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' This document provides the certified design matenal for the Advanced Boiling Water

1.0 Introduction

eactor (ABWR): U.S. NRC Docket No. STN-52-001
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1.1 Definitions

Definitions

The following definitions apply to terms used in the Desigr: Descriptions and associated
ITAAC:

Acceptance Criteria means the performance, physical condition, or analysis results for
a structure, system, or component that demonstrates the Design Commitment is met.

Analysis means the calculaton, mathematical computation, or engineering or technical
evaluation. Engineenng or technical evaluations could include, but are not limited to,
comparisons with operating experience or design of similar structures, systems, or
components.

As-built means the physical properties of the structure, system, or component following
the completon of its installation or construction activities at its final location at the
plant site

Basic Configuration (for a Building)— means the arrangement of the building features
(e.g., floors, ceilings, walls, basemat and doorways) and of the structures, systems, or
components within, as specified in the building Design Description.

Basic Configuration (for a System)— means the functional arrangement of structures,
systems, and components specified in the Design Description; and verifications for that
system as specified in Sectuon 1.2.

Containment means the Primary Containment System. unless explicitly stated
otherwise.

Design Commitment means that portion of the Design Description that is verified by
ITAAC.

ign Description means that portion of the design that is certfied.
P P g

Division (for electrical systems /equipment) is the designation applied to a given safety-
related system or set of components which are physically, electrically. and functionally
independent from other redundant sets of compeaents.

Division (for mechanical svstems / equipment) is the designation applied to a specific set
of safety-related components within a system.

Inspect or Inspection means visual observations, physical examinations, or review of
records based on visual observation or physical examination that compare the structure,
svstem, or component condition to one or more Design Commitments. Examples
include walkdowns, configuration checks, measurements of dimensions, and non-
destructive examinations
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Test means the actuation or operation, or establishment of specified condiuons, to
evaluate the performaice ~r integrity of as-built structures, systems, or compoenents,

unless explicitly stated otherwise

Type Test means a test on one or more samj le components of the same type and
manufacturer to qualify other components of that same type and manufactures A type

test is not necessarily a test of the as-built structures, systems, Or components,

Definitions
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1.2 General Provisions

The following general provisions are applicable to the Design Descriptions and
associated ITAAC:

Verifications for Basic Configuration for Systems
Verifications for Basic Configuration of systems include and are limited to inspection of
the system functional arrangement and the following inspections, tests, and analyses:

General Provisions

(1)

(3)

Inspections, including non-destructive examination (NDE), of the as-built,
pressure boundary welds for ASME Code Class 1, 2, or 3 components
identified in the Design Description to demonstrate that the requirements of
ASME Code Section 111 for the quality of pressure boundary welds are met.

Type tests, analyses, or a combination of type tests and analyses of the Seismic
Category I mechanical and electrical equipment (including connected
instrumentation and controls) identified in the Design Descripton to
demonstrate that the as-built equipment, including associated anchorage, 1s
qualified 10 withstand design basis dynamic loads without loss of its safety
function.

Type tests, or type tests and analyses, of the Class 1E electrical equipment
identified in the Design Description (or on accompanving figures) to
demonstrate that it is qualified to withstand the environmental conditions that
would exist during and following a design basis accident without loss of its
safety function for the time needed to be functional. These environmental
conditions, as apphcable to the boundi.g design basis accident(s), are as
follows: expected time-dependent temperature and pressure profiles,
humidity, chemical effects, radiation, aging, submergence, and their
synergistic effects which have a significant effect on equipment performance.
As used in this paragraph, the term “Class 1E electrical equipment” constitutes
the equipment itself, connected instrumentation and controls, connected
electrical components (such as cabling, wiring, and terminations), and the
lubricants necessary to support performance of the safety functions of the
Class 1E electrical components identified in the Design Description, to the
extent such equipment is not located in a mild environment during or
following a design basis accident.

Electrical equipment environmental qualification shall be demonstrated
through analysis of the environmental conditions that would exist in the
location of the equipment during and following a design basis accident and
through a determination that the equipment is qualified to withstand those

1.2-9
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conditions for the time needed to be functional. This determination may be
demonstrated by:

(a) Type testing of an identical item of equipment under identical or similar
conditions wit. a svpporting analysis to show that the equipment is

qualified; or

(b) type testing of a . item of equipment under identical or similar
conditions with « . porting analysis 10 show that the equipment is
qualified; or

(c) experience with identical or similar equipment under identical or
similar conditions with supporting analysis to show that the equipment
is qualified; or

(d) analysis in combination with partial type test data that supports the
analytical assumptions and conclusions to show that the equipment is
qualified.

(4) Tests or type tests of active safety-related motor-operated valves (MOVs)
identified in the Design Description to demonstrate that the MOVs aze
qualified to perform their safety functions under design basis differental
pressure, system pressure, fluid temperature, ambient temperature, minimum
voltage, and minimum and/or maximum stroke times.

Treatment of Individual tems

The absence of any discussion or depiction of an item in the Design Description or
accompanying figures shall not be construed as prohibiting a licensee from utilizing
such an item, unless it would prevent an item from performing its safety functons as
discussed or depicted in the Design Description or accompanying figures.

" u

When the term “operate”, “operates”, or “operation” is used with respect to an item
discussed in the Acceptance Criteria, it refers to the actuation and running of the item.
When the term “exist”, “exists”, or “existence” is used with respect o an item discussed
in the Acceptance Criteria, it means that the item is present and meets the Design
Description.

implementation of ITAAC
Inspections, Tests, Analyses, and Acceptance Criteria (ITAAC) are provided in tables
with the following three-column format:

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

Each Design Commiunent in the left-hand column of the ITAAC tables has an
associated Inspections, Tests, or Analyses (ITA) requirement specified in the middle

Genersl Provisions
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column of the tables. The identification of a separate ITA entry for each Design
Commitment shall not be construed to require that separate inspections, tests, or
analyses must be performed for each Design Commitment. Instead, the activities
associated with more than one ITA entry may be combined, and a single inspection, test,
or analysis may be sufficient tc implement more than one ITA entry.

An ITA may be performed by the licensee of the plant, or by its authorized vendors,
contractors, or consultants. Furthermore, an ITA may be performed by more than a
single individual or group, may be implemented through discrete activities separated by
time, and mayv be performed at any time prior to fuel load (including before issuance
of the Combined Operating License for those ITAAC that do not necessanly pertain to
as-installed equipment). Additicnally, ITA may be performed as part of the activities
that are required to be performed under 10CFR Part 50 (including, for example, the
Quality Assurance (QA) program required under Appendix B to Part 50); therefore, an
ITA need not be performed as a separate or discrete activity.

Discussion of Matters Related to Operations

In some cases, the Design Descriptions in this document refer to matters that relate to
operation, such as normal valve or breaker alignment during normal operation modes.
Such discussions are provided solely to place th ~ sign Description provisions in
context (e.g., to explain automatic features for opening or closing valves or breakers
upon off-normal conditions). Such discussions shall not be construed as requiring
operators during opcration to take any particular action (e.g., to maintain valves or
breakers in a particular position during normal operation).

Interpretation of Figures

In many but not all cases, the Design Descriptions in Section 2 include one or more
figures, which may represent a functional diagram, general structural representation, or
other general illustration. For 1&C svstems, the figures also represent aspects of the
relevant logic of the system or part of the system. Unless specified explicitly, these
Figures are not indicative of the scale, location, dimensions, shape, or spatial
relationships of as-built structures, sisterns, or components. In particular, the as-built
attributes of structures, svstems, and components may vary from the attributes depicted
on these figures, provided that those safety functions discussed in the Design
Description pertaining to the figure are not adversely affected.

Rated Reactor Core Thermal Power
The rated reactor core thermul power for the ABWR is 3926 Mw,.

General Provisions 1.2-3/4
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2.0 Certified Design for ABWR Systems

| This section provides the certified design matenial for each of the ABWR systems that is

either fully or partially within the scope of the ( ertified Design

Certified Desigr for ABWR Systems 20172
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2.1.1 Reactor Pressure Vessel System

Design Description

The Reactor Pressure Vessel (RPV) System consists of (1) the RPV and its
appurtenances, supports and insulation, exciuding the Loose Parts Monitoring System,
and (2) the reactor internal components enclosed by the vessel, excluding the core
(fuel assemblies, control rods, in-core nuclear instrumentation and neutron sources),
reactor internal pumps (RIPs). and control rod drives (CRDs). The RPV System is
located in the primary containment

The reactor coolant pressure boundary (RCPB) portion of the RPV and its
appurtenances (referred to in this section as the RPV pressure boundary) actas a
radioactive material barrier during plant operation.

Certain reactor internals support the core, flood the core during a loss-of-<coolant
accident (LOCA) and support safety-related instrumentation. Other RPV internals
direct coolant flow, separate steam, hold matenal surveillance specimens, and support
instrumentation utilized for plant operation.

The RPV System provides guidance and support for the CRDs. It also distributes sodium
pentaborate solution when injected from the Standby Liquid Control (SLC) System.

The RPV System restrains the CRD to prevent ejection of the control rod connected
with the CRD in the event of a failure of the RCPB associated with the CRD housing
weld. A restraint system is also providec for each RIP in order to prevent the RIP from
becoming a missile in the event of 7 “ulure of the RCPB associated with the RIP casing
weld.

The RPV Svstem is shown on Figures 2.1.1a, 2.1 1b and 2.1.1c: key dimensions and the
acceptable variations in these dimensions are presented in Table 2.1.1a. The RPV
Svstem parameters (break areas) used in LOCA analyses are identified in Table 2.1.1b
The principal design parameters for the RPV System are listed in Table 2.1.1c.

Reactor Pressure Vessel, Appurtenances, Supports and Insulation

The RPV, as shown in Figures 2.1.12 and 2.1.1b, is a vertical, cylindrnical vessel of welded
construction with removable top head and head closure bolting and seals. The main
body of the installed RPV has a cvlindncal shell, flange, bottom head, RIP casings,
penetrations (including inserted housings), brackets, nozzles, and the shroud support,
which has a pump deck forming the partition between the RIP suction and discharge.
The shroud support s an assembly consisting of a short vertical cylindrical shell, a
horizontal annular pump deck plate and vertical shroud support legs.

Reactor Pressure Vessp! System 2.1.11



The CRD housings are inserted through and welded to the CRD penetrations in the
reactor vessel bottom head. The CRDs are mounted into the CRD housings. The in-core
housings are inserted through and connected to the bottom head.

For an RPV Svstem that requires to be instrumented for flow-induced vibration (FIV)
testing, a flanged nozzle is provided in the top head for bolting of the flange associated
with the test instrumentation

The integral reactor vessel skirt supports the vessel on the Reactor Pressure Vessel
Pedestal. The vessel skirt does not have opeiiings connecting the upper and lower
drvwell regions. Anchor bolts extend from the pedestal through the flange of the skirt.
RPV stabilizers are provided in the upper portion of the RPV to resist horizontal loads.
Lateral supports for the CRD housings and in<core housings are provided.

A restraint system is provided to prevent a RIP from being a missile in case of a
postulated failure in the casing weld with the bottom head penetration. The restraint
system is connected to the lugs on the RPV bottom head and the RIP motor cover.

The RPV insulation is supported from the reactor shield wall surrounding the vessel.
Insulation for the upper head and flange is supported by a steel frame independent of
the vessel and piping.

The RPV pressure boundary and the supports (RPV skirt, stabilizer and CRD
housing /in<ore housing lateral supports) are ciassified as Seismic Category 1. These
components are ASME Code Class 1 vessel and supports, respectively. The shroud
support and a portion of the CRD housings inside the RPV are classified as Seismic
Category | and ASME Code Class CS structures.

The following ASME materials (or their equivalents) are used in the RPV pressure
boundary: SA-533, Tyvpe B, Class 1 (plate); SA-508, Class 3 (forging); SA-508, Ciass 1
(forging); SB-166 (NS N06600, bar); SB-167 (UNS N06600, seamless pipe); SB-564
(UNS NO6600, forging); SA-182 or SA-336, Grade /Class F316L (maximum carbon
0.020%, forging) or F316 (maximum carbon 0.020% and nitrogen from 0.060 to
0.120%, forging); and SA-540, Grade B23 or B24 (bolting)

A stainless steel weld overlay is applied 1o the interior of the RPV ¢ylindrical shell and
the steam outlet nozzles. Other nozzies and the RIP motor casings do not have cladding.
The bottom head is clad with Ni-Cr-Fe alloy. The RIP penetrations are clad with Ni-Cr-
Fe alloy or, alternatively, stainless steel.

The mateiials of the low allov plates and forging used in construction of the RPV
pressure boundary are melted using vacuum degassing to fine grain practice and are
supplied in quenched and tempered condition.

Reactor Pressure Vessel System
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Elecuroslag welding is not apphied for the RPV pressure boundary welds. Preheat and
interpass temperatures employed for welding of the RPV pressure boundary low alloy
steel meet or exceed the values given in ASME Code Section 111, Appendix D. Post-weld
heat treatment at 593°C minimum is applied to these low-alloy steel welds.

The RPV pressure boundary welds are given an ultrasonic examination in addition 1o
the radiographic examination performed during fabnication. The ultrasonic
examination method, including calibration, instrumentation, scanning sensitivity, and
coverage, is based on the requirements imposed by ASME Code Section X1, Appendix
I. Acceptance standards also meet the requirements of ASME Code Section XI1.

The fracture toughness tests of the RPV pressure boundary ferritic materials, weld metal
and heat-affected zone (HAZ) are performed in accordance with the requirements for
ASME Code Section 111, Class 1 vesse!. Both longitudinal and transverse specimens are
used 10 determine the minimum upper-shelf energy (USE) level of the core beltline
materials. The minimum USE level for base and weld metal in the core beldine is
initially at least 10.4 kg-m. Separate, unirradiated baseline specimens are used to
determine the transition temperature curve of the core beldine base materials, weld
metal, and HAZ.

For the RPV material surveillance program, Charpy V-notch and tensile specimens are
manufactured from the same material used in the reactor beltline region. To represent
those RPV pressure boundary welds that are in the beltine region, Charpy V-notch
specimens of weld metal and HAZ material, and tensile specimens of weld metal are
manufactured from sampie welds. The specimen capsules contain the specimens and
temperature monitors. The surveillance specimen holders having brackets welded to
the vessel cladding in the core beltline region are provided to hold four specimen
capsules and a neutron dosuneter.

Reactor Pressure Vessel Internals
The major reactor internal components in the RPV System are:

(1) Core Support Structures:

Shroud, shroud support and a portion of CRD housings inside the RPV (both
integral to the RPV), core plate, top guide, fuel supports (onificed fuel
supports and peripheral fuel supports), and control rod guide tubes (CRGTs).
The core support structures are classified as Seismic Category 1 and ASME
Code Class CS structures.

(27 Other Reactor Internals:

(a) Feedwater spargers, shutdown cooling (SDC) and low pressure core
flooder (LPFL) spargers for the Residual Heat Removal (RHR) System,

Reacror Pressure Vesse! System 2113
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high pressure core flooder (HPCF) spargers and couplings, and a
portion of the in<ore housings inside the RPV and in<core guide tubes
(ICGTs) with stabilizers. These components are classified as Seismic
Category I and safety-related.

(b) Surveillance specimen holders, shroud head and steam separators
assembly and the steam dryer assembly. These components are classified
as non-safetv-related.

A general assembly of these reactor internal components is shown in Figures 2.1.1a,
2.1.1b,and 2.1.1c.

The shroud support, shroud, and 1op guide make up a cvlindrical assembly that
provides a parution to separate the upward flow of coolant through the core from the
downward recirculation flow. This partition separates the: core region from the
downcomer annulus.

The core plate consists of a circular plate with round openings and is stiffened with a
nm and beam structure. The core plate provides lateral support and guidance for the
CRGTs, ICGTs, peripheral fuel supports, and startup neutron sources. The last two
items are also supported vertically by the core plate.

The top guide consists of a circular plate with square openings for fuel assemblies and
with a cvlindrical side forming an upper shroud extension. Each opening provides
lateral support and guidance for four fuel assemblies or, in the case of peripheral fuel,
less than four fuel assemblies. Holes are provided in the bottom, where the sides of the
openings intersect, to anchor the in-core instrumentation detectors and startup
Neutron sources.

The fuel supports are of two types: (1) peripheral and (2) orificed. The peripheral fuel
supports are Jocated at the outer edge of the active core and are not adjacent to control
rods. Each peripheral fuel support supports one peripheral fuel assembly and has an
orifice 10 provide coolant flow to the fuel assembly. Each orificed fuel support holds
four fuel assemblies and has four orifices to provide coolant flow distribution to each
fuel assembly. The control rods pass through cruciform openings in the center of the
orificed fuel supports. This locates the four fuel assemblies surrounding a control rod.

The CRGTs pass through holes in the core plate, have four holes under the core plate
and rest on top of the CRD housings. Each CRGT guides the lower end of a control rod
and supports an orificed fuel support such that the orifices of the orificed fuel support
align with the holes in the CRGT for coolant flow. The lower end of the CRGT is
supported by de CRD housing. which, in tarn, transmits the weight of the guide tbe,
fuel supports, and fuel assemblies to the reactor vessel bottom head.

Reactor Pressure Vessel Systern
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The RPV internals are designed to withstand the effects of FIV
Inspections, Tests, Analyses and Acceptance Criteria

Table 2.1 1d provides a definition of the inspections, tests, and/or analvses, together
with associated acceptance criteria, which will be undertaken for the Reactor Pressure

Vessel Svstem

Reactor Pressure Vessel System
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Table 2.1.1a Key Dimensions of RPV System Components

and Acceptable Varia .ons

{ Dimension/  Nominal  Acceptable
| Elevation Value Variation
' Description (Figure 2.1.1a) (mm) {mm)
'RPV inside diameter (inside c'adding) A 7112.0 +51.0
| RPV wall thickness in beltline (without cladding) B 174.0 +20.0/~4.0
iRPV bottom head inside invert, Elevation C 0.0 Reference 0.0
!RPV support skirt bottom, Elevation D 3250.0 +75.0
| Core plate support/Top of shroud middie flange, E 4695.2 +15.0
zE!evation
|
| Top guide suppcrt/Tep of shroud top flange, F 93512 +20.0
| Elevation
'RPV stabilizer connection Elevation G 13,766.0 +20.0
| Top of RPV flange, Elevation H 17,703.0 +65.0
|
RHR SDC/CUW Outiet Nozzle, Elevation J 10,921.0 +40.0
| Shroud outside diameter K 5600.7 +25.0
EShroud wall thickness L 57.2 +10.0
'Shroud support legs (Fig. 2.1.1b) MxN 662.0x153.0 +20.0 for L
! +10.0 for M
!Canuol rod guide tube outside diameter P 273.05 5.0

[N

213510 Reactor Pressure Vessel System
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Table 2.1.1b RPV System Paremeters Used in LOCA Analyses

Postulated
Break Area,
'Line Inspection Location mm?
Steamline Flow restrictor throat diameter in a steam outlet nozzie. 5{480
Feedwater Inside diameters of flow nozzies on the spargers of 83,890
a feedwater line for the total flow area.
|KHR Iniection inside diameters of flow nozzles on an SDC and LPFL 20,530
sparger for the total fiow area.
High Pressure Core  Inside diameters of flow nozzles on an HPCF sparger 9200
Fiooder for the total flow area.
RHR Shutdown Inside diameter of an RHR SDC outlet nozzle at the safe end 79,150
Cooling weld.
Drain Inside diameter of the bottorm head hole for the drain 2030

outlet nozzie, near the inside surface of the head and
below the hole chamfer,

Note: The areas calculated from the inspections shall not exceed the postulated break areas by 5%.

Reactor Pressure Vessel System 21.1-1
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Table 2.1.1¢c Principal Design Parameters for RPV System

‘Deseription Value

'LRCPB design pressure 1) 87.9 o
RCPB design temperature 302
Number ot fuel assemblies 872

Number of control rods 205

| Number of internal pumps 10

| SR —

2.1.1-12 Reactor Pressure Vessel System
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Table 2.1.1d Reactor Pressure Vesse!l System

inspections, Tests, Analyses and Acceptance Criteria

Design Commitment

inspections, Tests, Analyses

T
Acceptance Criteria

~4

The basic configuration of the APV
System is as defined as Section 2.1.1.

The RPV pressure boundary defined in
Section 2.1.1 is designed to meet the
ASME Code Class 1 vessel requirements,

The ASME Code components of the RPV
System retain their pressure boundary
integrity under internal prassure that will
be experienced during service.

The materials selection and materials
testing requirements for the RPV System
are as defined in Section 2.1.1.

The fabrication process and examination
process requirements for the RPV Systemn
are as defined in Section 2.1.1.

The material surveillance commitments
for the reactor pressure vessel core
beltline materials are as defined in
Section 2.1.1.

The RPV internals witYstand the affects of
FIV.

)

2.

lnsp_eaions of the as-built RFY System :
will be conducted.

Inspections of the ASME Code required
documents will be conducted.

A hydrostatic test wili be conducted on
those code components of the RPY
System required to be hydrostatically
tested by the ASME Code.

inspections of the as-built PPV System
will be conducted.

Inspections of the as built KPV System
will be conducted.

Inspections of the as-built RPY System
will be conducted for impiementation of
the material surveillance commitments.

A vibration type test will be conducted on
the prototype RPV internals of an ABWR.

A flow test and post-test inspections will
be conducted on the as-built RPV
internals.

1.

>

The RPV Systermn conforms with the basic
configuration defined in Section 2.1.1.

An ASME Code Certified Stress Report
exists for the RPV pressure boundary
components,

The results of the hydrostatic test of the
ASME Code components of the RPV
System conform with the requirements in
the ASME Code, Section [l

The RPV System conforms with the
materials selection and materiais testing
raquirements defined in Section 2.1.1,

The RPV System conforms with the
fabrication process and examination
process requirements defined in Section
r iy & R

The material surveillanice program for the
reactor pressure vessel core beltline
materials conforms with the
commitments defined in Section 2.1.1.

A vibration type *st report exists and
concludes ° 1t the prototype RPV
internals have no damage or loose parts
as a result of the vibration type test.

The as-built RPV internals have no
damage or loose parts.
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2.1.2 Nuclear Boiler £ ystem

Design Description
General System Description

The primary functions of the Nuclear Boiler Svstem (NBS) are:

(1)  Deliver steam from the Reactor Pressure Vessel (RPV) to the Main Steam
(MS) System.

(2)  Provide contammen! isolation of the main steamlines (MSLs) and the
feedwater (FW) hnes

(%)  Deliver feedwater from the Condensate, Feedwater, and Condensate Air
Extraction (CFCAE) Svstem to the RPV

(4) Provide overpressure protection of the reactor coolant pressur: boundary
(RCPB).

(5) Provide automatic depressurization of the RPV in the event of a loss- of-
coolant accident (LOCA) where the RPV does not d -pressurize rapidly and
the high pressure makeup svstems fail to adequately maintain the water level
in the RPV

{(6) Provide instrumentation to monitor the drywell pressure and RPY pressure,
metal temperature, and water level.

Figures 2.1.2a, 2.1 2b, 2.1.2¢, 2.1.2d, and 2.1.2¢ show the basic system configuration and
scope. Figure 0.1 1f shows the NBS control interfaces.

The NBS equipment shown on Figures 2.1.2a, 2.1.2b, 2.1 2¢, 21.2d, and 2.1.2¢ is
classified as safety-related except for the nonsafety-related part of the MSL drains,
equipment associated with the power actuated relief mode of the SRVs, the SRV
discharge pipe temperature sensors, and the non-safety-related instruments shown on
Figure 2.1.2¢.

Main Steam Lines

The MSLs direct steam from the RPV 1o the MS System. The NBS contains only the
portion of the MSLs from their connection to the RPV to the boundary with the MS
System, which occurs at the seismic interface located downstream of the outboard main
steam isolation valves (MSIVs). Figures 2.1 .2a and 2.1 2b show the general
configuration of the MSLs and the MSL drain lines. The MSL drain lines provide a flow
path for the MSIV leakage during an acadent.

Nuclear Bojler System 211
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Safety/Relief Valves

The safety/ relief valves (SRVs) are located on the MSLs between the RPV and the
inboard MSIV. These valves protect against overpressurization of the RCPB. Figures
0.1.1a, 0.1.1b and 0.1.1d show the general configuration of the SRVs and th: SRV
discharge lines.

The rated capacity of the SRVs is sufficient to prevent a rise in pressure within the RPV
of more than 110% of the design pressure (96.7 kg/’cm2gaugc) for design basis events.

The SRV discharge lines are sized so that critical flow conditions occur through the
valve. Each SRV has its own discharge line. The SRV discharge lines terminate at
quenchers located below the surface of the suppression pool.

The SRVs provide three main protection funcuons:

(1)  Overpressure safety operation: The valves function as spring-loaded safety
valves and open to prevent RCPB overpressurization. The valves are self-
actuated by inlet steam pressure.

The following table identifies the SRV spring set pressures and flow capacities.
The opening time for the SRVs, from the time the pressure exceeds the valve
set pressure to the time the valve is fully open, is less than or equal to 0.3

seconds.
Set Pressures and Capacities
ASME Rated
Nameplate Spring  Capacity at 103%
Number Set Pressure Spring Set Pressure  Used For
SRVs of Valves  (kg/cm’g)’ (kg/hr each)* ADS
L 2 80.8 395,000
B.G,M, S 4 81.5 399,000
D.EKU 4 822 402,000
CHNT 4 829 406,000 X
AFLR 4 83.6 409,000 X

* Eight of the SRVs serve in the automatic depressurization system functon.

+ Spring set pressure tolerances as permitied by the ASME Boiler and Pressure Vessel
Code, Section I'L

1 Minimum capacity per the ASME Boiler and Pressure Vessel, Section 111,

(2) Overpressure relief operauon: The valves are opened using a pneumatic
actuator upon receipt of an automatic or manually initiated signal.

Nuclear Boiler System 2.1.2-2



ABWR

25A5447 Rev. 2

2.1.24

For averpressure relief valve operation (power-actuated mode), reactor vessel
pressure sensors generate a high pressure trip signal which is used to initiate
opening the SRVs. Valve opening is initiated when an electrical signal is
received at the solenoid valve associated with power actuated relief (Figure
2.1.2d). The SRV relief mode opening time from the start of stem motion to
full ASME lift position is less than or equal to 0.15 seconds when the reactor
pressure is at or above 70 kg/ cm” gauge.

The SRV pneumatic operator is so arranged that, if it malfunctions. it does not
prevent the SRV from opening when steam inlet pressure reaches the spring
lift setpoint. Each SRV is provided with its own pneumatic accamulator and
inlet check valve for power actuated relief as shown in Figure 2.1.2d.

The SRVs are either DC powered, or powered from uninterruptible AC.

(3) Automatic depressurization system (ADS) operation: The ADS valves open
automatically or manually in the power actuated mode when required during
a loss-of-coolant accident (LOCA). Eight of the eighteen SRVs are designated
as ADS valves and are capable of operating from either ADS LOCA logic or
overpressure relief logic signals. The above table identifies the ADS SRVs.

The ADS accumulator capacity can open the SRV with the drywell pressure at
design pressure following failure of the pneumatic supply to the accumulator.

The SRVs can be operated individually in the power-actuated mode by remote manual
switches located in the main control room. They are provided with position sensors
which provide positive indication of SRV disk/stem position.

Automatic Depressurization System

As shown in Figure 2.1 2f, the NBS channel measurements are provided for the Safety
System Logic and Control (SSLC) for signal processing, setpoint comparisons, and
generating trip signals. Except for the pump running permissive, the SSLC uses a two-
out-of-four voting logic for ADS initiation. The ADS logic is automatically initiated when
a low reactor water level signal is present If the RPV low water level signal is present
concurrently with high drywell pressure signal, both the main ADS timer (less than or
equal to 29 seconds) and the high drywell pressure bypass timer (less than or equal to
8 minutes) are initiated. Absent a concurrent high drywell pressure signal, only the ADS
high drywell pressure bypass timer is initiated. Upon the time out of the ADS high
drywell pressure bvpass timer, concurrent with RPV low water level signal, the main ADS
timer is initiated, if not already initiated. The main dmer conunues to compl=tion and
times out only in the continued presence of an RPV low water level signal. Upon tme
out of the main ADS timer, concurrent with positive indication by pump discharge
pressure of at least one RHR or one HPCF pump running, the ADS function is initiated.

Nuciear Boiler Systern
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Signals from all four divisions for low reactor water level and high drywell pressure and
Division I control logic signal actuate one set of pilots, and sensors from all four
divisions for low reactor water and high drywell pressure and Division I control logic
signal actuate the second set of pilots, either of which initiates the opening of the ADS
SRVs.

ADS initiation is accomplished by redundant trip channels arranged in two divisionally
separated logics that control two separate solenoid-operated pneumatic pilots on each
ADS SRV Either pilot can operate the ADS valve. These pilots control the pneumatic
pressure applied by the accumulators and the High Pressure Nitrogen Gas Supply
(HPIN) System. The DC power for the logic is obtained from the SSLC Divisions I and
11

For anticipated transient withont scram (ATWS) mitigation, the ADS has an automatc
and manual inhibit of the automatic ADS initiation. Automatic initiation of ADS is
inhibited unless there is a coincident low reactor water level signal and an average
power range monitors (APRMs) downscale signal. There are main control room
switches for the manual inhibit of automatic initiation of ADS.

The ADS can also be initiated manually. On a manual initiation signal, concurrent with
positive indication of at least one RHR or one HPCF pump is running, the ADS function
Is initiated.

NBS Instrumentation

The NBS contains the instrument lines and instrumentation for monitoring the reactor
pressure and water level. For drywell pressure, turbine inlet pressure, main condenser
vacuum, and RPV metal temperature, the NBS contains the sensors. Figure 2.1.2e shows
the drywell pressure and RPV instrumentation in the NBS.

The mechanical portion of #ach division of the safety-related NBS instrumentation
located in the Reactor Building is physically separated from the other divisions.

The reactor vessel outside surface (metal) iemperatures are measured at the head
flange and the bottom head locations.

Figure 2.1 2¢ shows the water level instrumentation. The instruments that sense the
water level are differential pressure devices calibrated for specific RPV pressure and
temperature conditions. Instrument zero for the RPV water level ranges is the top of the
active fuel. The RPV water level instrumentation considers the effects of dissolved non-
condensable gasses in the RPV water level instrumentation lines.

With the exception of turbine inlet pressure sensor and main condenser vacuum sensor
located in the Turbine Building, the NBS instrumentation is located in the drywell, the
steam tunnel and the Reactor Building.

Nuciear Boiier System 2128
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Other Provisions

The NBS equipment identified as safety-related is classified as Seismic Category I except
for the American Society of Mechanical Engineers (ASME) Class 3 equipment shown
on Figure 2.1.2¢c. The non-safety-related section of the feedwater lines . tween the
seismic interface restraint and the motor-operated valves shown in Figure 0.1.1c is
classified as Seismic Category 1. The MSL drain lines from the MSLs to the Main
Condenser are seismically analyzed to withstand the Safe Shutdown Earthquake (SSE).

Figures 2.1.2a, 2.1.2b, and 2.1.2¢ show the ASME Boiler and Pressure Vessel Code

classes.

The divisional equipment in the NBS is powcred from its respective Class 1E divisions
as shown in Figures 2.1.2b, 2.1.2d, and 2.1 2¢. In the NBS, independence is provided
between Class 1E divisions, and also between Class 1E divisions and non-Class 1E
equipment.

The NBS has the following displays and controls in the main control room:

(1) Parameter displays for the instruments shown on Figures 2.1.2b and 2.1 2e.
This includes the reactor vessel pressure, reactor vessel water level, drywell
pressure, main condenser vacuum, and turbine inlet pressure.

(2) Controls and status indication for the active safety-related components shown
on Figures 2.1.2b, 2.1.2¢ (excluding the inboard FW line check valves, and the
ASME Boiler and Pressure Vessel Code Class 2 check valves), and 2.1.2d.

(3) Manual svstem level initiation capability for the ADS.
(4) Manual capability to inhibit automatic initiation of the ADS.

NBS components with displays and control interfaces with the Remote Shutdown
System (RSS) are shown on Figures 2.1.2a and 2.1 2e.

The safety-related electrical equipment (including instrumentation and controls)
shown oz Figures 2.1.2b, 2.1 2¢, 2.1.2d, and 2.1 2e located in the containment, steam
tunnel and Reactor Building, is qualified for a harsh environment.

The MOVs shown on Figure 2.1.2b (except for the ASME Boiler and Pressure Vessel
Code Class 2 MOV have an active safety-related function to close, and perform this
function under differenual pressure, fluid flow, and temperature conditions.

The check valves (CVs) shown on Figures 2.1 2c and 2.1.2d (ADS pneumatic CVs only)
have the safetv-related functions 1o open, close, or both open and close under system
pressure, fluid flow, and temperature conditions

Nuclear Boiler System
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Inspections, Tests, Analyses and Acceptance Criteria

Table 2.1.2 provides a definition of the inspections, tests and/or analyses, together with

associated acceptance critena, w hich will be undertaken for the NBS

N
-
)

~
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Figure 2.1.2a NBS Safety/Relief Valves and Steamiine
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