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Term
10 CFR
AB
ABS
ac/ AC
AC

AD
ADS
AFIP
AISC
AISI
ALARA
ANS
ANSI
AOO
APRM
ARI
ARMS
ASME
AT
ATWS
AWS
B&PV
BTP
BWR
CAV
C&FS
C&l
C/C

C-1I
CB
CBVS
CFR
CIRC
CIS
CMS
cO
COL
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Abbreviations And Acronyms

Definition

Title 10, Code of Federal Regulations
Auxiliary Boiler

Auxiliary Boiler System

Alternating Current

Air Conditioning

Administration Building

Automatic Depressurization System
Automated Fixed In-Core Probe
American Institute of Steel Construction
American Iron and Steel Institute

As Low As Reasonably Achievable
American Nuclear Society

American National Standards Institute
Anticipated Operational Occurrence
Average Power Range Monitor
Alternate Rod Insertion

Area Radiation Monitoring System
American Society of Mechanical Engineers
Unit Auxiliary Transformer
Anticipated Transients Without Scram
American Welding Society

Boiler and Pressure Vessel

NRC Branch Technical Position
Boiling Water Reactor

Cumulative Absolute Velocity
Condensate and Feedwater System
Control and Instrumentation

Cooling and Cleanup

Seismic Category |

Seismic Category 11

Control Building

Control Building HVAC System
Code of Federal Regulations
Circulating Water System
Containment Inerting System
Containment Monitoring System
Condensation Oscillation

Combined Operating License
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Term
CP
CPR
CPS
CR
CRD
CRGT
CRHA
CRHAVS
CS&TS
CSDM
CS/CST
CUF
CcV
CWS
DAC
DBA
dc/DC
DCS
D/F
DHR
DOF
DPV
DW
EB
ECCS
EPRI
EQ
ESF
ESP
FAPCS
FB

FE
FFT
FMCRD
FPS
FPE
FTS
FW
FWCS
FWS
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Definition
Circulating Water Pump House
Critical Power Ratio

Condensate Purification System
Control Rod

Control Rod Drive

Control Rod Guide Tube

Control Room Habitability Area
Control Room Habitability Area HVAC Subsystem
Condensate Storage and Transfer System
Cold Shutdown Margin
Condensate Storage Tank
Cumulative usage factor
Containment Vessel

Chilled Water System

Design Acceptance Criteria
Design Basis Accident

Direct Current

Drywell Cooling System
Diaphragm Floor

Decay Heat Removal

Degree of Freedom
Depressurization Valve

Drywell

Electrical Building

Emergency Core Cooling System
Electric Power Research Institute
Environmental Qualification
Engineered Safety Feature

Early Site Permit

Fuel and Auxiliary Pools Cooling System
Fuel Building

Finite Element

Fast Fourier Transform

Fine Motion Control Rod Drive
Fire Protection System

Fire Pump Enclosure

Fuel Transfer System

Feedwater

Feedwater Control System

Fire Water Storage Tank
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Term
GDC
GDCS
GES
GL
GLSOS
GM
HCU
HEPA
HGCS
HOR
HP
HPNSS
HVAC
HWCS
HWS
HX
1&C
IBC
IC

ICS
ILRT
ISI
ISM
ITA
LD&IS
LHGR
LOCA
LPRM
LWMS
MCC
MCPR
MCR
MCRP
MS
MSL
MSR
MT
MWS
NBS
NCIG
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Definition
General Design Criteria
Gravity-Driven Cooling System
Generator Excitation System

Generic Letter

Generator Lube and Seal Oil System
Geiger-Mueller Counter

Hydraulic Control Unit

High Efficiency Particulate Air/Absolute
Hydrogen Gas Control System
Horizontal

High Pressure

High Pressure Nitrogen Supply System
Heating, Ventilation and Air Conditioning
Hydrogen Water Chemistry System
Hot Water System

Heat Exchanger

Instrumentation and Control
International Building Code

Isolation Condenser

Isolation Condenser System

Integrated Leak Rate Test

In-Service Inspection

Independent Support Motion

Initial Test Program

Leak Detection and Isolation System
Linear Heat Generation Rate
Loss-of-Coolant-Accident

Local Power Range Monitor

Liquid Waste Management System
Motor Control Center

Minimum Critical Power Ratio

Main Control Room

Main Control Room Panel

Main Steam

Main Steamline

Moisture Separator Reheater

Magnetic Particle Examination
Makeup Water System

Nuclear Boiler System

Nuclear Construction Issues Group
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Term
NDE
NDRC
NDTT
NI
NMS
NRC
NS
NSSS
NT
0&M
OBE
0GS
OIS
OL
00
ORNL
PAS
PCC
PCCS
PCT
PCV
PDA
PGA
PH
PIP
PL
PMF
PMP
PRA
PRMS
PS
PSD
PSS
PSWS
PT
QA
QGA
QGB
QGC
QGD
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Definition
Nondestructive Examination
National Defense Research Committee
Nil-Ductility Transition Temperature
Nuclear Island

Neutron Monitoring System

Nuclear Regulatory Commission
Non-Seismic

Nuclear Steam Supply System
Nitrogen Storage Tank

Operation and Maintenance
Operating Basis Earthquake

Offgas System

Oxygen Injection System

Any Other Location

Outdoors Onsite

Oak Ridge National Laboratory
Plant Automation System

Passive Containment Cooling
Passive Containment Cooling System
Peak Cladding Temperature

Primary Containment Vessel

Piping Design Analysis

Peak Ground Acceleration

Pump House

Plant Investment Protection

Parking Lot

Probable Maximum Flood

Probable Maximum Precipitation
Probabilistic Risk Assessment
Process Radiation Monitoring System
Plant Stack

Power Spectra Density

Process Sampling System

Plant Service Water System

Liquid Penetrant Examination
Quality Assurance

Quality Group A

Quality Group B

Quality Group C

Quality Group D

3-xi11

Design Control Document/Tier 2



ESBWR

Term

RBV
RCCV
RCCWS
RCPB
RCS

RSS
RSW
RT
RTNSS
RW
RWGA
RWCU/SDC
SA
SACF
SAM
SAR
SB

SC

S/P
SAS
SCWS
SDC
SDM
SER
SF

SFP
SIT
SLC
SLC
SP

SPC
SRNM
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Definition
Reserve Auxiliary Transformer

Reactor Building

Reactor Building Vibration

Reinforced Concrete Containment Vessel
Reactor Component Cooling Water System
Reactor Coolant Pressure Boundary
Reactor Coolant System

Regulatory Guide

Residual Heat Removal

Regenerative Heat Exchanger

Reactor Protection System

Reactor Pressure Vessel

Reference Rod Pull Sequence

Remote Shutdown System

Reactor Shield Wall

Radiographic Examination

Regulatory Treatment of Non-Safety Systems
Radwaste Building

Radwaste Building General Area

Reactor Water Cleanup/Shutdown Cooling
Severe Accident

Single Active Component Failure

Seismic Anchor Motion

Safety Analysis Report

Service Building

Suppression Chamber

Suppression Pool

Service Air System

Stator Cooling Water System

Shutdown Cooling

Shutdown Margin

Safety Evaluation Report

Service Water Building

Spent Fuel Pool

Structural Integrity Test

Standby Liquid Control

Standby Liquid Control system

Setpoint

Suppression Pool Cooling

Startup Range Neutron Monitor
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Term
SRP
SRV
SSE
SSLC
SSPC
SWMS
SY
TASS
TB
TBS
TBV
TC
TCCWS
TCV
TG
TGCS
TGSS
THA
TLOS
TMSS
TSV
UHS
USM
uT
VER
VW
WS
WW
XMFR
ZPA
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Definition

Standard Review Plan

Safety Relief Valve

Safe Shutdown Earthquake
Safety System Logic and Control
Steel Structures Painting Council
Solid Waste Management System
Switch Yard

Turbine Auxiliary Steam System
Turbine Building

Turbine Bypass System

Turbine Bypass Valve

Training Center

Turbine Component Cooling Water System
Turbine Control Valve

Turbine Generator

Turbine Generator Control System
Turbine Gland Seal System
Time-History Accelerograph
Turbine Lubricating Oil System
Turbine Main Steam System
Turbine Stop Valve

Ultimate Heat Sink

Uniform Support Motion
Ultrasonic Examination

Vertical

Vent Wall

Water Storage

Wetwell

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

34 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 [&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.
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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

33 Wind and Tornado Loadings

3.4 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
(AOOs).
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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.

AQOO 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

43 Nuclear Design

4.4 Thermal and Hydraulic Design

54.8 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.



26A6642AJ Rev. 03
ESBWR Design Control Document/Tier 2

The inherent dynamic behavior of the core is characterized in terms of:
e 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

4.3 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
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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:
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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, 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 Ceriteria.
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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 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

525 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 containment and associated systems shall be provided to establish an essentially
leaktight 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:

e 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 rod drives (FMCRD), and other miscellaneous systems as well
as providing maintenance space below the RPV.

e 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.

e Associated containment penetrations and isolation devices.

3.1-12



26A6642AJ Rev. 03
ESBWR Design Control Document/Tier 2

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 structure and associated systems meets the requirements of
Criterion 16. For further discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description
3.8.1 Concrete Containment
6.2 Containment Systems

15 Safety Analyses

3.1.2.8 Criterion 17 — Electric Power Systems
Criterion 17 Statement

An on-site electric power system and an off-site electric power system shall be provided to
permit functioning of structures, systems, and components important to safety. The safety
function of each system (assuming the other system is not functioning) shall be to provide
sufficient capacity and capability to assure that (1) specified acceptable fuel design limits and
design conditions of the reactor coolant pressure boundary are not exceeded as a result of
anticipated operational occurrences and (2) the core is cooled and containment integrity and
other vital functions are maintained in the event of postulated accidents.

The on-site electric power supplies, including the batteries and the on-site electrical distribution
system, shall have sufficient independence, redundancy, and testability to perform their safety
functions assuming a single failure.

Electric power from the transmission network to the on-site electric distribution system shall be
supplied by two physically independent circuits (not necessarily on separate rights of way)
designed and located so as to minimize to the extent practical the likelihood of simultaneous
failure under operating and postulated accident and environmental conditions. A switchyard
common to both circuits is acceptable. Each of these circuits shall be designed to be available in
sufficient time following a loss of all on-site alternating current power supplies and the other off-
site electric power circuit, to assure that specified acceptable fuel design limits and design
conditions of the reactor coolant pressure boundary are not exceeded. One of these circuits shall
be designed to be available within a few seconds following a loss-of-coolant accident to assure
that core cooling, containment integrity, and other vital safety functions are maintained.
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Provisions shall be included to minimize the probability of losing electric power from any of the
remaining supplies as a result of, or coincident with, the loss of power generated by the nuclear
power unit, the loss of power from the transmission network, or the loss of power from the on-
site electric power supplies.

Evaluation Against Criterion 17

On-site Electric Power System — The on-site power system is divided into multiple trains at
the Medium Voltage level(s). This arrangement allows for design and operational flexibility of
the plant non-safety fluid and mechanical systems. Separate unit auxiliary and reserve auxiliary
transformers provide both a normal preferred and alternate preferred feeds to each of the
Medium Voltage power trains. The Medium Voltage trains are divided into two categories; unit
auxiliary and Plant Investment Protection (PIP).

The unit auxiliary trains supply power to Nonsafety-Related loads required primarily for unit
operation.

The PIP trains supply power to permanent Nonsafety-Related loads, which, due to their specific
functions, are generally required to remain operational at all times or when the unit is shut down,
and supplies power to the third tier. The PIP trains may also be connected to the on-site non-
safety AC power supplies. The PIP trains also provide power to the four divisional isolation
buses, which in turn provide AC power to the battery chargers, rectifiers, and isolation bus
transformers.

Each division of the safety-related power distribution system is provided with physically
separated and electrically independent batteries sized to supply normal and emergency power to
the engineered safety systems in the event of loss of all other preferred AC power sources.

The on-site DC power system includes the plant batteries and battery chargers and their DC load,
the DC/AC inverters and the inverter loads.

The safety loads utilize safety-related AC power for systems required for safety. Combinations
of power sources may be involved in performing a single safety-related function. The systems
required for safety are:

e Reactor Protection System (RPS);

e Engineered Safety Features Systems;

e [solation Condenser System (ICS);

e Standby Liquid Control (SLC) system; and
e Safety-related information systems.

Off-site Electric Power System — The off-site power system consists of the set of electrical
circuits and associated equipment that is used to interconnect the off-site transmission system
with the plant main generator and the on-site electrical power distribution system.

The system includes the plant switchyard and the high voltage tie lines to and the unit auxiliary
and reserve auxiliary transformer motor-operated disconnects (MODs) at the switchyard side of
the ATs and RATs.
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The off-site power system begins at the terminals on the transmission system side of the Main
Generator circuit breakers and the switchyard side of the AT and RAT MODs, which connect to
the off-site transmission systems.

Power is supplied to the plant from two electrically independent and physically separate off-site
power sources as follows:

e “Normal Preferred” source through the unit auxiliary transformers; and
e “Alternate Preferred” source through the reserve auxiliary transformers.

During plant startup, normal or emergency shutdown, or during plant outages, the off- site power
system serves to supply power from the off-site transmission system to the plant auxiliary and
service loads. During normal operation, the off-site power system is used to transmit generated
power to the off-site transmission system and to the plant auxiliary and service loads.

The design of the off-site power systems is outside the scope of the ESBWR Standard Plant
design. However, off-site power system requirements that meet the requirements of Criterion 17
are provided in Section 8.2. The on-site electric power systems are designed to meet the
requirements of Criterion 17. For further discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

3.10 Seismic and Dynamic Qualification of Mechanical and Electrical
Equipment

3.11 Environmental Qualification of Safety-Related Mechanical and
Electrical Equipment

8.2 Off-site Power Systems

83 On-site Power Systems

3.1.2.9 Criterion 18 — Inspection and Testing of Electric Power Systems
Criterion 18 Statement

Electric power systems important to safety shall be designed to permit appropriate periodic
inspection and testing of important areas and features, such as wiring, insulation, connections,
and switchboards, to assess the continuity of the systems and condition of their components. The
systems shall be designed with a capability to test periodically (1) the operability and functional
performance of the component of the systems such as on-site power sources, relays, switches,
and buses, and (2) the operability of the systems as a whole and, under conditions as close to
design as practical, the full operation sequence that brings the systems into operation, including
operation of applicable portions of the protection system, and the transfer of power among the
nuclear power unit, the off-site power system, and the on-site power system.
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Evaluation Against Criterion 18

All safety-related loads are normally supplied directly through DC-to-AC inverters. Capability
is provided for testing each battery, rectifier, battery charger, and inverter without disrupting
power to the safety-related loads.

Design of the safety-related power system provides testability in accordance with the
requirements of Criterion 18. For further discussion, see the following sections:

Chapter/ Title

Section

8.3 On-site Power Systems
14 Initial Test Program

3.1.2.10 Criterion 19 — Control Room
Criterion 19 Statement

A control room shall be provided from which actions can be taken to operate the nuclear power
unit safely under normal conditions and to maintain it in a safe condition under accident
conditions, including loss-of-coolant accidents. Adequate radiation protection shall be provided
to permit access and occupancy of the control room under accident conditions without personnel
receiving radiation exposures in excess of 5 rem whole body, or its equivalent to any part of the
body, for the duration of the accident.

Equipment at appropriate locations outside the control room shall be provided (1) with a design
capability for prompt hot shutdown of the reactor, including necessary instrument action and
controls to maintain the unit in a safe condition during hot shutdown, and (2) with a potential
capability for subsequent cold shutdown of the reactor through the use of procedures.

Evaluation Against Criterion 19

The control room contains the controls and necessary surveillance equipment for operation of the
plant systems, including the reactor and its auxiliary systems, engineered safety features, turbine
generator, steam and power conversion systems, and station electrical distribution.

The control room is located in the control building. Safe occupancy of the control room during
abnormal conditions is provided in the design. Adequate shielding is provided to maintain
radiation levels in the control room within prescribed limits in the event of a design basis
accident for the duration of the accident.

The control room ventilation system has redundant equipment and includes radiation, toxic gas
and smoke detectors with appropriate alarms and interlocks. The control room intake air can be
filtered through high efficiency particulate air/absolute (HEPA) and charcoal filters. If any of
the above hazards exist at the normal control room ventilation intake, habitability is assured by
the Control Room Habitability Area HVAC Subsystem (CRHAVS), which upon isolation of the
control room provides a positive air purge through an Emergency Filter Unit (EFU).

The control room is continuously occupied by qualified operating personnel under both operating
and accident conditions. In the unlikely event that the control room must be vacated and access
is restricted, instrumentation and controls are provided by two divisional Remote Shutdown
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System (RSS) panels located outside the control room in the Reactor Building. Either or both of
the RSS panels can be utilized to safely perform a hot shutdown and a subsequent cold shutdown
of the reactor.

The control room design meets the requirements of Criterion 19.

For further discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

6.4 Control Room Habitability Systems

7 Instrumentation and Control Systems
7.4.2 Remote Shutdown System

9.4.1 Control Room Area Ventilation System
12.3 Radiation Protection

12.3.3 Ventilation

18.1.2 Design Goals and Design Bases

3.1.3 Group III — Protection and Reactivity Control Systems

3.1.3.1 Criterion 20 — Protection System Functions
Criterion 20 Statement

The protection system shall be designed (1) to initiate automatically the operation of appropriate
systems including the reactivity control systems, to assure that specified acceptable fuel design
limits are not exceeded as a result of anticipated operational occurrences and (2) to sense
accident conditions and to initiate the operation of systems and components important to safety.

Evaluation Against Criterion 20

The Reactor Protection System (RPS) is designed to provide timely protection against the onset
and consequences of conditions that threaten the integrity of the fuel barrier and reactor coolant
pressure boundary barrier. Fuel damage is prevented by initiation of an automatic reactor
shutdown if monitored variables of nuclear steam supply systems (Section 7.2) exceed pre-
established limits of anticipated operational occurrences. Scram trip settings are selected and
verified to be far enough above or below operating levels to provide proper protection but not be
subject to spurious scrams. The RPS includes the uninterruptible power sources, sensors,
transmitters, bypass circuitry, and switches that signal the control rod system to scram and shut
down the reactor. The scrams initiated by the Neutron Monitoring System signals, nuclear boiler
high pressure, and reactor vessel low and high water levels prevent fuel damage following
abnormal operational transients. Specifically, these process parameters initiate a scram in time
to prevent the core from exceeding thermal hydraulic safety limits during abnormal operational
transients. Response by the Reactor Protection System is prompt and the total scram time is
short.
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In addition to the Reactor Protection System, which provides for automatic shutdown of the
reactor to prevent fuel damage, protection systems are provided to sense accident conditions and
to initiate automatically the operation of other systems and components important to safety.
Other systems automatically isolate the reactor vessel or the containment to prevent the release
of significant amounts of radioactive materials from the fuel and the reactor coolant pressure
boundary. The controls and instrumentation for the ECCS and the isolation systems are initiated
automatically when monitored variables exceed pre-selected operational limits.

The design of the protection system satisfies the functional requirements as specified in
Criterion 20. For further discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

4.6 Functional Design of Reactivity Control System
522 Overpressure Protection

54.5 Main Steamline Isolation System
6.3 Emergency Core Cooling Systems
7.2 Reactor Trip System

7.3.1 Emergency Core Cooling System
7.3.3 Leak Detection and Isolation System
7.3.4 Safety System Logic and Control

15 Safety Analyses

3.1.3.2 Criterion 21 — Protection System Reliability and Testability
Criterion 21 Statement

The protection system shall be designed for high functional reliability and inservice testability
commensurate with the safety functions to be performed. Redundancy and independence
designed into the protection system shall be sufficient to assure that (1) no single failure results
in loss of the protection function and (2) removal from service of any component or channel does
not result in loss of the required minimum redundancy unless the acceptable reliability of
operation of the protection system can be otherwise demonstrated.

The protection system shall be designed to permit periodic testing of its functioning when the
reactor is in operation, including a capability to test channels independently to determine failures
and losses of redundancy that may have occurred.

Evaluation Against Criterion 21

Reactor Protection System design provides assurance that, through redundancy, each channel has
sufficient reliability to fulfill the single-failure criterion. No single component failure,
intentional bypass maintenance operation, calibration operation, or test to verify operational
availability, impairs the ability of the system to perform its intended safety function.
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Additionally, the system design assures that when a scram trip point is exceeded, there is a high
scram probability. However, should a scram not occur from the Reactor Protection System, the
Alternate Rod Insertion actuates when the trip points are exceeded. There is sufficient electrical
and physical separation between channels and between logics monitoring the same variable to
prevent environmental factors, electrical transients, and physical events from impairing the
ability of the system to respond correctly.

The Reactor Protection System includes design features that permit in-service testing. This
ensures the functional reliability of the system should the reactor variable exceed the corrective
action setpoint.

The Reactor Protection System initiates an automatic reactor shutdown if the monitored plant
variables exceed pre-established limits. This system is arranged as four separately powered
divisions. Each division has a logic that can produce an automatic trip signal. The logic scheme
is a two-out-of-four arrangement.

The Reactor Protection System can be tested during reactor operation. Manual scram testing is
performed by operating one of the four manual scram controls; this tests one division. The total
tests verify the ability to de-energize the scram pilot valve solenoids. Indicating lights verify that
the actuators contacts have opened. This capability for a thorough testing program significantly
increases reliability.

Control rod drive operability can be tested during normal reactor operation. Rod position
indicators and in-core neutron detectors are used to verify control rod movement. Each control
rod can be withdrawn one step and then reinserted to the original position without significantly
perturbing the nuclear steam supply systems at most power levels. One control rod is tested at a
time. Hydraulic supply subsystem pressure can be observed on control room instrumentation.

The high functional reliability, redundancy, and in-service testability of the protection system
satisfy the requirements specified in Criterion 21. For further discussion, see the following
sections:

Chapter/ Title

Section

1.2 General Plant Description

4.6 Functional Design of Reactivity Control System
7.2 Reactor Trip System

7.3.4 Safety System Logic and Control

3.1.3.3 Criterion 22 — Protection System Independence
Criterion 22 Statement

The protection system shall be designed to assure that the effects of natural phenomena, and of
normal operating, maintenance, testing, and postulated accident conditions on redundant
channels do not result in loss of the protection function, or shall be demonstrated to be
acceptable on some other defined basis. Design techniques, such as functional diversity or
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diversity in component design and principles of operation, shall be used to the extent practical to
prevent loss of the protection function.

Evaluation Against Criterion 22

Components of the protection system are designed so that the mechanical, thermal and
radiological environmental conditions resulting from any accident situation in which the
components are required to function do not interfere with the operation of that function. The
redundant sensors are electrically and physically separated. Only circuits of the same division
are run in the same raceway. Multiplexed signals are carried out by fiber optic medium to assure
control signal isolation.

The Reactor Protection System is designed to permit maintenance and diagnostic work while the
reactor is operating, without restricting the plant operation or hindering the output of safety
functions. The flexibility in design afforded the protection system allows operational system
testing by the use of independent input for each actuator logic. When a safety-related monitored |
variable exceeds its scram trip point, it is sensed by four independent sensors, each located in a
separate instrumentation channel. A bypass of any single channel is permitted for maintenance
operation, test, etc. This leaves three channels per monitored variable, each of which is capable
of initiating a scram. Only two actuator logics must trip to initiate a scram. Thus, the two-out-
of-four arrangement assures that a scram occurs as a monitored variable exceeds its scram
setting.

The protection system meets the design requirements for functional and physical independence
as specified in Criterion 22. For further discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

3.11 Environmental Qualification of Mechanical and Electrical
Equipment

4.6 Functional Design of Reactivity Control System

5.4.5 Main Steamline Isolation System

6.3 Emergency Core Cooling Systems

7.2 Reactor Trip System

7.3.1 Emergency Core Cooling System
7.3.3 Leak Detection and Isolation System

3.1.3.4 Criterion 23 — Protection System Failure Modes
Criterion 23 Statement

The protection system shall be designed to fail into a safe state or into a state demonstrated to be
acceptable on some other defined basis if conditions such as disconnection of the system, loss of
energy (e.g., electric power, instrument air), or postulated adverse environments (e.g., extreme
heat or cold, fire, pressure, steam, water, and radiation) are experienced.
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Evaluation Against Criterion 23

The Reactor Protection (trip) System is designed to fail into a safe state. Use of independent
channels allows the system to sustain any logic channel failure without preventing other sensors
monitoring the same variable from initiating a scram. With a two-out-of-four logic design, the
trip of any two channels initiates a scram. Intentional bypass for maintenance or testing causes
the scram logic to revert to two-out-of-three. A failure of any one reactor protection input or
subsystem component produces a trip in one channel. This condition is insufficient to produce a
reactor scram, and the system performs its protective function upon trip of another channel.
Failure of inputs or subsystem components in two channels produces a reactor scram.

The environmental conditions in which the instrumentation and equipment of the reactor
protection must operate were considered in establishing the component specifications.
Instrumentation specifications are based on the worst expected ambient conditions in which the
instruments must operate.

The fail-safe design of the Reactor Protection (trip) System meets the requirements of
Criterion 23. For further discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description
7.2 Reactor Trip System

3.1.3.5 Criterion 24 — Separation of Protection and Control Systems
Criterion 24 Statement

The protection system shall be separated from control systems to the extent that failure of any
single control system component or channel or failure or removal from service of any single
protection system component or channel which is common to the control and protection systems
leaves intact a system satisfying all reliability, redundancy, and independence requirements of
the protection system. Interconnection of the protection and control systems shall be limited to
assure that safety is not significantly impaired.

Evaluation Against Criterion 24

There is separation between the Reactor Protection System and the process control systems.
Logic channel and actuator logics of the Reactor Protection System are not used directly for
automatic control of process systems. Sensor outputs may be shared, but each signal is optically
isolated before entering a redundant or Nonsafety-Related channel interface. Therefore, failure
in the controls and instrumentation of process systems cannot induce failure of any portion of the
protective system. Scram reliability is designed into the Reactor Protection System and
hydraulic control unit for the control rod drive. The scram signal and mode of operation override
all other signals.

The systems that isolate containment and the reactor pressure vessel are designed so that any one
failure, maintenance operation, calibration operation, or test to verify operational availability
does not impair the functional ability of the isolation systems to respond to safety-related
variables.
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The protection system is separated from control systems as required in Criterion 24. For further
discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

4.6 Functional Design of Reactivity Control System
7.2 Reactor Trip System

7.3.1 Emergency Core Cooling System
7.3.3 Leak Detection and Isolation System
7.3.4 Safety System Logic and Control
7.4.5 Alternate Rod Insertion

7.5.3 Process Radiation Monitoring System
7.7.2 Rod Control and Information System

3.1.3.6 Criterion 25 — Protection System Requirements for Reactivity Control Malfunctions
Criterion 25 Statement

The protection system shall be designed to assure that specified acceptable fuel design limits are
not exceeded for any single malfunction of the reactivity control systems, such as accidental
withdrawal (not ejection or dropout) of control rods.

Evaluation Against Criterion 25

The Reactor Protection System provides protection against the onset and consequences of
conditions that threaten the integrity of the fuel barrier and the reactor coolant pressure
boundary. Any monitored variable, which exceeds the scram setpoint, initiates an automatic
scram and does not impair the remaining variables from being monitored, and if one channel
fails, the remaining portion shall function.

The Rod Control and Information System (RC&IS) is designed so that no single failure can
negate the effectiveness of a reactor scram. The circuitry of the RC&IS is completely
independent of the circuitry controlling the scram valves. This separation of the scram and
normal rod control functions prevents failures in the reactor normal circuitry from affecting the
scram circuitry. Because one or two control rods are controlled by an individual hydraulic
control unit, a failure that results in continued energizing of an insert solenoid valve on a
hydraulic control unit can affect, at most, two control rods. The effectiveness of a reactor scram
is not impaired by the malfunctioning of any one hydraulic control unit or two control rods.

The design of the protection system assures that specified acceptable fuel limits are not exceeded
for any single malfunction of the reactivity control systems as specified in Criterion 25. For
further discussion, see the following sections:
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Chapter/ Title
Section
1.2 General Plant Description
4.3 Nuclear Design
4.4 Thermal and Hydraulic Design
4.6 Functional Design of Reactivity Control System
7.2 Reactor Trip System
7.7.2 Rod Control and Information System
15 Safety Analyses

3.1.3.7 Criterion 26 — Reactivity Control System Redundancy and Capability
Criterion 26 Statement

Two independent reactivity control systems of different design principles shall be provided. One
of these systems shall use control rods, preferably including a positive means for inserting the
rods, and shall be capable of reliably controlling reactivity changes to assure that under
conditions of normal operation, including anticipated operational occurrences, and with
appropriate margin for malfunctions such as stuck rods, specified acceptable fuel design limits
are not exceeded. The second reactivity control system shall be capable of reliably controlling
the rate of reactivity changes resulting from planned, normal power changes (including xenon
burnout) to assure acceptable fuel design limits are not exceeded. One of the systems shall be
capable of holding the reactor core subcritical under cold conditions.

Evaluation Against Criterion 26

Two independent reactivity control systems utilizing different design principles are provided.
The normal method of reactivity control employs control rod assemblies, which contain boron
carbide (B4C), hafnium or other approved material. A Standby Liquid Control (SLC) system is
also provided.

Positive insertion of these control rods is provided redundantly by means of the control rod drive
electrical and hydraulic systems. The control rods are capable of reliably controlling reactivity
changes during normal operation (e.g., power changes, power shaping, xenon burnout, normal
startup and shutdown) via electrical powered insertions and withdrawals. The control rods are
also capable of maintaining the core within acceptable fuel design limits during anticipated
operational occurrences via the hydraulic powered automatic scram function. The unlikely
occurrence of a limited number of stuck rods during a scram does not adversely affect the
capability to maintain the core within fuel design limits.

The Control Rod Drive System is capable of maintaining the reactor core subcritical under cold
conditions, even when the pair of the control rods of the highest worth controlled by a hydraulic
control unit is assumed to stick in the fully withdrawn position. This shutdown capability of the
Control Rod Drive System is made possible by designing the fuel with burnable poison (Gd,Os3)
to control the high reactivity of fresh fuel.
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The circuitry for electrical powered insertion or withdrawal of control rods is completely
independent of the circuitry for hydraulic powered reactor scram. This separation of the scram
and normal rod control functions prevents failures in the reactor manual-control circuitry from
affecting the scram circuitry. Two sources of energy (accumulator pressure and electrical power
to the motors of fine motion control rod drives, FMCRDs) are available for control rod insertion
over the entire range of reactor pressure (i.e., from operating conditions to cold shutdown). The
design of the Control Rod Drive System includes appropriate margin for malfunctions such as
stuck rods in the unlikely event that they do occur. Control rod withdrawal sequences and
patterns are selected prior to operation to achieve optimum core performance and,
simultaneously, low individual control rod worth. The operating procedures to accomplish such
patterns are supplemented by the Rod Control and Information System, which prevent rod
withdrawals yielding a rod worth greater than permitted by the pre-selected rod withdrawal
pattern. Because of the carefully planned and regulated rod withdrawal sequence, prompt
shutdown of the reactor can be achieved with the insertion of a small number of the many
independent control rods.

A Standby Liquid Control system containing a neutron-absorbing sodium pentaborate solution is
the independent backup system. This system has the capability to shut the reactor down from
full power and maintain it in subcritical condition at any time during the core life. The reactivity
control is provided to reduce reactor power from rated power to cold shutdown conditions, with
the control rods withdrawn in the power pattern, accounting for the reactivity effects of the
xenon decay, elimination of steam voids, change in water density due to the reduction in water
temperature, Doppler effect in uranium, change in the neutron leakage from boiling to cold, and
change in the rod worth as boron affects the neutron migration length.

The redundancy and capabilities of the reactivity control systems for the ESBWR satisfy the
requirements of Criterion 26. For further discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

4.6 Functional Design of Reactivity Control System
7.2 Reactor Trip Systems

7.3 Engineered Safety Feature Systems

7.4.1 Standby Liquid Control System

7.7.2 Rod Control and Information System

9.3.5 Standby Liquid Control System

3.1.3.8 Criterion 27 — Combined Reactivity Control Systems Capability
Criterion 27 Statement

The reactivity control systems shall be designed to have a combined capability, in conjunction
with poison addition by the emergency core cooling system, of reliably controlling reactivity
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changes to assure that under postulated accident conditions and with appropriate margin for
stuck rods, the capability to cool the core is maintained.

Evaluation Against Criterion 27

There is no credible event applicable to the ESBWR that requires combined capability of the
Control Rod Drive System and the Standby Liquid Control (SLC) system. The ESBWR design
is capable of maintaining the reactor core subcritical, including allowance for a pair of stuck rods
controlled by a hydraulic control unit (HCU), without addition of any poison to the reactor
coolant. The primary reactivity control system for the ESBWR during postulated accident
conditions is the Control Rod Drive System. Abnormalities are sensed, and, if protection system
limits are reached, corrective action is initiated through automatic insertion of control rods. High
integrity of the protection system is achieved through the combination of logic arrangement,
actuator redundancy, power supply redundancy, and physical separation. High reliability of
reactor scram is further achieved by separation of individual HCUs controlling a pair of control
rods and by fail-safe design features built into the Control Rod Drive System. Response by the
Reactor Protection System is prompt and the total scram time is short.

In the very unlikely event that more than one control rod fails to insert and the core cannot be
maintained subcritical by control rods alone, the SLC system can be actuated to insert soluble
boron into the reactor core. The SLC system has sufficient capacity to ensure that the reactor can
always be maintained subcritical; and, hence, only decay heat is generated by the core, which can
be removed by the appropriate decay heat removal systems (e.g., Isolation Condenser System),
thereby ensuring that the core is always coolable.

The design of the reactivity control systems ensure reliable control of reactivity under postulated
accident conditions with appropriate margin for stuck rods. The capability to cool the core is
maintained under postulated accident conditions; thus, Criterion 27 is satisfied. 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

4.6 Functional Design of Reactivity Control System
7.2 Reactor Trip System

7.4.1 Standby Liquid Control System

9.3.5 Standby Liquid Control System

15 Safety Analyses
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3.1.3.9 Criterion 28 — Reactivity Limits
Criterion 28 Statement

The reactivity control systems shall be designed with appropriate limits on the potential amount
and rate of reactivity increase to assure that the effects of postulated reactivity accidents can
neither (1) result in damage to the reactor coolant pressure boundary greater than limited local
yielding nor (2) sufficiently disturb the core, its support structures, or other reactor pressure
vessel internals to impair significantly the capability to cool the core. These postulated reactivity
accidents shall include consideration of rod ejection (unless prevented by positive means), rod
dropout, steam line rupture, changes in reactor coolant temperature and pressure, and cold water
addition.

Evaluation Against Criterion 28

The combined features of the Control Rod Drive System and the Rod Control and Information
System (RC&IS) designs incorporate appropriate limits on the potential amount and rate of
reactivity increase. Control rod withdrawal sequences and patterns are selected to achieve
optimum core performance and low individual rod worth. The RC&IS prevents any withdrawal
other than the pre-selected rod withdrawal pattern. The RC&IS function assists the operator with
an effective backup control rod monitoring routine that enforces adherence to established startup,
shutdown and power operations control rod procedures.

The control rod drive mechanical design incorporates a passive brake and hydraulic inlet check
valve that individually prevent rapid rod ejection. The brake spring holds the rod in position if
there is a break in the FMCRD primary pressure boundary. The check valve prevents rod
ejection if there is a failure of the scram insert line. The FMCRD includes a separation switch
that detects when withdrawal of a stuck control rod is being attempted and stops rod motion.
Normal rod movement and the rod withdrawal rate are limited through the fine motion control
motor.

The Safety Analyses evaluate the postulated reactivity accidents, as well as abnormal operational
transients, in detail. Analyses are included for steam line break, changes in reactor coolant
temperature and pressure, and cold water addition. The initial conditions, assumptions,
calculational models, sequences of events, and anticipated results of each postulated occurrence
are covered in detail. The results of these analyses indicate that none of the postulated reactivity
transients or accidents results in damage to the reactor pressure vessel internals, so that the
capability to cool the core is not impaired.

The design features of the RC&IS, which limit the potential amount and rate of reactivity
increase, ensure that Criterion 28 is satisfied for postulated reactivity accidents. For further
discussion, see the following sections:
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Chapter/ Title
Section
1.2 General Plant Description
394 Control Rod Drive System
3.9.5 Reactor Pressure Vessel Internals
4.3 Nuclear Design
4.5.1 Control Rod Drive System Structural Materials
4.6 Functional Design of Reactivity Control System
522 Overpressure Protection
53 Reactor Vessel
544 Main Steamline Flow Restrictors
545 Main Steamline Isolation System
7.7.2 Rod Control and Information System
15 Safety Analyses

3.1.3.10 Criterion 29 — Protection Against Anticipated Operational Occurrences
Criterion 29 Statement

The protection and reactivity control systems shall be designed to assure an extremely high
probability of accomplishing their safety functions in the event of anticipated operational
occurrences.

Evaluation Against Criterion 29

The high functional reliability of the Reactor Protection (trip) System and reactivity control
system is achieved through the combination of logic arrangement, redundancy, physical and
electrical independence, functional separation, fail-safe design, and in-service testability. These
design features are discussed in detail in Criteria 21, 22, 23, 24, and 26.

A thorough program of in-service testing and surveillance maintains an extremely high reliability
of timely response to anticipated operational occurrences.

Safety-related components, such as control rod drives, Reactor Protection System components,
etc., are testable during normal reactor operation. Functional testing and calibration schedules
are developed using available failure rate data, reliability analyses, and operating experience.
These schedules represent an optimization of protection and reactivity control system reliability
effects during individual component testing on the portion of the system not undergoing test.
The capability for in-service testing ensures the high functional reliability of protection and
reactivity control systems if a reactor variable exceeds the corrective action setpoint.

The capabilities of the protection and reactivity control systems to perform their safety functions
in the event of anticipated operational occurrences satisfy the requirements of Criterion 29. For
further discussion, see the following sections:
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Chapter/ Title
Section
1.2 General Plant Description
4.6 Functional Design of Reactivity Control System
7.2 Reactor Trip System
7.3 Engineered Safety Features Systems
15 Safety Analyses

3.1.4 Group IV — Fluid Systems

3.1.4.1 Criterion 30 — Quality of Reactor Coolant Pressure Boundary
Criterion 30 Statement

Components, which are part of the reactor coolant pressure boundary, shall be designed,
fabricated, erected, and tested to the highest quality standards practical. Means shall be provided
for detecting and, to the extent practical, identifying the location of the source of reactor coolant
leakage.

Evaluation Against Criterion 30

By utilizing conservative design practices and detailed quality control procedures, the pressure
retaining components of the reactor coolant pressure boundary (RCPB) are designed and
fabricated to retain their integrity during normal and postulated accident conditions
(Subsection 3.1.2.5).  Accordingly, components that comprise the RCPB are designed,
fabricated, erected, and tested in accordance with recognized industry codes and standards listed
in Chapter 5 and Table 3.2-1. Further product and process quality planning is provided as
described in Chapter 17 to assure conformance with the applicable codes and standards, and to
retain appropriate documented evidence verifying compliance. Because the subject matter of
this criterion deals with aspects of the RCPB, further discussion on this subject is treated in the
response to Criterion 14.

Means are provided for detecting leakage in the RCPB. The Leak Detection and Isolation
System (LD&IS) consists of sensors and instruments to detect, annunciate, and, in some cases,
isolate the RCPB from potentially hazardous leaks before predetermined limits are exceeded.
Small leaks are detected by temperature and pressure changes, increased frequency of sump
pump operation, and increased airborne radioactivity. In addition to these means of detection,
large leaks are detected by changes in flow rates in process lines, and changes in reactor water
level. The allowable leakage rates have been based on the predicted and experimentally
determined behavior of cracks in pipes, the ability to makeup to the RCS, the normally expected
background leakage due to equipment design, and the detection capability of the various sensors
and instruments.

The RCPB and the LD&IS are designed to meet requirements of Criterion 30. For further
discussion, see the following sections:
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Chapter/ Title
Section
1.2 General Plant Description
3.2 Classification of Structures, Systems, and Components
522 Overpressure Protection
525 Reactor Coolant Pressure Boundary Leakage Detection
53 Reactor Vessel
7.3.3 Leak Detection and Isolation System
7.7.1 Nuclear Boiler System
17 Quality Assurance

3.1.4.2 Criterion 31 — Fracture Prevention of Reactor Coolant Pressure Boundary
Criterion 31 Statement

The reactor coolant pressure boundary shall be designed with sufficient margin to assure that
when stressed under operating, maintenance, testing, and postulated accident conditions (1) the
boundary behaves in nonbrittle manner and (2) the probability of rapidly propagating fracture is
minimized.

The design shall reflect consideration of service temperatures and other conditions of the
boundary material under operating, maintenance, testing, and postulated accident conditions and
the uncertainties in determining (1) material properties, (2) the effect of irradiation on material
properties, (3) residual, steady-state, and transient stresses, and (4) size of flaws.

Evaluation Against Criterion 31

Brittle fracture control of pressure-retaining ferritic materials is provided to ensure protection
against nonductile fracture. To minimize the possibility of brittle fracture failure of the reactor
pressure vessel, the reactor pressure vessel is designed to meet the requirements of ASME Code
Section III.

The Nil-Ductility Transition Temperature (NDTT) is defined as the temperature below which
ferritic steel behaves in a brittle rather than ductile manner. The NDTT increases as a function of
neutron exposure at integrated neutron exposures greater than about 1x10' nvt with neutron
energies in excess of 1 MeV.

The reactor assembly design provides an annular space from the outermost fuel assemblies to the
inner surface of the reactor vessel that serves to attenuate the fast neutron flux incident upon the
reactor vessel wall. This annular volume contains the core shroud and reactor coolant.
Assuming plant operation at rated power and availability 100% of the plant lifetime, the
cumulative neutron fluence at the inner surface of the vessel causes a slight shift in the transition
temperature. Expected shifts in transition temperature during design life as a result of
environmental conditions, such as neutron flux, are considered in the design. Operational
limitations ensure that NDTT shifts are accounted for in the reactor operation.
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The reactor coolant pressure boundary is designed, maintained, and tested to provide adequate
assurance that the boundary behaves in a non-brittle manner throughout the life of the plant.
Therefore, the reactor coolant pressure boundary is in conformance with Criterion 31. For
further discussion, see the following sections:

Chapter/ Title

Section

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

3.1.4.3 Criterion 32 — Inspection of Reactor Coolant Pressure Boundary
Criterion 32 Statement

Components which are part of the reactor coolant pressure boundary shall be designed to permit
(1) periodic inspection and testing of important areas and features to assess their structure and
leaktight integrity, and (2) an appropriate material surveillance program for the reactor pressure
vessel.

Evaluation Against Criterion 32

The reactor pressure vessel design and engineering effort includes provisions for in-service
inspection. Access to the annulus between the shield wall and vessel, is provided by removable
shield plugs and panels in the insulation. These openings provide access for examination of the
vessel and its appurtenances. Also, removable insulation is provided on the nuclear boiler
system piping and valves extending out to and including the first isolation valve outside
containment. Inspection of the reactor coolant pressure boundary is in accordance with ASME
Boiler and Pressure Vessel Code Section XI. Section 5.2 defines the In-service Inspection Plan,
access provisions, and areas of restricted access.

Vessel material surveillance samples are located within the reactor pressure vessel. The program
includes specimens of the base metal, weld metal, and heat affected zone metal.

The plant testing and inspection program ensures that the requirements of Criterion 32 are met.
For further discussion, see the following sections:

Chapter/ Title

Section

3.9 Mechanical Systems and Components

5.2 Integrity of Reactor Coolant Pressure Boundary

3.1.4.4 Criterion 33 — Reactor Coolant Makeup
Criterion 33 Statement

A system to supply reactor makeup for protection against small breaks in the reactor coolant
pressure boundary shall be provided. The system safety function shall be to assure that specified
acceptable fuel design limits are not exceeded as a result of reactor coolant loss due to leakage
from the reactor coolant pressure boundary and rupture of small piping or other small
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components which are part of the boundary. The system shall be designed to assure that for on-
site electric power system operation (assuming off-site power is not available) and for off-site
electric power system operation (assuming on-site power is not available) the system safety
function can be accomplished using the piping, pumps, and valves used to maintain coolant
inventory during normal reactor operation.

Evaluation Against Criterion 33

With or without preferred power and with a loss of feedwater supply, makeup is provided by the
Control Rod Drive Hydraulic (CRDH) System and Isolation Condenser System (for coolant
inventory conservation), or Automatic Depressurization System (ADS) with Gravity-Driven
Cooling System (GDCS) operation. Safety-related makeup is provided for the complete range of
break sizes by the GDCS. For small breaks where depressurization of the reactor vessel is
necessary to achieve GDCS flow, the ADS function of the Nuclear Boiler System operates to
depressurize (blow down) the vessel.

The plant is designed with systems that provide ample reactor coolant makeup for protection
against small leaks in the reactor coolant pressure boundary during anticipated operational
occurrences and postulated accident conditions. The requirements of Criterion 33 are met with
these systems. For further discussion, see the following sections:

Chapter/ Title

Section

4.6 Functional Design of Reactivity Control System
5.4.6 Isolation Condenser System

6.3 Emergency Core Cooling Systems

3.1.4.5 Criterion 34 — Residual Heat Removal
Criterion 34 Statement

A system to remove residual heat shall be provided. The safety function shall be to transfer
fission product decay heat and other residual heat from the reactor core at a rate such that
specified acceptable fuel design limits and the design conditions of the reactor coolant pressure
boundary are not exceeded.

Redundancy in components and features, and interconnections, leak detection, and isolation
capabilities shall be provided to ensure that, for on-site electric power system operation
(assuming off-site power is not available) and for off-site electric power system operation
(assuming on-site power is not available), the system safety function can be accomplished,
assuming a single failure.

Evaluation Against Criterion 34

The Isolation Condenser System (ICS) provides the means to remove decay heat and residual
heat from the Nuclear Steam Supply Systems (NSSS) at a rate such that specified acceptable fuel
design limits and the design conditions of the reactor coolant pressure boundary are not
exceeded.
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The major equipment of the ICS consists of heat exchangers. The equipment is connected to the
reactor by associated valves and piping, and controls and instrumentation are provided for proper
system operation.

Simply opening one of a pair of redundant, diverse drain line valves actuates each ICS sub-loop.
Three of the four ICS sub-loops are adequate operating alone to remove residual heat from the
reactor core and to assure fuel and RCPB design limits are not exceeded following an NSSS
isolation event. The ICS provides the capability to reliably remove decay heat and residual heat
from the reactor as required by Criterion 34.

The design of the ICS meets the requirements of Criterion 34. For further discussion, see the
following sections:

Chapter/ Title

Section

5.4.6 Isolation Condenser System
7.4.4 Isolation Condenser System
15 Safety Analyses

3.1.4.6 Criterion 35 — Emergency Core Cooling
Criterion 35 Statement

A system to provide abundant emergency core cooling shall be provided. The system safety
function shall be to transfer heat from the reactor core following any loss of reactor coolant at a
rate such that (1) fuel and clad damage that could interfere with continued effective core cooling
is prevented and (2) clad metal-water reaction is limited to negligible amounts.

Redundancy in components and features, and interconnections, leak detection, isolation, and
containment capabilities shall be provided to assure that for on-site electric power system
operation (assuming off-site power is not available) and for off-site electric power system
operation (assuming on-site power is not available), the system safety function can be
accomplished, assuming a single failure.

Evaluation Against Criterion 35
The Emergency Core Cooling System (ECCS) consists of the following:
e [solation Condenser System (ICS);
e Standby Liquid Control (SLC) system;
e QGravity-Driven Cooling System (GDCS); and
e Automatic Depressurization Subsystem (ADS).

The ECCS is designed to limit fuel cladding temperature over the complete spectrum of possible
break sizes in the RCPB, including the complete circumferential rupture of the largest pipe
connected to the reactor pressure vessel. The ESBWR ECCS does not rely on pumps, off-site
AC power, or standby diesel generators to accomplish its safety function.
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The ICS and GDCS provide flow to the annulus region of the reactor through their own nozzles.
The SLC provides coolant to the bypass region of the core.

GDCS provides gravity-driven flow from three separate water pools located within the drywell at
an elevation above the active core region. It also provides water flow from the suppression pool
to meet long-term post-LOCA core cooling requirements.

ICS provides water that accumulates in heat exchangers and condensate pipe when the system is
in standby. The water flows into the vessel when the ICS is initiated. This capability is available
over the entire range of reactor vessel pressure.

SLC injects borated water into the vessel in the event of low level in the vessel for the purposes
of providing additional coolant volume.

The ADS provides reactor depressurization capability in the event of a pipe break that does not
rapidly depressurize the reactor. The ADS is a function of the Nuclear Boiler System (NBS) and
1s accomplished through the combined use of squib-type permanently - opening depressurization
valves (DPVs) and nitrogen operated safety relief valves (SRVs).

The ADS operates as follows: when a confirmed low-low water level (Level 1) signal is received
and sealed-in to the ECCS logic, a number of safety relief valves and depressurization valves
actuate in a sequence described in Subsection 6.3.3. This sequence of SRV and DPV openings
ensures that the RPV is depressurized rapidly so as to allow GDCS initiation, prior to core
uncovery.

Results of the performance of the ECCS for the entire spectrum of reactor pressure boundary line
breaks are discussed in Subsection 6.3.4, which provides an analysis to show that the ECCS
conforms to 10 CFR 50.46. This analysis shows complete compliance with Criterion 35 with the
following results:

e Peak cladding temperatures are below the NRC acceptable limit.
e The amount of fuel cladding reacting with steam is well below the acceptable limit.
e The accident is terminated while the core is maintained in a coolable geometry.

e The core temperature is reduced and the decay heat can be removed for an extended
period of time.

e The ESBWR ECCS is powered by the safety-related station batteries. The redundancy
and capability of the on-site electrical power systems are presented in the evaluation
against Criterion 17.

The design of the ECCS, including the power supply, meets the requirements of Criterion 35.
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For further discussion, see the following subsections:

Chapter/ Title

Section

54.6 Isolation Condenser System

6.3 Emergency Core Cooling System
6.3.2.7 Gravity Driven Coolant System

7.3 Engineered Safety Features Systems
8.3 On-site Power Systems

9.3.5 Standby Liquid Control System

15 Safety Analyses

3.1.4.7 Criterion 36 — Inspection of Emergency Core Cooling System
Criterion 36 Statement

The ECCS shall be designed to permit appropriate periodic inspection of important components,
such as spray rings in the reactor pressure vessel, water injection nozzles, and piping, to assure
the integrity and capability of the system.

Evaluation Against Criterion 36

The ECCS discussed in Criterion 35 includes in-service inspection considerations. Removable
plugs in the reactor shield wall and/or panels in the insulation are provided on the ECCS piping
in the drywell.

During plant operations, the instrumentation valves, instrument piping, instrumentation, wiring,
and other components that are outside the drywell can be visually inspected at any time.
Components inside the drywell can be inspected when the drywell is open for access during
outages. Portions of the ECCS, which are part of the reactor pressure boundary, are designed to
specifications for in-service inspection to detect defects, which might affect the cooling
performance. Particular attention is given to the GDCS nozzles.

Design of the reactor vessel and internals for in-service inspection and the plant testing program
ensure that the requirements of Criterion 36 are met. For further discussion see the following
subsections:

Chapter/ Title

Section

4.1.2 Reactor Internal Components

524 Pre-service and In-service Inspection and Testing of Reactor
Coolant Pressure Boundary

53 Reactor Vessel

6.3 Emergency Core Cooling Systems
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3.1.4.8 Criterion 37 — Testing of Emergency Core Cooling System
Criterion 37 Statement

The Emergency Core Cooling System (ECCS) shall be designed to permit appropriate periodic
pressure and functional testing to assure (1) the structural and leaktight integrity of its
components, (2) the operability and performance of the active components of the system, and (3)
the operability of the system as a whole and, under conditions as close to the design as practical,
the performance of the full operational sequence that brings the system into operation, including
operation of applicable portions of the protection system, the transfer between normal and
emergency power sources, and the operation of the associated cooling water system.

Evaluation Against Criterion 37

Each of the ECCS subsystems (ADS and GDCS) is designed to permit periodic testing to assure
operability and performance of active components of each system.

The ADS DPVs and the GDCS valves cannot be tested during power operation; selected
actuators are removed and test fired during refueling outages. The GDCS check valves can be
functionally tested via dedicated test line connections every refueling outage. GDCS flow
testing is conducted as part of preoperational testing. Provisions for flushing the GDCS injection
lines and venturi within the GDCS injection nozzle are provided. The ECCS is subject to
periodic tests to verify the logic sequence that initiates ADS and the GDCS system. A periodic
self-test of the logic circuitry is performed to verify operability.

The design of the ECCS subsystems meets the requirements of Criterion 37. For further
discussions, see the following subsections:

Chapter/ Title

Section

52.2 Overpressure Protection

6.3 Emergency Core Cooling Systems
7.3.1.1 Automatic Depressurization Subsystem

7.3.1.2 Gravity-Driven Cooling System

16 Technical Specifications

3.1.4.9 Criterion 38 — Containment Heat Removal
Criterion 38 Statement

A system to remove heat from the reactor containment shall be provided. The system safety
function shall be to reduce rapidly, consistent with the functioning of other associated systems,
the containment pressure and temperature following any LOCA and maintain them at acceptably
low levels.

Redundancy in components and features and interconnections, leak detection, isolation, and
containment capabilities shall be provided to assure that for on-site electric power system
operation (assuming off-site power is not available) and for off-site electric power system
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operation (assuming on-site power is not available), the system safety function can be
accomplished, assuming a single failure.

Evaluation Against Criterion 38

The containment heat removal function is accomplished by the Passive Containment Cooling
System (PCCS). The PCCS provides sufficient decay heat removal post-LOCA, to assure that
containment pressure never exceeds its design pressure and temperature.

The PCCS consists of six independent closed-loop extensions of the containment. Each loop
contains a heat exchanger (passive containment cooling condenser) that condenses steam on the
tube-side and transfers heat to water in the IC/PCC pool which is vented to atmosphere. The
IC/PCC pool is positioned above, and outside, the ESBWR containment (drywell). To assure
availability, no valves are employed, thus precluding inadvertent isolation of the PCC heat
exchangers.

The PCCS loops receive a steam-gas mixture supply directly from the drywell. PCCS flow is
driven by the pressure difference created between the containment drywell and the suppression
pool during a LOCA. The PCCS does not require power supplies, sensors, control logic, power-
actuated devices or operator actions to function. During normal plant operation, the PCCS loops
are in “ready standby”.

The PCCS is designed to Quality Group B Requirements per RG 1.26. The system is designed
as Seismic Category I per RG 1.29. The common pool that the PCC condensers share with the
ICs of the Isolation Condenser System is an Engineered Safety Feature (ESF). This pool is
designed such that no locally generated force (such as an IC tube rupture) can destroy its
function. Protection requirements against mechanical damage, fire and flood apply to the
common [C/PCC pool.

Portions of the PCCS outside the containment are located in a subcompartment of the safety-
related IC/PCC pool to comply with 10 CFR 50, Appendix A, Criteria 2 and 4.

The PCC condensers do not fail in a manner that damages the safety-related IC/PCC pool
because it is designed to withstand the induced dynamic loads, which are caused by combined
seismic, DPV/SRV or LOCA conditions in addition to PCC operating loads.

The PCCS provides the containment heat removal function required in Criterion 38. For further
discussion, see the following subsections:

Chapter/ Title
Section
6.2.2 Passive Containment Cooling System

3.1.4.10 Criterion 39 — Inspection of Containment Heat Removal System
Criterion 39 Statement

The Containment Heat Removal System shall be designed to permit appropriate periodic
inspection of important components, such as torus, sumps, spray nozzles, and piping, to assure
the integrity and capability of the system.
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Evaluation Against Criterion 39

The PCCS condenser is an extension of the containment (drywell) pressure boundary and it is
used to mitigate the consequences of an accident. Because of this function it is classified as a
safety-related Engineered Safety Feature (ESF). The PCCS is designed to ASME Code Section
III, Class II and Section XI requirements for design and accessibility of welds for in-service
inspection to meet 10 CFR 50 Appendix A, Criterion 16. Ultrasonic testing of tube-to-header
welds and eddy current testing of tubes can be done with the PCC condenser in place.

The containment heat removal system is designed to permit periodic inspection of major
components to meet the requirements of Criterion 39. For further discussion, see the following
subsections:

Chapter/ Title
Section
6.2.2 Passive Containment Cooling System

3.1.4.11 Criterion 40 — Testing of Containment Heat Removal System
Criterion 40 Statement

The Containment Heat Removal System shall be designed to permit appropriate periodic
pressure and functional testing to assure (1) the structural and leaktight integrity of its
components, (2) the operability and performance of the active components of the system, and (3)
the operability of the system as a whole, and, under conditions as close to the design as practical,
the performance of the full operational sequence that brings the system into operation, including
operation of applicable portions of the protection system, the transfer between normal and
emergency power sources, and the operation of the associated cooling water system.

Evaluation Against Criterion 40

The Passive Containment Cooling System accomplishes the containment heat removal function.
The PCCS is an extension of the containment system. It is designed to be periodically pressure
tested as part of overall Containment Leakage Rate Testing Program (Subsections 6.2.6.1,
6.2.6.2 and 6.2.6.3) to demonstrate structural and leaktight integrity. Also, the PCCS loops can
be isolated for individual pressure testing during maintenance or in-service inspection using
various non-destructive examination methods.

Functional and operability testing is not needed because there are no active components of the
system. Performance testing during power operation is not feasible; however, the performance
capability of the PCCS is proven by full-scale PCC condenser prototype tests at a test facility
before their application to the plant containment system design. Performance is established for
the range of in-containment environmental conditions following a LOCA. Integrated
containment cooling tests have been completed on a full height, reduced section test facility, and
the results have been correlated with TRACG computer program analytical predictions; this
computer program is used to show acceptable containment performance.

The design of the testing of containment heat removal system meets the requirements of
Criterion 40. For further discussion, see the following subsections:
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Chapter/ Title
Section
6.2.2 Passive Containment Cooling System
7.3.2 Passive Containment Cooling System

3.1.4.12 Criterion 41 — Containment Atmosphere Cleanup
Criterion 41 Statement

Systems to control fission products, hydrogen, oxygen, and other substances which may be
released into the reactor containment shall be provided as necessary to reduce, consistent with
other associated systems, the concentration and quantity of fission products released to the
environment following postulated accidents, and to control the concentration of hydrogen or
oxygen and other substances in the containment atmosphere following postulated accidents, to
assure that containment integrity is maintained.

Each system shall have redundancy in components and features, and interconnections, leak
detection, isolation, and containment capabilities to assure that for on-site electric power system
operation (assuming off-site power is not available) and for off-site electric power system
operation (assuming on-site power is not available), its safety function can be accomplished,
assuming a single failure.

Evaluation Against Criterion 41

Fission products, hydrogen, oxygen, and other substances released from the reactor are contained
within the low-leakage containment. Leakage from the containment after an accident is such that
the dose guidelines of 10 CFR 50.34(a) and 10 CFR 100 are not exceeded. Containment leakage
enters the reactor building or turbine building where it is assumed to be released to the
environment. The threat posed by hydrogen and oxygen is addressed by maintaining the
containment inerted with nitrogen during operation by the Containment Inerting System (CIS).

The containment integrity is assured for postulated accidents and requirements of Criterion 41
are met. For further discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

6.2.5.2 Combustible Gas Control in Containment
6.2.5.3 Containment Inerting System

7 Instrumentation and Control Systems
7.5.2 Containment Monitoring System

7.7.7 Containment Inerting System

9.4.9 Containment Inerting System

15 Safety Analyses
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3.1.4.13 Criterion 42 — Inspection of Containment Atmosphere Cleanup Systems
Criterion 42 Statement

The Containment Atmosphere Cleanup Systems shall be designed to permit appropriate periodic
inspection of important components, such as filter frames, ducts, and piping to assure the
integrity and capability of the systems.

Evaluation Against Criterion 42

Containment atmosphere control is provided by the Containment Inerting System (CIS). Except
for components located in the containment, other components of the CIS are accessible for
inspection during normal plant operation at power. The components within the containment may
be inspected during refueling and maintenance outages.

The design of the CIS meets the requirements of Criterion 42.

For further discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

6.2.5 Combustible Gas Control in Containment

6.6 Pre-service and In-service Inspection and Testing of Class 2 and 3
Components and Piping

7 Instrumentation and Control Systems

9.4.9 Containment Inerting System

3.1.4.14 Criterion 43 — Testing of Containment Atmosphere Cleanup Systems
Criterion 43 Statement

The Containment Atmosphere Cleanup Systems shall be designed to permit appropriate periodic
pressure and functional testing to ensure (1) the structural and leaktight integrity of its
components, (2) the operability and performance of the active components of the systems such as
fans, filters, dampers, pumps, and valves and (3) the operability of the systems as a whole and,
under conditions as close to the design as practical, the performance of the full operational
sequence that bring the systems into operation, including operation of applicable portions of the
protection system, the transfer between normal and emergency power sources, and the operation
of associated systems.

Evaluation Against Criterion 43

Containment atmosphere control is provided by the Containment Inerting System (CIS). The
CIS is designed to be periodically tested.
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The design of the CIS meets the requirements of Criterion 43. For further discussion, see the
following sections:

Chapter/ Title

Section

1.2 General Plant Description

6.2.5 Combustible Gas Control in Containment
7 Instrumentation and Control Systems
9.4.9 Containment Inerting System

3.1.4.15 Criterion 44 — Cooling Water
Criterion 44 Statement

A system to transfer heat from structures, systems, and components important to safety, to an
ultimate heat sink shall be provided. The system safety function shall be to transfer the
combined heat load of these structures, systems, and components under normal operating and
accident conditions.

Redundancy in components and features, and interconnections, leak detection, and isolation
capabilities shall be provided to assure that for on-site electric power system operation (assuming
off-site power is not available) and for off-site electric power system operation (assuming on-site
power is not available), the system safety function can be accomplished, assuming a single
failure.

Evaluation Against Criterion 44

The ESBWR ultimate heat sink is the IC/PCC pool. In the event of a design basis accident, heat
is transferred to the IC/PCC pool(s) through the Passive Containment Cooling System (PCCS).
The water in the IC/PCC pool(s) is allowed to boil and the resulting steam is vented to the
environment. The PCCS has no active components and requires no electrical motive power or
control and instrumentation functions to perform its safety-related function of transferring heat to
the ultimate heat sink. Therefore, no credible single failure can prevent the PCCS from
performing its safety-related function.

The requirements of Criterion 44 for heat transfer to the ultimate heat sink are met. For further
discussion, see the following sections:

Chapter/ Title

Section

1.2 General Plant Description

6.2.2 Passive Containment Cooling System
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3.1.4.16 Criterion 45 — Inspection of Cooling Water System
Criterion 45 Statement

The Cooling Water System shall be designed to permit appropriate periodic inspection of
important components, such as heat exchangers and piping, to assure the integrity and capability
of the system.

Evaluation Against Criterion 45

The IC/PCC pool is located outside containment and is accessible for periodic inspections.
During outages, the IC/PCC pool compartments can be drained to permit inspection of the
condensers. PCCS piping inside containment can be inspected during outages (see the
evaluation of Criterion 39).

The features of the PCCS meet the requirements of Criterion 45. For further discussion, see the
following sections:

Chapter/ Title

Section

1.2 General Plant Description

6.2.2 Passive Containment Cooling System
14 Initial Test Program

3.1.4.17 Criterion 46 — Testing of Cooling Water System
Criterion 46 Statement

The Cooling Water System shall be designed to permit appropriate periodic pressure and
functional testing to assure (1) the structural leaktight integrity of its components, (2) the
operability and the performance of the active components of the system, and (3) the operability
of the system as a whole and, under conditions as close to the design as practical, the
performance of the full operational sequence that brings the system into operation for reactor
shutdown and for loss-of-coolant accidents, including operation of applicable portions of the
protection system and the transfer between normal and emergency power sources.

Evaluation Against Criterion 46

Redundancy and isolation are provided to allow periodic pressure testing of the PCCS. As
discussed in the evaluation of Criterion 44, the PCCS contains no active components; therefore,
functional testing is not necessary. The periodic inspections described in the response to
Criterion 45 verify system integrity (see the evaluation of Criterion 40).

The design of the PCCS meets the requirements of Criterion 46. For further discussion, see the
following sections:

Chapter/ Title

Section

1.2 General Plant Description

6.2.2 Passive Containment Cooling System
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Chapter/ Title
Section
14 Initial Test Program
16 Technical Specifications

3.1.5 Group V — Reactor Containment

3.1.5.1 Criterion 50 — Containment Design Basis
Criterion 50 Statement

The reactor containment structure, including access openings, penetrations, and the Containment
Heat Removal System, shall be designed so that the containment structure and its internal
compartments can accommodate, without exceeding the design leakage rate and with sufficient
margin, the calculated pressure and temperature conditions resulting from any loss-of-coolant
accident. This margin shall reflect consideration of (1) the effects of potential energy sources
which have not been included in the determination of peak conditions, such as energy in steam
generators and, as required by Section 50.44, energy from metal-water and other chemical
reactions that may result from degradation but not total failure of emergency core cooling
functioning, (2) the limited experience and experimental data available for defining accident
phenomena and containment responses, and (3) the conservatism of the calculational model and
input parameters.

Evaluation Against Criterion 50

Design of the containment is based on consideration of a full spectrum of postulated accidents,
which would result in the release of reactor coolant to the containment. These accidents include
liquid breaks, steam breaks, and partial breaks (both steam and liquid). The evaluation of the
containment design is based on enveloping the results of this range of analyses, plus provision
for appropriate margins. The most limiting short-term and long-term pressure and temperature
responses are assessed to verify adequacy of the containment structure.

The design of the containment system meets the requirements of Criterion 50. For further
discussion, see the following sections:

Chapter/ Title

Section

3.7 Seismic Design

3.8 Design of Seismic Category I Structures
6.2.1 Containment Functional Design

6.2.2 Passive Containment Cooling System
15 Safety Analyses
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3.1.5.2 Criterion 51 — Fracture Prevention of Containment Pressure Boundary
Criterion 51 Statement

The reactor containment boundary shall be designed with sufficient margin to assure that under
operating, maintenance, testing, and postulated accident conditions (1) its ferritic materials
behave in a nonbrittle manner and (2) the probability of rapidly propagating fracture is
minimized.

The design shall reflect consideration of service temperatures and other conditions of the
containment boundary material during operation, maintenance, testing, and postulated accident
conditions and the uncertainties in determining (1) material properties, (2) residual, steady-state,
and transient stresses, and (3) size of flaws.

Evaluation Against Criterion 51

The containment vessel (CV) is a reinforced concrete structure with ferritic parts, such as a liner
and a removable head, which are made of materials that have a Nil-Ductility Transition
Temperature (NDTT) sufficiently below the minimum service temperature to assure that under
operating, maintenance, testing, and postulated accident conditions the ferritic materials behave
in a nonbrittle manner considering the uncertainties in determining the material properties,
stresses and size of flaws.

The CV is enclosed by and integrated with the reinforced concrete reactor building. The pre-
operational test program and the quality assurance program ensure the integrity of the
containment and its ability to meet all normal operating and accident requirements.

The containment design meets the requirements of Criterion 51. For further discussion, see the
following sections:

Chapter/ Title

Section

3.8 Design of Seismic Category I Structures
6.2 Containment Systems

17 Quality Assurance

3.1.5.3 Criterion 52 — Capability for Containment Leakage Rate Testing
Criterion 52 Statement

The reactor containment and other equipment, which may be subjected to containment test
conditions, shall be designed so that periodic integrated leakage rate testing can be conducted at
containment design pressure.

Evaluation Against Criterion 52

The containment system is designed and constructed and the necessary equipment is provided to
permit periodic integrated leak-rate tests. The testing program is conducted in accordance with
10 CFR 50 Appendix J.

The testing provisions provided and the test program meet the requirements of Criterion 52. For
further discussion, see the following subsection:
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Chapter/ Title
Section
6.2.6 Containment Leakage Testing

3.1.5.4 Criterion 53 — Provisions for Containment Testing and Inspection
Criterion 53 Statement

The reactor containment shall be designed to permit (1) appropriate periodic inspection of all
important areas, such as penetrations, (2) an appropriate surveillance program, and (3) periodic
testing at containment design pressure of the leaktightness of penetrations which have resilient
seals and expansion bellows.

Evaluation Against Criterion 53

There are special provisions for conducting individual leakage rates tests on applicable
penetrations. Penetrations are visually inspected and pressure tested for leaktightness at periodic
intervals in accordance with 10 CFR 50 Appendix J.

The provisions made for protection testing meet the requirements of Criterion 53. For further
discussion, see the following sections:

Chapter/ Title

Section
3.8 Design of Seismic Category I Structures
6.2.6 Containment Leakage Testing

3.1.5.5 Criterion 54 — Piping Systems Penetrating Containment
Criterion 54 Statement

Piping systems penetrating the primary reactor containment shall be provided with leak
detection, isolation, and containment capabilities having redundancy, reliability, and
performance capabilities which reflect the importance to safety of isolating these piping systems.
Such piping systems shall be designed with a capability to test periodically the operability of the
isolation valves and associated apparatus and to determine if valve leakage is within
acceptable limits.

Evaluation Against Criterion 54

Piping systems penetrating containment are designed to provide the required isolation and testing
capabilities. These piping systems are provided with test connections to allow periodic leak
detection tests as necessary to determine if valve leakage is within acceptable limits.

The actuation test circuitry provides the means for testing isolation valve operability as necessary
to determine if operability is within acceptable limits.

The design and provisions made for piping systems penetrating containment meet the
requirements of Criterion 54. For further discussion, see the following sections:
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Chapter/ Title
Section
7.3.3 Leak Detection and Isolation System
6.2.4 Containment Isolation Function

3.1.5.6 Criterion 55 — Reactor Coolant Pressure Boundary Penetrating Containment
Criterion 55 Statement

Each line that is part of the reactor coolant pressure boundary and that penetrates the primary
reactor containment shall be provided with containment isolation valves as follows, unless it can
be demonstrated that the containment isolation provisions for a specific class of lines, such as
instrument lines, are acceptable on some other defined basis:

(1) One locked closed isolation valve inside and one locked closed isolation valve outside
containment; or

(2) One automatic isolation valve inside and one locked closed isolation valve outside
containment; or

(3) One locked closed isolation valve inside and one automatic isolation valve outside
containment (a simple check valve may not be used as the automatic isolation valve outside
containment); or

(4) One automatic isolation valve inside and one automatic isolation valve outside containment
(a simple check valve may not be used as the automatic isolation valve outside
containment).

Isolation valves outside containment shall be located as close to the containment as practical and,
upon loss of actuating power, automatic isolation valves shall be designed to take the position
that provides greater safety.

Other appropriate requirements to minimize the probability or consequences of an accidental
rupture of these lines or of lines connected to them shall be provided as necessary to assure
adequate safety. Determination of the appropriateness of these requirements, such as higher
quality in design, fabrication, and testing, additional provisions for inservice inspection,
protection against more severe natural phenomena, and additional isolation valves and
containment, shall include consideration of the population density, use characteristics, and
physical characteristics of the site environs.

Evaluation Against Criterion 55

The Reactor Coolant Pressure Boundary (RCPB), as defined in 10 CFR 50, Section 50.2,
consists of the reactor pressure vessel, pressure-retaining appurtenances attached to the vessel,
valves and pipes which extend from the reactor pressure vessel up to and including the outermost
isolation valves. The lines of the RCPB, which penetrate the containment, have isolation valves
capable of isolating the containment, thereby precluding any significant release of radioactivity.

Justification for the design of each RCPB line penetrating containment is provided in
Subsection 6.2.4.
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The manner in which RCPB lines that penetrate primary containment meet the requirements of
Criterion 55 is discussed further in the following sections:

Chapter/ Title

Section

5.2 Integrity of Reactor Coolant Pressure Boundary
54.5 Main Steamline Isolation System

5.4.6 Isolation Condenser System

54.8 Reactor Water CleanUp/Shutdown Cooling System
54.9 Main Steamlines and Feedwater Piping

6.2.4 Containment Isolation System

6.2.5 Combustible Gas Control in Containment

7 Instrumentation and Control Systems

15 Safety Analyses

16 Technical Specifications

3.1.5.7 Criterion 56 — Primary Containment Isolation
Criterion 56 Statement

Each line that connects directly to the containment atmosphere and penetrates primary reactor
containment shall be provided with containment isolation valves as follows, unless it can be
demonstrated that the containment isolation provisions for a specific class of lines, such as
instruments lines, are acceptable on some other defined basis:

(1) One locked closed isolation valve inside and one locked closed isolation valve outside
containment; or

(2) One automatic isolation valve inside and one locked closed isolation valve outside
containment; or

(3) One locked closed isolation valve inside and one automatic isolation valve outside
containment (a simple check valve may not be used as the automatic isolation valve outside
containment); or

(4) One automatic isolation valve inside and one automatic isolation valve outside containment
(a simple check valve may not be used as the automatic isolation valve outside
containment).

Isolation valves outside containment shall be located as close to the containment as practical and
upon loss of actuating power, automatic isolation valves shall be designed to take the position
that provides greater safety.

Evaluation Against Criterion 56

Lines penetrating containment and connecting directly to the containment atmosphere are
isolatable by one of the methods specified in Criterion 56 or are exempted, such as the Passive
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Containment Cooling System. A justification is provided for each containment penetration in
Subsection 6.2.4.

The manner in which the containment isolation system meets the requirements of Criterion 56 is
discussed further in the following sections:

Chapter/ Title

Section

6.2.2 Passive Containment Cooling System
6.2.4 Containment Isolation System

7 Instrumentation and Control Systems
15 Safety Analyses

16 Technical Specifications

3.1.5.8 Criterion 57 — Closed System Isolation Valves
Criterion 57 Statement

Each line that penetrates primary reactor containment and is neither part of the reactor coolant
pressure boundary nor connected directly to the containment atmosphere shall have at least one
containment isolation valve which shall be either automatic, or locked closed, or capable of
remote manual operation. This valve shall be outside the containment and located as close to the
containment as practical. A simple check valve may not be used as the automatic isolation valve.

Evaluation Against Criterion 57

Each line that penetrates the containment and is not connected to the containment atmosphere
and is not part of the reactor coolant pressure boundary has at least one isolation valve outside
containment.

The manner in which lines that penetrate the containment boundary but are not part of the RCPB
nor connect to the containment atmosphere meet the requirements of Criterion 57 is discussed
further in the following subsection:

Chapter/ Title
Section
6.2.4 Containment Isolation Systems

3.1.6 Group VI — Fuel and Radioactivity Control

3.1.6.1 Criterion 60 — Control of Releases of Radioactive Materials to the Environment
Criterion 60 Statement

The nuclear power unit design shall include means to control suitably the release of radioactive
materials in gaseous and liquid effluents and to handle radioactive solid wastes produced during
normal reactor operation including anticipated operational occurrences. Sufficient holdup
capacity shall be provided for retention of gaseous and liquid effluents containing radioactive
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materials, particularly where unfavorable site environmental conditions can be expected to
impose unusual operational limitations upon the release of such effluents to the environment.

Evaluation Against Criterion 60

The ESBWR is designed so that releases of radioactive materials, in their gaseous, liquid, and
solid form are minimized. Gaseous releases come primarily from the turbine condenser offgas
and the ventilation systems. Noble gas and iodine activity that enters the turbine offgas system is
held by ambient charcoal beds. Ventilation releases are through the plant stack. The plant stack
and the major streams feeding the plant stack are monitored by the process radiation monitoring
system so that action may be taken to avoid releases in excess of regulatory limits.

The radwaste systems process liquid and solid wastes. Processes are provided to treat and
package solid wastes, as required by applicable state and federal regulations. In addition, the
ESBWR liquid radwaste system can be operated in a mode where non-detergent and non-
chemical waste streams are treated to allow maximum recycle to the condensate storage tank.
This mode of operation would minimize releases of radioactivity via the liquid or discharge
pathway, but would increase solid waste generated.

The radwaste system has significant hold-up capacity, both in waste collection tanks and in
sample tanks containing processed water. This hold-up or surge capacity provides the plant
operator flexibility in operations when deciding when and how to release effluents to the
environment.

The provisions made for controlling the release of radioactive material meet the requirements of
Criterion 60. For further discussion, see the following sections:

Chapter/ Title

Section

11.2 Liquid Waste Management System
11.3 Gaseous Waste Management System
11.4 Solid Waste Management System
11.5 Process Radiation Monitoring System
12.2 Plant Sources

3.1.6.2 Criterion 61 — Fuel Storage and Handling and Radioactivity Control
Criterion 61 Statement

The fuel storage and handling, radioactive waste, and other systems, which may contain
radioactivity shall be designed to assure adequate safety under normal and postulated accident
conditions. These systems shall be designed (a) with capability to permit appropriate periodic
inspection and testing of components important to safety, (b) with shielding for radiation
protection, (c) with appropriate containment, confinement, and filtering systems, (d) with a
residual heat removal capability having reliability and testability that reflects the importance to
safety of decay heat and other residual heat removal, and (e) to prevent significant reduction in
fuel storage coolant inventory under accident conditions.
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Evaluation Against Criterion 61

The spent fuel storage pool has adequate water shielding for stored spent fuel. Adequate
shielding for transporting fuel is also provided in the intermediate pools between the vessel and
spent fuel storage pool. Liquid level sensors are installed to detect low pool water level. The
reactor building is designed to meet Regulatory Guide 1.13 criteria. The spent fuel storage pool
is designed with no penetrations below the water level needed for adequate shielding at the
operating floor. Anti-siphoning provisions protect against draining the spent fuel storage pool in
the event of a line break.

New fuel storage racks are located in the concrete fuel storage vault. No cooling or air filtering
system is required. New fuel storage racks are also provided in the new fuel storage pool
adjacent to the vessel cavity. These storage racks preclude accidental criticality (see evaluation
against Criterion 62). The new fuel storage racks do not require any special in-service inspection
and testing for nuclear safety purposes.

The Nonsafety-Related Fuel and Auxiliary Pools Cooling System (FAPCS) normally removes
decay heat from fuel storage pools. Without the active cooling trains of the FAPCS, the safety-
related method of cooling the spent fuel is to allow the spent fuel pools to boil. Sufficient pool
water inventory is provided to permit boiling for several days without makeup. If required,
makeup water is provided from on site sources for up to at least 7 days from the fire protection
system (FPS). Safety-related FAPCS piping is used to transport makeup water to the spent fuel
pool from FPS (for at least 7 days) and from a connecting point (also safety-related) in the yard
area to portable water sources (See Subsection 9.1.3.2).

The fuel storage and handling system is designed to ensure adequate safety under normal and
postulated abnormal conditions.

The design of these systems meets the requirements of Criterion 61. For further discussion, see
the following sections:

Chapter/ Title

Section

9.13 Fuel and Auxiliary Pools Cooling System
9.5.1 Fire Protection System

11 Radioactive Waste Management System
12 Radiation Protection

3.1.6.3 Criterion 62 — Prevention of Criticality in Fuel Storage and Handling
Criterion 62 Statement

Criticality in the fuel storage and handling system shall be prevented by physical systems or
processes, preferably by use of geometrically safe configurations.

Evaluation Against Criterion 62

Fuel handling and storage facilities are provided to preclude accidental criticality for new and
spent fuel. Criticality in both the new fuel storage pool and dry new fuel storage vault is
prevented by physical separation. Criticality in the spent fuel storage pool is prevented by
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presence of fixed neutron absorbing material. The new and spent fuel racks are Seismic
Category I components.

New fuel is placed in dry storage in the top-loaded new fuel storage vault. This vault contains a
drain to prevent the accumulation of water. Spacing of fuel bundles in the new fuel storage vault
prevents an accidental critical array, even if the vault becomes flooded or subject to seismic
loadings. After installation of the fuel channels, new fuel is stored in the wet new fuel storage
pool. Spacing of the fuel in the new fuel storage pool prevents a critical array even in a seismic
event.

The spent fuel is stored under water in the spent fuel storage pool. A full array of loaded spent
fuel racks is designed to be subcritical. Neutron-absorbing material, as an integral part of the
design, is employed to assure that the calculated ke, including biases and uncertainties, does not
exceed 0.95 under all normal and abnormal conditions. The abnormal conditions accounted for
are an earthquake, accidental dropping of equipment, or impact caused by the horizontal
movement of the fuel handling equipment without first disengaging the fuel from the hoisting
equipment.

Refueling interlocks include circuitry that senses conditions of the refueling equipment and the
control rods. These interlocks reinforce the operational procedures that prohibit making the
reactor critical. The fuel handling system is designed to provide a safe, effective means of
transporting and handling and is designed to minimize the possibility of mishandling or
maloperation.

The presence of fixed neutron-absorbing material in the spent fuel storage, physical separation in
the new fuel storage and the design of fuel handling systems precludes accidental criticality in
accordance with Criterion 62. For further discussion, see the following section:

Chapter/ Title
Section
9.1 Fuel Storage and Handling

3.1.6.4 Criterion 63 — Monitoring Fuel and Waste Storage
Criterion 63 Statement

Appropriate systems shall be provided in the fuel storage and radioactive waste systems and
associated handling areas to (1) detect conditions that may result in loss of residual heat removal
capability and excessive radiation levels, and (2) initiate appropriate safety actions.

Evaluation Against Criterion 63

Fuel pool temperature and level are monitored as part of the Fuel and Auxiliary Pool Cooling
System (FAPCS). High pool temperature or low skimmer surge tank level would signal the need
for providing additional cooling. Area radiation monitors are provided as part of the Area
Radiation Monitoring System, which monitors the operating/refueling floor for high radiation
levels.

The radwaste system has no active decay heat removal functions, since the decay heat from the
activity in the inputs to radwaste is not sufficient to warrant concern. Radwaste building area
radiation monitors are provided to protect against excessive personal exposure, and monitoring
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shipping container activity and surface radiation levels to meet appropriate waste and
transportation criteria.

The design of these systems meets the requirements of Criterion 63. For further discussion, see
the following subsections:

Chapter/ Title

Section

548 Reactor Water Cleanup/Shutdown Cooling System
9.13 Fuel and Auxiliary Pools Cooling System

9.2.6 Condensate Storage and Transfer System

11 Radioactive Waste Management System

12 Radiation Protection

3.1.6.5 Criterion 64 — Monitoring Radioactivity Releases
Criterion 64 Statement

Means shall be provided for monitoring the reactor containment atmosphere, spaces containing
components for recirculation of loss-of-coolant accident fluids, effluent discharge paths, and the
plant environs for radioactivity that may be released from normal operations, including
anticipated operational occurrences and from postulated accidents.

Evaluation Against Criterion 64

Means have been provided for monitoring radioactivity releases resulting from normal and
anticipated operational occurrences and from postulated accidents. The following releases are
monitored:

e Gaseous releases; and
e Liquid discharge.
In addition, the containment atmosphere is monitored.
The design of these systems meets the requirements of Criterion 64.

For further discussion of the means and equipment used for monitoring reactivity releases, see
the following sections:

Chapter/ Title

Section

5.2.5 Reactor Coolant Pressure Boundary Leakage Detection

7.5 Safety-Related and Nonsafety-Related Information Systems
11.2 Liquid Waste Management System

11.5 Process Radiation Monitoring System
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3.1.7 COL Information

None.
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3.2 CLASSIFICATION OF STRUCTURES, SYSTEMS AND COMPONENTS

ESBWR structures, systems and components (SSCs) are categorized as safety-related (as defined
in 10 CFR 50.2) or Nonsafety-Related. The safety-related structures, systems and components
are those relied upon to remain functional during and following design basis events to ensure:

e The integrity of the reactor coolant pressure boundary (RCPB);
e The capability to shut down the reactor and maintain it in a safe condition; or

e The capability to prevent or mitigate the consequences of accidents that could result in
potential offsite exposures comparable to the applicable guidelines exposures set forth in
10 CFR 50.34(a)(1).

Safety-related structures, systems and components conform to the quality assurance requirements
of Appendix B to 10 CFR 50. Nonsafety-Related structures, systems and components have
quality assurance requirements applied commensurate with the importance of the item's function.
The quality assurance program is described in Chapter 17.

The ESBWR complies with 10 CFR 50, Appendix A, General Design Criterion (GDC) 2, as the
safety-related structures, systems and components are designed to withstand the effects of
earthquakes without loss of capability to perform their safety-related functions. Specific
requirements for seismic design and quality group classifications are identified for these ESBWR
items commensurate with their safety classification. Table 3.2-1 identifies these classifications
for ESBWR structures, systems and components.

3.2.1 Seismic Classification

The ESBWR meets the acceptance criteria of SRP 3.2.1 (Reference 3.2-1). Structures that must
remain integral with systems and components (including their foundations and supports) that
must remain functional or retain their pressure integrity in the event of a safe shutdown
earthquake (SSE) are designated Seismic Category I. These include safety-related items and fuel
storage racks.

The Seismic Category I structures, systems, and components are designed to withstand the
appropriate seismic loads (as discussed in Section 3.7) in combination with other appropriate
loads without loss of function or pressure integrity. The seismic classifications indicated in
Table 3.2-1 are consistent with the guidelines of Regulatory Guide 1.29 (Reference 3.2-2).

Structures, systems and components that perform no safety-related function, but whose structural
failure or interaction could degrade the functioning of a Seismic Category I item to an
unacceptable level of safety or could result in incapacitating injury to occupants of the Main
Control Room, are designated Seismic Category II. These items are designed to structurally
withstand the effects of an SSE.

Structures, systems, and components that are not categorized as Seismic Category I or II are
designated Seismic Category NS.

NS (non-seismic) structures and equipment are designed for seismic requirements in accordance
with the International Building Code (IBC) Reference 3.2-6. The building structures are
classified as Category IV (Power Generating Stations) with an Occupancy Importance Factor of
1.5. Either of the methods permitted by the IBC, simplified analysis or dynamic analysis, is
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acceptable for determination of seismic loads on NS structures and equipment including those
designated as Regulatory Treatment of Non-Safety Systems (RTNSS). Refer to Appendix 19A,
Table 19A-1 for a list of RTNSS SSCs.

3.2.2 System Quality Group Classification

The ESBWR meets the acceptance criteria of SRP 3.2.2 (Reference 3.2-3). NRC Regulatory
Guide 1.26 (Reference 3.2-4) describes a quality group classification method for fluid systems
and relates it to industry codes. Items are classified by Quality Group A, B, C or D, as indicated
in Table 3.2-3. Table 3.2-3 tabulates the design and fabrication requirements for each quality
group, as defined in Regulatory Guide 1.26.

Table 3.2-1 shows the quality group classifications for ESBWR components. Although not
within the scope of the regulatory guide, the containment boundaries that are within the scope of
ASME Code, Section III, are assigned quality group classifications in accordance with
Table 3.2-2.

Due to the use of many passive safety-related systems in ESBWR, the definitions of the Quality
Groups provided in Regulatory Guide 1.26 can be somewhat misleading when trying to apply
them directly to the ESBWR design. The following definitions in this section, which are based
on Section 6 of ANS Standard 58.14, are consistent with the definitions in Regulatory Guide
1.26 but have been modified to more accurately describe their application to the ESBWR design.

3.2.2.1 Quality Group A

Quality Group A (QGA) applies to pressure-retaining portions and supports of mechanical items
that form part of the RCPB and whose failure could cause a loss of reactor coolant in excess of
the reactor coolant normal makeup capability. These items are designed to meet the ASME
Boiler and Pressure Vessel Code, Section III. Remaining portions of the RCPB are classified in
accordance with Subsection 3.2.2.2.

3.2.2.2 Quality Group B

Quality Group B (QGB) applies to pressure-retaining portions and supports of containment and
other mechanical items, requirements for which are within the scope of ASME Boiler and
Pressure Vessel Code, Section III. These items are not assigned to QGA and are relied upon to
accomplish one or more of the following safety-related functions:

e Maintain pressure integrity of RCPB items that are not QGA.

e During or following design basis accidents whose consequences could result in potential
offsite exposures comparable to the guidelines of 10 CFR 50.34(a)(1). These items
include those that:

— Maintain pressure integrity of the containment, containment isolation, or extension of
containment.

— Maintain pressure integrity of items that are (1) exterior to the containment;
(2) communicate with the RCPB or containment interior; and (3) are not isolated
normally, cannot be automatically isolated, or are not isolated following design basis
accident or anticipated operation occurrence (transient).
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— Maintain pressure integrity of items that provide emergency negative reactivity
insertion (scram).

As defined in Regulatory Guide 1.26, the QGB standards defined in Table 3.2-3 are applied to
water- and steam-containing pressure vessels, heat exchangers (other than turbines and
condensers), storage tanks, piping, pumps, and valves that are either part of the reactor coolant
pressure boundary as defined in 10 CFR 50.2(a) but excluded from the requirements of
10 CFR 50.55a pursuant to footnote 2 of that section or not part of the reactor coolant pressure
boundary but part of:

a. Systems or portions of systems important to safety that are designated for (1)
emergency core cooling, (2) post-accident containment heat removal, or (3) post-
accident fission product removal.

b. Systems or portions of systems important to safety that are designed for (1) reactor
shutdown or (2) residual heat removal.

c. Those portions of the steam systems of boiling water reactors extending from the
outermost containment isolation valve up to but not including the turbine stop and
bypass valves and connected piping up to and including the first valve that is either
normally closed or capable of automatic closure during all modes of normal reactor
operation. Alternatively, for boiling water reactors containing a shutoff valve (in
addition to the two containment isolation valves) in the main steam line and in the main
feedwater line, Group B quality standards should be applied to those portions of the
steam and feedwater systems extending from the outermost containment isolation
valves up to and including the shutoff valve or the first valve that is either normally
closed or capable of automatic closure during all modes of normal reactor operation.

d. Systems or portions of systems that are connected to the reactor coolant pressure
boundary and are not capable of being isolated from the boundary during all modes of
normal reactor operation by two valves, each of which is either normally closed or
capable of automatic closure.

Quality Group B may also be assigned to Nonsafety-Related equipment in some instances.

3.2.2.3 Quality Group C

Quality Group C (QGC) applies to pressure-retaining portions and supports of items that are not
assigned to QGA or QGB, but (1) are within the scope of the codes and standards defined on
Table 3.2-3, and (2) are relied upon to accomplish safety-related functions.

As defined in Regulatory Guide 1.26, the QGC standards defined in Table 3.2-3 are applied to
water-, steam- and radioactive-waste-containing pressure vessels, heat exchangers (other than
turbines and condensers), storage tanks, piping, pumps, and valves not part of the reactor coolant
pressure boundary or included in QGB but part of:

a. Cooling water and auxiliary feedwater systems or portions of these systems important
to safety that are designed for (1) emergency core cooling, (2) post-accident
containment heat removal, (3) post-accident containment atmosphere cleanup, or (4)
residual heat removal from the reactor and from the spent fuel storage pool (including
primary and secondary cooling systems). Portions of these systems that are required
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for their safety functions and that (1) do not operate during any mode of normal reactor
operation and (2) cannot be adequately tested should be classified as Quality Group B.

b. Cooling water and seal water systems or portions of these systems important to safety
that are designed for functioning on components and systems important to safety, such
as reactor coolant pumps, diesels, and control room.

c. Systems or portions of systems that are connected to the reactor coolant pressure
boundary and are capable of being isolated from that boundary during all modes of
normal reactor operation by two valves, each of which is either normally closed or
capable of automatic closure.

d. Systems, other than radioactive waste management systems, not covered by items a.
through c. above that contain or may contain radioactive material and whose postulated
failure would result in conservatively calculated potential offsite doses (using
methodology as recommended by Regulatory Guide 1.3) that exceed 0.5 rem to the
whole body or its equivalent to any part of the body. For those systems located in
Seismic Category I structures, only single component failures need be assumed.

Quality Group C may also be assigned to Nonsafety-Related equipment in some instances.

3.2.2.4 Quality Group D

Quality Group D (QGD) applies to pressure-retaining portions and supports of items that are not
assigned to QGA or QGB, or QGC but (1) are within the scope of the codes and standards
defined on Table 3.2-3, and (2) are subject to one or more significant licensing requirements or
commitments. These items include those that:

e Process, extract, encase, or store radioactive waste.

e Monitor radioactive effluents to ensure that release rates or total releases are within limits
established for normal operation and design basis transients.

e Resist failure that could prevent any QGA, QGB or QGC items from performing a safety-
related function

e Protect items necessary to attain or maintain safe shutdown following fire.

3.2.3 Safety Classification

Safety-related structures, systems, and components of the ESBWR Standard Plant are classified
for design requirements as Safety Class 1, Safety Class 2, or Safety Class 3 in accordance with
their safety importance. These safety classifications are identified on Table 3.2-1 for principal
structures, systems, and components. Components within a system are assigned different safety
classes depending upon their differing safety importance; a system may thus have components in
more than one safety class. Safety classification for supports within the scope of ASME Code
Section III depends upon that of the supported component.

The definitions of the safety classes in this section are based on ANS Standard 58.14 (Reference
3.2-5), and examples of their broad application are given. Because of specific design
considerations, these general definitions are subject to interpretation and exceptions. Table 3.2-1
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identifies component classifications on a component-by-component basis for primary
components.

Minimum classification requirements (i.e., quality group, seismic category, electrical
classification and quality assurance) that are applicable to the various safety-related classes are
delineated in Table 3.2-2. Table 3.2-3 identifies the applicable industry codes and standards for
the various quality groups defined above in Section 3.2.2. Where possible, reference is made to
accepted industry codes and standards which define design requirements commensurate with the
safety-related function(s) to be performed. In cases where industry codes and standards have no
specific design requirements, the sections that summarize the requirements to be implemented in
the design are indicated.

Structures, systems and components that have no safety-related function are classified as
Nonsafety-Related and designated N.
3.2.3.1 Safety Class 1

Safety Class 1 (SC-1) applies to all components of the reactor coolant pressure boundary (as
defined in 10 CFR 50.2), and their supports, whose failure could cause a loss of reactor coolant
at a rate in excess of the normal makeup system, and which are within the scope of the ASME
Code Section III.

Safety Class 1 structures, systems and components are identified in Table 3.2-1. All Safety Class
1 SSCs are subject to 10 CFR 50 Appendix B quality assurance requirements. Safety Class 1
SSCs that are pressure-retaining components belong to Quality Group A as defined in Section
3.2.2.1.

3.2.3.2 Safety Class 2

Safety Class 2 (SC-2) applies to pressure-retaining portions, and their supports, of primary
containment and to other mechanical equipment, requirements for which are within the scope of
the ASME Code Section III, that are not included in SC-1 and are designed and relied upon to
accomplish the following safety-related functions:

(1) Provide primary containment radioactive material holdup or isolation;

(2) Provide emergency heat removal for the primary containment atmosphere to an
intermediate heat sink, or emergency removal of radioactive material from the primary
containment atmosphere;

(3) Introduce emergency negative reactivity to make the reactor subcritical;

(4) Ensure emergency core cooling where the equipment provides coolant directly to the core
(e.g., emergency core cooling systems); and

(5) Provide or maintain sufficient reactor coolant inventory for emergency core cooling (e.g.,
GDCS pools).

Safety Class 2 includes the pressure-retaining portions of the following:

(1) Those control rod drive system components that are necessary for emergency negative
reactivity insertion;

(2) Emergency core cooling systems;
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3)
4
)

Primary containment vessel;
Post-accident containment heat removal systems; and

Pipes having a nominal pipe size of 25 mm (1 inch) or smaller that are part of the reactor
coolant pressure boundary.

Safety Class 2 structures, systems, and components are identified in Table 3.2-1. All Safety
Class 2 SSCs are subject to 10 CFR 50 Appendix B quality assurance requirements. Safety
Class 2 SSCs that are pressure-retaining components belong to Quality Group B (as a minimum)
as defined in Section 3.2.2.2.

3.2.3.3 Safety Class 3

Safety Class 3, (SC-3) applies to those structures, systems, and components, not included in SC-
1 or -2, that are designed and relied upon to accomplish the following safety-related functions:

(1)

)
3)

(4)

)

(6)

(7)
(8)
)

(10)
(11)

(12)

(13)

(14)
(15)

Provide for functions defined in SC-1 or —2 by means of equipment, or portions thereof,
that is not within the scope of the ASME Code Section III.

Provide secondary containment radioactive material holdup, isolation, or heat removal.

Except for primary containment boundary extension functions, ensure hydrogen
concentration control of the primary containment atmosphere to acceptable limits.

Remove radioactive material from the atmosphere of confined spaces outside primary
containment (e.g., control room) containing SC-1, -2, or -3 equipment.

Maintain geometry within the reactor to ensure core reactivity control or core cooling
capability.

Structurally bear the load or protect SC-1, -2, or -3 equipment in accordance with the
requirements.

Provide radiation shielding for the control room or offsite personnel.
Provide inventory of cooling water and shielding for stored spent fuel.

Ensure safety-related functions provided by SC-1, -2, or -3 equipment (e.g., provide heat
removal for SC-1, -2, or -3 heat exchangers, provide lubrication of SC 2 or -3 pumps).

Provide actuation or motive power for SC-1, -2, or -3 equipment.

Provide information or controls to ensure capability for manual or automatic actuation of
safety-related functions required of SC-1, -2, or -3 equipment.

Supply or process signals or supply power required for SC-1, -2, or -3 equipment to
perform their required safety-related functions.

Provide a manual or automatic interlock function to ensure or maintain proper performance
of safety-related functions required of SC-1, -2, or -3 equipment.

Provide acceptable environments for SC-1, -2, or -3 equipment and operating personnel.

Monitor plant variables that are identified requiring Category 1 electrical instrumentation in
Table 1 of Regulatory Guide 1.97.
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Safety Class 3 includes the following:
(1) Reactor protection system

(2) Electrical and instrumentation auxiliaries necessary for operation of the safety-related
systems and components.

(3) Systems or components that restrict the rate of insertion of positive reactivity

(4) Initiating systems required to accomplish emergency core cooling, containment isolation
and other safety-related functions

(5) Spent fuel pool
(6) Batteries for the onsite emergency electrical system
(7) Emergency equipment area cooling

(8) Compressed gas or hydraulic systems required to provide control or operation of safety-
related systems

Safety Class 3 structures, systems and components are identified in Table 3.2-1. All Safety Class
3 SSCs are subject to 10 CFR 50 Appendix B quality assurance requirements. Safety Class 3
SSCs that are pressure-retaining components belong to Quality Group C (as a minimum) as
defined in Section 3.2.2.3.

3.2.3.3.1 NonSafety-Related

Structures, systems and components that do not fall into Safety Classes 1, 2 or 3 are classified as
“Nonsafety-Related,” which is abbreviated as “N” in Table 3.2-1.

The design requirements for Nonsafety-Related equipment are specified by the designer with
appropriate consideration of the intended service of the equipment and expected plant and
environmental conditions under which it will operate.

Where appropriate or required by specific regulations, Seismic Category I requirements are
specified for Nonsafety-Related equipment in Table 3.2-1. Generally, design requirements for
Nonsafety-Related equipment are based on applicable industry codes and standards as
summarized in Table 3.2-3. Where these are not available, accepted industry or engineering
practice is followed.

3.2.4 COL Information

None.

3.2.5 References

Note: Detailed references for all Regulatory Guides and Industry Codes and Standards referred
to in Tables 3.2-1 through 3.2-3 can be found in Tables 1.9-21 and 1.9-22.

3.2-1 USNRC, “Seismic Classification,” NUREG-0800, SRP 3.2.1.
3.2-2 USNRC, “Seismic Design Classification,” Regulatory Guide 1.29.
3.2-3 USNRC, “System Quality Group Classification.” NUREG-0800, SRP 3.2.2.
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3.2-4 USNRC, “Quality Group Classifications and Standards for Water-, Steam-, and
Radioactive-Waste-Containing Components of Nuclear Power Plants,” Regulatory Guide
1.26.

3.2-5 American Nuclear Society, “Safety and Pressure Integrity Classification Criteria for
Light Water Reactors,” ANS 58.14.

3.2-6 International Building Code — 2003 by International Code Council, Inc. (300-214-4321).

3.2-7 NRC Regulatory Guide 1.3, “Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss of Coolant Accident for Boiling Water Reactors.”

3.2-8 NRC Regulatory Guide 1.97, “Criteria for Accident Monitoring Instrumentation for
Nuclear Power Plants.”
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Table 3.2-1

Classification Summary

Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location® Group® Req.’ Category® Notes

B NUCLEAR STEAM SUPPLY SYSTEMS
B11 Reactor Pressure Vessel System

1. Reactor pressure vessel 1 Cv A B I

2.  Reactor vessel appurtenances — reactor 1 (A% A B I
coolant pressure boundary (RCPB)
portions

3.  Control Rod Drive (CRD) housing and 1 Cv A B I
in-core housing

. Control rods 2 Ccv — B I

5. Standby Liquid Control (SLC) system 2 (Y% — B I
header and spargers

6.  Reactor vessel support and stabilizer 1 Ccv A B I

7.  Other safety-related reactor internals, 3 Cv B B I

including core support structures
(Subsection 3.9.5)

8.  Reactor internals — Nonsafety-Related N CV — E 1I
components (Subsection 3.9.5)

B21 Nuclear Boiler System (NBS)

1. Level instrumentation condensing 1 CvV A B I
chambers

2.  Safety relief valves (SRVs) and 1 Cv A B I
depressurization valves (DPVs)

3.  Safety relief discharge piping (including 3 Cv C B I
supports)

4. Nitrogen accumulators (for ADS and 3 Ccv C B I

manual actuation of SRVs)
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Table 3.2-1

Classification Summary

Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location’ Group® Req.’ Category® Notes

5. Piping and valves (including supports) 1 CV,RB A B I
for main steamlines (MSL) and
feedwater (FW) lines up to and including
the outermost containment isolation
valves

6.  Piping (including supports) for MSL 2 RB B B I Seismic interface restraints are located inside the
from outermost isolation valve to and seismic category I building.
including seismic interface restraint and
FW from outermost isolation valve to
and including the shutoff valve
Deleted.

8.  Piping and valves (including supports)
from FW shutoff valve to the seismic
interface restraint

9.  Pipe whip restraints 3 CV,RB — B Torll Pipe Whip Restraints —Pipe Whip Restraints

are required on the Main Steam Line (MSL) and
Feedwater (FW) piping.
10. Main steam drain piping and valves 1 CV,RB A B I (7)
(including supports) within outermost
containment isolation valves

11. RPV head vent piping and valves 1 Ccv A B I
(including supports) to the main steam
line and to the second isolation valve

[\
&
vs}
vs)
—

12. Piping (including supports) for main N TB B B II
steam drains beyond outermost MSL
isolation valves up to and including
second drain isolation valve
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Table 3.2-1
Classification Summary
Safety Quality QA  Seismic

IPrincipal Components’ Class.” Location® Group' Req.’ Category® Notes
13. Piping and valves (including supports) N TB D E 11

for main steam drains beyond outermost

MSL isolation valves downstream of

second drain isolation valve
14. Piping (including supports) for 2 CV,RB B B I @)

instrumentation up to and including first

instrument isolation valve
15. Piping and valves (including supports) N CV,RB D E NS @)

for instrumentation downstream of first
instrument isolation valve

16. Other mechanical modules with safety- 3 CV,RB, — B I
related function CB

17. Other electrical modules, cable, and 3 CV,RB, — B I
instrumentation with safety-related CB
function

B32 Isolation Condenser System (ICS)

1.  Piping and valves (including supports) 1 CvV A B I

inside containment between reactor and
the containment penetration

2.  Isolation condenser and piping outside 2 RB B B I
containment

3. Vent piping and valves (including 2 CV,RB B B I
supports) to suppression pool

4. Electrical modules and cable with safety- 3 CV,RB — B I
related function

5.  Pneumatic accumulators 3 CV,RB C B I
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Table 3.2-1
Classification Summary
Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location’ Group® Req.’ Category® Notes
C CONTROL AND INSTRUMENT SYSTEMS
C11 Rod Control and Information System N RB, CB — E NS
(RC&IS)
C12 Control Rod Drive System (CRD)
1.  CRD primary pressure boundary 1 CcvV A B I
2.  CRD internals 3 Cv — B I
3. Hydraulic control unit 2 RB — B I ®)
4. Piping including supports — insert line 2 CV,RB B B I
5. High pressure makeup piping including 2 RB B B I CRD piping classification is consistent with
supports, the check valve, and the piping to which it connects.
injection valve at the connection to
RWCU/SDC
6.  Piping and valves with no safety-related N RB D E 11 @)
function (pump suction, pump discharge,
drive header, and other piping not part of
hydraulic control unit)
CRD water pumps N RB D E 11
8.  Fine motion drive motor N Cv — E II
Electrical modules and cable with safety- 3 CV, RB, — B I
related function CB
10. ATWS equipment associated with the N RB — E 11 Anticipated Transients Without Scram
Alternate Rod Insert (ARI) functions (ATWS) Equipment — A quality assurance
program that meets or exceeds the guidance of
NRC Generic Letter 85-06 is applied to all
Nonsafety-Related ATWS equipment.
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Classification Summary
Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location’ Group® Req.’ Category® Notes
C21 Leak Detection and Isolation System (LD&IS)
1. Electrical modules (temperature sensors, 3 CV,RB, — B I
pressure transmitters, etc.) and cable CB
with safety-related function
2. Other electrical modules and cable with N CV, RB, — E NS
no safety-related function CB
C31 Feedwater Control System (FWCS) N CV,TB, — E NS
RB, CB,
EB
C41 Standby Liquid Control (SLC) System
1. Standby liquid control accumulator 2 RB B B I
including supports
. Valves — injection 1 RB A B I
3.  Piping and valves (including supports) 1 CV,RB A B I @)
between injection valves and reactor
vessel
4.  Piping and valves (including supports) 2 RB B B I @)
upstream of injection valves and
downstream of automatic N, makeup
valve
5. Nj gas bottles and associated piping up N RB — E NS
to automatic N, makeup valve
6.  Electrical modules and cable with safety- 3 RB, CB — B I
related function
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Table 3.2-1

Classification Summary

Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location® Group' Req.’ Category® Notes
7.  Electrical modules and cable — others N RB, CB — E NS Anticipated Transients Without Scram
(ATWS) Equipment — A quality assurance
program that meets or exceeds the guidance of
NRC Generic Letter 85-06 is applied to all
Nonsafety-Related ATWS equipment.
C51 Neutron Monitoring System (NMS)
1.  Detector and tube assembly — primary 2 ()% B B I
pressure boundary
. Detector and tube assembly — internals 3 CvV C B I
3.  Electrical modules and cable — SRNM, 3 CV, CB, — B I
LPRM, and APRM RB
C61 Remote Shutdown System (RSS)
1. Safety-related panels 3 RB — B I
2.  Nonsafety-Related panels N RB — E II
C62 NonSafety-Related DCIS
1.  Electrical modules and cable with no N RB, CB, — E NS
safety-related function RW
2.  Performance Monitoring and Control N CB — E NS
Subsystem (PMCS) equipment
C63 Safety-Related DCIS
1.  Electrical modules and cables with 3 RB, CB — B I
safety-related function
C71 Reactor Protection System (RPS) 3 CB, TB, — B I
RB
C72 Diverse Instrumentation and Control N CB, RB — E NS
System
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connected with the reactor vessel,
including the squib valves, and up to and
including the check valves upstream of
the squib valves

3.2-15

Safety Quality QA  Seismic

IPrincipal Components’ Class.” Location’ Group® Req.’ Category® Notes

C74 Safety System Logic and Control 3 RB, CB — B I
(SSLC)

C82 Plant Automation System N CB — E NS

C85 Steam Bypass and Pressure Control N CB — E NS
(SB&PC) System

D  RADIATION MONITORING SYSTEMS

D11 Process Radiation Monitoring System (PRMS)

1.  Radiation monitors, sensors, and other 3 CV, RB, — B I
electrical modules and cable with safety- CB
related function

2.  Fission product monitoring piping and 2 CV,RB B B I
valves (including supports) forming part
of the containment boundary

3.  Fission product monitoring system (other N CV,RB, — E NS
portions) CB

4. Other electrical modules and cable with N ALL — E NS
no safety-related function

D21 Area Radiation Monitoring System N ALL, — E NS
(ARMS) except CV

E CORE COOLING SYSTEMS

50 Gravity-Driven Cooling System (GDCS)
1 Piping and valves (including supports) 1 Cv A B I
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Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location® Group’ Req.’ Category® Notes
2.  Piping and valves (including supports) 2 ()% B B I
from the check valves upstream of the
squib valves to the suppression pool and
GDCS pools
3.  Piping and valves (including supports) 2 ()% B B I
from the GDCS pools to the lower
drywell
4. Safety-related electrical modules, 3 CV, RB, — B I
components and cables CB
5. GDCS pool splash guard and perforated 3 Cv C B I
plate
6.  Nonsafety-Related electrical modules, N CV, RB, — E 11
components and cable CB

REACTOR SERVICING EQUIPMENT

Fuel Servicing Equipment N FB, RB — E NS
IFIZ Miscellaneous Servicing Equipment N FB, RB — E NS
IF13 Reactor Pressure Vessel Servicing

Equipment
1. RPV head holding pedestal N RB — E I
2.  All other RPV servicing equipment N RB — E NS
|F14 RPYV Internal Servicing Equipment N RB — E NS
IF15 Refueling Equipment
1. Fuel Handling Machine N FB — E 11
2.  Refueling Machine N RB — E 1I
3.  Refueling bellows N Ccv — E NS
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IF16 Fuel Storage Facility
1. Fuel storage racks - new and spent N RB, FB — E I
[F17 Under-RPV Servicing Equipment N Ccv — E NS
F21 CRD Maintenance Facility N FB — E NS
tF32 Fuel Cask Cleaning Facility N RB — E NS
tF41 Plant Startup and Test Equipment N Cv — E NS

IF42 Fuel Transfer System (FTS)

1. Transfer tube assembly from interface N RB, FB D E I
with upper fuel pool, through building to
lower spent fuel pool terminus
equipment, including drain connection

2.  Remaining equipment N RB, FB — E NS

G DECAY HEAT REMOVAL NETWORK
G21 Fuel and Auxiliary Pools Cooling System (FAPCS)

1.  Piping and valves including supports 2 CV,RB B B I
between containment isolation valves
(including valves) for
— Suppression pool return line
— GDCS pool suction line
— GDCS pool return line
— Drywell spray discharge line
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IPrincipal Components'

Safety
Class.’

Quality QA  Seismic
Location® Group® Req.’ Category®

Notes

2.

Piping between inboard manual valve
and second outboard containment
isolation valve on suppression pool
suction line, as well as the LPCI piping
between the RWCU/SDC interface and
the second isolation valve.

Independent line (including piping,
valves, and supports) for safety-related
makeup to IC/PCC and spent fuel pools
from piping connections at grade level in
reactor yard area and to the fire
protection system.

GDCS pool interconnecting pipes

Piping and components outside
containment needed for fuel pool
cooling, suppression pool cooling, LPCI
and drywell spray modes of operation
including skimmer lines and all
components in the cooling and cleanup
trains.

Suppression pool suction line inside
containment between inboard manual
valve and its termination point (including
suction strainers)

2

CV,RB B B I
00, RB, C B I
FB
Ccv C B I
RB, FB B E II
Ccv C E I
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IPrincipal Components'

Safety Quality QA  Seismic
Class.” Location’ Group® Req.’ Category®

Notes

7.

10.

1.

12.

13.

Piping and valves inside containment

between inboard containment isolation
valves and their termination points inside

containment for:
— Suppression pool return line
— Drywell spray discharge line

Piping and valves inside containment

between inboard containment isolation
valves and their termination points inside

containment for:
— GDCS pool suction line
— GDCS pool return line

IC/PCC pools active cooling and cleanup

subsystem piping, and components.

Auxiliary pools skimmer lines, and
auxiliary pool return lines between
isolation valves and terminus points.

Instrument sensing lines for the
following parameters

— IC/PCC pool water level

— Spent fuel pool level

Electrical modules and cables with
safety-related function (containment
isolation, LPCI isolation)

Electrical modules and cables with
Nonsafety-Related function

N Ccv C E I

N RB D E II

3 RB, CB, — B I
CV,FB

N RB, CB, — E II
FB
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side and piping (including supports and
valves) carrying process water

3.2-20

Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location’ Group® Req.’ Category® Notes
14. Control and instrumentation required for N RB, FB, — E I
spent fuel pool cooling, suppression pool CB
cooling and drywell spray modes of
operation
15. All other controls and instrumentation N RB, FB, — E 11
CB
G31 Reactor Water Cleanup/Shutdown Cooling (RWCU/SDC) System
1. Piping including supports and valves 1 CV,RB A B I @)
within and including outermost
containment isolation valves on pump
suction
2.  Piping including supports and valves 2 RB B B I @)
from feedwater lines to and including RWCU/SDC piping classification is consistent
shutoff valves with piping to which it connects.
3.  Vessels including supports N RB C E I
(demineralizer)
4.  Regenerative heat exchangers (including N RB C E I
supports) carrying reactor water
5. Cleanup recirculation pump, motors N RB C E I
6.  Other piping including supports and N RB C E I @)
valves between containment isolation
valves and shutoff valves at feedwater
line connections
7.  Nonregenerative heat exchanger tube N RB C E I
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Design Control Document/Tier 2

with no safety-related function

Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location® Group' Req.’ Category® Notes
8.  Nonregenerative heat exchanger shell N RB D E I
and piping (including supports and
valves) carrying cooling water
9.  Sample station RB D E I
10. Electrical modules and cable with safety- 3 RB, CB — B I
related function
11. Electrical modules and cable with no N RB, CB — E 11
safety-related function
12. Overboard line piping outside reactor N TB C E 1I
building
ﬁ: CONTROL PANELS
11 Main Control Room Panels
1. Panels, electrical modules, and cable 3 CB — B I Control Panels — Panels and associated
with safety-related function structures that support or house safety-related
mechanical or electrical components are safety-
related.
2.  Panels, electrical modules, and cable N CB — E I
with no safety-related function
(H12 MCR Back Room Panels
1.  Panels, electrical modules, and cable 3 CB — B I Control Panels — Panels and associated
with safety-related function structures that support or house safety-related
mechanical or electrical components are safety-
related.
2.  Panels, electrical modules, and cable N CB — E II
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Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location’ Group® Req.’ Category® Notes
[H14 Radwaste Control Room Panels N RW — E NS Radwaste Management Systems — A quality
assurance program meeting the guidance of NRC
Regulatory Guide 1.143 is applied to radioactive
waste management systems during design and
construction.
[H21 Local Panels and Racks
1. Panels, electrical modules, and cable 3 ALL — B I Control Panels — Panels and associated
with safety-related function structures that support or house safety-related
mechanical or electrical components are safety-
related.
2.  Panels, electrical modules, and cable N ALL — E NS
with no safety-related function
J  NUCLEAR FUEL
J10 Core and Fuel Services No physical items to be classified
J11 Nuclear Fuel 3 CV, RB, — B I Nuclear fuel and channels are designed in
FB accordance with NRC-approved methodology as
described in chapters 4, 15 and Reference 15.0-2.
J12 Fuel Channel 3 CV,RB, — B I See note for J11.
FB
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Safety Quality QA  Seismic
rincipal Components' Class.” Location’ Group® Req.’ Category® Notes

RADIOACTIVE WASTE MANAGEMENT SYSTEMS
10 Liquid Waste Management System

(LWMS)
1. Mechanical modules (including N RB, RW D E NS Radwaste Management Systems — A quality
supports) (see note) assurance program meeting the guidance of
Regulatory Guide 1.143, as applied to radioactive
waste management systems, is described in
Chapter 17. The radioactive Waste Management
System components conform to Regulatory
Guide 1.143 Table 1. For Radwaste processing
systems, Regulatory Guide 1.143 Table 1
modifies Regulatory Guide 1.26 Table 1 Quality
Group D. This modification is acceptable per
Standard Review Plan 3.2.2 Appendix C
Note (9). Applicable portions of Regulatory
Guide 1.143 Table 1 are reprinted in Chapter 11
Table 11.2-1.
2.  Electrical modules and cabling N RB,RW (seenote) E NS Same as above.
K20 Solid Waste Management System
(SWMS)
1. Mechanical modules (including N RB, RW D E NS See note for K10 item 1.
supports) (see note)
2.  Electrical modules and cabling N RB,RW (seenote) E NS See note for K10 item 1.
K30 Offgas System (OGS) N TB D E NS Offgas System — See note for K10 item 1.
(see note)
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Safety Quality QA  Seismic

IPrincipal Components’ Class.” Location® Group' Req.’ Category® Notes

N POWER CYCLE SYSTEMS

IN11 Turbine Main Steam System (TMSS)

1.  Turbine Main Steam System (TMSS) N TB B B I Main Steam Lines — TMSS lines are designed to
consists of the piping (including ASME Section III Code, Class 2. TMSS piping
supports) for the MSL from the seismic is not code stamped and does not require ASME
interface restraint (or seismic guide) to authorized inspection. Lines smaller than
the turbine stop valves, turbine bypass 63.5 mm (2.5 inches) are NS. Also see Figure
valves and the connecting branch lines 3.2-1.
up to and including their isolation valves.

2. Other mechanical and electrical modules N TB D E NS

IN21 Condensate and Feedwater System (C&FS) Feedwater lines from seismic isolation restraint to

last feedwater heater are Quality Group B,
Seismic Category II. See Figure 3.2-2.

1.  Main feedwater line (FW) beyond N TB D E NS
seismic interface restraint

IN22 Heater Drain and Vent System N TB — E NS
(HDVS)

IN25 Condensate Purification System (CPS) N TB D E NS

IN31 Main Turbine N TB — E NS

IN32 Turbine Generator Control System N TB D E NS )]

(TGCS)

IN33 Turbine Gland Seal System (TGSS) N TB D E NS

N34 Turbine Lubricating Oil System N TB — E NS
(TLOS)

IN35 Moisture Separator Reheater (MSR) N TB — E NS

IN36 Extraction System N TB — E NS
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Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location’ Group® Req.’ Category® Notes
IN37 Turbine Bypass System (TBS) N TB D E 11 TBS lines are designed to ASME Section I11
Code, Class 2. TBS piping is not code stamped
and does not require ASME authorized
inspection. Lines smaller than 63.5 mm
(2.5 inches) are NS. Also see Figure 3.2-1.
IN38 Turbine Hydraulics N TB — E NS
IN39 Turbine Auxiliary Steam System N TB — E NS
(TASS)
IN41 Generator N TB — E NS
IN42 Hydrogen Gas Control System N TB — E NS
(HGCS)
IN43 Stator Cooling Water System (SCWS) N TB — E NS
IN44 Generator Lube and Seal Oil System N TB — E NS
(GLSOS)
IN45 Hydrogen and Carbon Dioxide Bulk N 00 — E NS
Gas Storage System
IN51 Generator Excitation System (GES) N TB — E NS
IN61 Main Condenser and Auxiliaries See Figure 3.2-1.
1.  Condenser anchorage N TB — E NS The condenser anchorage is seismically analyzed
(see note) for SSE.
2.  Condenser air removal system N TB D E NS
3.  All other main condenser and auxiliaries N TB — E NS
components
IN71 Circulating Water System (CIRC) N TB, OO D E NS
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[l; STATION AUXILIARY SYSTEMS
10 Makeup Water System (MWS)
1.  Piping and valves (including supports) 2 CV,RB B B I
forming part of the containment
boundary
2.  Piping and valves inside containment or N CV,RB D E I
inside Reactor Building
3.  Other mechanical and electrical modules N 00, RW, D E NS
RB, CB,
SF
P21 Reactor Component Cooling Water
System (RCCWS)
1.  Piping and valves inside Reactor N RB D E 11
Building
2.  Other mechanical and electrical modules N TB, RB D E NS
P22 Turbine Component Cooling Water N TB D E NS
System (TCCWS)
P25 Chilled Water System (CWS)
1. Piping and valves (including supports) 2 CV,RB B B I
forming part of the containment
boundary
2.  Piping and valves inside containment N CV,RB D E 1I
and Reactor Building
3. Other mechanical and electrical modules =~ N TB, RB, D E NS
CB, FB,
EB, RW
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IP30 Condensate Storage and Transfer System (CS&TS)
1.  Mechanical modules, including piping N RB D E 1I
and valves, in Reactor Building
2. Other mechanical modules, including N 00, RW, D E NS
piping, valves, and condensate storage TB
tank
3.  Electrical modules and cable N RB — E NS
(P32 Oxygen Injection System (OIS) N TB — E NS
IP33 Process Sampling System (PSS) N RB, OO, D E NS @)
TB, RW
P41 Plant Service Water System (PSWS)
1.  Mechanical and electrical modules, N SF, OO, D E NS
including piping and valves (including RB
supports)
[PS1 Service Air System (SAS)
1.  Piping and valves (including supports) 2 CV,RB B B I
forming part of the containment
boundary
2. Other system components N ALL D E NS
(P52 Instrument Air System (IAS) N ALL D E NS
P54 High Pressure Nitrogen Supply System (HPNSS)
1.  Piping and valves (including supports) 2 CV,RB B B I
forming part of the containment
boundary
2. Other Nonsafety-Related mechanical N RB D E NS
modules
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3. Other Nonsafety-Related electrical N RB, CB — E NS

modules
4. Nitrogen storage bottles N RB — E NS
P62 Auxiliary Boiler System (ABS) N OL — E NS
|P63 Hot Water System (HWS) N ALL — E NS
P73 Hydrogen Water Chemistry System N TB — E NS The ESBWR Standard Plant design includes the

(HWCS) capability to connect a Hydrogen Water

Chemistry (HWC) System, but the system itself
is not part of the ESBWR Standard Plant design.

[P74 Zinc Injection System N TB D E NS The ESBWR Standard Plant design includes the
capability to connect a Zinc Injection System, but
the system itself is not part of the ESBWR
Standard Plant design.

R STATION ELECTRICAL SYSTEMS
R10 Electrical Power Distribution System (EPDS)

1.  Main transformers N 00 — E NS
2.  Main generators N TB — E NS
3. Unit auxiliary transformers N 00 — E NS
4. Isolated phase bus N 00, TB — E NS
5. Non-segregated phase bus N 00, EB — E NS
6.  Metal clad switchgear N RB, EB, — E NS
TB, OL
7.  Power centers N RB, EB, — E NS
FB, TB,
OL
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8.  Motor control centers N RB, EB, — E NS
FB, CB,
TB, OL
9.  Cable and supports with safety-related 3 RB, FB, — B I
function CB
10. Other cable and supports with no safety N CV, CB, — E NS
function RB, EB,
TB, OL

R11 Medium Voltage Distribution System

1.  Medium voltage components required to 3 TB — B I
protect containment from overpressure
during a feedwater line break

2. Other medium voltage components N EB — E NS
R12 Low Voltage Distribution System N ALL — E NS
R13 Uninterruptible AC Power Supply
1. Electrical modules and cable with safety- 3 CV, CB, — B I
related function RB
2.  Other electrical modules and cable with N CV,RB, — E NS
no safety function CB, EB,
TB, OL
R14 Instrumentation and Control Power Supply
1.  Electrical modules and cable with no N EB, CV, — E NS
safety function CB, RB,
TB
R15 Lighting and Servicing Power Supply
1. Lighting N ALL — E NS
2.  Emergency lighting in control room 3 CB — B I
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R16 Direct Current Power Supply
1.  Electrical modules and cable with safety- 3 RB, CV, — B I
related function CB,TB
2. Other electrical modules and cable with N EB, CV, — E NS
no safety function CB, RB,
TB, OO
R21 Standby AC Power Supply N EB — E NS
R31 Raceway System
1. Conduit, cable trays and supports with 3 CV, CB, — B I
safety-related function RB, FB,
TB
2. Other electrical modules with no safety N CV, CB, — E NS
function RB, EB,
TB, OL
3.  Electrical penetrations 3 CV,RB — B I
R41 Plant Grounding System 3 00 — B I
R51 Communication System N ALL — E NS
S  POWER TRANSMISSION SYSTEMS
S21 Switch Yard N 00 — E NS
T CONTAINMENT AND ENVIRONMENTAL CONTROL SYSTEMS
T10 Containment System
1.  Upper and lower drywell airlocks and 2 Cv B B I
equipment hatches, wetwell access
hatch, and safety-related instrumentation
2. Wetwell/drywell vacuum breakers 2 Cv B B I
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3. Vacuum Breaker “Closed” Proximity 3 ()% — B I
Instrumentation

4. Vacuum Breaker “Open” Proximity N Cv — E II
Instrumentation.

5. Vacuum Breaker Isolation Valves 2 Ccv B B I

T11 Containment Vessel

1.  Drywell head 2 CvV B B I

2. Reinforced Concrete Containment 2 Cv B B I
Vessel (RCCV)

3.  Reactor pedestal (Part of RCCV) 2 Cv B B I

4.  Portion of basemat under pedestal 2 Ccv B B I

T12 Containment Internal Structures

1.  Reactor vessel support brackets and 3 Cv — B I
stabilizer support

2. Support structures for safety-related 3 Cv — B I
piping, including supports and
equipment

3.  Reactor shield wall 3 Ccv — B |

4.  Diaphragm floor 3 Cv — B I

5.  GDCS pools 3 Cv — B I

6. Vent Wall 3 Cv — B I

T15 Passive Containment Cooling System 2 CV,RB B B I
(PCCS)
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T31 Containment Inerting System
1.  Piping and valves (including supports) 2 RB B B I
forming part of the containment
boundary
2.  Electrical modules and cables with 3 RB, CB — B I
safety-related function
3. Other mechanical modules (including N RB, OO — E NS
nitrogen storage tanks, and vaporizers),
piping, valves, and electrical modules
and cables with no safety function
T41 Drywell Cooling System (DCS) N Ccv — E II
T62 Containment Monitoring System
1. Safety-related portions of System 2/3  CV,RB, — B I Containment isolation function is safety class 2,
CB rest of safety-related functions are safety class 3.
2.  Nonsafety-Related portions of system N CV,RB, — E NS
CB
T64 Environmental Monitoring System N OL — E NS
U STRUCTURES AND SERVICING SYSTEMS
U31 Cranes, Hoists, and Elevators
1.  Reactor building cranes, fuel building N RB, FB — E 1I Cranes — The reactor building and fuel building
crane cranes are designed to maintain their position and
hold up their loads under conditions of an SSE.
2. Upper and lower drywell servicing hoists N Ccv — E I
and cranes
3. Main steam tunnel servicing hoists and N OL — E II
cranes
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4. Special service rooms hoists and cranes N RB, TB, — E I or NS Components must be seismic category II if they
FB, RW can potentially damage safety-related equipment.
5. Elevators N RB, TB, — E NS
FB, CB,
RW
U36 Electrical Building HVAC N EB — E NS
U37 Service Building HVAC N SB — E NS
\U38 Radwaste Building HVAC N RW — E NS
U39 Turbine Building HVAC N TB — E NS
U40 Reactor Building HVAC
1.  Building isolation dampers 3 RB — B I
2.  Controls associated with the isolation 3 RB — B I
dampers
3. Other system components N RB — E II
U41 Other Building HVAC N OL — E NS
U42 Potable Water and Sanitary Waste N CB, SB, — E NS
System EB, RB,
00
U43 Fire Protection System (FPS)
1. Non-seismic yard piping and valves N 00, OL D E NS Fire Protection System — A quality assurance
including supports program meeting the guidance of NRC Branch
Technical Position SPLB 9.5-1 (NUREG-0800)
is applied to the protection system. Also, special
seismic qualification requirements are applied.
2.  Seismic category I piping and valves N 00, RB, D E I Same as above.
including supports (includes source of CB, FB
makeup water to IC/PCC and fuel pools)
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3.  Primary fire water storage tanks N 00 D E I Same as above.
4.  Secondary fire water storage N 00 D E NS
5. Fire pump enclosure N 00 — E 11 Same as above.
6.  Primary nuclear island diesel-driven fire N 00 D E I Same as above.
pump
7.  Primary nuclear island motor-driven fire N 00 D E NS Same as above.
pump
8.  Primary diesel fire pump fuel tank N 00 — E I Same as above.
. Other pumps and motors N 00 D E NS Same as above.
10. Electrical modules and cables for RB N RB — E NS Same as above.
preaction sprinklers
11.  All other electrical modules and cables N ALL — E NS Same as above.
12. CO, actuation modules N TB — E NS Same as above.
13.  Sprinklers N RB, TB, D E NS Same as above.
RW, SB,
EB, OL
14. Foam, preaction or deluge N EB, TB, — E NS Same as above.
00
U44 Sanitary Waste Discharge System N CB, SB, — E NS
EB, RB,
00
US0 Equipment and Floor Drain System
1.  Piping and valves forming part of the 2 CV,RB B B I
containment boundary
2.  Drain piping and valves, including N RB, FB D E 1I

supports, in Seismic Category I buildings
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Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location® Group’ Req.’ Category® Notes
3.  Drain piping and valves, including N ALL D E NS
supports, in other buildings except RB,
FB

4. Other mechanical and electrical modules N ALL — E NS

U65 Other Building Structures N 00, OL — E NS

U66 Access Tunnel Structures N OL — E 1I

U67 Radwaste Tunnel N OL — E NS Structural acceptance and material criteria for the
Radwaste tunnel are in accordance with
RG 1.143, Safety Classification RW-Ila.

\U71 Reactor Building Structure

1. Main building 3 RB — B I

2.  Stair towers and elevator shafts N RB — E 11

\U72 Turbine Building Structure N TB — E II

U73 Control Building Structure

1.  Main building 3 CB — B I

2.  Stair towers and elevator shaft N CB — E II

U74 Radwaste Building Structure N RW — E NS Radwaste Management Systems — A quality
assurance program meeting the guidance of NRC
Regulatory Guide 1.143, Category RW-Ila is
applied to radioactive waste management systems
during design and construction.

\U75 Service Building Structure N SB — E II

\U77 Control Building HVAC

1. Ducts, valves, and dampers (including 3 CB — B I
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2. Other ducts, valves and dampers N CB — E NS
(including supports)

3.  Electrical modules and cable with safety- 3 CB — B I
related function

4. Main control room bottled air system 3 CB, OO — B I

5. Other Nonsafety-Related equipment N CB — E NS

U78 Cold Machine Shop N 00 E NS

U80 Electrical Building Structure N EB — E NS

\U81 Seismic Monitoring System N ALL — E NS

U84 Service Water Building Structure N SF — E NS

U85 Service Water Building HVAC N SF — E NS

U91 Administration Building Structure N OL — E NS

U93 Training Center N OL — E NS

'U95 Hot Machine Shop N 00 — E NS

\U97 Fuel Building Structure

1.  Main building 3 FB — B I

2.  HVAC penthouse, stair towers and N FB — E 1I
elevator shaft

U98 Fuel Building HVAC

1.  Building isolation dampers FB — B I

2.  Ducting penetrating fuel building FB — B I
boundary

3. Controls associated with the isolation 3 FB — B I
dampers

4. Other system components N FB — E II
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Design Control Document/Tier 2

Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location’ Group® Req.’ Category® Notes
U99 Stack N 00 — E NS
W INTAKE STRUCTURE AND SERVICING EQUIPMENT
‘W12 Intake and Discharge Structures N 00 — E NS
‘W24 Cooling Tower N 00 — E NS
‘W32 Screen Cleaning Facility N 00 — E NS
‘W33 Screens, Racks, and Rakes N 00 — E NS
‘W41 Intake Structure Power Supply N 00 — E NS
Y  YARD STRUCTURES AND EQUIPMENT
Y12 Roads and Walkways N 00 — E NS
Y21 Tanks and Equipment Pads N 00 — E NS Some tanks in the yard area belong to other
systems (e.g., fire water storage tank in U43) and
have different classifications.
Y41 Station Water System N 00 — E NS
Y46 Cathodic Protection System N 00 — E NS
Y47 Meteorological Observation System N 00 — E NS
Y51 Yard Miscellaneous Drain System N 00 — E NS
Y52 Qil Storage and Transfer System N 00 — E NS
Y53 Chemical Storage and Transfer N 00 — E NS
System
Y71 Piping Duct N OL — E NS Typical classifications for piping ducts in the

yard area. Classification of individual piping
ducts shall match the classification of the pipe

they carry.
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Table 3.2-1

Classification Summary

Safety Quality QA  Seismic
IPrincipal Components’ Class.” Location’ Group® Req.’ Category® Notes
Y72 Cable Duct N OL — E NS Typical classifications for cable ducts in the yard

area. Classification of individual cable ducts
shall match the classification of the cables they

carry.

Y86 Site Security N ALL — E NS
Notes:

(1) Principal components: A module is an assembly of interconnected components that constitute an identifiable device or piece of equipment.
For example, electrical modules include sensors, power supplies, and signal processors; and mechanical modules include turbines, strainers,
and orifices.

(2) Safety Class: 1, 2, 3 or N are designations for safety-related or Nonsafety-Related as discussed in Subsection 3.2.3.

(3) Location codes:

ALL = All locations

CV = Containment Vessel RW = Radwaste Building

CB = Control Building Cp = Circulating Water Pump House
RB = Reactor Building SF = Service Water Building

OO = Outdoors Onsite B = Turbine Building

OL = Any Other Location EB = Electrical Building

FB = Fuel Building SB = Services Building

(4)  Quality group classifications: A, B, C, or D are quality groups defined in Regulatory Guide 1.26, as discussed in Subsection 3.2.2. The
principal components are classified, designed, and constructed in accordance with the requirements identified in Tables 3.2-2 and 3.2-3.
The designation “—” indicates that the quality groups A through D are not applicable to the associated principal component.

(5)  Quality assurance requirements: The designation “B” indicates that the quality assurance requirements of 10 CFR 50, Appendix B, are
applied in accordance with the quality assurance program described in Chapter 17. The designation “E” indicates that quality assurance
requirements are applied, commensurate with the importance of the item's function.
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(6)

(7

®)

Seismic category: The designations “I” or “II” indicate that the design requirements of Seismic Category I or II structures and equipment
are applied as described in Subsection 3.2.1 and Section 3.7, Seismic Design. Structures and equipment that are not designated “I”” or “II”
are designated “NS.”

Small Piping and Instrument Lines — Lines 25 mm (one inch) and smaller in diameter that are part of the reactor coolant pressure boundary
are QGB and meet the requirements of the ASME B&PV Code, Section III, Class 2 and Seismic Category I, with the exceptions noted
below:

Instrument lines that are connected to the reactor coolant pressure boundary and are used to actuate or monitor safety-related systems are
QGB from the outer isolation valve or the process shutoff valve (root valve) to the sensing instrumentation. Instrument lines that are
connected to the reactor coolant pressure boundary and are not used to actuate and monitor safety-related systems are Nonsafety-Related
and Quality Group D from the outer isolation valve or the process shutoff valve (root valve) to the sensing instrumentation. Other
instrument lines meet the following requirements:

e  Through the root valve: the lines are the same classification as the system to which they are attached.

e Beyond the root valve, if used to actuate a safety-related system: the lines are the same classification as the system to which they are
attached.

e Beyond the root valve, if not used to actuate a safety-related system: the lines may be Quality Group D.

Sample lines from the outer isolation valve or the process root valve through the remainder of the sampling system may be Quality
Group D.

Safety-related instrument lines comply with the guidance of NRC Regulatory Guide 1.151.

Hydraulic Control Unit for Control Rod Drive System — The hydraulic control unit (HCU) is a factory-assembled, engineered module of
valves, tubing, piping, and stored water that controls two control rod drives by the application of pressure and flow to accomplish rapid
insertion for reactor scram.

Although the HCU is field installed as a unit and connected to process piping, many of its internal parts differ markedly from process piping
and components because of the more complex functions of the HCU. Thus, although the codes and standards invoked by the different
quality groups (A, B, C and D) apply to the interfaces between the HCU and its connections to conventional piping components (e.g., pipe
nipples, fittings, hand valves, etc.), they are not considered applicable to the specialty parts (e.g., solenoid valves, pneumatic components,
and instruments).

However, the design and construction specifications for the HCU do invoke such codes and standards as can be reasonably applied to
individual parts in developing required quality levels. For example: (1) all welds are inspected using liquid penetrant, (2) all socket welds
are inspected for gaps between the pipe and socket bottom, (3) all welding is performed by qualified welders, and (4) all work is performed
in accordance with written procedures. Quality Group D is generally applicable because the codes and standards invoked by that group
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)

permit the use of manufacturer's standards and proven design techniques that are not explicitly defined within the codes for Quality
Groups A, B or C. This is supplemented by appropriate quality control (QC) techniques.

Turbine Control System — The turbine stop valve is designed to withstand the SSE and maintain its pressure-retaining integrity.

All cast pressure-retaining parts of a size and configuration for which volumetric methods are effective are examined by radiographic
methods by qualified personnel. Ultrasonic examination to equivalent standards is used as an alternative to radiographic methods.
Examination procedures and acceptance standards are at least equivalent to those defined in Paragraph 136.4, Nonboiler External Piping,
ASME B31.1.

The following qualifications are met with respect to the certification requirements:

a. The manufacturer of the turbine stop valves, turbine control valves, turbine bypass valves, and main steam lines from turbine control
valve to turbine casing uses quality control procedures at least equivalent to those defined in GE Publication GEZ-4982A, General
Electric Large Steam Turbine Generator Quality Control Program.

b. A certification obtained from the manufacturer of these valves and steam lines demonstrates that the quality control program as defined
has been accomplished.

The following requirements are applied in addition to the Quality Group D requirements:

a. All longitudinal and circumferential butt weld joints are radiographed (or ultrasonically tested to equivalent standards). Where size or
configuration does not permit effective volumetric examination, magnetic particle or liquid penetrant examination may be substituted.
Examination procedures and acceptance standards are at least equivalent to those specified as supplementary types of examinations,
Paragraph 136.4 in ASME B31.1.

b. All fillet and socket welds, and all structural attachment welds to pressure-retaining materials are examined by either magnetic particle
or liquid penetrant methods. Examination procedures and acceptance standards are at least equivalent to those specified as
supplementary types of examinations, Paragraph 136.4 in ASME B31.1.

c. All inspection records are maintained for the life of the plant. These records include data pertaining to qualification of inspection
personnel, examination procedures, and examination results.
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Table 3.2-2
Minimum Safety Class Requirements
Minimum Design Requirements for Specific Safety Class
ASME
Safety Section III  Seismic Electrical Quality
Class Quality Group  Code Class Category' Classification’ Assurance’
10 CFR 50
! A I ! N/A Appendix B
10 CFR 50
2 B 2 ! N/A Appendix B
10 CFR 50
3 C 3 I Class 1E Appendix B
N D’ N ITorNS  Non-Class 1E —

Seismic Category I structures, systems, and components meet the design and analysis
requirements of Section 3.7. Some safety-related items (e.g., pipe whip restraints) have no
safety-related function in the event of an SSE and are Seismic Category II.

Safety-related electrical equipment and instrumentation meet the design requirements of
IEEE Class 1E (as well as Seismic Category I). Some Nonsafety-Related electrical
equipment and instrumentation are optionally designed to IEEE Class 1E requirements as
noted in Table 3.2-1.

Some Nonsafety-Related structures, systems, and components are optionally designed to
Quality Group B or C requirements, as designated in Table 3.2-1. Nonsafety-Related
structures, systems, and components that are not assigned a quality group are designed to
requirements of applicable industry codes and standards (see Subsection 3.2.3.4).

Safety-related (Safety Class 1, 2 and 3) structures, systems, and components meet the
quality assurance requirements of 10 CFR 50, Appendix B, as described in Chapter 17.
Nonsafety-Related (N) structures, systems and components meet quality assurance
requirements as defined in the quality assurance program. Elements of 10 CFR 50,
Appendix B, are generally applied to Nonsafety-Related equipment commensurate with the
importance of the equipment’s function.
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Table 3.2-3
Quality Group Designations — Codes and Industry Standards
ASME Non-ASME Core Support
Quality ASME Pressure Vessels Storage Tanks  Storage Section III'  Section III  Structures
Group Section 111 and Heat Pipes, Valves, (0-103 kPaG) Tanks Component Component and Reactor Containment
Classification Code Classes  Exchangers® and Pumps 0-15 psig  Atmospheric Supports Supports Internals Boundary

A 1 NCA and NB  NCA and NB — — NCA and NF — — —
TEMA C

B 2 NCAand NC  NCA and NC NCA and NC NCA and NC NCA and NF — — —
TEMA C

CC' and MC — — — — — — NCA, CC',
and NE
CS — — — — — — NCA and NG

C 3 NCAand ND NCA and ND NCA and ND NCA and ND NCA and NF — — —
TEMA C

D — ASME ASME B31.1  API-620 or API-650 — Manufacturer’s — —
Sect. VIII for piping equivalent’ AWWA-D100 Standards, e.g.,
Division 1 and valves’ ASME B96.1 ASME B31.1,
TEMA C or equivalent’ AISC

1. RCCV is designed to Subsection CC in ASME Boiler and Pressure Section III, Division 2.

2. For pumps classified in Quality Group D, the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1 is used as a guide in determining the wall
thickness for pressure-retaining parts and in sizing the cover bolting.

3. Tanks are designed to meet the intent of API, AWWA, and/or ASME B96.1 standards, as applicable.
4. For heat exchangers, both the ASME Code and TEMA C must be taken into account.
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Figure 3.2-1. Quality Group and Seismic Category Classification Applicable to Power Conversion System
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3.3 WIND AND TORNADO LOADINGS

ESBWR Standard Plant structures, which are Seismic Category I, are designed for tornado and
extreme wind phenomena. Seismic Category II structures are designed for extreme and tornado
wind (excluding tornado missiles).

3.3.1 Wind Loadings

As discussed in SRP 3.3.1, the design wind velocity and its recurrence interval, the velocity
variation with height, and the applicable gust factors are used in defining the input parameters for
the structural design criteria appropriate to account for wind loadings. The procedures that are
utilized to transform the design wind velocity into an effective pressure applied to structures
takes into consideration the geometrical configuration and physical characteristics of the
structures and the distribution of wind pressure on the structures.

The design of structures that must withstand the effects of the design wind load consider the
relevant requirements of General Design Criterion 2 concerning natural phenomena. The wind
used in the design includes the most severe wind that has been historically reported for the site
and surrounding area with sufficient margin for the limited accuracy, quantity, and period of time
in which historical data has been accumulated. Appropriate consideration has been given for the
design wind velocity and its recurrence interval, the velocity variation with height, the applicable
gust factors, and the bases for determining these site-related parameters. The procedures utilized
to transform the wind velocity into an effective pressure applied to structures and parts and
portions of structures, are as delineated in Reference 3.3-1.

3.3.1.1 Design Wind Velocity and Recurrence Interval

Seismic Category I and II structures are designed to withstand a design wind velocity listed in
Table 2.0-1. The recurrence interval listed in Table 2.0-1 is equivalent to an importance factor of
1.15 based on Category IV building. Refer to Subsection 3.3.2.3 for interface requirements for
non-tornado designed SSCs.

3.3.1.2 Determination of Applied Forces

The design wind velocity is converted to velocity pressure in accordance with Reference 3.3-1
with Exposure Category D.

The design velocity for use in the ESBWR is listed in Table 2.0-1. Reference 3.3-2 is used to
obtain the effective wind pressures for geometric and physical cases that Reference 3.3-1 does
not cover.

3.3.2 Tornado Loadings

As discussed in SRP 3.3.2, the design of structures that have to withstand the effects of the
design basis tornado are in conformance with the requirements of General Design Criterion 2.
3.3.2.1 Applicable Design Parameters

The design basis tornado and applicable missiles are described in Table 2.0-1.
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3.3.2.2 Determination of Forces on Structures

The procedures of transforming the tornado loading into effective loads and the distribution
across the structures are in accordance with Reference 3.3-3. The velocity pressure used meets
the SRP 3.3.2 discussion. The procedure for transforming the tornado-generated missile impact
into an effective or equivalent static load on structures is given in Subsection 3.5.3. The loading
combinations of the individual tornado loading components and the load factors are in
accordance with SRP 3.3.2.

Loading combinations and load factors used are as follows:

W, = Wy

W, = W,

W, = Wi

W, = Wy +0.5W,

W, = Wy + Wh

W, = Wy + 0.5 W+ Wy
Where:

W, = total tornado load

W, = total wind load

W, = total differential pressure load

Wm = total missile load

The reactor building is not a vented (enclosed) structure. The exposed exterior roofs and walls
of this structure are designed for the full pressure drop. Tornado dampers are provided on all air
intake and exhaust openings. These dampers are designed to withstand the full negative pressure
drop.

3.3.2.3 Effect of Failures of Structures or Components Not Designed for Tornado Loads

Safety-related systems and components are protected within tornado-resistant structures. The
remainder of plant systems and components not designed for tornado load are arranged or
designed such that their failures do not adversely affect the ability of any Seismic Category I
ESBWR Standard Plant structures, systems and components to perform its safety-related
function(s). Any Nonsafety-Related, non-seismic (NS) structure (except the Radwaste Building)
postulated to fail under tornado loading is located at least a distance of its height above grade
from C-I or C-II structures.

3.3.3 References

3.3-1 American Society of Civil Engineers, “Minimum Design Loads for Buildings and Other
Structures,” ASCE Standard 7-2002, Committee A. 58.1, American National Standards
Institute.

3.3-2  American Society of Civil Engineers, “Wind Forces on Structures,” ASCE Paper No.
3269, Transactions of the American Society of Civil Engineers,” Vol. 126, Part II.
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3.3-3 Bechtel Topical Report BC-TOP-3-A, Revision 3, “Tornado and Extreme Wind Design
Criteria for Nuclear Power Plants.”
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3.4 WATER LEVEL (FLOOD) DESIGN

Design of the plant flood protection includes all structures, systems and components whose
failure could prevent safe shutdown of the plant or result in uncontrolled release of significant
radioactivity to assure conformance with the requirements of General Design Criterion 2.

3.4.1 Flood Protection

As discussed in SRP 3.4.1, this section describes the plant flood protection for all structures,
systems and components (SSC) whose failure could prevent safe shutdown of the plant or result
in uncontrolled release of significant radioactivity to assure conformance with the requirements
of General Design Criterion 2. The analysis identifies the safety-related SSC that must be
protected against flooding from both external and internal causes to: demonstrate the capabilities
of structures housing safety-related systems or equipment to withstand flood considerations, i.e.,
the relationship between structure elevation and flood elevation including waves and wind
effects as described in Table 2.0-1; assess the adequacy of the isolation of redundant safety-
related systems or equipment subject to flooding, including possible inleakage sources, such as
cracks in structures not designed to withstand seismic events and exterior or access openings or
penetrations in structures located at a lower elevation than the flood level and associated wave
activity. The analysis also includes consideration of flooding from internal sources of safety-
related SSC from failure of tanks, vessels, and piping. The effects of piping failures are
considered in Section 3.6.

The flood protection measures meet specific general design criteria and regulatory guides. The
plant design for protection of SSC from the effects of flooding considers the relevant
requirements of General Design Criterion 2, “Design Bases for Protection Against Natural
Phenomena,” and 10 CFR Part 50, Appendix S, “Earthquake Engineering Criteria for Nuclear
Power Plants,” Section IV.C as related to protecting safety-related SSC from the effects of
floods, water waves and other design conditions. The design meets the guidelines of Regulatory
Guide 1.59 with regard to the methods utilized for establishing the probable maximum flood
(PMF), probable maximum precipitation (PMP), seiche and other pertinent hydrologic
considerations; and the guidelines of Regulatory Guide 1.102 regarding the means utilized for
protection of safety-related SSC from the effects of the PMF and PMP. If safety-related
structures need to be protected from below-grade groundwater seepage by means of a permanent
dewatering system, then the system is designed as a safety-related system and meets the single
failure criterion requirements. The ESBWR permanent dewatering system is Nonsafety-Related.
The design criteria for protection against the effects of compartment flooding meet
ANSI/ANS56.11, “Design Criteria for Protection Against the Effects of Compartment Flooding
in Light Water Reactor Plants”. This subsection discusses the flood protection design and
operational measures that are applicable to the plant Seismic Category I SSC and addresses both
external flooding and postulated internal flooding from plant piping failures, fire fighting, and
other sources.

3.4.1.1 Flood Protection Summary

The safety-related systems and components of the ESBWR standard plant are located in the
Seismic Category I structures that provide protection against external flood and groundwater
damage. External flood design considerations for safety-related systems and components are
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provided for the postulated flood and groundwater levels and conditions described in Tables 2.0-
1 and 3.4-1.

The Seismic Category I structures that house safety-related systems and equipment and that offer
flood protection are described in Section 3.8. All exterior access openings are above flood level
and exterior penetrations below design flood and groundwater levels are appropriately sealed.

The internal flood analysis evaluated whether a single pipe failure, a fire fighting event or other
flooding source, as described in Subsection 3.4.1.4, could prevent safe reactor shutdown. In all
cases system components are located above the flood level or are capable of operating flooded.
Appropriate means are provided to prevent flooding compartments that house redundant system
trains or divisions. Some of the mechanisms used to minimize flooding are structural barriers or
compartments; curbs and elevated thresholds, at least 200 mm (8 in) high; and a leak detection
system. See Subsection 3.4.1.3 for further discussion.

3.4.1.2 Flood Protection From External Sources

Safety-related systems and components are protected from exterior sources (e.g., floods,
groundwater) because they are located above design flood level or because they are enclosed in
groundwater protected concrete structures.

The Seismic Category I structures that may be subjected to the design basis flood are designed to
withstand the flood level and groundwater level stated in Table 2.0-1. This is done by locating
the plant grade elevation 0.3 m (I ft.) above the flood level and by incorporating structural
provisions into the plant design to protect the structures, systems and components from the
postulated flood and groundwater conditions.

This approach provides:

e Wall thicknesses below flood level designed to withstand hydrostatic loads because the
permanent dewatering system is Nonsafety-Related.

e Water stops provided in all expansion and construction joints below flood and
groundwater levels.

e Waterproofing of below flood and groundwater levels external surfaces.
e Water seals at pipe penetrations below flood and groundwater levels.

e Roofs designed to prevent pooling of large amounts of water in accordance with
Regulatory Guide 1.102.

The flood protection measures that are described above are not only for external natural floods
but also guard against flooding from on-site storage tank rupture. Such tanks are designed and
constructed to minimize the risk of catastrophic failure and are located to allow drainage without
damage to site facilities.

The typically relatively long time available as a flood condition develops allows ample time to
take appropriate measures to assure all facility flood protection measures are in place. Because
plant grade is above design flood level the Seismic Category I structures remain accessible
during postulated flood events (See Table 3.4-1).
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3.4.1.3 Internal Flooding Evaluation Criteria

All safety-related components that affect the safe shutdown of the plant are located in the
Reactor Building (RB) and Control Building (CB). Redundant systems and components are
physically separated from each other and from Nonsafety-Related systems. If the failure of a
system results in one division being inoperable, the redundant division is available to perform the
safe shutdown of the plant. Protective features used to mitigate or eliminate the consequences of
internal flooding are:

e Structural enclosures or barriers
e Curbs and sills

e Leakage detection components
e Drainage systems

The internal flooding analysis, besides identifying flooding sources, equipment in each area, and
effect on safety-related equipment and maximum flood levels, also considers the following
criteria:

e Time to identify a flooding source when a flooding alarm occurs in the Main Control
Room is followed by operator action within 30 minutes.

e Fire fighting events are considered assuming that fuel inventory for the fire is limited to a
1-hour event, during which two 7.9 1/s (125 gpm) fire hoses are in service.

e A single active failure of flood mitigating systems is assumed, following the initiating
events, as required in ANSI/ANS 56.11 (Reference 3.4-1).

e No credit is taken for the drainage system or operation of the drain sump pumps for
flooding mitigation, although they are expected to operate during some of the postulated
flooding events.

e The free surface considered in each flooding zone is reduced by at least 10% due to space
utilization by components located in that zone.

As established in Section 3.6, the moderate energy piping leakage failure is assumed to be a
circular opening with a flow area equal to one-half of the outside pipe diameter multiplied by
one-half of the pipe nominal wall thickness. Resulting leakage flow rates are calculated using
normal operating pressure in the pipe.

The Fire Protection System (FPS) headers from the FPS pumps are routed outside Seismic
Category I buildings. Floors are assumed to prevent water seepage to lower levels.

Spray damage is avoided by moving the required equipment or pipe or providing spray
protection. Doors and penetrations rated as 3 hour barriers are assumed to prevent water spray
from crossing divisional boundaries.

All safety-related equipment within the Containment that must operate during or after a design
basis accident is qualified for LOCA environmental conditions. Flooding associated with the
postulated failure of any moderate energy pipe is within the bounds of the LOCA qualification.
Consequently, no detailed evaluation of this less severe event is required to verify the effect on
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safety-related equipment or safe plant shutdown capability as a result of moderate energy piping
failures in the Containment.

3.4.1.4 Evaluation of Internal Flooding

Leakage from pipe breaks and cracks, fire hose discharges and other flooding sources are
collected by the floor drainage system, stair towers and elevator shafts and discharged to
appropriate sumps. The flood level is evaluated taking into consideration the flow paths
described above.

The RB and CB drain collection system and sumps are designed and separated so that drainage
from a flooded compartment containing equipment for a train or division does not flow to
compartments containing equipment for another system train or division. Zones that are isolated
by watertight doors provide physical separation. Watertight doors between flood divisions have
open/close sensors with status indication and alarms in the main control room. The location of
the zones prevents two redundant trains from being affected by the flooding at the same time.

The following flooding sources are considered in the analysis:
e High energy piping breaks and cracks
e Moderate energy piping, through-wall cracks
e Pump mechanical seal failures
e Storage tank ruptures
e Actuation of the FPS
e Flow from upper elevations and nearby areas

Through-wall cracks are considered in seismically supported, moderate energy piping as well as
breaks and through-wall cracks in non-seismically supported moderate energy piping in the
flooding analysis.

The analysis is performed based on the criteria and assumptions provided in Section 3.6 and
ANS-56.11 (Reference 3.4-1). Section 3.6 provides the criteria used to define break and crack
locations and configurations for high and moderate-energy piping failures. Additional design
criteria pertaining to the internal flooding analysis are provided in this section.

No breaks are assumed for piping with nominal diameters of 1 inch or less. For flooding
analysis, in case of storage tank rupture, it is assumed that the entire tank inventory is drained.

Safety-Related equipment and equipment necessary for safe shutdown is located above the
maximum flood height or is qualified for flood conditions. Accordingly, flooding due to
moderate energy pipe failure or fire fighting or other flooding sources does not affect any safety-
related equipment and the ability to safely shut down the plant.

3.4.1.4.1 Control Building

There are no tanks or high-energy piping in the CB and the more relevant moderate-energy fluid
system piping, i.e. Fire Protection System (FPS) and Chilled Water System (CWS), is
seismically qualified. The main source of floodwater is from the fire protection standpipe hose
stations. A nominal volume of 57 m’ (15,000 gal) is provided for the FPS considering two
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7.9 1/s (125 gpm) fire hoses are in service for one (1) hour. This results in a flooding elevation in
the lowest floor of the CB of 40 cm (16 in) in the corridors, stair towers and elevator rooms,
assuming that the water propagates into these rooms by flowing through embedded drains and
under the doors. This maximum water depth is below the DCIS room floor elevation; see Figure
1.2-2 (rooms 3110, 3120, 3130 and 3140).

To prevent greater flooding in the lower elevation of the CB from pipe failures in the HVAC
rooms, the water is retained in the HVAC rooms by the installation of 200 mm (8 in) high curbs
in the access doors, chases and other floor openings, as well as by normally closed isolation
valves in the drain lines.

In addition, for further protection, the DCIS room access doors are watertight. Normally closed
valves are installed in the drain pipes of the DCIS rooms. Moreover, the access doors from the
access tunnel to the CB at EL.-2000 are watertight.

Therefore, the separation of electrical trains in independent zones, along with measures to direct
the water to safe drain areas, maintains the safety function of the systems housed in the CB.

There is no flooding hazard in the Main Control Room.

3.4.1.4.2 Reactor Building

The potential sources of water in the Reactor Building include the Reactor Component Cooling
Water System (RCCWS); Chilled Water System (CWS); Reactor Water Cleanup/Shutdown
Cooling (RWCU/SDC) system; Control Rod Drive (CRD) system, including the CRD pump
suction from the Condensate Storage and Transfer System (CS&TS) and Condensate and
Feedwater System (C&FS); Fire Protection System (FPS); Fuel Auxiliary Pools Cooling System
(FAPCS); Hot Water System (HWS); Makeup Water System (MWS); and Standby Liquid
Control (SLC) system.

The large number of pools in the ESBWR is contained within thick concrete walls designed for
maximum hydrostatic loads combined with seismically induced hydrodynamic loads. GDCS
pools inside containment are similarly contained within substantial structural members designed
for hydrostatic combined with seismically induced hydrodynamic events. These pools are not
considered as potential sources of flood.

The piping of the RCCWS, CWS, CRD pump suction (CS&TS/C&FS), MWS, and FPS is
seismically analyzed. These are moderate energy fluid systems and therefore only through-wall
pipe cracks are considered.

The maximum flooding volume expected is from a through-wall pipe crack in the FPS or in the
FAPCS suction lines from the suppression pool. The flooding volume from either of these
sources is greater than flooding due to any failure in high and moderate energy piping or tanks.

The maximum volume of the suppression pool for flooding is limited to the difference between
the maximum level and the anti-siphoning provision in the suction line elevation.

This results in a flood level of 20 cm (8 in) in the RB lower elevation. This maximum flood
level is lower than the CRD Hydraulic Control Unit (HCU) room elevation, see Figure 1.2-1
(rooms 1100, 1120, 1130 and 1140). Other safety-related components in the lower elevation are
located above the maximum flood level. Therefore, no flood in this RB elevation could affect
the safety-related equipment or plant's safe shutdown capacity.
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For further protection, the HCU room access doors and the access doors to the RB at El.-1000
are watertight.

The SLC system accumulators for Division 1 and 2 are located in fully independent rooms in
El. 17500 of the RB. Therefore, SLC system high energy pipe break or tank failure flooding of
one division cannot affect the other.

Flooding in the electrical rooms is limited to the actuation of the fire protection system. The
separation of the electrical trains in independent zones, along with measures to direct the water to
safe drain areas, maintains the safety function of the systems housed in the RB.

The main steam tunnel contains the main steam and main feedwater piping and their isolation
valves. In the event of a feedwater pipe break or leak in the main steam tunnel, water is drained
to the Turbine Building. The safety-related components in the main steam tunnel are located
above the maximum flood level or are designed to function when flooded.

3.4.1.4.3 Adjacent Flooding Events

e Turbine Building. — There are no components in the Turbine Building (TB) that could
affect the safe shutdown of the reactor.

The TB is subject to flooding from a variety of potential sources including the Circulating
Water System (CIRC), Condensate and Feedwater System (C&FS), Plant Service Water
System (PSWS), Reactor Component Cooling Water System (RCCWS), Turbine
Component Cooling Water System (TCCWS), CWS and FPS.

The bounding flooding source for the TB is a CIRC pipe or expansion joint failure.
Level switches are located in the TB to limit flooding in the TB in the event of a failure
in the CIRC (see Subsection 10.4.5.6). In any case, flooding in the TB could not affect
the RB or CB because a 1.5 m high flooding barrier is provided in the access tunnel to the
RB and CB (see Figure 1.2-13). A hypothetical massive flooding in the TB would run
out of the building to the yard through relief panels.

e Fuel Building — There are no safety-related components in the Fuel Building (FB) that
could be affected by flooding in the FB. The FPS, CWS, RCCWS, HWS, FAPCS, MWS
and CS&TS (Condensate Storage Tank) are the primary sources of flooding in the FB. In
any case, flooding in the Fuel Building could not affect the RB because the connection
points in the lower elevation are watertight.

e Radwaste Building — The Radwaste Building (RW) does not contain safety-related
equipment. The radwaste tunnel and other connections with the CB and RB are designed
to prevent flooding from spreading in the RW to CB or RB. The primary sources of
flooding in the RW are the Liquid Waste Management System (LWMS), the building
drain systems, RWCU/SDC, FAPCS, Condensate Purification System (CPS), CS&TS,
CWS, HWS and FPS. In case of flooding the building substructure serves as a large
sump that can collect and hold any leakage within the building.

e Electrical Building — There are no safety-related components in the Electrical Building
(EB). The flooding water in a non safety-related diesel generator room is discharged
outside via the equipment access door.
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The primary sources of flooding in the EB are the FPS, CWS, HWS and RCCWS
(Nonsafety-Related diesel generator rooms). The main source of floodwater is due to an
FPS piping failure. A flooding barrier is provided at the Nuclear Island (NI) access
tunnel EB access door. In addition for further protection, the access doors to the RB and
CB are watertight.

3.4.2 Analysis Procedures

In accordance with SRP 3.4.2, the following paragraphs describe the design of seismic Category
I structures to withstand the effects of the external flood or highest groundwater specified for the
plant. The design parameters of the flood or highest groundwater are considered in defining the
input parameters for the structural design criteria appropriate to account for flood and
groundwater loadings. Since the ESBWR plant is located at sites where the flood level is less
than the finished ground level around the structures, the dynamic phenomena associated with
such a flooding as currents, wind waves, and their hydrodynamic effects, is not considered. The
bases for these parameters are discussed in Table 2.0-1. The procedures that are utilized to
transform the static and dynamic effects of the flood and highest groundwater into effective loads
applied to seismic Category I structures are discussed in this subsection.

The design of ESBWR structures complies with the relevant requirements of GDC 2 concerning
natural phenomena. The envelope of site parameters used in the design of Seismic Category I
structures meets the following characteristics:

(1) The flood or highest groundwater and dynamic effects, if any, used in the design are the
most severe 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) The flood or highest ground water level for the plant is 160 mm below the finished ground
level as shown in Table 3.4-1.

(3) The flood level of the plant is 160 mm below the finished ground level and only the
hydrostatic effects need to be considered. The hydrostatic head associated with the flood or
with the highest groundwater level is considered as a structural load on the basemat and
basement walls. Uplift or floating of the structure is considered and the total buoyancy
force is based on the flood or highest groundwater head excluding wave action. However,
the lateral, overturning and upward hydrostatic pressures acting on the side walls and on
the foundation slab, respectively, are considered in the structural design of these elements
and are based on total head.

Because the design flood elevation is below the finished ground level (Table 3.4-1), there are no
dynamic forces due to flood. The lateral hydrostatic pressures on the structures due to the design
flood level, as well as ground water and soil pressure, are factored into the structural design in
accordance with SRP 3.4.2. See Appendix 3G, Design Details and Evaluation Results of
Seismic Category I Structures.

3.4.3 References

3.4-1 ANSI/ANS 56.11-1988, “Design Criteria for Protection Against the Effects of
Compartment Flooding in Light Water Reactor Plants™.
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Table 3.4-1
Structures, Penetrations and Access Openings Designed for Flood Protection
Reactor & Fuel
Buildings Control Building

Top of Basemat (mm) El -11500 El -7400

Design Groundwater Level (mm) El. 4040 El. 4040

Design Flood Level (mm) El. 4340 El. 4340

Design Plant Grade (mm) El. 4650 El 4650

Finished Ground Level Grade (mm)* El. 4500 El. 4500

Building Elevation (mm) El. 52400 El 13500

Penetrations Below Design Flood Level Sealed Sealed

Access Openings Below Design Flood Level =~ None None (except at
CB access to RB at
tunnel )
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3.5 MISSILE PROTECTION

The missile protection design basis for Seismic Category I structures, systems and components is
described in this section. A tabulation of safety-related structures, systems, and components
(both inside and outside containment), their location, seismic category, and quality group
classification is given in Table 3.2-1. General arrangement drawings showing locations of the
structures, systems, and components are presented in Section 1.2.

Missiles considered are those that could result from a plant-related failure or incident including
failures within and outside of containment, environmental-generated missiles and site-proximity
missiles. The structures, shields, and barriers that have been designed to withstand missile
effects, the possible missile loadings, and the procedures to which each barrier has been designed
to resist missile impact are described in detail.

3.5.1 Missile Selection and Description

Components and equipment are designed to have a low potential for generation of missiles as a
basic safety precaution. In general, the design that results in reduction of missile-generation
potential promotes the long life and usability of a component and is well within permissible
limits of accepted codes and standards.

Seismic Category I structures have been analyzed and designed to be protected against a wide
spectrum of missiles. For example, failure of certain rotating or pressurized components of
equipment is considered to be of sufficiently high probability and to presumably lead to
generation of missiles. However, the generation of missiles from other equipment is considered
to be of low enough probability and is dismissed from further consideration. Tornado-generated
missiles and missiles resulting from activities particular to the site are also discussed in this
section. The missile protection criteria to which the plant has been designed consider Criterion 4
of 10 CFR 50 Appendix A, General Design Criteria for Nuclear Power Plants.

Potential missiles that have been identified are listed and discussed in later subsections.

After a potential missile has been identified, its statistical significance is determined. A
statistically significant missile is defined as a missile that could cause unacceptable plant
consequences or violation of the guidelines of 10 CFR 100 (and 10 CFR 50.34(a)).

The examination of potential missiles and their consequences is done in the following manner to
determine statistically significant missiles:

e If the probability of occurrence of the missile (P1) is determined to be less than 107 per
year, the missile is dismissed from further consideration because at that likelihood it is
considered not to be a statistically significant risk.

e If (P1) is found to be greater than 107 per year, it is examined for its probability of
impacting a design target (P2).

e If the product of (P1) and (P2) is less than 107 per year, the missile is dismissed from
further consideration.

e Ifthe product of (P1) and (P2) is greater than 10 per year, the missile is examined for its
damage probability (P3). If the combined probability (i.e., P1 x P2 x P3 = P4) is less
than 107 per year, the missile is dismissed.
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e Finally, measures are taken to design acceptable protection against missiles with (P4)
greater than 107 per year to reduce (P1), (P2), and/or (P3), so that (P4) is less than 107
per year.

Many practices used in the fabrication, construction and inspection of equipment as well as
conservative design criteria result in very robust components that are inherently missile resistant.
These practices are used in making the design missile-proof.

Protection of safety-related structures, systems and components is afforded by one or more of the
following practices:

e location of the system or component in an individual missile-proof structure;

e physical separation of redundant systems or components of the system from the missile
trajectory path or calculated range;

e provision of localized protection shields or barriers for systems or components;

e design of the particular structure or component to withstand the impact of the most
damaging missile;

e provision of design features on the potential missile source to prevent missile generation;
and/or

e orientation of the potential missile source to prevent unacceptable consequences caused
by missile generation.

The following criteria have been adopted to provide an acceptable design basis for the plant's
capability to withstand the statistically significant missiles postulated inside the reactor building:

e No loss of containment function as a result of missiles generated internal to containment.

e Reasonable assurance that a safe plant shutdown condition can be achieved and
maintained.

e Off-site exposure within the 10 CFR 50.34(a) guidelines for those potential missile
damage events resulting in radiation activity release.

e The failure of Nonsafety-Related equipment, components, or structures whose failure
could result in a missile, do not cause failure of more than one division of safety-related
equipment.

e No high energy lines are located near Off-Gas Charcoal Bed Adsorbers (located in the
Turbine Building).

The systems requiring protection are as follows:

(1) Reactor coolant pressure boundary;

(2) Automatic Depressurization System relief valves;
(3) Passive Containment Cooling System;

(4) Isolation Condenser;

(5) Gravity Driven Cooling System;
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(6) CRD scram system (hydraulic and electrical);
(7) Reactor Protection System;
(8) All containment isolation valves;

(9) Electrical and control systems and wiring required for operation of items (1) through (8);
and

(10) Remote shutdown panel.
The following general criteria are used in the design, manufacture, and inspection of equipment:

e All pressurized equipment and sections of piping that may periodically become isolated
under pressure are provided with pressure-relief valves acceptable under ASME Code
Section III. The valves ensure that no pressure buildup in equipment or piping sections
exceeds the design limits of the materials involved.

e Components and equipment of the various systems are designed and built to the standards
established by the ASME Code or other equivalent industrial standard. A stringent
quality control program is also enforced during manufacture, testing, and installation.

e Volumetric and ultrasonic testing where required by code, coupled with periodic in-
service inspections of materials used in components and equipment, add further assurance
that any material flaws that could permit the generation of missiles are detected.

3.5.1.1 Internally Generated Missiles (Outside Containment)

This subsection addresses structures, systems and components (SSC) provided to support the
reactor facility, and that require protection from internally generated missiles (outside
containment) to ensure conformance with the requirements of General Design Criterion 4. The
design addresses concerns for missiles that could result from in-plant component overspeed
failures and high-pressure system ruptures as discussed in SRP 3.5.1.1, when applicable.

3.5.1.1.1 Rotating Equipment

3.5.1.1.1.1 Missile Characterization

Equipment within the general categories of pumps, fans, blowers, diesel generators, compressors,
and turbines and, in particular, components in systems normally functioning during power
reactor operation have been examined for any possible source of credible and significant
missiles.

3.5.1.1.1.2 Main Steam Turbine

The main turbine has a favorable turbine generator placement and orientation relative to
placement of the containment. The arrangement adheres to the guidelines presented in
Regulatory Guide 1.115. The ESBWR turbine generator placement and orientation are shown in
Figure 3.5-2. See Subsection 10.2.4 for additional evaluation.

Favorable turbine generator placement and orientation, combined with quality assurance in
design and fabrication, inspection and testing programs as provided in Section 10.2, and
overspeed protection systems, provides an acceptably small risk from turbine missiles. The
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probability of turbine missile generation, Pj, is less than the required value provided in Table
3.5-1. The COL holder will provide an evaluation of the probability of turbine missile
generation which concludes that the probability of turbine missile generation, Py, is less than
1x107 per Subsection 10.2.5.

3.5.1.1.1.3 Other Missile Analysis

No remaining credible missiles meet the significance criteria of having a probability (P4) greater
than 107 per year for rotating or pressurized equipment, because either:

e The equipment design and manufacturing criteria mentioned previously result in (P1)
being less than 107 per year; or

e Sufficient physical separation (barriers and/or distance) of safety-related and redundant
equipment exists so that the combined probability (P1 x P2) is less than 107 per year.

The configuration of components is very robust, such as required by ASME Code.

These conclusions are arrived at by noting that pumps, fans, and the like are AC powered. Their
speed is governed by the frequency of the AC power supply. Because the AC power supply
frequency variation is limited to a narrow range, it is not likely they could attain an overspeed
condition. At rated speed, if a component’s piece such as a fan blade breaks off, it would not
penetrate the casing. As an example, a typical containment high purge exhaust fan used in
previous applications has been analyzed for a thrown blade at rated speed conditions using an
analytical expression from Reference 3.5-2. It is determined, based on maximum thickness this
blade could penetrate, that the blade would not escape the fan casing and consequently (P1) is
less than 107 per year.

3.5.1.1.2 Pressure Components

3.5.1.1.2.1 Missile Characterization

Potential missiles that could result from the failure of pressure are addressed in this subsection.
These potential missiles may be categorized as contained fluid energy missiles or stored-energy
(elastic) missiles. These potential missiles have been conservatively evaluated against the design
criteria in the following subsections.

Examples of potential contained fluid-energy missiles are valve bonnets, valve stems, and
retaining bolts. Valve bonnets are considered jet-propelled missiles and have been analyzed as
such. Valve stems have been analyzed as piston-type missiles, while retaining bolts are
examples of stored strain-energy missiles.

3.5.1.1.2.2 Missiles Analyses

Pressurized components outside the containment capable of producing missiles have been
reviewed. Although piping failures could result in dynamic effects if permitted to whip, they do
not form missiles as such because the whipping section remains attached to the remainder of the
pipe. Section 3.6 addresses the dynamic effects associated with pipe breaks, so pipes are not
included here as potential internal missiles.

All pressurized equipment and sections of piping that may periodically become isolated under
pressure are provided with pressure-relief valves acceptable under the ASME Code, Section III.
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The only remaining pressurized components considered to be potentially capable of producing
missiles are as follows:

e valve bonnets (large and small);
e valve stems;

e pressure vessels;

e thermowells;

e retaining bolts; and

e Dblowout panels.

3.5.1.1.2.2.1 Valve Bonnets

Valves of ANSI 900 Pressure Class (6.21 MPaG) and above are constructed in accordance with |
the ASME Code, Section III and are pressure-seal bonnet-type valves. Valve bonnets are
prevented from becoming missiles by limiting stresses in the bolting to those defined by the
ASME Code and by designing flanges in accordance with applicable code requirements. Safety
factors involved against failure of these type bonnets are sufficiently high that these pressure
seal-type valves are not considered a potential missile source (Reference 3.5-3).

Most valves of ANSI 600 Pressure Class (4.14 MPaG) rating and below are valves with bolted |
bonnets. These type valves were analyzed for the safety factors against failure, and, coupled
with the low historical incidents of complete severance failure, were determined to not be a
potential missile source (Reference 3.5-3).

3.5.1.1.2.2.2 Valve Stems

All the isolation valves installed in the reactor coolant systems have stems with back seats, which
eliminates the possibility of ejecting valve stems even if the stem threads fail. A double failure
of highly reliable components would be required to produce a valve stem missile, so the overall
probability of occurrence is less than 107 per year. Hence, valve stems can be dismissed as a
source of missiles.

3.5.1.1.2.2.3 Pressure Vessels

Moderate energy vessels less than 1.9 MPaG (275 psig) are not credible missile sources. The
pneumatic system air bottles and components are designed for 17.2 MPaG (2500 psig) and the
SLC accumulator tank is designed for 17.1 MPa (2500 psia) to the ASME Code, Section III
requirements. These bottles are not considered a credible source of missiles for the following
qualitative analysis:

e The bottles are fabricated from heavy-wall rolled steel.

e The operating orientation is vertical with the ends facing concrete slabs. The bottles are
topped with steel covers thick enough to preclude penetration by a missile.

e The fill connection and critical parts are protected by a permanent steel collar.

e The bottles are strapped in a rack to prevent them from toppling over. The rack is
seismically designed to the ASME Code, Section III, Subsection NF requirements.
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3.5.1.1.2.2.4 Thermowells

Thermowells are welded to sockolet connections, which in turn are welded to the wall of the
pipe. An analysis of a postulated failure of this weld has been performed. The following
expression relates the missile displacement and velocity following the postulated failure:

y 1 A%
— =y |In| —|——
W/A 1-V/u_ ) u_

where:
y = Distance traveled by the missile from the break (m)
W = Missile weight (kg)
A = Frontal area of missile (m?)
u.. =Asymptotic velocity of jet (m/s)
v.. = Asymptotic specific volume of jet (m*/kg)
V = Velocity of missile (m/s)

Inherently, the water and steam velocities are equal (i.e., a unity velocity ratio) in a saturated
water blowdown. The jet asymptotic velocity (u..) and the jet asymptotic specific volume are
determined by the methods described by Reference 3.5-4. The corresponding velocity-
displacement relationships for missiles resulting from saturated water and saturated steam
blowdowns are presented in Figure 3.5-1. The ordinate is the missile velocity, V, and the
abscissa is the displacement parameter, Y*, given by

oo Y
(W/A)

Included in Figure 3.5-1 is the influence of different values of the friction parameter, *, defined

o @,

where:

(f_l) = equivalent loss coefficient between the broken pressurized component and fluid
p reservoir, dimension-less;

2
Ag = area of break, m”; and

Ap= area of pressurized component between break and fluid reservoir, m” (assumes

As illustrated in Figure 3.5-1, the effect of friction on the velocity-displacement relationship is
reasonably small. It can be conservatively assumed that the most extreme friction condition
persists with * =100 for the case of saturated water blowdown and f* =0 for the case of
saturated steam blowdown.
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A typical thermowell weighs about 0.91 kg. Based on ejection by steam at 7.2 MPa, the ejection
velocity could reach 61 m/s, which is not sufficient to inflict significant damage to critical
systems. (P4) is therefore less than 107 per year.

3.5.1.1.2.2.5 Retaining Bolts

Nuts, bolts, nut and bolt combinations, and nut and stud combinations have only a small amount
of stored energy and thus are of no concern as potential missiles.

3.5.1.1.2.2.6 Blowout Panels

Blowout panels are hinged to prevent them from becoming missiles. Guard rails for personnel
protection have been provided where required by the swing pattern. Thus by design, (P2) is less
than 107 per year.

3.5.1.1.3 Missile Barriers and Loadings

Credit is taken in some cases of rotating and pressurized components generating missiles for
missile-consequence mitigation by structural walls and slabs. These walls and slabs are designed
to withstand internal missile effects; the applicable seismic category and quality group
classification are listed in Section 3.2. Penetration of structural walls by internally generated
missiles is not considered credible.

3.5.1.2 Internally Generated Missiles (Inside Containment)

Internal missiles are those resulting from plant equipment failures within the containment.
Potential missile sources from both rotating equipment and pressurized components are
considered, when applicable.

3.5.1.2.1 Rotating Equipment

By an analysis similar to that in Subsection 3.5.1.1.1, it is concluded that no items of rotating
equipment inside the containment have the capability of becoming potential missiles.

3.5.1.2.2 Pressurized Components

Identification of potential missiles and their consequences outside containment are specified in
Subsection 3.5.1.1.2. The same conclusions are drawn for pressurized components inside of
containment. For example, the ADS accumulators are moderate energy vessels and are therefore
not considered a credible missile source. One additional item is FMCRDs under the reactor
vessel. The FMCRD mechanisms are not credible missiles. The FMCRD housings are designed
(Section 4.6) to prevent any significant nuclear transient in the event of a drive housing break.

3.5.1.2.3 Missile Barriers and Loadings

Credit is taken in some cases of rotating and pressurized components generating missiles for
missile-consequence mitigation by structural walls and slabs. Penetration of the containment
walls, floors and slabs by potential missiles is not considered credible. Because all containment
structures are formed with steel, no concrete fragments are considered as secondary missiles.
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3.5.1.2.4 Evaluation of Potential Gravitational Missiles Inside Containment
Gravitational missiles inside the containment have been considered as follows:

Seismic Category I systems, components, and structures are not potential gravitational missile
sources.

Non-Seismic items and systems inside containment are considered as follows:

e (able Trays - All cable trays for both Class 1E and non-Class 1E circuits are seismically
supported whether or not a hazard potential is evident.

e Conduit and Nonsafety-Related Pipe - Non-Class 1E conduit is seismically supported if it
is identified as a potential hazard to safety-related equipment. All Nonsafety-Related
piping that is identified as a potential hazard is seismically analyzed per
Subsection 3.7.3.8.

e Equipment for Maintenance - All other equipment, such as a hoist, that is required during
maintenance is either removed during operation, moved to a location where it is not a
potential hazard to safety-related equipment, or seismically restrained to prevent it from
becoming a missile.

3.5.1.3 Turbine Missiles
See Subsection 3.5.1.1.1.2.

3.5.1.4 Missiles Generated by Natural Phenomena

In accordance with SRP 3.5.1.4, this subsection considers possible hazards due to missiles
generated by the design basis tornado, flood, and any other natural phenomena identified in DCD
Section 3.5.

Tornado generated missiles have been determined to be the limiting natural phenomena hazard in
the design of all structures required for safe shutdown of the nuclear power plant. Because
tornado missiles are used in the design basis, they envelope less intense phenomena such as
extreme winds. See Reference 3.5-8.

The design basis tornado and missile spectrum as defined in DCD Subsection 2.3.1, 2.3.2 and
Table 2.0-1, is included in the design of Seismic Category I buildings, and is in compliance with
the positions C1 and C2 of Regulatory Guides 1.76, “Design Basis Tornado,” and positions C1
and C2 of Regulatory Guide 1.117, “Tornado Design Classification.”

Non-tornado resistant building superstructures are constructed from materials such as reinforced
concrete block, and/or structural steel with metal siding and roof deck. Potential missiles or
debris from these materials, resulting from failure of superstructure or from items blown off,
when subjected to winds of tornado intensity, are not considered to generate missiles more
severe than the Spectrum I missiles of SRP 3.5.1.4 in accordance with Reference 3.5-8.

3.5.1.5 Site Proximity Missiles (Except Aircraft)

The site is selected such that the probability of occurrence of the Site Proximity Missile (except
aircraft) is less than 107 occurrences per year. The Site Proximity Missile has been dismissed
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from further consideration because at that likelihood it is considered not to be a statistically
significant risk.

3.5.1.6 Aircraft Hazards

The probability of aircraft hazards impacting the ESBWR Standard Plant and causing
consequences greater than 10 CFR 100 (and 10 CFR 50.34(a)) exposure guidelines is < 107 per
year.

3.5.2 Structures, Systems, and Components to be Protected from Externally Generated
Missiles

In accordance with SRP 3.5.2, this subsection discusses the SSC to be protected from externally
generated missiles and includes all safety-related SSC on the plant site that have been provided
to support the reactor facility.

The sources of external missiles, which could affect the safety of the plant, are identified in
Subsection 3.5.1. Certain items in the plant are required to safely shut down the reactor and
maintain it in a safe condition assuming an additional single failure. These items, whether they
are structures, systems or components, must all be protected from externally generated missiles.

These items are the safety-related items listed in Table 3.2-1; appropriate safety classes and
equipment locations are given in this table. All of the safety-related systems listed are located in
buildings that are designed as tornado resistant. Because the tornado missiles are the design
basis missiles, the systems, structures, and components listed are adequately protected.
Provisions are made to protect the Off-Gas Charcoal Bed Adsorbers, Seismic Category I portions
of the Fire Protection System and components of FAPCS system that transport makeup water to
Spent Fuel Pool and IC/PCC Pools from the Fire Protection System against tornado missiles.

3.5.3 Barrier Design Procedures

The procedures by which structures and barriers are designed to resist the missiles described in
Subsection 3.5.1 are presented in this section. The following procedures are in accordance with
Section 3.5.3 of NUREG-0800 (Standard Review Plan) and ensure that the design of structures,
shields, and barriers that must withstand the effects of environmental and natural phenomena
meet the relevant requirements of GDC 2 and GDC 4.

3.5.3.1 Local Damage Prediction

The prediction of local damage in the impact area depends on the basic material of construction
of the structure or barrier (i.e., concrete or steel). The corresponding procedures are presented
separately.

3.5.3.1.1 Concrete Structures and Barriers

Sufficient thickness of concrete is provided to prevent perforation, spalling or scabbing of the
barriers in the event of missile impact. The (modified) National Defense Research Committee
(NDRC) formula (Reference 3.5-5) is applied analytically for missile penetration in concrete. To
prevent perforation, the ACI-349 Appendix C Section C.7 is used. The resulting thickness of
concrete required to prevent perforation, spalling or scabbing should in no case be less than those
for Region II listed in Table 1 of SRP 3.5.3.
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3.5.3.1.2 Steel Structures and Barriers

The Stanford equation (Reference 3.5-6) is applied for steel structures and barriers. Composite
barriers are not utilized in ESBWR Standard Plant for missile protection.

3.5.3.2 Overall Damage Prediction

The overall response of a structure or barrier to missile impact depends largely upon the location
of impact (e.g., near mid-span or near a support), dynamic properties of the structure/barrier and
missile, and on the kinetic energy of the missile. In general, it has been assumed that the
momentum of the missile is transferred to the structure or barrier and only a portion of the
kinetic energy is absorbed as strain energy within the structure or barrier.

After demonstrating that the missile does not perforate the structure or barrier, an equivalent
static load concentrated at the impact area is determined. The structural response to this load, in
conjunction with other appropriate design loads, is evaluated using an analysis procedure similar
to that in Reference 3.5-7.

3.5.3.3 Impact of Failure of Nonsafety-Related Structures, Systems and Components

Nonsafety-Related structures could be either Seismic Category II (C-1I) or NS. C-II structures
are designed not to collapse under tornado wind loads. Any NS structure (except the Radwaste
Building) is located at least a distance of its height above grade from C-I or C-II structures. Per
Section 3.5.2, Offgas Charcoal Bed Adsorbers are provided with missile protection.

3.5.4 COL Unit Specific Information

None.
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Table 3.5-1

Requirement for the Probability of Missile Generation for ESBWR Standard Plant

Criterion

Probability/Yr

Required License Action

(A)

(B)

©)

(D)

4
P, <10

4 -3
10" <P, <10

3 2
10" <P, <10

2
10" <P,

Criterion (A) is the general reliability requirement for
loading the turbine and bringing the system on line.

If Criterion (B) is reached during operation, the turbine may
be kept in service until the next scheduled outage, at which
time the applicant, referencing the ESBWR design, is to
take action to reduce P, to meet Criterion (A) before

returning the turbine to service.

If Criterion (B) is reached during operation, the turbine is to
be isolated within 60 days, at which time the applicant,
referencing the ESBWR design, is to take action to reduce
P, to meet Criterion (A) before returning the turbine to

service.

If Criterion (D) is reached at any time during the operation,
the turbine is to be isolated from the steam supply within 6
days, at which time the applicant, referencing the ESBWR
design, is to take action to reduce P, to meet Criterion (A)

before returning the turbine to service.
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Figure 3.5-1. Missile Velocity and Displacement Characteristics Resulting from Saturated
Steam and Water Blowdowns (7.2 MPa Stagnation Pressure)
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3.6 PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE
POSTULATED RUPTURE OF PIPING

This section deals with the structures, systems, components and equipment in the ESBWR
Standard Plant.

Subsections 3.6.1 and 3.6.2 describe the design bases and protective measures which ensure that
(1) the containment, (2) safety-related systems, components and equipment, and (3) other safety-
related structures are adequately protected from the consequences associated with a postulated
rupture of high-energy piping or crack of moderate-energy piping both inside and outside the
containment.

Before delineating the criteria and assumptions used to evaluate the consequences of piping
failures inside and outside of containment, it is necessary to define a pipe break event and a
postulated piping failure:

e Pipe Break Event—Any single postulated piping failure occurring during normal plant
operation and any subsequent piping failure and/or equipment failure that occurs as a
direct consequence of the postulated piping failure.

e Postulated Piping Failure—Longitudinal or circumferential break or rupture postulated in
high-energy fluid system piping or through-wall leakage crack postulated in moderate-
energy fluid system piping. The terms used in this definition are explained in
Subsection 3.6.2.

Structures, systems, components and equipment that are required to shut down the reactor and
mitigate the consequences of a postulated piping failure, without off-site power, are defined as
safety-related and are designed to Seismic Category I requirements.

The dynamic effects that may result from a postulated rupture of high-energy piping include (1)
missile generation, (2) pipe whipping, (3) pipe break reaction forces, (4) jet impingement forces,
(5) compartment, subcompartment, and cavity pressurizations, (6) decompression waves within
the ruptured pipes, and (7) seven types of loads identified with a Loss-of-Coolant-Accident
(LOCA).

3.6.1 Plant Design for Protection Against Postulated Piping Failures in Fluid Systems
Inside and Outside of Containment

In accordance with NUREG-0800, SRP 3.6.1 and SRP 3.6.2 (References 3.6-5 and 3.6-6), the
plant is designed for protection against piping failures inside and outside containment to assure
that such failures would not cause the loss of needed functions of safety-related systems and to
ensure that the plant could be safely shut down in the event of such failures. The design includes
consideration of high energy and moderate energy fluid system piping located inside and outside
of containment. Where such a system penetrates containment, consideration starts with the first
isolation valve outside of containment.
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3.6.1.1 Design Bases
Criteria

Pipe break event protection conforms to 10 CFR 50 Appendix A, General Design Criterion 4,
Environmental and Dynamic Effect Design Bases, as it relates to safety-related Structures,
Systems and Components (SSC) being designed to accommodate the dynamic effects of
postulated pipe rupture, including the effects of pipe whipping and discharging fluids. The
design bases for this protection are in compliance with NRC Branch Technical Position (BTP)
SPLB 3-1 (Formerly BTP ASB 3-1), and BTP EMEB 3-1 included in Subsections 3.6.1 R2,
3.6.2 Draft R2, respectively, of NUREG-0800 (Standard Review Plan). EMEB 3-1 describes an
acceptable basis for selecting the design locations and orientations of postulated breaks and
cracks in fluid systems piping. Standard Review Plan Subsections 3.6.1 and 3.6.2 describe
acceptable measures that could be taken for protection against the breaks and cracks and for
restraint against pipe whip that may result from breaks.

The design of the containment structure, component arrangement, pipe runs, pipe whip restraints,
and compartmentalization are done in consonance with the acknowledgment of protection
against dynamic effects associated with a pipe break event. Analytically sized and positioned
pipe whip restraints are engineered to preclude damage based on the pipe break evaluation.

Objectives

Protection against pipe break event dynamic effects is provided to fulfill the following
objectives:

e Assure that the reactor can be shut down safely and maintained in a safe shutdown
condition and that the consequences of the postulated piping failure are mitigated to
acceptable limits with Loss of Preferred Power (LOPP).

e Assure that containment integrity is maintained.

e Assure that the radiological doses of a postulated piping failure remain below the
guidelines of 10 CFR 50.34(a).

Assumptions
The following assumptions are used to determine the protection requirements:

e Pipe break events may occur during normal plant conditions (i.e., reactor startup,
operation at power, normal hot standby (Reference 3.6-1) or reactor cooldown to a cold
shutdown conditions but excluding test modes).

e A pipe break event may occur simultaneously with a seismic event; however, a seismic
event does not initiate a pipe break event. This applies to Seismic Category I and non-
Seismic Category I piping (seismically analyzed).

e A Single Active Component Failure (SACF) is assumed in systems used to mitigate
consequences of the postulated piping failure and to shut down the reactor, except as
noted below. A SACEF is the malfunction or loss of function of a component of electrical
or fluid systems. The failure of an active component of a fluid system is considered to be
a loss of component function as a result of mechanical, hydraulic, or electrical
malfunction but not the loss of component structural integrity. The direct consequences
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of a SACF are considered to be a part of the single active failure. The single active
component failure is assumed to occur in addition to the postulated piping failure and any
direct consequences of the piping failure.

e  Where the postulated piping failure is assumed to occur in one of two or more redundant
trains of a dual-purpose moderate-energy safety-related system (i.e., one required to
operate during normal plant conditions as well as to shut down the reactor and mitigate
the consequences of the piping failure), single active failure of components in the other
train or trains of that system only are not assumed, provided the system is designed to
Seismic Category I standards, is powered from both off-site and on-site sources, and is
constructed, operated, and inspected to quality assurance, testing and in-service
inspection standards appropriate for nuclear safety-related systems.

e If a pipe break event involves a failure of non-Seismic Category I piping, the pipe break
event must not result in failure of safety-related systems, components and equipment to
shut down the reactor and mitigate the consequences of the pipe break event considering
a SACF.

e [fLOPP is a direct consequence of the pipe break event (e.g., trip of the turbine-generator
producing a power surge that, in turn, trips the main breaker), then a LOPP occurs in a
mechanistic time sequence with a SACF. Otherwise, preferred power is assumed
available with a SACF.

e A whipping pipe is not capable of rupturing impacted pipes of equal or greater nominal
pipe diameter, but may develop through-wall cracks in equal or larger nominal pipe sizes
with thinner wall thickness.

e All available systems, including those actuated by operator actions, are able to mitigate
the consequences of a failure. In judging the availability of systems, account is taken of
the postulated failure and its direct consequences such as unit trip and LOPP, and of the
assumed SACF and its direct consequences. The feasibility of carrying out operator
actions are judged on the basis of ample time and adequate access to equipment being
available for the proposed actions.

e Although a pipe break event outside the containment may require a cold shutdown, up to
eight hours in hot standby is allowed in order for plant personnel to assess the situation
and make repairs.

e Pipe whip with rapid motion of pipe resulting from a postulated pipe break occurs in the
plane determined by the piping geometry and causes movement in the direction of the jet
reaction. If unrestrained, a whipping pipe with a constant energy source forms a plastic
hinge and rotates about the nearest rigid restraint, anchor, or wall penetration. If
unrestrained, a whipping pipe without a constant energy source (i.e., a break at a closed
valve with only one side subject to pressure) is not capable of forming a plastic hinge,
rotating about the hinge, provided its movement can be defined and evaluated.

e The fluid internal energy associated with the pipe break reaction can take into account
any line restrictions (e.g., flow limiter) between the pressure source and break location
and absence of energy reservoirs, as applicable.
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e All walls, doors and penetrations, which serve as divisional boundaries, are designed to
withstand the worst case pressurizations associated with the postulated pipe failures
inside primary containment. All structural divisional separations walls are designed to
maintain their structural integrity after a postulated failure outside containment and
within reactor building. Divisional separation doors, penetration and floors are not
required to maintain their structural integrity. Justification for divisional separation
integrity is addressed in Subsections 3.4.1, 6.2.3 and 9.5.1.

Approach

To comply with the objectives previously described, the safety-related systems, components, and
equipment are identified. The safety-related systems, components, and equipment, or portions
thereof, are identified in Table 3.6-1 for piping failures postulated inside the containment and in
Table 3.6-2 for outside the containment.

3.6.1.2 Description

The lines identified as high and moderate-energy per Subsection 3.6.2.1 are listed in Table 3.6-3
for inside the containment and in Table 3.6-4 for outside the containment. Pressure response
analyses are performed for the subcompartments containing high-energy piping. A detailed
discussion of the line breaks selected, vent paths, room volumes, analytical methods, pressure
results, etc., is provided in Section 6.2.

The effects of pipe whip, jet impingement, spraying, and flooding on required function of safety-
related systems, components, and equipment, or portions thereof, inside and outside the
containment, are considered.

In particular, there are no high-energy lines near the control room. As such, there are no effects
upon the habitability of the control room by a piping failure in the control room or elsewhere
either from pipe whip, jet impingement, or transport of steam. Further discussion on control
room habitability systems is provided in Section 6.4.

3.6.1.3 Design Evaluation
General

An analysis of pipe break events is performed to identify those safety-related systems,
components, and equipment that provide protective actions required to mitigate, to acceptable
limits, the consequences of the pipe break event.

Pipe break events involving high-energy fluid systems are evaluated for the effects of pipe whip,
jet impingement, flooding, room pressurization, and other environmental effects such as
temperature. Pipe break events involving moderate-energy fluid systems are evaluated for
wetting from spray, flooding, and other environmental effects.

By means of the design features such as separation, barriers, and pipe whip restraints, a
discussion of which follows, adequate protection is provided against the effects of pipe break
events for safety-related items to an extent that their ability to shut down the plant safely or
mitigate the consequences of the postulated pipe failure would not be impaired.
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General Protection Methods

The direct effects associated with a particular postulated break or crack are mechanistically
consistent with the failure. Thus, actual pipe dimensions, piping layouts, material properties, and
equipment arrangements are considered in defining the following specific measure for protection
against actual pipe movement and other associated consequences of postulated failures:

e Protection against the dynamic effects of pipe failures is provided in the form of pipe
whip restraints, equipment shields, and physical separation of piping, equipment, and
instrumentation.

e The precise method chosen depends largely upon limitations placed on the designer such
as accessibility, maintenance, and proximity to other pipes.

Protection Methods by Separation

The plant arrangement provides physical separation to the extent practicable to maintain the
independence of redundant safety-related systems (including their auxiliaries) in order to prevent
the loss of safety function caused by any single postulated event. Redundant trains (e.g., A and
B trains) and divisions are located in separate compartments to the extent possible. Physical
separation between redundant safety-related systems with their related auxiliary supporting
features, therefore, is the basic protective measure incorporated in the design to protect against
the dynamic effects of postulated pipe failures.

Because of the complexities of several divisions being adjacent to high-energy lines in the
drywell, specific break locations are determined in accordance with Subsection 3.6.2.1 for
possible spatial separation. Care is taken to avoid concentrating safety-related equipment in the
break exclusion zone allowed according to Subsection 3.6.2.1. If spatial separation requirements
(distance and/or arrangement to prevent damage) cannot be met based on the postulation of
specific breaks, then barriers, enclosures, shields, or restraints are provided. These methods of
protection are discussed below.

For other areas where physical separation is not practical, the following High-Energy Line
Separation Analysis (HELSA) evaluation is done to determine which high-energy lines meet the
spatial separation requirement and which lines require further protection:

e For the HELSA evaluation, no particular break points are identified. Cubicles or areas
through which the high-energy lines pass are examined in total. Breaks are postulated at
any point in the piping system.

e Safety-related systems, components, and equipment at a distance greater than 9.1 meters
(30 feet) from any high energy piping are considered as meeting spatial separation
requirements. No damage is assumed to occur on account of jet impingement, because
the impingement force becomes negligible beyond 9.1 meters. Likewise, a 9.1 meter
(30 feet) evaluation zone is established for pipe breaks to assure protection against
potential damage from a whipping pipe. Assurance that 9.1 meters represents the
maximum free length is made in the piping layout.

e Safety-related systems, components, and equipment at a distance less than 9.1 meters
(30 feet) from any high-energy piping are evaluated to see if damage could occur to more
than one safety-related division, preventing safe shutdown of the plant. If damage
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occurred to only one division of a redundant system, the requirement for redundant
separation is met. Other redundant divisions are available for safe shutdown of the plant
and no further evaluation is performed.

e If damage could occur to more than one division of a redundant safety-related system
within 9.1 meters (30 feet) of any high energy piping, other protection in the form of
barriers, shields, or enclosures is used. Pipe whip restraints are used if protection from
whipping pipe is not possible by barriers and shields. These methods of protection are
discussed below.

Barriers, Shields, and Enclosures

Protection requirements are met through the protection afforded by the walls, floors, columns,
abutments, and foundations in many cases. Where adequate protection is not already present
because of spatial separation or existing plant features, additional barriers, deflectors, or shields
are identified as necessary to meet the functional protection requirements.

Barriers or shields that are identified as necessary by the use of specific break locations in the
drywell are designed for the specific loads associated with the particular break location.

The MSIVs and the feedwater isolation and check valves located inside the tunnel shall be
designed for the effects of a line break. The details of how the MSIV and feedwater isolation
and check valves functional capabilities are protected against the effects of these postulated pipe
failures shall be provided by the Combined Operating License (COL) applicant
(Subsection 3.6.5).

Barriers or shields that are identified as necessary by the HELSA evaluation (i.e., based on no
specific break locations) are designed for worst-case loads. The closest high-energy pipe
location and resultant loads are used to size the barriers.

Pipe Whip Restraints

Pipe whip restraints are used where pipe break protection requirements could not be satisfied
using spatial separation, barriers, shields, or enclosures alone. Restraints are located based on
the specific break locations determined in accordance with Subsection 3.6.2.1. After the
restraints are located, the piping and safety-related systems are evaluated for jet impingement
and pipe whip. For those cases where jet impingement damage could still occur, barriers,
shields, or enclosures are utilized.

The design criteria for restraints are given in Subsection 3.6.2.3.
Specific Protection Measures

e Nonsafety-Related systems and system components are not required for the safe
shutdown of the reactor, nor are they required for the limitation of the off-site release in
the event of a pipe rupture. However, while none of this equipment is needed during or
following a pipe break event, pipe whip protection is considered where a resulting failure
of a Nonsafety-Related system or component could initiate or escalate the pipe break
event in a safety-related system or component, or in another Nonsafety-Related system
whose failure could affect a safety-related system.

e For high energy piping systems penetrating through the containment, isolation valves are
located as close to the containment as possible.
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e The pressure, water level, and flow sensor instrumentation for those safety-related
systems, which are required to function following a pipe rupture, are protected.

e High-energy fluid system pipe whip restraints and protective measures are designed so
that a postulated break in one pipe could not, in turn, lead to a rupture of other nearby
pipes or components, if the secondary rupture could result in consequences that would be
considered unacceptable for the initial postulated break.

e For any postulated pipe rupture, the structural integrity of the containment structure is
maintained. In addition, for those postulated ruptures classified as a loss of reactor
coolant, the design leaktightness of the containment fission product barrier is maintained.

e Safety relief valves (SRVs) are located and restrained so that a pipe failure would not
prevent depressurization.

e Protection for the FMCRD scram insert lines is not required, because the motor operation
of the FMCRD can adequately insert the control rods even with a complete loss of insert
lines (Subsection 3.6.2.1.3).

e The escape of steam, water, combustible or corrosive fluids, gases, and heat in the event
of a pipe rupture do not preclude:

— accessibility to any areas required to cope with the postulated pipe rupture;
— habitability of the control room; or

— the ability of safety-related instrumentation, electric power supplies, components, and
controls to perform their safety-related function.

3.6.2 Determination of Break Locations and Dynamic Effects Associated with the
Postulated Rupture of Piping

Information concerning break and crack location criteria and methods of analysis for dynamic
effects are discussed in this Subsection in accordance with NUREG-0800 Draft Rev. 2,
April 1996, SRP 3.6.2. This includes location criteria and methods of analysis needed to
evaluate the dynamic effects associated with postulated breaks and cracks in high and moderate-
energy fluid system piping inside and outside of the primary containment. This information
provides the basis for the requirements for the protection of safety-related structures, systems,
and components defined in the introduction of Section 3.6, which includes meeting the
requirements of GDC 4 as it relates to safety-related structures, systems and components (SSC)
being designed to accommodate the dynamic effects of postulated pipe rupture, including
postulation of pipe rupture locations; break and crack characteristics; dynamic analysis of pipe-
whip; and jet impingement loads.

The plant meets the relevant requirements of GDC 4 as follows:

(1) Criteria defining postulated pipe rupture locations and configurations inside containment
are in accordance with Branch Technical Position (BTP) EMEB 3-1.

(2) Protection against postulated pipe ruptures outside containment is provided in accordance
with BTP EMEB 3-1.
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(3) Detailed acceptance criteria covering pipe-whip dynamic analysis, including determination
of the forcing functions of jet thrust and jet impingement are in accordance with
Subsection III of SRP 3.6.2 Draft R2. The general bases and assumptions of the analysis
are in accordance with BTP EMEB 3-1.

3.6.2.1 Criteria Used to Define Break and Crack Location and Configuration

The following subsections establish the criteria for the location and configuration of postulated
breaks and cracks.

Definition of High-Energy Fluid Systems

High-energy fluid systems are defined to be those systems or portions of systems that, during
normal plant conditions (as defined in Subsection 3.6.1.1), are either in operation or are
maintained pressurized under conditions where either or both of the following are met:

e maximum operating temperature exceeds 93.3°C (200°F); or
e maximum operating pressure exceeds 1.9 MPaG (275 psig).
Definition of Moderate-Energy Fluid Systems

Moderate-energy fluid systems are defined to be those systems or portions of systems that,
during normal plant conditions (as defined in Subsection 3.6.1.1), are either in operation or are
maintained pressurized (above atmospheric pressure) under conditions where both of the
following are met:

e maximum operating temperature is 93.3°C (200°F) or less; and
e maximum operating pressure is 1.9 MPaG (275 psig) or less.

Piping systems are classified as moderate-energy systems when they operate as high-energy
piping for only short operational periods in performing their system function but, for the major
operational period, qualify as moderate-energy fluid systems. An operational period is
considered short if the total fraction of time that the system operates within the pressure-
temperature conditions specified for high-energy fluid systems is less than 2% of the total time
that the system operates as a moderate-energy fluid system.

Postulated Pipe Breaks and Cracks

A postulated pipe break is defined as a sudden gross failure of the pressure boundary either in the
form of a complete circumferential severance (guillotine break) or a sudden longitudinal split
without pipe severance, and is postulated for high-energy fluid systems only. For moderate-
energy fluid systems, pipe failures are limited to postulation of cracks in piping and branch runs;
these cracks affect the surrounding environmental conditions only and do not result in whipping
of the cracked pipe. High-energy fluid systems are also postulated to have cracks for
conservative environmental conditions in a confined area where high and moderate-energy fluid
systems are located.

The following high-energy piping systems (or portions of systems) are considered as potential
candidates for a postulated pipe break during normal plant conditions and are analyzed for
potential damage resulting from dynamic effects:
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e all piping which is part of the reactor coolant pressure boundary and subject to reactor
pressure continuously during station operation;

e all piping which is beyond the second isolation valve but subject to reactor pressure
continuously during station operation; and

e all other piping systems or portions of piping systems considered high-energy systems.

Portions of piping systems that are isolated from the source of the high-energy fluid during
normal plant conditions are exempted from consideration of postulated pipe breaks. This
includes portions of piping systems beyond normally closed valves. Pump and valve bodies are
also exempted from consideration of pipe break because of their greater wall thickness.

3.6.2.1.1 Locations of Postulated Pipe Breaks
Postulated pipe locations are selected as follows:
Piping Meeting Separation Requirements

Based on the HELSA evaluation described in Subsection 3.6.1.3, the high-energy lines, which
meet the spatial separation requirements, are generally not identified with particular break points.
Breaks are postulated at all possible points in such high-energy piping systems. However, in
some systems break points are particularly specified according to the following subsections if
special protection devices such as barriers or restraints are provided.

Piping in Containment Penetration Areas

No pipe breaks or cracks are postulated in those portions of piping from the containment wall
penetration to and including the inboard or outboard isolation valves which meet the following
requirements in addition to the requirement of the ASME Code, Section III, Sub-article NE-
1120:

e The following design stress and fatigue limits are not exceeded:
For ASME Code, Section III, Class 1 Piping

— The maximum stress range between any two load sets (including the zero load set)
does not exceed 2.4 S,,, and is calculated by Equation 10 in NB-3653, ASME Code,
Section III. If the calculated maximum stress range of Equation (10) exceeds 2.4 S, ,
the stress ranges calculated by both Equation (12) and Equation (13) in paragraph
NB-3653 shall meet the limit of 2.4 S,,..

— The cumulative usage factor is less than 0.1.

— The maximum stress as calculated by Equation 9 in NB-3652 under the loadings
resulting from a postulated piping failure beyond those portions of piping, does not
exceed the lesser of 2.25 S, and 1.8 Sy except that, following a failure outside
containment, the pipe between the outboard isolation valve and the first restraint may
be permitted higher stress, provided a plastic hinge is not formed and operability of
the valves with such stresses is assured in accordance with the requirement identified
in Subsection 3.9.3. Primary loads include those that are deflection limited by whip
restraints.
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For ASME Code, Section III, Class 2 Piping

— The maximum stress as calculated by the sum of Equations 9 and 10 in Paragraph
NC-3653, ASME Code, Section III, considering those loads and conditions thereof
for which level A and level B stress limits are specified in the system’s Design
Specification (i.e., sustained loads, occasional loads, and thermal expansion),
including an OBE event, does not exceed 0.8(1.8 S, +Sa). The Sy and Sa are
allowable stresses at maximum (hot) temperature and allowable stress range for
thermal expansion, respectively, as defined in Article NC-3600 of the ASME Code,
Section III.

— The maximum stress, as calculated by Equation 9 in NC-3653 under the loadings
resulting from a postulated piping failure of fluid system piping beyond these portions
of piping, does not exceed the lesser of 2.25 S, and 1.8 S;.

Primary loads include those that are deflection limited by whip restraints. The exceptions
permitted above may also be applied provided that, when the piping between the outboard
isolation valve and the restraint is constructed in accordance with the Power Piping Code ASME
B31.1, the piping is either of seamless construction with full radiography of all circumferential
welds, or all longitudinal and circumferential welds are fully radiographed.

Welded attachments, for pipe supports or other purposes, to these portions of piping are
avoided except where detailed stress analyses, or tests, are performed to demonstrate
compliance with the above mentioned code limits.

The number of circumferential and longitudinal piping welds and branch connections are
minimized. Where penetration sleeves are used, the enclosed portion of fluid system
piping is seamless construction and without circumferential welds unless specific access
provisions are made to permit in-service volumetric examination of longitudinal and
circumferential welds.

The length of these portions of piping are reduced to the minimum length practical.

The design of pipe anchors or restraints (e.g., connections to containment penetrations
and pipe whip restraints) do not require welding directly to the outer surface of the piping
(e.g., flued integrally forged pipe fittings may be used) except where such welds are
100% volumetrically examinable in service and a detailed stress analysis is performed to
demonstrate compliance with the above mentioned code limits.

Sleeves provided for those portions of piping in the containment penetration areas are
constructed in accordance with the rules of Class MC, Subsection NE of the ASME
Code, Section III, where the sleeve is part of the containment boundary. In addition, the
entire sleeve assembly is designed to meet the following requirements and tests:

— The design pressure and temperature are not less than the maximum operating
pressure and temperature of the enclosed pipe under normal plant conditions.

— The Level C stress limits in NE-3220, ASME Code, Section III, are not exceeded
under the loadings associated with containment design pressure and temperature in
combination with the safe shutdown earthquake.
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— The assemblies are subjected to a single pressure test at a pressure not less than its
design pressure.

— The assemblies do not prevent the access required to conduct the in-service
examination specified below.

e A 100% volumetric in-service examination of all pipe welds would be conducted during
each inspection interval as defined in IWA-2400, ASME Code, Section XI.

ASME Code Section III Class 1 Piping in Areas Other Than Containment Penetration

With the exception of those portions of piping identified above, breaks in ASME Code, Section
111, Class 1 piping are postulated at the following locations in each piping and branch run:

e At terminal ends.

e At intermediate locations where the maximum stress range as calculated by Equation 10
in NB-3653, ASME Code, Section III exceeds 2.4 S, and either Equation 12 or
Equation 13 in Paragraph NB-3653 exceeds 2.4 S,.

e At intermediate locations where the cumulative usage factor exceeds 0.1. As a result of
piping reanalysis caused by differences between the design configuration and the as-built
configuration, the highest stress or cumulative usage factor locations may be shifted,
however, the initially determined intermediate break locations need not be changed
unless one of the following conditions exists:

— The dynamic effects from the new (as-built) intermediate break locations are not
mitigated by the original pipe whip restraints and jet shields.

— A change is required in pipe parameters, such as major differences in pipe size, wall
thickness, and routing.

ASME Code Section III Class 2 and 3 Piping in Areas Other Than Containment
Penetration

With the exceptions of those portions of piping identified above, breaks in ASME Code, Section
III, Class 2 and 3 piping are postulated at the following locations in those portions of each piping
and branch run:

e At terminal ends.
e At intermediate locations selected by one of the following criteria:

— At each pipe fitting (e.g., elbow, tee, cross, flange, and nonstandard fitting), welded
attachment, and valve.

— At one location at each extreme of the piping run adjacent to the protective structure
for piping that contains no fittings, welded attachments, or valves.

— At each location where stresses calculated by the sum of Equations 9 and 10 in
NC/ND-3653, ASME Code, Section III, exceed 0.8 times the sum of the stress limits
given in NC/ND-3653.

As a result of piping reanalysis caused by differences between the design configuration and the
as-built configuration, the highest stress locations may be shifted; however, the initially
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determined intermediate break locations may be used unless a redesign of the piping resulting in
a change in the pipe parameters (diameter, wall thickness, routing) is required, or the dynamic
effects from the new (as-built) intermediate break location are not mitigated by the original pipe
whip restraints and jet shields.

Non-ASME Class Piping

Breaks in seismically analyzed non-ASME Class (not ASME Class 1, 2, or 3) piping are
postulated according to the same requirements for ASME Class 2 and 3 piping above.
Separation and interaction requirements between seismically analyzed and non-seismically
analyzed piping are met as described in Subsection 3.7.3.8.

Separating Structure With High-Energy Lines

If a structure separates a high-energy line from a safety-related component, the separating
structure is designed to withstand the consequences of the pipe break in the high-energy line at
locations that the aforementioned criteria require to be postulated. However, as noted in
Subsection 3.6.1.3, some structures, which are identified as necessary by the HELSA evaluation
(i.e., based on no specific break locations), are designed for worst-case loads.

3.6.2.1.2 Locations of Postulated Pipe Cracks
Postulated pipe crack locations are selected as follows:

Piping Meeting Separation Requirements

Based on the HELSA evaluation described in Subsection 3.6.1.3, the high- or moderate-energy
lines, which meet the separation requirements, are not identified with particular crack locations.
Cracks are postulated at all possible points that are necessary to demonstrate adequacy of
separation or other means of protections provided for safety-related structures, systems and
components.

High-Energy Piping

With the exception of those portions of piping identified above, leakage cracks are postulated for
the most severe environmental effects as follows:

e For ASME Code, Section III Class 1 piping, at axial locations where the calculated stress
range by Equation 10 and either Equation 12 or Equation 13 in NB-3653 exceeds 1.2 S,,..

e For ASME Code, Section III Class 2 and 3 or non-ASME class piping, at axial locations
where the calculated stress by the sum of Equations 9 and 10 in NC/ND-3653 exceeds
0.4 times the sum of the stress limits given in NC/ND-3653.

e Non-ASME class piping, which has not been evaluated to obtain stress information, has
leakage cracks postulated at axial locations that produce the most severe environmental
effects.

Moderate-Energy Piping in Containment Penetration Areas

Leakage cracks are not postulated in those portions of piping from the containment wall to and
including the inboard or outboard isolation valves, provided (1) they meet the requirements of
the ASME Code, Section III, NE-1120, and (2) the stresses calculated by the sum of Equations 9
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and 10 in ASME Code, Section III, NC-3653 do not exceed 0.4 times the sum of the stress limits
given in NC-3653.

Moderate Energy Piping in Areas Other Than Containment Penetration

e [eakage cracks are postulated in piping located adjacent to safety-related structures,
systems or components, except:

— Where exempted above.

— For ASME Code, Section III, Class 1 piping the stress range calculated by
Equation 10 and either Equation 12 or Equation 13 in NB-3653 is less than 1.2 S;,..

— For ASME Code, Section III, Class 2 or 3 and non-ASME class piping, the stresses
calculated by the sum of Equations 9 and 10 in NC/ND-3653 are less than 0.4 times
the sum of the stress limits given in NC/ND-3653.

e [eakage cracks, unless the piping system is exempted above, are postulated at axial and
circumferential locations that result in the most severe environmental consequences.

e Leakage cracks are postulated in fluid system piping designed to nonseismic standards as
necessary to meet the environmental protection requirements of Subsection 3.6.1.1.

Moderate-Energy Piping in Proximity to High-Energy Piping

Moderate-energy fluid system piping or portions thereof, which are located within a
compartment of confined area involving considerations for a postulated break in high-energy
fluid system piping, are acceptable, without postulation of through-wall leakage cracks, except
where a postulated leakage crack in the moderate-energy fluid system piping results in more
severe environmental conditions than the break in the proximate high-energy fluid system
piping, in which case the provisions of this subsection are applied.

3.6.2.1.3 Types of Breaks and Cracks to be Postulated
Pipe Breaks

The following types of breaks are postulated in high-energy fluid system piping at the locations
identified by the criteria specified in Subsection 3.6.2.1.1.

e No breaks are postulated in piping having a nominal diameter less than or equal to
25.4 mm (1 inch). Instrument lines 1 in. and less nominal pipe or tubing size meet the
provision of Regulatory Guide 1.11. Additionally, the 32 mm (1.25 in) HCU fast scram
lines do not require special protection measure because of the following reasons:

— The piping to the control rod drives from the hydraulic control units (HCUs) are
located in the containment under reactor vessel, and in the reactor building away from
other safety-related equipment; therefore, should a line fail, it would not affect any
safety-related equipment but only impact on other HCU lines. As discussed in
Subsection 3.6.1.1, a whipping pipe can only rupture an impacted pipe of smaller
nominal pipe size or cause a through-wall crack in the same nominal pipe size but
with thinner wall thickness.

— The total amount of energy contained in the 32 mm (1.25 in) piping between the
normally closed scram insert valve on the HCU module and the ball-check valve in
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the control rod housing is smaller than 6 kJ per meter (1348.85 ft. Ibf per foot) of
32 mm (1.25 in) line. In the event of a rupture of this line, the ball-check valve would
close to prevent reactor vessel flow out of the break.

— Even if a number of the HCU lines ruptured, the control rod insertion function would
not be impaired, because the electrical motor of the fine motion control drive would
drive in the control rods.

e Longitudinal breaks are postulated only in piping having a nominal diameter equal to or
greater than 102 mm (4 inches).

e Circumferential breaks are only assumed at all terminal ends.

e At each of the intermediate postulated break locations identified to exceed the stress and
usage factor limits of the criteria in Subsection 3.6.2.1.1, consideration is given to the
occurrence of either a longitudinal or circumferential break. Examination of the state of
stress in the vicinity of the postulated break location is used to identify the most probable
type of break. If the maximum stress range in the longitudinal direction is greater than
1.5 times the maximum stress range in the circumferential direction, only the
circumferential break is postulated. Conversely, if the maximum stress range in the
circumferential direction is greater than 1.5 times the stress range in the longitudinal
direction, only the longitudinal break is postulated. If no significant difference between
the circumferential and longitudinal stresses is determined, then both types of breaks are
considered.

e Where breaks are postulated to occur at each intermediate pipe fitting, weld attachment,
or valve without the benefit of stress calculations, only circumferential breaks are
postulated.

e For both longitudinal and circumferential breaks, after assessing the contribution of
upstream piping flexibility, pipe whip is assumed to occur in the plane defined by the
piping geometry and configuration for circumferential breaks and out of plane for
longitudinal breaks and to cause piping movement in the direction of the jet reactions.
Structural members, piping restraints, or piping stiffness as demonstrated by inelastic
limit analysis are considered in determining the piping movement limit (alternatively,
circumferential breaks are assumed to result in pipe severance and separation amounting
to at least a one-diameter lateral displacement of the ruptured piping sections).

e For a circumferential break, the dynamic force of the jet discharged at the break location
is based upon the effective cross-sectional flow area of the pipe and on a calculated fluid
pressure as modified by an analytically or experimentally determined thrust coefficient.
Limited pipe displacement at the break location, line restrictions, flow limiters, positive
pump-controlled flow, and the absence of energy reservoirs are used, as applicable, in the
reduction of the jet discharge.

e Longitudinal breaks in the form of axial split without pipe severance are postulated in the
center of the piping at two diametrically opposed points (but not concurrently) located so
that the reaction force is perpendicular to the plane of the piping configuration and
produces out-of-plane bending. Alternatively, a single split is assumed at the section of
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highest tensile stress as determined by detailed stress analysis (e.g., finite element
analysis).

For longitudinal breaks, the dynamic force of the fluid jet discharge is based on a circular
or elliptical (2D x 1/2D) break area equal to the effective cross-sectional flow area of the
pipe at the break location and on a calculated fluid pressure modified by an analytically
or experimentally determined thrust coefficient as determined for a circumferential break
at the same location. Line restrictions, flow limiters, positive pump-controlled flow, and
the absence of energy reservoirs may be taken into account as applicable in the reduction
of jet discharge.

Pipe Cracks

The following criteria are used to postulate through-wall leakage cracks in high- or moderate-
energy fluid systems or portions of systems:

Cracks are postulated in moderate-energy fluid system piping and branch runs exceeding
a nominal pipe size of 25.5 mm (1 inch).

At axial locations determined per Subsection 3.6.2.1.2, the postulated cracks are oriented
circumferentially to result in the most severe environmental consequences.

Crack openings are assumed as a circular orifice of area equal to that of a rectangle
having dimensions one-half-pipe-diameter in length and one-half-pipe-wall thickness in
width.

The flow from the crack opening is assumed to result in an environment that wets all
unprotected components within the compartment, with consequent flooding in the
compartment and communicating compartments, based on a conservatively estimated
time period to effect corrective actions.

3.6.2.2 Analytic Methods to Define Blowdown Forcing Functions and Response Models

Analytic Methods to Define Blowdown Forcing Functions

The rupture of a pressurized pipe causes the flow characteristics of the system to change,
creating reaction forces that can dynamically excite the piping system. The reaction forces are a
function of time and space and depend upon fluid state within the pipe prior to rupture, break
flow area, frictional losses, plant system characteristics, piping system, and other factors. The
methods used to calculate the reaction forces for various piping systems are presented in the
following subsections.

The criteria that are used for calculation of fluid blowdown forcing functions include:

Circumferential breaks are assumed to result in pipe severance and separation amounting
to at least a one-diameter lateral displacement of the ruptured piping sections unless
physically limited by piping restraints, structural members, or piping stiffness as may be
demonstrated by inelastic limit analysis (e.g., a plastic hinge in the piping is not
developed under loading).

The dynamic force of the jet discharge at the break location is based on the cross-
sectional flow area of the pipe and on a calculated fluid pressure as modified by an
analytically or experimentally-determined thrust coefficient. Line restrictions, flow
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limiters, positive pump-controlled flow, and the absence of energy reservoirs are taken
into account, as applicable, in the reduction of jet discharge.

e All breaks are assumed to attain full size within one millisecond after break initiation.

Blowdown forcing functions are determined by the method specified in Appendix B of
ANSI/ANS-58.2.

Pipe Whip Dynamic Response Analyses

The prediction of time-dependent and steady thrust reaction loads caused by blowdown of
subcooled, saturated, and two-phase fluid from ruptured pipe is used in design and evaluation of
dynamic effects of pipe breaks. A discussion of the analytical methods employed to compute
these blowdown loads is given above. Following is a discussion of analytical methods used to
account for this loading.

The criteria used for performing the pipe whip dynamic response analyses include the following:

e A pipe whip analysis is performed for each postulated pipe break. However, a given
analysis can be used for more than one postulated break location if the blowdown forcing
function, piping and restraint system geometry, and piping and restraint system properties
are conservative for other break locations.

e The analysis includes the dynamic response of the pipe in question and the pipe whip
restraints, which transmit loading to the support structures.

e The analytical model adequately represents the mass/inertia and stiffness properties of the
system.

e Pipe whipping is assumed to occur in the plane defined by the piping geometry and
configuration and to cause pipe movement in the direction of the jet reaction.

e Piping within the broken loop is no longer considered part of the RCPB. Plastic
deformation in the pipe is considered as a potential energy absorber. Limits of strain are
imposed which are similar to strain levels allowed in restraint plastic members. Piping
systems are designed so that plastic instability does not occur in the pipe at the design
dynamic and static loads unless damage studies are performed which show the
consequences do not result in direct damage to any safety-related system or component.

e Components, such as vessel safe ends and valves, which are attached to the broken piping
system, do not serve a safety-related function. Components whose failure would not
further escalate the consequences of the accident are not designed to meet ASME Code-
imposed limits for safety-related components under faulted loading. However, if these
components are required for safe shutdown or serve to protect the structural integrity of a
safety-related component, limits to meet the Code requirements for faulted conditions and
limits to ensure required operability would be met.

An analysis for pipe whip restraint selection using the piping design analysis (PDA) computer
program and a pipe break modeling program (ANSYS) are performed as described in
Appendix 3D, which predicts the response of a pipe subjected to the thrust force occurring after a
pipe break. The program treats the situation in terms of generic pipe break configuration, which
involves a straight, uniform pipe fixed at one end and subjected to a time-dependent thrust force
at the other end. A typical restraint used to reduce the resulting deformation is also included at a

3.6-16



26A6642AJ Rev. 03
ESBWR Design Control Document/Tier 2

location between the two ends. Nonlinear and time-independent stress strain relationships are
used to model the pipe and the restraint. Using a plastic-hinge concept, bending of the pipe is
assumed to occur only at the fixed end and at the location supported by the restraint.

Effects of pipe shear deflection are considered negligible. The pipe-bending moment-deflection
(or rotation) relation used for these locations is obtained from a static nonlinear cantilever-beam
analysis. Using the moment-rotation relation, nonlinear equations of motion of the pipe are
formulated using energy considerations and the equations are numerically integrated in small
time steps to yield time-history of the pipe motion.

The piping stresses in the containment penetration areas are calculated by the ANSYS computer
program, a program as described in Appendix 3D. The program is used to perform the non-
linear analysis of a piping system for time varying displacements and forces due to postulated
pipe breaks.

3.6.2.3 Dynamic Analysis Methods to Verify Integrity and Operability

3.6.2.3.1 Jet Impingement Analyses and Effects on Safety-Related Components

The methods used to evaluate the jet effects resulting from the postulated breaks of high-energy
piping are described in Appendices C and D of ANSI/ANS 58.2 and presented in this subsection.

The criteria used for evaluating the effects of fluid jets on safety-related structures, systems, and
components are as follows:

e Safety-related structures, systems, and components are not impaired so as to preclude
safety-related functions. For any given postulated pipe break and consequent jet, those
safety-related structures, systems, and components needed to safely shut down the plant
are identified.

e Safety-related structures, systems and components, which are not necessary to safely shut
down the plant for a given break are not protected from the consequences of the fluid jet.

e Safe shutdown of the plant caused by postulated pipe ruptures within the RCPB is not
aggravated by sequential failures of safety-related piping and the required emergency
cooling system performance is maintained.

e Off-site dose comply with 10 CFR 50.34(a).

e Postulated breaks resulting in jet impingement loads are assumed to occur in high-energy
lines at 102% power operation of the plant.

e Through-wall leakage cracks are postulated in moderate-energy lines and are assumed to
result in wetting and spraying of safety-related structures, systems, and components.

e Reflected jets are considered only when there is an obvious reflecting surface (such as a
flat plate), which directs the jet onto safety-related equipment. Only the first reflection is
considered in evaluating potential targets.

e Potential targets in the jet path are considered at the calculated final position of the
broken end of the ruptured pipe. This selection of potential targets is considered
adequate due to the large number of breaks analyzed and the protection provided from the
effects of these postulated breaks.
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The analytical methods used to determine which targets could be impinged upon by a fluid jet
and the corresponding jet impingement load include:

The direction of the fluid jet is based on the arrested position of the pipe during steady-
state blowdown.

The impinging jet proceeds along a straight path.

The total impingement force acting on any cross-sectional area of the jet is time and
distance invariant with a total magnitude equivalent to the steady-state fluid blowdown
force given in Subsection 3.6.2.2 and with jet characteristics shown in Figure 3.6-1.

The jet impingement force is uniformly distributed across the cross-sectional area of the
jet and only the portion intercepted by the target is considered.

The break opening is assumed to be a circular orifice of cross-sectional flow area equal to
the effective flow area of the break.

The jet impingement force is equal to the steady-state value of the fluid blowdown force
calculated by the methods described in Subsection 3.6.2.2.

The distance of jet travel is divided into two or three regions. Region 1 (Figure 3.6-1,
items a, b and c¢) extends from the break to the asymptotic area. Within this region the
discharging fluid flashes and undergoes expansion from the break area pressure to the
atmospheric pressure. In Region 2 the jet expands further. For partial-separation
circumferential breaks, the area increases as the jet expands. In Region 3, the jet expands
at a half angle of 10 degrees (Figure 3.6-1, items a and c).

The analytical model for estimating the asymptotic jet area for subcooled water and
saturated water assumes a constant jet area. For fluids discharging from a break that are
below the saturation temperature at the corresponding room pressure or have a pressure at
the break area equal to the room pressure, the free expansion does not occur.

The distance downstream from the break where the asymptotic area is reached (Region 2)
is calculated for circumferential and longitudinal breaks.

Both longitudinal and fully separated circumferential breaks are treated similarly. The
value of fL./D used in the blowdown calculation is also used for jet impingement.

Circumferential breaks with partial (i.e., h<D/2) separation between the two ends of the
broken pipe not significantly offset (i.e., no more than one pipe wall thickness lateral
displacement) are more difficult to quantify. For these cases, the following assumptions
are made.

— The jet is uniformly distributed around the periphery.

— The jet cross-section at any cut through the pipe axis has the configuration depicted in
Figure 3.6-1, item b. The jet regions are also shown.

— The jet force F; = total blowdown.
The pressure at any point intersected by the jet (P;) is:
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Py = %
R (3.6-1)
where

Ag = the total 360° area of the jet at a radius equal to the distance from the pipe
centerline to the target

Fs= Steady State blowdown force

The pressure of the jet is then multiplied by the area of the target submerged within
the jet.

Target loads are determined using the following procedures:

For both the fully separated circumferential break and the longitudinal break, the jet is
studied by determining target locations vs. asymptomatic distance and applying
ANSI/ANS-58.2, Appendices C and D.

For circumferential break limited separation, the jet is analyzed by using different
equations of ANSI/ANS 58.2, Appendices C and D and determining respective target

and asymptomatic locations.
After determination of the total area of the jet at the target, the jet pressure is
calculated by:
F.
p =-
AX

(3.6-2)
where
P, = incident pressure

A= area of the expanded jet at the target intersection.

Target shape factors are included in accordance with ANS-58.2.

If the effective target area (A¢) is less than the expanded jet area (A < Ay), the target is fully
submerged in the jet and the impingement load is equal to (P)) (A). If the effective target area
is greater than the expanded jet area (A > Ay), the target intercepts the entire jet and the
impingement load is equal to (P;) (Ay) = F;. The effective target area (Ay) for various
geometries follows:

Flat Surface — For a case where a target with physical area A; is oriented at angle ¢ with
respect to the jet axis and with no flow reversal, the effective target area Ay is:

A = (AD(sino) (3.6-3)

Pipe Surface — As the jet hits the convex surface of the pipe, its forward momentum is
decreased rather than stopped; therefore, the jet impingement load on the impacted area is
expected to be reduced. For conservatism, no credit is taken for this reduction and the
pipe is assumed to be impacted with the full impingement load. However, where shape
factors are justifiable, they may be used. The effective target area Ay is:
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e = (DAD) (3.6-4)
where
Dy = diameter of the jet at the target interface
D = pipe OD of target pipe for a fully submerged pipe

When the target (pipe) is larger than the area of the jet, the effective target area
equals the expanded jet area
A=A
te X (3.6-5)
e For all cases, the jet area (Ax) is assumed to be uniform and the load is uniformly
distributed on the impinged target area Ag.

3.6.2.3.2 Pipe Whip Effects on Safety-Related Components

This subsection provides the criteria and methods used to evaluate the effects of pipe
displacements on safety-related structures, systems, and components following a postulated pipe
rupture.

Pipe whip (displacement) effects on safety-related structures, systems, and components can be
placed in two categories: (1) pipe displacement effects on components (nozzles, valves, tees,
etc.) which are in the same piping run that the break occurs in; and (2) pipe whip or controlled
displacements onto external components such as building structure, other piping systems, cable
trays, and conduits, etc.

Pipe Displacement Effects on Components in the Same Piping Run

The criteria for determining the effects of pipe displacements on inline components are as
follows:

e Components such as vessel safe ends and valves which are attached to the broken piping
system and do not serve a safety function or failure of which would not further escalate
the consequences of the accident need not be designed to meet ASME Code Section I1I-
imposed limits for safety-related components under faulted loading.

e If these components are required for safe shutdown or serve to protect the structural
integrity of a safety-related component, limits to meet the ASME Code requirements for
faulted conditions and limits to ensure required operability are met.

e The methods used to calculate the pipe whip loads on piping components in the same run
as the postulated break are described in Subsection 3.6.2.2 under paragraph titled. ‘Pipe
Whip Dynamic Response Analyses’.
Pipe Displacement Effects on Safety-Related Structures, Other Systems, and Components

The criteria and methods used to calculate the effects of pipe whip on external components
consist of the following:

e The effects on safety-related structures and barriers are evaluated in accordance with the
barrier design procedures given in Subsection 3.5.3.
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e [f the whipping pipe impacts a pipe of equal or greater nominal pipe diameter and equal
or greater wall thickness, the whipping pipe does not rupture the impacted pipe.
Otherwise, the impacted pipe is assumed to be ruptured.

e [f the whipping pipe impacts other components (valve actuators, cable trays, conduits,
etc.), it is assumed that the impacted component is unavailable to mitigate the
consequences of the pipe break event.

e Damage of unrestrained whipping pipe on safety-related structures, components, and
systems other than the ruptured one is prevented by either separating high energy systems
from the safety-related systems or providing pipe whip restraints.

3.6.2.3.3 Loading Combinations and Design Criteria for Pipe Whip Restraint

Pipe whip restraints, as differentiated from piping supports, are designed to function and carry
loads for an extremely low-probability gross failure in a piping system carrying high-energy
fluid. In the ESBWR plant, the piping integrity does not depend on the pipe whip restraints for
any piping design loading combination, including an earthquake, but shall remain functional
following an earthquake up to and including the SSE (Subsection 3.2.1). When the piping
integrity is lost because of a postulated break, the pipe whip restraint acts to limit the movement
of the broken pipe to an acceptable distance. The pipe whip restraints (i.e., those devices which
serve only to control the movement of a ruptured pipe following gross failure) could be subjected
to a once-in-a-lifetime loading. For the purpose of the pipe whip restraint design, the pipe break
is considered to be a faulted condition (Subsection 3.9.3.1) and the structure to which the
restraint is attached is analyzed and designed accordingly. The pipe whip restraints are non-
ASME Code components; however, the ASME Code requirements may be used in the design
selectively to assure its safety-related function if ever needed. Other methods (i.e., testing) with
a reliable database for design and sizing of pipe whip restraints can also be used.

The pipe whip restraints utilize energy absorbing U-rods to attenuate the kinetic energy of a
ruptured pipe. A typical pipe whip restraint is shown in Figure 3.6-2. The principal feature of
these restraints is that they are installed with several inches of annular clearance between them
and the process pipe. This allows for installation of normal piping insulation and for unrestricted
pipe thermal movements during plant operation. Select critical locations inside the primary
containment are also monitored during hot functional testing to provide verification of adequate
clearances prior to plant operation. The specific design objectives for the restraints are:

e The restraints shall in no way increase the reactor coolant pressure boundary stresses by
their presence during any normal mode of reactor operation or condition.

e The restraint system shall function to stop the movement of a pipe failure (gross loss of
piping integrity) without allowing damage to critical components or missile development.

e The restraints should provide minimum hindrance to in-service inspection of the process
piping.
For the purpose of design, the pipe whip restraints are designed for the following dynamic loads:

e Blowdown thrust of the pipe section that impacts the restraint.

e Dynamic inertia loads of the moving pipe section, which is accelerated by the blowdown
thrust and subsequent impact on the restraint.
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e Design characteristics of the pipe whip restraints are included and verified by the pipe
whip dynamic analysis described in Subsection 3.6.2.2.

e Because the pipe whip restraints are not contacted during normal plant operation, the
postulated pipe rupture event is the only design loading condition.

Strain rate effects and other material property variations have been considered in the design of
the pipe whip restraints. The material properties utilized in the design have included one or more
of the following methods:

e (Code minimum or specification yield and ultimate strength values for the affected
components and structures are used for both the dynamic and steady-state events.

e Not more than a 10% increase in minimum code or specification strength values is used
when designing components or structures for the dynamic event, and code minimum or
specification yield and ultimate strength values are used for the steady-state loads.

e Representative or actual test data values are used in the design of components and
structures including justifiably elevated strain rate-affected stress limits in excess of 10%.

e Representative or actual test data are used for any affected component(s) and the
minimum code or specification values are used for the structures for the dynamic and the
steady-state events.

3.6.2.4 Guard Pipe Assembly Design

The ESBWR does not require guard pipes.

3.6.3 (Deleted)

3.6.3.1 (Deleted)

3.6.3.2 (Deleted)

3.6.4 As-built Inspection of High-Energy Pipe Break Mitigation Features

An as-built inspection of the high-energy pipe break mitigation features shall be performed. The
as-built inspection shall confirm that systems, structures and components, that are required to be
functional during and following an SSE, are protected against the dynamic effects associated
with High-Energy pipe breaks. An as-built inspection of pipe whip restraints, jet shields,
structural barriers and physical separation distances shall be performed.

For pipe whip restraints and jet shields, the location, the orientation, size and clearances to allow
for thermal expansion shall be inspected. The locations of structures, identified as a pipe break
mitigation features, shall be inspected. Where physical separation is considered to a pipe break
mitigation features, the assumed separation distances shall be confirmed during inspection.
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3.6.5

COL Information

Details of Pipe Break Analysis Results and Protection Methods

The following shall be provided by the COL applicant:

3.6.6

3.6-1

3.6-2

3.6-3

3.6-4

3.6-5

A summary of the dynamic analyses applicable to high-energy piping systems in
accordance with Subsection 3.6.2.5 of Regulatory Guide 1.70. This shall include the
following:

— Sketches of applicable piping systems showing the location, size and orientation of
postulated pipe breaks and the location of pipe whip restraints and jet impingement
barriers.

— A summary of the data developed to select postulated break locations including
calculated stress intensities, cumulative usage factors and stress ranges as delineated
in BTP EMEB 3-1.

For failure in the moderate-energy piping systems, descriptions showing how safety-
related systems are protected from the resulting jets, flooding and other adverse
environmental effects.

Identification of protective measures provided against the effects of postulated pipe
failures for protection of each of the systems listed in Tables 3.6-1 and 3.6-2.

The details of how the MSIV functional capability is protected against the effects of
postulated pipe failures.

Typical examples, if any, where protection for safety-related systems and components
against the dynamic effects of pipe failures include their enclosure in suitably designed
structures or compartments (including any additional drainage system or equipment
environmental qualification needs).

The details of how the feedwater line check and feedwater isolation valves functional
capabilities are protected against the effects of postulated pipe failures.
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Table 3.6-1

Safety-Related Systems, Components, and Equipment for Postulated Pipe Failures Inside

Containment

NS kWb

*

10.

Reactor Coolant Pressure Boundary (up to and including the outboard isolation valves)
Containment Isolation System and Containment Boundary (including liner plate)
Reactor Protection System (SCRAM signals)

Control Rod Drive System (scram/rod insertion)

Flow restrictors (passive)

Passive Containment Cooling System

Gravity-Driven Cooling System (including Fuel and Auxiliary Pools Cooling System
interconnecting lines)

Isolation Condenser System

Standby Liquid Control System

The following equipment/systems or portions thereof required to assure the proper
operation of those safety-related items listed in items 1 through 9.
(a) Class IE electrical systems

(b) Instrumentation

(c) Process Sampling System
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Table 3.6-2
Safety-Related Systems, Components, and Equipment for Postulated Pipe Failures Outside

Containment

Containment Isolation System and Containment Boundary (including liner plate)
Reactor Protection System (SCRAM signals)
Control Rod Drive System (scram/rod insertion)

Flow restrictors

A

Isolation Condenser System and Passive Containment Cooling System (Fuel and
Auxiliary Pools Cooling System make-up lines included)

6. Standby Liquid Control System

7  The following equipment/systems or portions thereof required to assure the proper
operation of those safety-related items listed in items 1 through 6, and GDCS function.
(a) Class 1E Power Supply Systems (DC, Uninterruptible AC)

(b) Instrumentation

(¢) Process Sampling System

3.6-26




26A6642AJ Rev. 03

ESBWR Design Control Document/Tier 2

Table 3.6-3
High Energy Piping Inside Containment

S A W=

Nuclear Boiler System

Control Rod Drive System (to and from HCU)

Reactor Water Cleanup and Shutdown Cooling System (suction and RPV drain lines)
Isolation Condenser System

Gravity-Driven Cooling System Injection Lines (from RPV to isolation valves)

Standby Liquid Control System Lines

Moderate Energy Piping Inside Containment

N U kWD =

Gravity Driven Cooling System

Passive Containment Cooling System
Fuel and Auxiliary Pools Cooling System
Chilled Water System

High Pressure Nitrogen Supply System

Service Air System

Equipment and Floor Drain System
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Table 3.6-4
High Energy Piping Outside Containment

Reactor Water Cleanup and Shutdown Cooling System
Nuclear Boiler System Lines in Steam Tunnel

Control Rod Drive System (from CRD pumps to HCU and to FW lines and from HCU to
containment penetrations)

Standby Liquid Control Lines

Isolation Condenser System Lines

Moderate Energy Piping Outside Containment

R R S

— =
- O

Containment Inerting System

Fuel and Auxiliary Pools Cooling System

Chilled Water System

Control Rod Drive System (pump suction line only)
Makeup Water System

Fire Protection System

Service Air System

High Pressure Nitrogen Supply System

Instrument Air System

Equipment and Floor Drain System

Passive Containment Cooling System
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Figure 3.6-1. Jet Characteristics
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Figure 3.6-2. Typical Pipe Whip Restraint Configuration
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3.7 SEISMIC DESIGN

For seismic design purposes, all structures, systems, and components of the ESBWR standard
plant are classified into Seismic Category I (C-I), Seismic Category II (C-II), or Non-Seismic
(NS) in accordance with the requirements to withstand the effects of the Safe Shutdown
Earthquake (SSE) as defined in Section 3.2. For those C-1 and C-II structures, systems and
components in the reactor building complex, the effects of other dynamic loads caused by reactor
building vibration (RBV) caused by suppression pool dynamics are also considered in the design.
Although this section addresses seismic aspects of design and analysis in accordance with
Regulatory Guide 1.70, the methods of this section are also applicable to RBV dynamic loadings,
unless noted otherwise. The method of combination of peak dynamic responses to seismic and
RBYV loads is the Square Root of the Sum of the Squares (SRSS) in accordance with NUREG-
0484 Revision 1. For reinforced concrete structures the section forces or stresses due to each
dynamic load are combined in the most conservative manner by systematically varying the sign
(+ or -), equivalent to the absolute sum method.

The safe shutdown earthquake (SSE) is that earthquake which is based upon an evaluation of the
maximum earthquake potential considering the regional and local geology, seismology, and
specific characteristics of local subsurface material. It is the earthquake that produces the
maximum vibratory ground motion for which Seismic Category I structures, systems and
components (SSC) are designed to remain functional and within applicable stress, strain, and
deformation limits. These systems and components are those necessary to ensure the following:

e The integrity of the reactor coolant pressure boundary (RCPB);
e The capability to shut down the reactor and maintain it in a safe condition; or

e The capability to prevent or mitigate the consequences of accidents which could result in
potential offsite exposures comparable to the applicable guidelines exposures set forth in
10 CFR 100 (10 CFR 50.34(a)).

ESBWR response to an earthquake up to SSE may achieve shutdown of the reactor and
maintenance of it in a safe condition using the Automatic Depressurization System and Gravity
Driven Cooling System as described in the Probabilistic Risk Assessment. In this case,
depressurization is accomplished in part with Depressurization Valves that remain open in order
for the Gravity Driven Cooling System and the Passive Containment Cooling System to perform
their safety functions.

Seismic Category II (C-II) includes all plant SSC which perform no safety-related function, and
whose continued function is not required, but whose structural failure or interaction could
degrade the functioning of a Seismic Category I structure, system or component to an
unacceptable safety level, or could result in incapacitating injury to occupants of the control
room. Thus, this category includes the SSC whose structural integrity, not their operational
performance, is required. The methods of seismic analysis and design acceptance criteria for C-
IT SSC are the same as C-I; however, the procurement, fabrication and construction requirements
for C-II SSC are in accordance with industry practices. Seismic Category II (C-II) items are
those corresponding to position C.2 of Regulatory Guide 1.29.

The Operating Basis Earthquake (OBE) is a design requirement. For the ESBWR OBE ground
motion is chosen to be one-third of the SSE ground motion. Therefore, no explicit response or
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design analysis is required to show that OBE design requirements are met. This is consistent
with Appendix S to 10 CFR 50. The effects of low-level earthquakes (lesser magnitude than the
SSE) on fatigue evaluation and plant shutdown criteria are addressed in Subsections 3.7.3.2 and
3.7.4.4, respectively.

3.7.1 Seismic Design Parameters

As discussed in Standard Review Plan (SRP) 3.7.1, structures that are important to safety and
that must withstand the effects of earthquakes are designed to the relevant requirements of
GDC?2 and comply with Appendix S to 10 CFR 50 concerning natural phenomena.
Standardized plants envelop the most severe earthquakes that affected a great number of sites
where a nuclear plant may be located, with sufficient margin considering limited accuracy,
quantity and period of time in which historical data have been accumulated. Seismic design
parameters considered for ESBWR comprise two site conditions, generic sites and early site
permit (ESP) sites. Three sites, North Anna (Reference 3.7-2), Clinton (Reference 3.7-3) and
Grand Gulf (Reference 3.7-4) are currently in the process of ESP application to the NRC. A
review of the three site conditions reveals that Clinton and Grand Gulf are bounded by the
envelope of generic site and North Anna conditions. North Anna ESP site is therefore selected
for further consideration in conjunction with generic sites for site enveloping seismic design of
the ESBWR Standard Plant.

3.7.1.1 Design Ground Motion

The ESBWR standard plant SSE design ground motion is rich in both low and high frequencies.
The low-frequency ground motion follows Regulatory Guide 1.60 ground spectra anchored to
0.3 g. The high-frequency ground motion matches the North Anna ESP site-specific spectra as
representative of most severe rock sites in the Eastern US. These two ground motions are
considered separately in the basic design. To verify the basic design the two separate inputs are
further enveloped to form a single ground motion as the design basis ground motion for ESBWR.
The single envelope design ground response spectra are shown in Figures 2.0-1 and 2.0-2 for
horizontal and vertical direction, respectively. They are defined as free-field outcrop spectra at
the foundation level (bottom of the base slab). Application of design ground motion at the
foundation level is a conservative approach for deeply embedded foundations as compared to the
compatible free-field motion deconvoluted from the free ground surface motion at the finished
grade. The ESBWR Reactor Building (RB) and Control Building (CB) foundations are
embedded at depth of 20 m (66 ft.) and 14.9 m (49 ft.), respectively. The Fuel Building (FB)
shares a common foundation mat with the RB. The development of design ground motion is
delineated in the following subsections.

3.7.1.1.1 Low-Frequency Ground Motion

The ground response spectra for low-frequency ground motion are developed in accordance with
Regulatory Guide 1.60 anchored to 0.3 g and specified at the foundation level in the free field for
generic sites. The 0.3 g SSE design response spectra for various damping ratios are shown in
Figures 3.7-1 and 3.7-2 for the horizontal and vertical motions, respectively. The horizontal
response spectra are equally applicable to two orthogonal horizontal directions.

Seismic input motions in the form of time histories are generated to envelop the design response
spectra. The generic site 0.3g SSE acceleration time histories for two horizontal components
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(H1 and H2) and vertical (VT) component are shown in Figures 3.7-3 through 3.7-5,
respectively, together with corresponding velocity and displacement time histories. Each time
history has a total duration of 22 seconds.

These time histories satisfy the spectrum-enveloping requirement stipulated in the NRC Standard
Review Plan (SRP) 3.7.1. The computed response spectra for 2%, 3%, 4%, 5% and 7% damping
are compared with the corresponding design Regulatory Guide 1.60 spectra in Figures 3.7-6
through 3.7-10 for the H1 component, in Figures 3.7-11 through 3.7-15 for the H2 component,
and in Figures 3.7-16 through Figure 3.7-20 for the VT component. The response spectra are
computed at frequency intervals suggested in Table 3.7.1-1 of SRP 3.7.1 plus three additional
frequencies at 40, 50, and 100 Hz.

The time histories of the two horizontal components also satisfy the Power Spectra Density
(PSD) requirement stipulated in Appendix A to SRP 3.7.1. The computed PSD functions
envelop the target PSD of a maximum 0.3 g acceleration with a wide margin in the frequency
range of 0.3 Hz to 24 Hz as shown in Figures 3.7-21 and 3.7-22 for the H1 and H2 components,
respectively. In these figures, the curve labeled as 80% of the target PSD is the minimum PSD
requirement.

The target PSD compatible with Regulatory Guide 1.60 vertical spectrum is not specified in
Appendix A to SRP 3.7.1. Using the same methodology on which the minimum PSD
requirement of Appendix A to SRP 3.7.1 for the Regulatory Guide 1.60 horizontal spectrum is
based, the vertical target PSD compatible with the Regulatory Guide 1.60 vertical spectrum is
derived using the following approach (Reference 3.7-15):

(1) Establish initial candidate PSD.
(2) Calculate several time histories using the PSD, each with a different phase function.

(3) Calculate 2% critically damped pseudovelocity response spectrum (PSV) of each time
history.

(4) Compare the suite of PSVs from (3) to a target PSV.

(5) If the average of the suit