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'he NR( staff met with the enera Elec company,

representatives f the Department of Enerqgy, and representatives ot
11 ough January ‘

uss the development of ITAAC as part of the

the Nuclear industry from January

yf attendeaes.

iraft of an Introduction (sSection 1.0)
includes 8 ot jefinitions (Eection

\ 1.1) for use
1junction with the Design Descriptions and ITAAC(

information reflects the technical agreements reached during
meeting, but it is anticipated that additional review by OG(

thers may lead to the need for some wording changes.

osure 3 includes a draft of each o the ten
scussed during the meeting. 'hese ncluded:

' §

example systenms

Residual Heat Removal
Nuclear Boller:

Leak Detection and Isolutior
Reactor Cooling Water
Reactor Service Water
Reactor Water Cleanup
Standby Liguid Control
Turbine Main Steanm
Condensel

Control Room Habitability Area HVAC

systems we chosen because the designs (and SSAR
cons red » be relatively complete. The notable

‘ontrol Room Habitability Area HVAC system and as
ficant rework 18 required for this Desiqgr
AAC. It is also recognized that the completion
lties, SuC as the PRA insights, may i1impact tThe

3
' 8
ot
' §
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Approaches for a number of common Or generic concerns were also
develnped, Enclosure 4 includes summaries of the proposed
approaches for the following "generic" concerns:

Welding

Environmental Qualification

Seismic Qualification

Verification of Motor-operated Valves
EMI/RF1 issues for I&C

Instrument Setpoints

Electrical Independence (Separation)
Piping

In conjunction with the conclusion of the ITAAC meetings, a Senior
Management Meeting was held on January 21, 1993 at the GE offices
in San Josa to summarize the overall ITAAC review process and other
matters related to the ABWR. (For further information, see the
minutes of that meeting.) It was decided that the team would
develop staff review guidance from the lessons learned during the
ITAAC meetings. GE and the industry are expected to also develop
their lessons learned. A followup meeting at NRC headquarters is
planned for the weex of February 1, 1993 to discuss the results of
these efforts.

In addition, the need for developing an example of a ITAAC for a
building was identified. It was decided to discues this further
during the upcoming meeting.

e Siglec Ly

Conrad E. McCracken, Chief

Plant Systems Branch

Division of Systems Safety
and Analysis

Enclosures:
As stated
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Enclosure 2

ABWR Design Document

1.0 Introduction

The purpose of this document is to present the certified design for the Advanced
Boiling Water Reactor (ABWR).

The certified design consists of:

(1) A design description, design commitments and associated inspecuons,
tests, analyses and acceptance criteria (ITAAC);

(2) The site parameters upon which the design is based; and

(3) Interface requirements.

The certified design does not include all of the material submitted as part of
design certification application. Where a conflict exists between the Standard
Safety Analysis Report for the ABWR and the certified design, the certified
design 1s controlling.

This document is structured as follows:
Secton 1.]l==Definitions.

Section 2.0—A design description, ITAAC and interface requirements for
systems, structures and components within the ABWR certified design.

Section 3.0—A design description, ITAAC and interface requirements for
systems, structures and components for which the design process and selected
design features are being certified.

Section 4.0—Identfies the interface requirements to be met by those portions
of the plant for which design certification is not being sought. ATOLCapphicants .
“referencing the ABWR certified design is required to submit Design Descripions - g
and ITAAC for the site specific design features which meet the ABWR interface /
_requirements. A

Section 5.0—Describes the site parameters applicable to the ABWR certified
design, such as tornado strength, flood height, and earthquake accelerations.

Appendix A—A legend which defines the symbols used in figures which are part
of the design description.

Appendix B—List of Abbreviations.

1.0 - V19/83
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1.1 Definitions

11

As used in this documeny, the following terms are defined:

Acceptance Criteria—The performance, physical condition, or analysis result for
a structure, system, or component that demonstrates the design commitment is
met.

Analysis— A calculauon or mathermatical computation and/or engineering
evaluation. Engineering evaluation could include, but is not limited to,
comparisons with operating expenence or design of similar equipment.

As-built—The physical condition of the system, structure, or component
following the completion of its installation or construction at its final location at

the plant site.

Basic Configuration (Building)—The building arrangement of structural
features (e.g., floors, ceiling, walls, columns, and door ways) which are specified
in the design description and the relative location of systerns or components
whict are also specified in the building design description. If the building design
description includes svstemns or components, then the basic configuration
(system) definition applies to those systems or components within the building.

Basic Configuration (System)—The functional arrangement of structures,
divisions and components specified in the design description; and includes and
is limited to pressure-boundary welds for ASME Code Class 1,2 and 8
components! dynamic qualification of seismic Category | mechanical and
electrical equipment; environmental qualification of Class 1E electrical
equipment! and mechanical qualificanon of active seismic Category | motor
operated vlves. Inspections for basic configuration include inspection of the
system functional arrangement and irspections limited to the following:

(1) Inspections, including non-destructive examination (NDE) of the as
built, pressure boundary welds for ASME Code Class 1,20r 3
components identified in the design description to demonstrate that
the requirements of the ASME Code Section I11 for assuring the quality
of pressure boundary welds are met.

(2) Inspections of the results of the tesis and/or analyses of the Seismic
Category | mechanical and elecrnical equipment (including as.ociated
instrumentation and controls) identified in the design description,
including associated anchorages to demonstrate that the as-built
condition of such equipment is qualified to withstand the design basis
dynamic 1oads without loss of their safety functions.

A 2182
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(3

(4)

Inspection of the result of test and/or analyses of the as-built Class 1E
electrical equipment (including connected instrumentation and
controls) identified in the design description demonstrates that the
Class 1E electrical equipment is qualified to withstand the
environmental conditions associated with design basis events without
loss of safety function for the ume needed to be funcuonal. Such
equipment includes the connected electrical equipment (such as
cabling, wiring, and terminations) and lubricants necessary to support
performance of the safety functions of the components identified in the
design descripuon {
gn p Cwu
As-built electrical components (including assoea®d instrumentation
and controls) are environmentally qualified if they can withstand the
environmental conditions associated with design basis events without
loss of their safety functions for the time needed to be functuonal. These
environmental conditions are as follows, as applicable to the bounding
design basis event(s): Expected time-dependent temperature and
pressure profiles, humidity, chemical effects, radiation, aging,
submergence, and synergistic effects which have a significant effect on
equipment performance.

Electrical equipment environmental qualificaton may be
demonstrated through testing of an identical item of equipment under
identical or similar conditions with a supporting analysis to show that
the equipment to be qualified is acceptable, testing a similar item of
equipment with supporting analysis (o show that the equipment to be
qualified is acceptable, experience with identical or similar equipment
under similar conditions with a supporting analysis to show that the
equipment to be qualified is acceptable, or analysis in combinauon with
partial type test data that supports the analytical assumptions and
conclusions.

Inspection of the results of tests of active safety related motor-operated
valves identified in the design description demonstrate that the MOVs
are qualified to perform their safety functions under design differenual
pressure, system pressure, fluid temperature, ambient temperature,
minimum voltage, and minimum and/or maximum stroke tmes.

Design Commitment—That portion of the design description that is verified by
ITAAC.

Design Description—That portion of the ABWR design that is approved by
certification.
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L

Division (for electrical systems / equipment )—The designaton applied to a
given system or set of components that enables the establishment and
maintenance of physical, electrical, and functional independence from other

redundant sets of components.

Division (for mechanical systems/ equipment pThe designation applied to a
specific set of components within a system.

Inspect or Inspection—Visual observations, physical examinauons, or review of
records based on visual observation or physical examination that compares the
as-built structure, system, or component condition 10 design commilnents.
Examples include walkdowns, configuration checks, measurements of
dimensions, and non-destructive examinations. Inspections can be performed in
parts or segments over a period of ume.

ITAAC—The inspections, tests, analyses, and acceptance criteria that are
described in 10CFR 52.97(b) for the structures, systems, and components that
are within the scope of the design certification. The ITAAC could apply to
multiple systems and components, and they could include a design process for
the design of systems and components that will be completed after certification.
The ITAAC wi'l be provided in tables with the following three-column format:

L Samaiis | I (ar. Tasss. Acal : Camen
The ITAAC tables contain inspections, tests, or analyses (ITA) for each design
commitment. The identificauon of a separate ITA entry for each design
commitment shall not be construed to require that separate inspections, (e5ts, or
analyses be performed for each design commitment. Instead, the acuvities
associated with more than one ITA entry may be combined, and a single
inspection, test, or analysis may be sufficient to implement more than one I'1A
entry. 2

Simulated Signal—The intentional generation of a signa. for tesung.

Test—Operation of a structure, system or component, 10 evaluatc its
performance or structural integrity.
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2.4 Core Cooling
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2.4.1 Residusl Heat Removal System

4

Design Description

The Residual Heat Removal (RHR) System is comprised of three divisionally
separate subsystems that perform a vanety of functons utilizing the following six
basic modes of operation: (1) low pressure core flooder (LPFL), (2) suppression
pool cooling, (8) wetwell and drywell spray cooling, (4) shutdown cooling, (5)
augmented fuel pool cooling, and (6) alternating current power source (AC)
independent water addition. The system configuraton of each loop is shown in
Figure 24.1a, b, ¢ txh : , . The major functions of the
various modes of operation include: (1) containment heat removal, (2) reactor
decay heat removal, (3) emergency reactor vessel level makeup and (4)
augmented fuel pool cooling. In line with its given functons, portions of the
systemn are a part of the Emergency Core Cooling System (ECCS) network and
the containment cooling system. Additionally, portons of the RHR System are
considered a part of the Reactor Coolant Pressure Boundary (RCPB).

Except for the non-ASME Code components of the AC independent water
addition feature (Figure 4.2.1.¢), the entire RHR System is designed to safety-
related standards, although it performs some non-afey functions. The safety-
related modes of operation include: (1) low pressure core flooding, (2)
suppression pool cooiing, (3) wetwell spray cooling and (4) shutdown cooling.
Non-safety-related modes of operation includs: (1) drywell spray cooling, (2) AC
independent water addition and (83) augmented fuel pool cooling. The RHR
System also provides a backup, safety-related fuel pool makeup capability.
Ancillary modes of operaton include minimum flow bypass and full flow tesung.

The ECCS function of the RHR System is performed by the LPFL. mode.
Following receipt of a loss-of-coolant accident (LOCA) signal

W". the

ms)ummmwanyinimmmdommmeLHLmodew

injection flow for each loop begins when the Reactor Pressure Vessel (RPV)
dome pressure is no less than 158 k(/an,:bon the drywell pressure. For a
design basis large break LOCA (LBLOCA)', for RPV dome pressure no less than
2.8 kg/cm2 greater than the drywell pressure, the LPFL injection flow for each

loop is 954m3/hr minimum within 36 seconds of receipt of actuation signal,ww

thodHR-system-imaaliyan | 1o stantiy mode. The LPFL mode is accomplished
by all three loops of the RHR System by transferring water from the suppression
pool to the RPV, via the RHR heat exchangers. Although the LPFL mode is
automatcally initiated, it may also be initdated manually. The system will also

- 11882

WMMmMm
makeup to the reactor mwm&ow .'l'mhe LPFL
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automatically revert to the LPFL/ ode of operauon from the test mode, the
suppression pool coolingdnaveth-sm r wetwell spray modes upon receipt of
2 LOCA signal jEach RHR loop s RPV injecuon valve requires a low reactor
pressure permissive signal whether being opened manually or automaucally in

response to a LOCA signal. G"‘t“' amant
' .

The containment heat removal funcuon in the ABWR is performed by the
Containment Cooling System, which is compnised of the LPFL. suppression pool
cooling, and wetwell and drywell spray cooling modes of the RHR System.
Following a LOCA, the energy present within the reactor primary system is
dumped either directly to the suppression pool via the Safety Relief Valves
(SRVs), or indirectly via the drywell and connecting vents. Subsequently, fission
product decay heat conunues (o add energy t ¢ Containmen
Cooling System is designed to limit the long-term bulk temperature of the
suppression pool, and thus limit the long-term peak temperatures and pressures
within the wetwell and drywell regions of the containment to within their
analyzed design limits, with only two of the three loops in operation. The cooling
requirements of the containmen: cooling function establish the necessary heat
removal capacity for each loop as no less than 88.5 kcal/sec®C, which includes
the RHR heat exchanger, the Reactor Building Cooling Water (RCW) system,
and the Reactor Service Water (RSW) system referenced to the ulumate heat
sink. The heat removal capaci.v * based on the suppression pool cooling mode
with the RHR tube side heat exc.anger (Hx) flow rate 954m3/hr minimum.

The LPFL mode, in addition to its primary functuon of cooling the core, serves
10 cool the containment. The suppression pool cooling mode is made available
in each of the three loops of the RHR System by circulating suppression pool
water through the respecuve RHR heat exchanger and then directly back to the
suppression pool, ! e : '
e wetwell and dmeu:pnymoduofmmeuhammem
only two of the three subsystems (Loops B and C). These functions are
performed by drawing water from the suppression pool and delivering itwa
common wetwell spray header and/or a common drywell spray header, both via
the associated RHR heat exchanger (s). The wetwell spray flow rate for either
loop is no less than 114m3/hr. These containment spray modes of the RHR
can be initiated manually . However, the drywell spray inlet valves can
only be opened if there exists high drywell pressure and if the RPV injecton
osed. We sprays serve as a method
g Wetwell spray also serves 10 mitigate the consequences
' .

The normal operational mode of the RHR System is in the shutdown cooling
mode of operation, which is used to remove decay heat from the reactor core.
This mode provides the required safety-related capability needed to achieve and
maintain a cold shutdown condition . The RHR heat exchanger heat removal

2 VAL o H

F%



o -
& NSCa

S ————————— ——

If a drywell spray valve 1§
open, the RHR System
automatically reverts to
allow the LPFL mode in

response to the injection
valve beginning to open,
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capacity rrq\memcm.\ inn this mode are bounded by contanment CoolNg
requirements Shutdow? ne is ininated manually once the RPV has been
depressurized beiow the system low pressure permissive In this mode, each loop
takes suction from the RPV wvia its dedicated sucuon line, pumps the waler
through its respective heat exc hanger tubes at 954m3/hr minimurn, and returns
the cooled water to the RPV. Two loops (B and C) discharge water back to the
RPV via dedicated spargers while the third loop (A) utilizes the vessel spargers
of one of the two feedwater ines FW-A). The heat removed in the RHR heat
exchangersis u anspwtrd to the ulimate heat sink via the respectve division of
reactor cooling water and service waler Each shutdown cooling sucton valve 1s
interlocked with that loop s suppression pool suction and discharge valves and
wetwell and drywell spray valves to prevent draining of the reactor vessel (0 the
suppression pool. Also, to prevent draining of the reactor vessel, each shutdown
cooling suction valve is interlioc ked with, and autormatcally closes on, low reactor
water level

The augmented fuel pool cooling mode of the RHR System supplements,
replaces the normal fuel pool cooling system durning conditons of high heat
load. This mode is accomplished manually in one of two ways. When the reactor
vessel head is remeved, the cavity is flooded and the fuel pool gates are removed,
the RHR System cools the fuel pool in the normal shutdown cooling mode
When the fuel pool is otherwise isolated from the reactor cavity, two loops (B and
C) of the RHR System can directly cool the pool by taking sucton from and
e discharging back to the 'wemwal fuel pool cooling sysiem at $50 m3/he
minimum. This connection also provides for
capability by supplying a safetyrelated makeup path{to the fuelfpool from a
sfety-related source (i.e., the suppression pool)

One loop (C) of the RHR System also functons in an AC independent water
addition mode. This mode provides a means of cross connecting the reactor
building fire protection (FP) system header to the RHR System just outside the
containment in the absence of the normal ECCS network and independent of
the normal safety related AC power distribution network. The connection 1S
accomplished by manually at the valve opening two in-series valves on the cross
connection piping just upstream of its tiein to the normal RHR piping. Fire
protection system water can be directed to either the RPV or the drywell spray
sparger by manual opening of the loop C RHR injection valve or the two loop C
drywell spray valves. These three valves also have manual hand wheels. The fire
water is supplied via the system s Reactor Building distribution header.

gé—::?\ Each loop of the RHR System also has both a minimum flow mode and a full flow
Ml mode aly pump flow testing during plant operauon. The minimum
flow mode assures that there is pump flow sufficient to keep the pump cool
anytime the pump is running by opening as needed a minimum flow valve that
directs flow back to the suppression pool . Upon sensing that there is sufficient

3 V1882
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flow in the pump main discharge iine, the minimum flow valve is automatcally
closed. In the full low test mode, the svstem 18 essentntly operated in the
suppression pool cooling mode, drawing sucoon from and dischargaing back (o
the suppression pool

The RHR System is comprised of three separate 100ps of subsystems, each ol
which includes a pump and a heat exchanger, takes suction from either the RPV
or the suppression pool, and directs water back to either the RPV or the
suppression pool Two of the three loops can divert a poruon of the suppression
pool return flow to a common wetwell spray Sparger or direct the enure flow to
w  acommon drywell spray sparger The (hnsmr&fwr RHR System
Are separate physically, ' : ~ :

——

ofthe-plant. Each of the three swisersteTng 1S powered from the
respective ('l i E division as shown on Figure 2.4.1a, b, ¢. COOLINg water to each
division of Ru ... equipment (heat exchanger as well as pump and motor coolers) 7%
is supplied by the respecuve division of the reactor cooling water (RCW) System -,
The RHR System also has provisions for containment isolation and reactor '
containment pressure boundary RCPB pressure isolanon

———

¢ RHR Syst all maintain

pump will provide the head/ flow when the surface of the fluid is saturated. The
pumps are ASME Code Class 2 components. Sufficient NPSH is provided to the
pumps for the design conditions of 100°C water, the containment al
atmospheric pressure, the suppression pool at its minimum level, and the
strainers blocked grez*=r than or equal to 50%. The pumps are interlocked from
starting without an open suction path.
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[ INSERT B/
The low pressure portions of the shutdown
cooling piping are protected from full reactor pressure by automanc pressure
solagon valves that are interlocked with reactor pressure B adiaataan LS T
M~WWM-.Q_~_-- ”
o

The RHR System control (cmm@f‘:m atons and controls allow for

monitorning and control dunng operatonal condinons The control room has

indication for system flows, temperatures and pressures, as well as valve open

close and pump on off status, and controls for those instruments and
M

components shown on Figures 2.4 ﬂ . ? .

—

,/‘V‘

,'/ ) S alves-shaun.only the /ksta sle checd valves /‘”
; (i(»ufi;(rrui of eachAbop s RPV injecpOn Wive ha} coniol 15)(“! su‘(k\ m/du atb
inthe contrd] rooph). ValvesighownOn Figukes ;
p— . - . ) o Pyt o
Figure# 2.4./b _and Fguce 4.2.1ce Flgure
" RHR System components with status indicanon and/or controlynterfaces with
the Remote Shutdown System (RSS) are shown on Figures24.]laand2.4.1b Thee

’ Table 2412 ‘“)
ASME Design Conditions _

- Code Clam Pressure Temw/tture\
Main pumps._ 2 %5 2kg/cmig 7 182°C
\ e
o

Jockey Pumps S\ o8 swnﬁ’g 182°C
Heat exchangers pnmUNc (reactor) “/M’éhg;’ cm?g 182°C

.//

by p
Heat exchangers secondary sidé~cooling) 14 kg/ cm’g 182°C

Piping and components from the RPV' oyt ,// 87.9kg/ cm?g 302°C
10 and including the outboard containment™

isolation valves ” N
/“/ N

Piping and components oyé( to the 2 \\\ %.16kg/cm’g
containment atmospher€, out to and g %
including the out d containment \
isolanon val \

/ Y
P]p\:?d components outside the 28 8kg/cm*g N 182°C
kcon ment isolation valves and on the N }

sy{on side of the pump /

—————e)




Ln $¢ff"t’ 3

The pipng and components owlside
the contatnment 150/at/on valves
and on Xhs sucliom side of lhe

PW AM( a ltf/fn ,prc‘fa,rg_ %
28.8 kf/’-'—""’:yf;:ntw sysfim LOCA
(rLs LOCA) eondtions.

- 8ol
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Inspections, Tests, Analyses and Acceptance Criteria

This section provides a definiton of the inspectons, test and/or analyses
together with associated acceptance criteria which will be undertaken for the
RHR System.

241 4 VAL L H
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Table 24 1b:

Centified Deslan Lommitment
The

1. #baec configuration of the ARHR Syster is
shown in Figures 24 1a, 24 tband 24 ic

ovidas the Followi

e B it N R

2a- The AHA System operates in the LFFL
mode 10 Drovids emargency cora make up
10 the reactcr vessel ss follows

nspections. Tesis. Analyses Acceplance Colsna
1 Jnspections of the se built systam 1 vm--mm—-.—o—-«aj:m
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ABWR Design Document

2.1.2 Nuclear Boiler System
Design Description

General System Description
The primary functions of the Nuclear Boiler System (NBS) are:

(1) to deliver steam from the Reactor Pressure Vessel (RPV) to the Main
Steam (MS)System,

(2) provide containment isolaton of the Main Steam Lines (MSLs),

(8) 1o deliver feedwater from the Condensate, Feedwater, and Air
Extraction (CFDWA) Sys'~m to the RPV,

(4) to provide overpressure protection of the Reactor Coolant Pressure
Boundary (RCPB),

(3) to provide automatic depressurization of the RPV in the event of a Loss
of Coolant Accident (LOCA) where the RPV does not depressurize
rapidly and the high pressure makeup systems fail to adequately
maintain the water level in the RPV, and

(6) to provide instrumentation to monitor the drywell pressure and RPV
pressure, metal temperature, and water level.

Within the NBS, the FW lines, the MSLs and the MSL drain lines are located ir
the drywell and the steam tunnel. With the excepuon of the instrumentanon
atrched directly to the RPV or NBS piping, the NBS instrumentanon is located
within the Reactor Building.

See Figures 2.1,.2a, 2.1.2b, and 2.1.2¢, for the American Society of Mechanical
Engineers (ASME) Boiler and Pressure Vessel Code Class.

Main Steam Lines

The MSLs direct steam from the RPV to 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 MSLs are classified as Seismic Category | from the reactor pressure vessel
out to the seismic interface shown in Figure 2.1.2b.

The MSL drain lines provide a flow path for the Main Steam [solation Valve
(MSIV) leakage during an accident. The pneumatic operated valve in the MSL
=~ drain line shown in Figure 2.1.2b opens should either electric power to the valves

212 1 12183
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actuating solenoid be lost natic pressure 1o the valve be lost. The MSI

1

drain lines from the M5Ls 1 ! ndenser are seismically analyzed to

a

withstand the Safe Shutdown Earthquake (SSE)

" - iy m tha » 1Y ’ > : »
| steamn volume of the steam hines, irom the RPV to the main steam

turbine stop vaives and turbine byvpass valves, 1§ grealet than or ecual to | 18.2
4

Fach MSL has a flow limiter. The MSL flow limiter consists of a flow restncung

ventunr which is located 1in each RPV MSL outlet nozzle. The restnctor imits the
coolant blowdown rate from the RPV in the event a MSL break occurs outside
the containment to a (choke) flow rate equal 10 O1 less than 200% of rated steam
~ —L/ 4

% 4 -
Now at 72.]1 kg/cm*® g upstream pressurc The throat diameter of the MSL. flow

limiters is not greater tnan 855 mm

The MSL flow limiter also serves as a flow element 1o monitor the MSL flow
Instruments lines are provided 10 monitor the pressure at the throat of the MSL
flow limiter. The RPV steam dome pressure instrument lint.s arc used to provide

the pressure upstream of the MSL flow limiter

e MSL flow limiters limit the loss of coolant from the RPV following a MSL

rup:u!t‘ outside the containments;

Main Steam Isolation Valves

Two isolation valves are located in a horizontal run of each of the four man
steam lines: one valve is inside oi the drvwell, and the other i1s near the outside

of the primary containment pressure boundary

The MSIVs are Y-pattern globe valves The MSIV's primary actuation mechanism
for opening and closing 1S pneumatic Springs close the MSIV if pneumatic
pressure o the, MSIV actuator 1s lost

The MSIV closing speed is equal to or greater than % and less than or equal to
4 5 seconds when Ne or air pressurc 1is admitted to the MSIV actuator. When all
the MSIVs are closed, the total leakage through the MSIVs for all four MSLs 15

pu

less than or equal to 66.1 liter per minute at 20° C and one atmosphere pressure

absolute

Feedwater Lines

The Feedwater (FW) lines direct Feedwater from the CFDWA System to the RPV
The NBS contains only the portion of the FW lines from the seismic interface
located upstream of the Motor< )perated Valves (MOVs) to their connecuons (o
the RPV. Figure 2.1.2c shows the portion of the FW lines within the NBS

The FW piping consists of two nominal 550 mm diameter lines from the FW

supply header. Isolanon of each line is accomplished by two containment
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isolation valves consisung of one check vaive inside the drywell and one positive
closing check valve outside the containment. The FW line isolation check valves
are qualified 10 withstand a FW line break outside containment. The feedwater
line upstream of the outboard isolauon valve contains a Motor-Operated (MO)
valve, and a seismic interface restraint.

The feedwater piping is classified as Seismic Category I from the MO shutoff
valves (o the RPV. The ASME Boiler and Pressure Vessel Code Class 2 piping
from the Control Rod Drive (CRD) System, the Reactor Water Cleanup (CUW)
System Reactor Core Isolauon Cooling (RCIC) System, and the Residual Heat
Removal (RHR) System, shown in Figure 2.1.2¢ 15 also classified as Seismic
Category 1.

Safety/Relief Valves

The nuclear pressure relief system consists of Safety/Relief Valves (SRVs)
located on the MSLs between the RPV and the first isolation valve, i.e. the
inboard MSIV, within the drywell. These valves protect against
overpressurization of the nuclear system. Figures 2.1.2a, 2.1.2b and 2.1.2d show
the general configuraton of the SRVs, and the SRV discharge lines.

The rated capacity of the pressure-relieving devices is sufficient to prevent a rise
in pressure within the RPV of more than 110% of the design pressure (96.7 kg/
cm*gauge) for design basis events.

The SRV discharge line is designed to achieve critical flow conditions through
the valve, thus providing flow independence to discharge pipe losses. Each SRV
has its own discharge line. The SRV discharge lines terminate at the quenchers
located below the surface of the suppression pool.

The SRV discharge lines are classified as Scismic Category L.
The SRVs prm;ide three main protection funcuons:

(1) Overpressure safety operation: The valves function as safety vaives and
open to prevent nuclear system overpressurization—they are self-
actuating by inlet steam pressure if not already signaled open for relief

operauon.

Table 2.1 2a identifies the SRV spring set pressures aad flow capacites.
The opening time for the SRVs, from the ume the pressure exceeds the
valve set pressure to the time the valve is fully open, is less than or equal
to 0.3 seconds.

(2) Overpressure relief operation: The valves are opened using a
pneumatic actuator upon receipt of an automatic or manually initated
signal to reduce pressure or 10 limit pressure rise.

3 1/21/93
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For overpressure relief valve operation (power-actuated mode),
pressure sensors on the RPV generate a RPV high pressure trip signal
which is used to initiate opening the SRVs. The relief (power actuated)
mode of operation is initated when an electrical signal is received at
any of the SRV solenoid valves.

The SRV pneumatic operator is so arranged that, if it malfuncoons, it
does not prevent the SRV from opening when steam inlet pressure

reaches the spring lift setpoint.

(3) Automatic Depressurization System (ADS) operation: The ADS valves
open automatically as part of the Emergency Core Cooling System
(ECCS) for events involving breaks in the nuclear system process
barrier. Automatic depressurization by the ADS is provided to reduce
the reactor pressure during a LOCA in which the High Pressure Core
Flooder (HPCF) System and/or the Reactor Core Isolation Cooling
(RCIC) System are unable to restore water levei.

Eight of the eighteen SRVs are designated as ADS valves and are capable
of operating from either ADS logic or safety/relief logic signals. Table
2.1.2a identifies the ADS SRVs.

The ADS consists of redundant trip channels arranged in two
divisionally separated logics that control two separate solenoid-
operated gas 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 instrumentation and logic is obtained from
the Safety System Logic and Control (SSLC) Division I and II.

Sensors from all four divisions for low reactor water level and high
drywell pressure and Division | control logic signal actuate one sct of
pilots, and sensors from all four divisions for low reactor water and high
drywell pressure and Division II control logic signal actuate the second
set of pilots, either of which initiates the opening of the ADS SRVs.

Upon receipt of an RPV low water signal the ADS automatically iniuates. If the
RPV low water level signal is present concurrently with high drywell pressure
signal, both the main ADS tmer (less than or equal to 29 seconds) and the high
drywell pressure bypass imer (less than or equai to 8 minutes) are initiated.
Absent a concurrent high drywell pressure signal, only the ADS high drywell
pressure bypzss imer is initiated. Upon the time out of the ADS high drywell
pressure Lypass timer, concurrent with RPV low water level signal, the main ADS
dmer is initiated, if not already initiated. The main timer continues to
completion and times out only in the continued presence of an RPV low water

s 2183
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level signal. Upon time out of the main ADS timer, concurrent with positive
indication of at least one RHR or one HPCF pump running, the ADS functon is

initated.

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 ininated.

SRVs have individual non-safety-related accumulators. In addiuon, those with
ADS function have separate safety-related accumulators with separate redundant
- .\ A ~

gas power actuatorg}’ a5 ¢ o =A n TS sk N2,
The ADS accumulator capacity is sufficient to open the SRV with the drywell

pressure at design gauge pressure following failure of the pneumauc 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.

Temperature sensors are located on the discharge pipe of the SRVs.

NBS instrumentation
The purpose of the NBS RPV instrumentauon is to monitor and provide control
input during plant operation.

The NBS contains the inst ument lines and instrumentation for monitoring the
reactor pressure and water level. - e ve-§ el , .
remperature, The NBS'cC ntains the sensorspFigure 2.1 e shows the drywell
pressure and RPV instn mentaton in the NBS.

The nfcty-rcla.ted NF.S instrumentation is located in separate divisional areas.

heechs
Pressure instrum.ntation deseet reactor vessel internal pressure from the same

instrument lin~s used for measuring reactor vessel water level.

The RPV coolant temperatures are determined by measuring saturaton
pressure (which gives the saturatin temperature), outlet flow temperature to
the Reactor Water Cleanup (CU@Syue and the RPV bottom head drain line
temperature (instrumentation in the ystem ). The reactor vessel outside
surface (metal) temperatures are measured at the head flange and the bottom
head locations. During plant operztion, either reactor steam saturation
temperature and/or inlet temperatures of the reactor coolant to the CUW
Systen and the RPV bottom head drain can be used determine the RPV coolant

temperature.
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Figure 2.1.2¢ shows the water level instrumentation The instruments that sense
the water level are differennal pressure devices cal ibrated for specific RPY
pressure (and corresponding m;vu\(vi temperature) condinons I'he water level
measurement design i1s the condensate reference chamber type. Instrument zero

for the RPV water level ranges is the top ol the acuve fuel

The NBS contains the instrument lines to monitor the differenual pressure
across the RPV pump deck and core support plate The instrumentavon which
actually performs these funcuonsis located within the Reciculanon Flow Control
Svsiem

The NBS also contains the drywell pressure instrumentaton used to generate
the safetv-related high drywell pressure tnp LOCA signal. The Reactor
Protection Svstem (RPS) uulizes this si gnal as a scram ininauon signal. The Leak
Detection and Isolation System (LDS) utilizes this sig= al to ininate containment
isolation. The Emergency Core Cooling Systems (ECCSs) uulizes this signal as a

systemn initiation signal
.‘A' '

The NBS control room "indirations and controls allows for monitorin and

control dunng operanonal conditons. The control room has Jm.nuadn for,as ¢

and/or control of the ADS, RPV water level, RPV pressure, drywell pressure,

SRVs. FW line outboard check valves, and RPV metal temperature

Remote Shutdown System (RSS) Interfaces

NBS components with status indication and/or control interfaces with the RSS
are shown on Figure 2.1.2a and 2.1 2¢

Environmental Qualification

The safety,related electrical equipment ( (including instrumentauon and
controls) shown on Figures 2.1.2b, 2.1.2¢, 2.1.2d, and 2.1 2e¢, located in the

containment, steam tunnel and Reactor Building, 1s qualified for a harsh
environment

Inspections, Tests, Analyses and Acceptance Criteria
Table 2.1.2b provides a definition of the inspecuons, tests and/or analyses

together with associated acceptance critena which will be undertaken for the
NBS
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Table 2.1.2a: Nuclear System Safety/Relief Valve Setpoints

Set Pressures and Capacities

Nameplste ASME Rated Capacity

Number® of Spring Set Pressure at 103% Spring Set Used For

Valves (kg/cmig)tt Pressure (kg/hr each)3 ADS

* Eight of the SRVs serve in the automaty depressurizauon system tur

t+ Spring set pressure tolerances as pern itted by the ASME Boiler and Pressure Vessel Code, Sec
* Minimum capacity per the \SME Boiler and Pressure Vessel, Secuon {1l




Table 2.1.2b: Nuclear Boiler System

inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

The basic configuration of the NBS is
shown in Figures 2.1.2a. b, ¢, d, anc @

Each Main Steam Line {MSL) has 8 fiow
limitar located in the RPV MSL outlet
nozzie. The throat dismeter for the MSL
flow limiter is less than or equsl to 355
mm

The ASME Code componenis of the NBS
System retain their pressure boundary
intagrity under internal pressures that will
be experienced during service

Tha combined volume of the four Main
Steam Lines (MSLs) and branch lines from
the RPV to the main steam turbine stop
valves and steam bypars valves is greater
than or equat 10 113.2 m’

bl

Control Roorfindications and/or contreis
provided for NBS are defined in Section
21.2

Remote Shutdown System {RSS)
indications and/or controls provided for the
NBS are defined in Section 2.1.2

The Main Steam Isolation Valve {MSIV)
closing time is egual to or greater than 3
and less than or equal to 4.5 geconds when
N, or 8ir is admitted into the vaive
preumatic actustor

inspections, Tests, Analyses

Inspections wili be conducted for the NBS
System

inspection will be parformed on the throat

diameter of the MSL flow hmiters, which
ara located within the RPV MSL outlet
nozzies

A hydrostatic test of the ASME Code
components of the NBS System will be
conducted

Using as-built dimensions of the steam

lines volumetric analys:s will be performed

to determine the combined mamin steam

fine volume

Inspections wiil bg performed on the
Control ﬂcmrr‘).mdféa!oons and/or controls
for the NBS

inspections will be performed on the RSS
in_ications and/or controls for the NBS

Tesis will be conducted to determine the
closure time of the MSIVs

Acceptance Criteria

The as built NBS conforms with the Dasx
configuration shown in Figures 2.1.28. b, (
d ande

The throat diameier of the MSL flow
himiters is less than oOf equal to 355 mm

The resuits of the hydrostatic test of the
ASME Code compoenents of the NBS
System conform with the requirements in
the ASME Code, Secton !

The combined steam hine volume s greater

< L |
than or equa! ic 11 32 m”

{ )
ot

5a  indications and/or controls exist of

retrieved in the Control Room as defined in

Section 2.1.2

indications and/or Controts ex: t on the

RSS as defined in Section 2.1 2

The MSIV ciosing time 15 equal 10 OF
greater than 3 and less than or equal to 45
seconds




Table 2.1.2b: Nuclear Boiler System {Continued)

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

When ail four MSIVs are closed, the
sombined ieakage through the MSIVs for
att four MSLs is less than or equal 10 661
liters per minute at 20° C and 1 stmosphers
absolute pressure

Tha SRV spring st pressure and capacities
are given in Table 2.1 Z2a. The opening time
for the SRVs from when the pressurs ’
axceeds the valve set pressure 10 when the
valve is fully open is less than or equel to
0.3 seconds

Upon receipt of an RPV low water leve!
signal the ADS logic automatically initiates

inspections, Tests, Ansiyses

Leakage tests will be performed 10
determine the leakage through the closed
MSivs

Tests and analysis in accordance with the
ASME Boiler and Prassure Vessel Code will
be performed to determiné the spring set
pressure, capacity and opening hime of
each SRV

Using simulated signals, tests will be
performed of the automatic ADS ininiation

logic

Acceptance Critena

MSIV leakage for ali four MSLs less than or
equal 10 66.1 lnters per minute at 20° C and
1 atmosphere absolute pressure

The SRVs have the capacmes and set
pressures shown on Table 2 1 2a

The opening time for the SRVs from the
time the pressure exceeds the vaive set
préssure to the ime the vaive is fully open
is less than or equal to 0.3 seconds

Upon recept of a low water leve! signal
concurrent with a gh drywell pressure
signal, at the input 10 the ADS imiiation
logic, the following occurs

1} The mamn ADS timer initiate: and
continues 1o time out in the ontinued
presence of the RPV low water level
signal. The time delay for the mam
ADS timer is less than or equal to 29
seconds

Upon time out of the main ADS timer, a
concurrent signal that represents
positive indication of at least one RHR
or HPCF pump runming, an ADS
actuatwon Signa! 15 generated to the
associated ADS valve solenoids




Yable 2.1.2b: Nuciear Boiler System {Continued)

inspections, Tests, Anal, - 2s and Acceptance Criteria

Ceartified Design Commitment insps.-iras, Tests, Analyses Acceptance Criter:s

9a. {Continued) 9a. (Continued!}
Upon recespt of a low water level signal
the absence of a high drywell pressure
signal, at the inpul 1o the ADS imtiahyon

lcgic, the foliowing occurs

11 The ADS high drywell pressu’2 bypass
timer initi _1es The time delay for the
ADS high drywell pressure bypass

timer 1s less than Of agual 10 B8 minutes
i

Upon time oul of the ADS high drywell
pressure bypass iimer, oncurrent with
an APV low water levei signal, the main
ADS timer init:ates ~nd continues 10

LT ;

nme out in the ¢ ontinued prese

the RPV low water level sagnal

Upon time out of the mamn
concurrent with a signal that
represents positive inchcaty

least one RHR or HPCF pump runming
an ADS actuation signal is generate it
the associated ADS valve s¢ enoiwds

g9h. Tests will be performed of the manual ADS 9h Upon recespt of a manual intiation signal
initiation logic at the input to the ADS imtiation 0@
concurrent with a signal that reg resents

9b. Upon receipt of 2 manual initiation signal
the ADS logic initiates

positive indication of at least one RHR or
HFCF pump rucning, an ADS actuation
signal 1s generated 10 the assoc:ated ADS

valve solenods
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Table 2.1.2b: Nuclear Boiler System (Continued)

inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

10. The SRV ADS accumwators hav the

capacitvcoopoottnsw:omtimwim

the drywell at the drywell design pressure.

11. Class 1E ioads of the NBS are powered

from Class 1E Divisions, as described in
Section 2.1.2.

12. The MSL drain lines from the MSLs to the

main condenser are seismically analyzed
to withstand the SSE.

13. Springs close the MSIV if pneumatic

pressure to the M5IV actuator is lost.

14 Thopmunﬂicomodvmbnmm

drain line shown in Figure 2.1.2b opens
should either slectric power to the valve
actuating solenoid be lost, or pneumatic
pressure to the vaive be lost.

Inspections, Tests, Anslyses

10. An analysis and/or type test wili be

1

12

13

14

performed to demonstrate the capacity of
the SRV ADS accumulators.

Tests will be perfose _ * for the NBS by
providing a tesi =+ 1al in only one Class 1E
Division at a time.

An inspection of the stress repont
containing the dynamic analysis of the
piping will be conducted.

Tests will be performed to demonstrate
that the MSIV wili stroke to the fully closed
position upon *he loss of pneumatic
pressure 10 the MSIV actuator.

Tests will be performed to demonstrate
that the MSL drain line valve opens when
pneumafic pressure to the valve is lost, or
electric power to the vaive actuating
solenoid is lost.

10.

1

12

13

14

Acceptance Criteria
Either:

a. The SRV ADS accumulators have the
capacity to lift the stern of the SRVs 1o
the full open position one time with the
drywell pressure at, or above the
drywell design pressure, or

b. the SRV ADS accumuiators have the
capacity 10 lift the stem of the SRVs 1o
the full open position five ime with the
drywell at atmospheric pressure, and
an analysis that shows that 5 SRV hfts
at atmospheric pressure demonstrates
the capability to open one tune with the
drywell at the dryweil design pressure

The test signal exists cnly in the Class 1E
Divisior under test in the NBS.

The existence of a stress report will be
confirmed. This report documents that a
dynamic seismic analysis has been
performed.

The MSIV closes when pneumatic pressure
is removed from the MSIV.

The MSL pneumatic drain ine valve shown
in Figure 2.1.2b opens when either electnic
power 10 the valve actuating solenoid is
iost, or pneumatic pressure to the vaive is
lost.



Tsble 2.1.2b: Nuclear Boiler System {Continued)

inspections, Tests, Analyses eand Acceptance Criteria

Certified Design Commitment inspections, Tests, Analyses Acceptsnce Criteria

15. Opening and/or closing tests of installed 15. Each MOV opens and/or ( loses

valves will be conducted under
preopersational differential pressure, flund
ons fiow:, and tempersture conditions

15. Motor-opersted valves designated in
Section 2.1.2 8s having an active safety
funciion will open or close under
differential pressure and flow conditi
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US/ABYR EJ1/LDS ITAAC Jan 20, 1993
2.4.) Leak Detection and Isolation System (LDS)
Design Description

LDS is classified as asafety-related Class iE control and instruaentation
system vhose function is to detect and monitor leakage fros the reactor
coolant pressure boundary (RCPR) and initiate isolstion of the leakage source.
The system is designed to initiate automatic isclation of the process lines
that penetrate the containment by clesing the isolation vaives. The functions
of LDS include isclation of the main steamlines, the primary and secondary
containment, and individual system process lines; activation of the standby
gas treatment system; the monitor of leakages inside and outside the primary
containment; and indicating the ponitored leakage parampeters 1o the control
room. The LDS design is fail safe, single failure proof and redundant.

The LDS logic design uses tvo-out~of ~four voting in initiation of each
isolation function. Also, the logic 18 designed to incorporate channel bypass
provisions to permit channel test and repair. In the bypass mode, the trip
logic utiizes two-out-of-three voting for initiation of the isolation
functions.

The LDS safety-related channel measurements are provided as inputs to the
safety systes and logic control (8SLC) system for signal processing, setpoint
comparisons, and generation of the trip signals that initiate the isolation
functions. Once isolation is initiated, the logic seals in the isolation
sighal and operator action is required to reset the logic to its normal state.

The following primary and secondary containment isolation and automatic
control fu .ions are provided by LDS using four instrument channels to
monitor leakage:

(1) Closure of the main steam line (MSL) isolation valves and main steam
drain line valves on a signal indicating lovw reactor vater level, high
MSL flow in any steam line, high ambient temperature in MSL tunnel area
or in Turbine Building, lov main cordenser vacuum, or lovw steam inlet
pressure to the maio turbine.

(2) 1solation of the' Reactor Water Clean-up (CUW) system process lines on a
signal indicating low reactor vater level, high ambient MSL tunnel area
tesperature, high mass differential flow, high ambient temperature in
the CUV equipment areas, or when the standby Liquid Control System
(SLCS) is activated.

(3) Initiation of the Standby Gas Treatment System (SGTS) on a sigual
indicating high drywell pressure, lov reactor water level, high
radiation ip the secondary containment or high radiation in the fuel
handling area.

(4) Isolation of R-actor Building Heating, Ventilation and Air Conditioning
(HVAC) system «n a signal indicating high drywell pressure, low reactor
vater level, bh.gh radiation in the secondary containment or high
radiation ip the fuel handling area.

“l=



ntainment §
pressure, .iow
tainment
isolation the Reacts Buildin oling
Normal Cooling Vater (HNCW gtem lines
rywelil pressure f LOW Tea I vater .(evel
Isolation of the React ! Remova RHE ute ) ling systen
loops on a signal indicating bhigh rea tor pressure or lov reactor vater
level. Also, M¥ch RHR shutdown cooling lnop 1s individually isolated
A signal Jra;,at;ng// hi jent temperature in the RHR loop equipmen
area
1solation of the Reactor Core lsolation fooling (RCIC) steam
RCIC turbine on a signal indicating high steam flov in the RC
low steap pressure in the RCIC line, high RCIC turbine exhaust
or high ambient temperature in the RCIC equipnent area

{solation of the Suppression Pool Cleanup (SPCU) system on A
indicating high dryvell pressure or lov reactor vater level

I1solation of the Flammability Control System FCS) on a sighal
indicating high drywell pressure or lovw reactor vater level

Isolation of the drywell sump pump discharge lines on a signal
indicating high drywell pressure or lovw reactor water level. Also, each
discharge line is individually isolated on a signal indicating high
radioactivity in the discharged liquid vaste.

Isolation of the fission prodvcts monitor drywell sample and return

lines op a signal indicating high drywell pressure or lov reactor watel
level.

LDS provides'to the neutron monitoring system a signal indicating a high
dryvell pressure or low reactor vater leve us-

As shown in Figures 2.4.3, the LDS isolation logic consists of safety related
sensors, redundant instrument channels and logic trip units that initiate the
automatic isolation functions. Also, separate panual controls in the control
room are provided in LDS design for logic reset, MSIV operational control
MSIV closure tests, and for manuval isolation.

LDS provides the following control signals to each MSIV pilot solenoid VIlVﬁf.

Four divisional control signals are provided to each MS1V solencids #2 &
#3 to open the valve, MSIV closure is automatic on loss of any two
divisional signals to both solenoids.

*vo divisional control signals are provided to each MSIV test solenoid
#1 to exercize partial valve closure. Division 1 or III 1s used to test
close the outboard MSIVs and Divasion I1 or IV is used to test close the
inboard MEIVs.




Three primary and secon
Divisions I, 11 and

|

in the primary and secondary containment, except

Each isolation switch closes its respective divi

Tvo RCIC isolation svitches - one per Divisions 1 and

Either isolation switch isolates the steam line to the RCIC turbine and

~auses turbine trip. Division I closes the inboard while Division T1
closes the outboard isolation valves.

Manual reset logic functions are provided at the divisional level to
initialize the logic and for logic reset after a isolation has been initiated.
Separate reset functions are provided in the LDS logic design for the MSIVs
the RCIC, and the primary and secondary containment isolation circuitry

The LDS controls and indications are provided in the control room to allow for

sonitoring and control during operational conditions. The indications iu the

control room consist of the monitored leakage parameters as defined under the
LDS functions

Each LDS divisional channel is powered from the same divisional powver source
Independence is provided between the Class IE divisions, and also between the
Class IE divisions and the non~Class IE equipment.

The LDS safety related components and assoc.ated hardware are gualified
Seismic Category I. The safety related LDS sensors and assoclated wiring in

the reactor and turbine buildings are qualified to operate in a harsh
environment.

Inspections, Tests, Apalyses and Acceptance Criteria

Table 2.4.) provides a definition of the inspections, tests and/or analyses
together with associated acceptance criteria for the Leak Detection and
Isolation System.




Table 2 .4.3
LEAK DETECTION & ISOLATION SYSTEM
Inspections, Tests, Analyszes and Acceptance Criteris

Certified Design Inspections, Tests, Analyses Acceptance
Commitment

The eqguipment Inspection of the as built The as built

comprising the LDS system wil? be conducted conforms with the
is defined iIn in Section 2.4.3

Section 2.4.3

1LDS menitors and Each LDS instrument channel
detects leakages shall be tested using simulated
from the RCPB, and signal inputs to test the trip
initiates closure condition

of primary and

secondary contains

ent iscolation

valves

The LDS isolation The instrument chamnels of each Isolation signal is in
logic uses four LDS isolation function shall be when at least any two
redundant tested using simulated signal four channels have tripped
instrument channels inputs

to monitor each

RCPB leakage

parameter . The

isolation signal is

initiated when any

two out of four

channeis have

tripped




Table 2.4.3 (CONT'D)

LEAK DETECTION & ISOLATION SYSTEM

Inspectirns, Tests, Analyses and Acceptance Criteria

Certified Design
Commitment

4.

5.

6.

e\

The LDS isolation
logic incorporates
channel bypass
provisions for om
line teating and
repair. In this
mode, the isolation
signal is initiated
when any two out of
three channels have

tripped.

Each MSIV can be
subjected to =
partial closure
test from the
control room.

LDS provides
separste manual
controls in the
controi room for
Dlg'“clmn. for
#ootmrion of the
primary and
secondary o
cout.!mont‘. and
for isolation of
the RCIC system.

U

3

Inspections, Tests, Analyses

&

In channel bypass mode, each
LDS logic lsolation functiom
shall be tested using simulated

signal inputs.

. Actuate each MSIV test switch

to check partial clesure of the
valve.

. a. Simultaneocusly actuate two

of the four MSIV isclation
switches (Div. 1 & IV or Div.
I1 & 111) to close 2zii the
MSIVs. Repeat the same test by
actuating the other two MSIV
isclation switches.

b. Actuate each RCIC {sclation
switch (Div. I or II) to
isolate RCIC.

c. Actuate each primary and
secondary containment isolatlen
switch (Div. I, 11 & 1I1I) teo
fsolate the containment.

&.

Acceptance Criteria

Isolation signal is initiated
when at least sny two out of
three channels have tripped.

. Each MSIV partially closes

and then reopens
antomatically when its test
switch fs actuated.

. a. Closure of all the NSIVs

occurs only when Divsions I &
IV or 11 & 111 switches are
actuated.

b. Isolatien of the RCIC
system ecccurs when Div. I
switch closes the inboard or
Div. I switch closes the
outhoard isciation valves.
¢. Each divisional primary
and secondary containment
isolation switch close only
its respective containment
isolation valves.



Table 2.4.3 (CONT™D)

LEAK DETECTION & ISOLATION SYSTEM

Inspections, Tests, Analyses and Acceptance Criteris

Certiflied Design
Commitment

7. Manual reset
controls are
provided to perform

We eescaireset functions as
described in
Section 2.4.3.

8. Control room
indications and
controls for this
system are defined
in Section 2.4.3.

9. LDS logic design is
fail-safe, such
that loss of
electrical power to
one LDS divisional
logic channel
initiates a channel
trip.

9.

Inspections, Tests,K Analyses

. Tests will be performed using

rhe LDS reset functions in the
coatrol room.

. Inspections will be performed

on the control room indications
and controls for this system.

Tests will be conducted to
simulate electrical power
fatlure to each divisional LDS
channel .

Acceptance Criterias

. The iogic clrcuitry resets

for normal operation.

. Controls exist and

indications exist or cam be
retrieved in the control room
as defined in Section 2 4.3

. The faulted chamnel trips.



—

10 The divisional LDS

11

logic channels and
associated sensors
are powered from

Class IE divizsional

power .

Independence is
provided in the
tem be ween
Class 1E divisions,
and between Class
IE divisions and
non-Class 1E

equipment.

10 Tests will be performed on the 10 The test signal exists only
LDS system by providing a test in the Class IE division of
signal in only one Class IE the LDS system under test.
divicion at a time.

11 Inspection of the installed iDS 11 Physical separation exists in
Class IE divisions will be LDS between Class IE
performed. divisions, and between the

Class IE divisions and the
non-Class IE equipment.
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(1.03)
Figure 2.4.:# Leak Detection and Isolation System interface Diagram
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2.11.3 Reactor Building Cooling Water System

Aed
Design Dascription § epore

The Reactor Buillding valng Water (RCW

through three |

canlanmenlisolalonsalies wiucl b e DOLCICLURCAL. scharateds. The svsten
ixi1lianes and transiers it to the Ultimate Heat Sink
ce Water (RSW) svstem The RCW svstem removes
ore Cooling svstem (ECCS) equipment including the

v diesel generators (DGs) dunng a sale reactor shutdown cooling
n RCW svstem configuranons are shown in Figures 2.11.3a. b, and ¢c. A
mponents cooled by the RCW systemn are parts of other systems and are not

part ol the RCW system

I'he RCW svstem performs safe reactor shutdown cooling funcuon following a
oss-of<coolant accident/ loss-of-offsite power (LOCA/LOOP), assuming a single
active failure in any mechanical or electncal division RisWesshesiom 01 RCW
support system¥in case of a failure which disables any one of the three RCW

divisions, the other two divisions perform sale reactor shutdown cooling
A LOCA signal does the following

starts anv standby RCW pumps

d‘ndbv

b) opens any closed R(’\\Ahr;u exchanger outlet valves

ot ‘
¢) opens all RHR heat exchanger gtlet valves

d) closes all RCW containment isolanon valves Wﬁ

cuw and RWh kest

(e) closes vglves 10 n\,)nWC(\-fCl;af$(()l MNENLS
exchovglrs apd K| b L

(f) overndes any low water level signal which stops operaung RCW pum!_);s )

PNEVUMAT & \
4 (g) opeps the RCW water tempe atur ulm.gol valve ’QC&M 4‘*

c\,‘,\ﬂ downgtrean ot CUT\Q& exchangert ) ';as*‘tw

AN alves separate the safety-related portons of the RCW ' from

the non-safety-relate ) : during a LOCA. The isolaton
satetv-relatea RCW system 2re automatically or remote-

manually operated, and their posinons are indicated in the main control room

Each RCW division includes two pumps which circulate cooling water through
the equipment cooled by the RCW system and through three heat exchangers
which transfer the RCW heat to the UHS via the RSW system

» { g/g A
vV 4L\

A
’ l In
r 1_‘&1 v
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¢ RCW system main control room TSICR  Thdicanon and conuols allows
monitonng and control during operauonal condiuons. The conuol room has
control of motor operated valves (MOVs) and pneumaucally operated valves
ot (POVs), the number of RCW pumps and heat exchangers in operaton and flow
o rate 10 the components being cooled. Main Control Room instrument
@ “* indication is provided for each RCW division for surge tank level, cooling water
radiation level and Residual Heat Removal (RHR) heat exchanger flow rate and
temperature water supply tem perature and pressure, water radiauon level, surge
tank water level.

The RCW system components with status indication and/or control interfaces
with the Remote Shutdown System (RSS) are shown in Figure 2.11.3a, b and c.

The RCW ASME Code classifications for different portions of the system are

211346 ond¢ “ndicated on Fn'w The safety-related portions of the RCW divisions
are classified as Seismic Category [ and are located in Seismic Category |
structures.

Component design parameters are:

Division A/B Division C
~Besignpusnise.(igLomis) 4 or
- . W— v s e
ump) 2 21,700 > 18,200
o by

Heat exchanger capacities are each: 2 113x10%kCal/l 2 10.6 % 10* KCal/

TecHons 16 a radiaton monitor are provided in each division to detect
radioactive contamination resultn from eak in a heat exchanger,

The RCW pumps and heat exchangers are located in the lower floors of the
Control Building. The equipment cooled by the RCW divisions are located in the

Control Building, Reactor Building, Turbine Buildin , and Radwaste Building,
TiguresQ.11.8a<y7 Al ured elecuical eq ’:’" tin b BF
A bailding aeSverommenTatly qualified foffharsh SemirrTables 2.11. b e
AT ™. how which equipmenT re RCW Tlow during vanous plant opendc,gg_/w,
ﬁg,”&ﬂ/" emergency conditions. The. tables also indicate how many heat exchangers are
| L[”‘M in service under each condidon.

The following cooling loads are in all three RCW divisions: RHR heat
exchangers, RHR motor and seal coolers, RHR room coolers and HECW
refrigerators. All other cooling loads are in either one or two RCW divisions. For
these cooliong loads, changes may be made in the divisional assignment if it can
be shown that the cooling capacity margins in all divisions have not heen
significantly reduced by the changes.

2113 — ' -2

AVARY, <}






(=
The RCW heat exchanger heat removal capacities ing)ﬁao 2V
per cent margin ib'wn\‘tho design heat removal quiromntl*

are: z.saf'loﬁ kéil?t\gpr division A/ 2.84 X 1'6

which
1/h for division C.

kcal/h for division B and 26.4\2\%03,(

*Qw- Heo LOCA rovsy:‘-c&u
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Duning Lo ton, RCW flows through equipm hich 1s operaung and

requires copling, ' also flows threugh sufety-refated toolers except RHR

hea cm:‘%in an &DG coolers, as shown . - in Kigures
) on

21l A iy

A separate surge tank of at least 16m? is provided for each RCW division. Each
surge tank is shared with the corresponding division of the HVAC Emergency
Cooling Water (HECW) system. Makeup water is provided for the surge tank by
the Makeup Water (Punfied) (MUWF) system by gautomatic or MCR signal.
Low water level signals in the surge tanks and-siandpips Jo the following (in
order of decreasing level):

(a) (low) opens the MUWP makeup water valve

(b) (low-low) closes the pneumauc and motor-operated valves which stop
flow to the non-safety-related components

(('c ) (low-low-low) stops any operaung RCW pumps 5

The Suppression Pool Cleanup (SPCU) System provides a backup surge tank
water supply.

wake v
The pneugatic valves of safety significance fail as follows: The MUWP masaup
water vu:gml' open ame the RCW water temperature control valves failf open, AZL77 TH/

Rew AV CLpsi
nasetions %U i 5%%” {

Table 2.11.8a provides a definiuon of the inspections, tests, and/or analyses
together with associated acce ptance criteria which will be and undertaken for
the RCW system.

Criteria

213 3 11183
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9. The RCW pump flow capac-
jities and the RCW heat ex-
changer heat removal capaci-
ties are as specified in
Section 2.11.3.

10. A surge tank with a ca-
pacity of at least 16 cubic
meters is provided for each
RCW division.

9. An analysis of the
as-built RCW System will
be performed. Tests will
be performed of the flow
capacities of the
installed RCW pumps.
Inspections and analysis
will be performed to
estimate the heat removal
capacities of the RCW heat
exchangers. Inspections
and analysis will be
perform2d to estimate the
heat removal roguirements
of the as-built components
which are cooled by the
RCW System during LOCA
conditions.

10. Inspection and a
volume calculation using
as-buiit dimensions will
be performed.

9. The estimated heat
removal capacities of the
as-built RCW System divi-
sions exceed the estimated
heat removal reguirements of
the components cooled ty the
RCW System divisions du~ing
LOCA conditions.

10. The capacity of each
surge tan is greater than
or equal to 16 cubic meters.



11. Motor-operated vaives 11. Opening and/or clos- 11. Each MOV opens and/or

'?HOV) designated in Section ing tests of instalied closes.
2.11.3 as having an active valves will be conducted
safety-related function will under pre-op differential

open and/or close under dif- pressure, fluid flow, and

ferential pressure and fluid temperature conditions.

hj}ou conditions.

PRE AT O\ VAR

O G Al R CLdpe ' 2 iy
d ' ¢ / I\
e pirel tilv 2. Test be per- 12. The spfety signifi antu‘_h ;
: -- umgt ppéumatic glés fai17
/:; l Louer- a of safety phgnsfi- safe posnt on a spec'lf(ed
fn/Section 2.11/3. ‘" if_séction 2.1F3.

AE A Micosse Railel Iwmne /5
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- A
Table 2.11.3b: Reactor Building Cooling Water Bonswemess (ool wé Leogs
Division A

rfot
Normasl Stendby Em e gency
Opereting Shutdown loss of LOCA)
Condrtions AL
Power)

Oper gting Mode
Compeor »onn*

SAFETY RELATED

Emergency Diese
enersior A

RHAE Hest Exoher qger A

Mewt Exchanger A

-

NONSAFETY-RELATED

Others (safsty-reinted

RWCLU Mest Exc nanger
nsice Drywe

“hers (inonatety
relgteg

(x) « EaUipment receives RCW in this mooe

« Equipmen! does NoM receive RCW in this mode

¢ (3
w~k HECLW rekr em‘dor room coc(ers(FCP'—r R KR
RCIC, GETS FC; CAMS) RHE wwotor, aud Seml

C°0|CV‘S.J;;' AN Y CoOVr W AW
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Table 2.11.3¢: Reactor Building Cooling Water Gemsumass (o0 I~7 Loads

Division B
Heot
omrgettl  Guemmy nsown ot G
Power )

ACWRSW Heat 2 3 3 3
Exchangers in Service

SAFETY RELATED

Emergency Diese! - - . %
Generstor B

AHA Heet Exchanger © - X X X
FPC Heat Exchanger B X " X X
Others m'm-umoe)" X X X X
NON-SAFETY RELATED

AWCU Heut Exchanger X X -
Inside Drywell X X X -
Others (non-ssfety- X X
reinted)

Notes

(x) » Equipmant receives RCW in this mode.

|+) « EQuipment doew NOt receive RCW in this mode.

» &
wx HECW ncgp;?;m&», room coolers (FPC pomonp., fHK
, FC

5 CAMS :“R Nh and n.‘ C“‘QF‘,
.”a $6- ! )I ?‘uﬁwg I

HPCF AL

E ‘ COOLED

2“43 -7- ‘n‘m
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Table 2.11.3d: Reactor Building Cooling VW L8 1 e ey Cool:nj Loads

Division C

Mot

ol S
Oper eting Mode Nerme Shutdown _‘."d" Emer gency
Components - Oper sting loss of LOCA
. Conditions AL
Power)

WHREW Hes!
Exchangers in Service

SAFETY-RELATED

£ mergency Diese
energtor B
RHR Host Exchanger

t

RS

NON-SAFETY-RELATED

Jthersisatety-reigied

Others (Non-safety
reigted

%) = Equpment receives RCW in this mooe
« Equipment does not receive RCW in this mc

'}',‘ r" L'y

" @ v
vO0W coo\crsl\mo"of coolers,

* % HEC W Mgrizcr\‘wr; o L OCE

owd wedhanice! seal coolens Sen RHE




ABWR Design Document

AL
NUWP RCW z
SYSTEM | SYSTEM .
RCW | OTHERS oan;cw nr e
; $ SYSTEM
___?___ RMR He - -l Q R '? «:'2'.',".'5,
. ) au?-v.wmg. . ‘l' il
=] g | [
DG MX
: Reactr Buiding) 4 -l
|- - — L -l
R Fual ﬂ;TC—a e Wy \ Yo
_ CResdwBuildl i
omn cwmnu-r;mm :
\ Mnma Buidng) \ .

\ '9,3

2"”&"' e f

—% WM)&..
—W

ol

« REMOTE SHUTDOWN SYSTEM
mnm-mmm 1€ mpI ““f*

(Conro Busang)

Sap dht contmimmert:

out board isefation valvep whick Ts ‘uunl b, Clos (&

Ovisow IT.

aNg

Figure 2.11 38 RCW Division - A
* CaThMaMEST e

ATARTA X ]



&

- - — - ’
:----%—-; C AW HWx, ki BY o == -

\
| . (REACTIR BUidNG ), ‘



ABWR Design Document

o |

>

MUWP RCW
§ ™| SYSTEM  SYSTEM
SPCU = RCW -
: ) o1 ;
- ACW | OTHERS OTHERS | RCW  overem svnw\

fee) & r"‘ s
D 2 e e —— =1 1) [w]m 3 | suRGE TANK |
AMR Mx Y - ‘l Reacor Bunding !

B

' Reactor Buiding

- - ’_ r\/-AM@

-

1

|

| e o fon { i —

‘____________; DG HX ‘ e
Reactor Bulkding SR |

o - =

FUEL FOOL COOLING HX 10
Reactor Buiking

- - - - -

Gt e

[ OTHER (SAFETY.RELATED) HXS
Reactor ana Control Bulamng)

1

f RCW | OTHERS
| 7] ® [Ela ofbeeommenm——-
s :!” CUW PUMP_ X

o A Aeactor Buiding)

[P —————

T wamen— - ———

!: cm§n ivfa»-uf ETY-RELATED;
: - he _a.:-‘-u-h:-_- Wy

———

RppE—————— T 8

By 'i‘l nEN

LERS ——
(Reperm B MUeINNSE 2

/‘ COKTAINMENT

ML \_B/
i

DRYWELL

- -

3

o)
B « REMOTE SHUTDOWN SYSTEM TORSW
THIS DIVISION IS POWERED FROM CLASS 1E DIVISION |i. EXCEPT FOR
THE CONTAINMENT QUTBOARD ISOLATION VAL VE WHICH IS
POWERED FROM DIVISION Il

Figure 2.11.3b RCW Division - B

10-







RCW | OTHERS

Reactor Bulang

—
| “-1

MUWP
L

RCW
SYSTEM -

SYSTEM %

OTHERS |RCW

oy

'. ®
SPCU | RCW | *]
SYSTEM [SYSTEM |

| &

2 | SURGE TANK

Je———— e

—
OTH
Aow|

vd

i

Reactor Bulang

- —

Lt S

'r..._--..
1

DG MX

- A - ——— -

(SAFETY-RELATED) HXS
Reactor and Control Buikiing

P

OTHERS

CRD PUM!
Reactor Bulang)

OTHERY (NON-SAFETY-RELATED) ux%__ ________ _
perwsenmios. Factwasie § Turbme Bulkng ) |

| {

™

——— . A W S ——0 - -

|

-
.

- - - -

IAVSA COMPRESSOR HXS

" |
et
Turtine Busiding) \

-

RCW PUMP

(Control Bulking)

FROA

P

Ny

LT R

v

RCW PUMP

TO REW (Control Busding)

THIS DIVISION IS POWERED FROM CLASS 1E DIVISION 0

Figure 2.11.3c RCW Division




Repcrm Bohml €& anmik

|

\

Attt A A ST ATET ‘
=/~ : - '

{E) GE 72 VEEIFY ACNANa o LI
Sl AE T EXT C/W'Z»:.) 72 PEJSiav
DiickaPIIN St SIS LVALE [Ty d N

W g 7 73CCIT7
. W8 g,
== SIAK )

D) G NCLWE RADNTW p70dTA /W
Oroceld RAINTIW poni TR S Y7227

@—é-éﬂyw—w-ﬁ*

(& = ABLY SIS PTETHYS T2 FE L, Jcvl/&l

IN  JIAR Cl S JJET™ 4PTH ik
P, Seudlsm av AEAT Lol S




ABWR Design Document

2.11.9 REACTOR SERVICE WATER SYSTEM
Design Description

The Reactor Service Water (RSW) System removes heat from the Reactor

Building Cooling Water (RCW) System and rejects this heat to the Ulumate Heat

Sink (UHS). The portions of the RSW System tivat are in the Control Building

are within the Certified Design. Those poruons of the RSW System thatare <. °%

outside the Control Building are not in the Cerufied Design. B B S
- RAY

The RSW System is Seismic Category I and ASME Code Section i1, Class 3 and oM

consists of three separate safery-related divisions.

Each division is powered by its respecuve Class 1E Division and is located in a
separate room in the Control Building.

The RSW System Control Room indications and controls allow for monitoring
and control during operational conditions. The control room has controls and
indications for motor-operated valve open/close status. On a LOCA signal, any
closed valves for standby heat exchangers will be autor,n__?p'cally opened. The

System components with status indication and A& control interfaces with
"The Remote Shutdown System (RSS) are identified in Figure 2.11.9.

Interface Requirements

The portions of the RSW System which are not pait of the Certfied Design shall
meet the following requirements.

Design features shall be provided to limit the maximum flood height 10 5.0
meters in each RCW heat exchanger room.

The design shal' have three divisions which are physically separated. Each
division shall Be powerew vy its respective Class 1E Division. Each division shall
be capable of removing the design heat capacity (as specified in Section 2.11.%)
of the RCW heat exchangers in its division.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.11.9 provides a definition of the inspections, tests, and/or analyses
together with associated acceptance criteria for the portions of the RSW System

within the Cerufied Design.

2118 - 121/83
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3b.

Certified Design Commitment

The basic configuration of the RSW System
is as shown on Figure 2.11.8.

The ASME Code components of the RSW
retain their pressure boundary integrty
under intarnal pressures that wili be
axperienced during service. g

 Control room indications and contro!s

provided for RSW System are defined in
Section 2.11.8.

Remote Shutdown System (RSS)
indications and controls provided for the
RSW System are as defined in Section
2119

£ ach mechanical division of the RSW
System (Divisions A, B, C) is physically
separated.

Anvcioudumdbyhonud\mhbmr
outlet valves automatically open upon
receipt of a LOCA signai.

Ciass 1E loads for the RSW System are
powered from Class 1E Divisions, as
described in Figure 2.11.9.

Motor-operated vaives designated in
Section 2.11.9 as having an active safety
function will opan snd/or close under
differential pressure and fluid flow

Tabie 2.11.9: Reactor Service Water System
Inspections, Tests, Analyscs and Acceptancs Criteria

3b.

inspections, Tests, Analyses

Inspections of the as-built system will be
conducted.

Ahydroﬂltic!estwﬂmconductodm
those Code componer.ts of the RSW
System required to £2 hydrostatically
tested by the ASME Cude.

_ inspections wi" be pcrior.ned on the

control room indications and controls for
the RSW Systam.

Inspections will be performed on the RSS
indications and contrcis for the RSW

System.

Inspactions of the as-built system wili be
performed.

Using simulated LOZA sigrials, tests will be
performed on standby hea” exchangcr inlet
and outlet vaives.

Tests will be performed on the RSWV

System by providing a test signal in onty
one Class ' Division at a time.

Opomu\dbrcbﬁnomuo!i)nwod
valves will be conducted ane-(/2 JF |/
preoperational differential pressure, fluid
flow, and terrperature conditions.

3b.

Acceptance Criteria

The as-buiit RSW System conforms with
the basic configuration shown in Figure
2119

The results of the hydrostatic test of the
ASME Code components of the RSW
conform with the requirements in the
ASME Code, Section il

indications and controls exist or can be

retrieved in the control room as defined in
Section 2.11.9.

indications and controls exist on the RSS
as defined in Section 2.11 8.

Each mechanical division of the RSW
System is physically separated from other
mechanical divisio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>