Pressure Boundary

53 Reactor Vessel

17 Quality Assurance

3.1.2.6 Criterion 15 — Reactor Coolant System Design
Criterion 15 Statement

The Reactor Coolant System (RCS) and associated auxiliary, control, and protection systems
shall be designed with sufficient margin to assure that the design conditions of the reactor
coolant pressure boundary are not exceeded during any condition of normal operation, including
anticipated operational occurrences.

Evaluation Against Criterion 15

The Reactor Coolant System (RCS) consists mainly of the reactor vessel and appurtenances, and
the nuclear boiler system including the main steamlines, feedwater lines and pressure-relief
discharge system. The Isolation Condenser System, and portions of the Reactor Water
Cleanup/Shutdown Cooling System, Gravity Driven Cooling System, and Control Rod Drive
System are also part of the RCS.

The auxiliary, control, and protection systems associated with the RCS act to provide sufficient
margin to assure that the design conditions of the RCPB are not exceeded during any condition
of normal operation, including anticipated operational occurrences. As described in the
evaluation of Criterion 13, instrumentation is provided to monitor essential variables to verify
that they are within prescribed operating limits. If the monitored variables exceed their
predetermined settings, the auxiliary, control, and protection systems automatically respond to
maintain the variables and systems within allowable design limits.

An example of the integrated protective action scheme is the Isolation Condenser (IC) system.
Upon receipt of an overpressure signal, the IC automatically initiates to assure that the design
conditions of the RCPB are not exceeded. In addition to the IC system, overpressure protection
of the reactor pressure vessel system and RCPB is provided by pressure-operated safety-relief
valves that discharge steam from the main steamlines to the suppression pool. The pressure
relief system also provides for automatic depressurization of the RCS in the event of a LOCA in
which the vessel is not depressurized by the accident. The depressurization of the RCS in this
situation allows operation of the Gravity-Driven Cooling System (GDCS) to supply enough
cooling water to adequately cool the core.
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In a similar manner, other auxiliary, control, and protection systems provide assurance that the
design conditions of the RCPB are not exceeded during any conditions of normal operation,
including anticipated operational occurrences, so that Criterion 15 is met. For further discussion,
see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

3 Design of Structure, Components, Equipment, and Systems
522 Overpressure Protection

5.2.5 Reactor Coolant Pressure Boundary (RCPB) Leakage Detection
53 Reactor Vessel

15 Safety Analyses

3.1.2.7 Criterion 16 — Containment Design

Criterion 16 Statement

Reactor
leaktight

containment and associated systems shall be provided to establish an essentially
barrier against the uncontrolled release of radioactivity to the environment and to assure

that the containment design conditions important to safety are not exceeded for as long as
postulated accident conditions require.

Evaluation Against Criterion 16

The Primary Containment System consists of the following major structures and components:

A leaktight Containment Vessel (CV) encloses the reactor pressure vessel, the reactor
coolant pressure boundary, and other branch connections of the reactor primary coolant
system. The CV is a reinforced concrete cylindrical structure with an internal leaktight
steel liner providing the primary containment boundary. The CV structure consists of
the drywell top slab, cylindrical containment wall, suppression pool floor slab, RPV
pedestal, and the basemat. A steel drywell head closes the opening in the top of the CV
for servicing and refueling the RPV. The upper drywell encloses the upper portion of
the RPV, the major piping systems (main steam, feedwater, GDCS, and IC lines, SRVs,
DPVs), drywell cooling systems, GDCS pools, and other miscellaneous systems. The
lower drywell encloses the lower portion of the RPV and encloses the cooling system
ducts, fine motion control drives (FMCRD), and other miscellaneous systems as well as
providing maintenance space below the RPV.

The wetwell includes the suppression pool, horizontal vents and airspace above the
suppression pool. The water volume in the suppression pool serves as a heat sink to
condense the steam released during a LOCA or SRV discharge. The airspace volume
in the wetwell serves as the blowdown reservoir for the nitrogen displaced from the
upper and lower drywell during a LOCA after it passes through the horizontal vents and
suppression pool.
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e Associated containment penetrations and isolation devices.

The drywell and wetwell condense the steam and contain fission product releases from the
postulated design basis accident (i.e., the double-ended rupture of the largest pipe in the Reactor
Coolant System). The leaktight containment vessel prevents the release of fission products to the
environment.

Temperature and pressure in the CV are limited following an accident by using the PCCS, an
engineered safety feature system to condense steam in the containment atmosphere.
Additionally, the isolation condensers and the RWCU/SDC System can assist in cooling reactor
steam and reactor water coolants following an accident. The Fuel and Auxiliary Pools Cooling
System can be used to cool the suppression pool water. Safety analyses demonstrate that
important containment parameters are maintained within design limits for as long as required.

The design of the containment st