B .

R Rp——— e e e e R e e S L e

o

GE Nuclear Energy

May 30, 1992
MFN No. 121-92
Docket No. STN 52-001
SLK-9274

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20553

Attention: Robert C. Pierson. Director
Standardization and Non-Power Reactor Project Directorate

Subject: Tier I Design Certification Material for the GE ABWR Design
Stage 3 Submittal

Enclused are thirty-.our (34) copies of the Stage 3 GE ABWR Tier [ Design Certification material,
This Stage 3 material includes the following:

- Design descriptions and proposed inspections, tests, analyses and acceptance
criteria (ITAAC) for all of the ABWR systems for which design certification is
being sough:.

- Tier I entries for generic issues such as equipment qualification and radiation
 otection. This generic material includes technical issues for which certification
v'ill be based on approval of design acceptance criteria (DAC).

Interface requirements and associated ITAAC as called for by 10 CFR Part 52 for
those portions of the plant for which design certification is not being sought.

- A deiinition of the site-related parameters which have been used as input to the
ABWR design process.

This submittal represents fulfillment of the {.E commitment to submit Stage 3 Tier | material by
the end of May 1992,

The enclosed material does not include the following information:

1. Comprehensive responses to ITAAC-related NRC comnients received by GE in the
last few weeks.
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2. Tier I material for the Human Factors Engineering (HFE)/main control room

design process. This issue is being actively reviewed by GE-NRC and by mutual
agreement is not addressed in the enclosed Stage 3 submittal. The HFE material
will be added to the attached Tier 1 document when a mutually accepteble version is
in place.

3. Any proposed road map material bevond that presented in the Stage 2 submirtal.
GE believes there is an unagerstanding that preparation of road maps is an
atter-the-fact exercise which can best be undertaken following resolution of NRC
cominents on the Tier [ material

GE views the enclosed document as draft in the sense that we fuily anticipate technical interactions
with the staff and modifications of the enclosed material similar to the process which has occurred
on earlier Tier 1 submittals. GE believes mutually acceptable schedules should now be established
for NRC comments/GE responses on the entire Tier | package. We believe this schedule
discussion should be an agenda item for the upcoming June 8 GE/NRC management meeting in

. San Jose.

Sincerely,
’{’)

P.W. Marriott, Manager
Regulatory and Analysis Services
M/C 444, (408) 925-6948

ce: . A. Ross (DOE)
N. D. Fletcher (DOE)
C. Poslusny, Jr. (NRC)
R. C. Berglund (GE)
1. F. Quirk (GE)
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. 1.0 Introduction

GE has applied [or design certfication of the Advanced Baoiling Water Reacton

(ABWR) design under the provisions of 10CFT Part 52. As endorsed by the NRC
commissioners, the design certification process is procecding on the basis of a

tiered approach. Tier | will be the certified Rule and will include a description
of the principal design bases and principal teatures of the certified design. Mare
specifically, Tier 1 will mclude

(1) A design description together with inspections, tests, analyses and
acceptance criteria (ITAAC) entries for each of the approximately 100
systems in the ABWR facility for which design cerntification is being
sought

(2) Tier 1 entries for selected generic issues such as equipment
qualification(EQ) and radhation protection. This generic material
includes technical ssues for which certification wall be based on
approval of design acceptance criteria (DAC)

(3) Interface requirements and the associated ITAAC as called for by
10CFR Part 52 for those portions of the plant for which design

. certification is not being sought.

V

’ (4) A definition of the site-related parameters which have been used as

| input to the ABWR design process. These site-related design parameters
have been selected with the intent they envelope conditions at most
potenual sites in the United States.

The purpose of this report is to present the Tier 1 material for the ABWR

Tier 2 will encompass the Larger body of design material submitted as part of the
certification application . = documented in the plant Safety Analysis Report
(SAR). Tier 2 material 's not addressed in this report,

This document 1s structured as follows:

Section 1.1—A top-level General Plant Description intended to be a Tier |
design description entry. This material provides a broad overview of the plant
and addresses general features and characteristics not covered by the more
detailed system material which forms the bulk of the Tier 1 design descriptions.
. Exarples of issues addressed in Section 1.1 are the site plot plan, facility thermal
and electrical power output, and major plant thermal-hydraulic parameters. No
' ITAAC are proposed for the technical entries in Section 1]
l

1.0 i 6/17/92



ABWR Design Document

Section 2-—A design descripuon together with ITAAC entries tor cach of the .
apnroximately 100 systems within the scope of the ABWR design Tor which
d_<ign certification is being sought

Secuion 3—Tier lentries that tall into the category of genenic. This type of entny
addresses technical issues that span multiple ABWR systenis and is most
appropriately handled in a single Tier 1 location. Secuon 3 includes a matrix
showing which generic entries apply 1o each of the ABWR systems. In selected
areas of the plant for which design details are (for legitimate reasons)
unavailable, Design Acceptance Crit -« (DAC) are being prepared. The DAC
approach involves certification of the design process and s being apphied 1o
areas of the plant design for which design details are not ayailable at the time of
design certification. Section 3 imclades Tier 1 material that 1€ 1n tiis category

Section 4—10 CFR Part 52 requires that the ITAAC include methods for
verifying interface requirements. The latter are defined in 10 CFR Part 52 as the
technical requirements to be met by those portions of the plant for which design
certification is not being sought. Section 4 contains ITAAC entries required for
compliance with this provision.

Section 5—Design of the ABWR requires quantified values of many site-related
characteristics such as tornado strength. flood height, and carthquake .
accelerations. Since it is intended the certified ABWR design be referenceable

for a wide range of sites, it has been necessary to specify a set of site design

parameters enveloping the conditions which will occur at most potential power

plant sites in the United States. Section 5 defines this envelope of sit: conditions.

It is intended that any facility which references the certified desion will utilize a

site where the actual site-specific conditions are within the defined envelope

Appendix A—A legend which defines the symbols used to prepare simplified
figures of systems presented in Section 2

Appendix B—GE is preparing indices which will be used to identify the
relationship between Tier 2 (the SAR) entries and the Tier 1 ITAAC maternial.
The intent of this index material is to provide a “road map” which will indicate
which ITAAC entries are being used to verify k<y narameters defined in the SAR,

6/17192
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1.1 General Plant Descr ption

The following is a t ammary of the Advanced Boiling Water Reacior (ARWR)
Standard Plant pruwipal design features and principal design critena

ABWR Standard Plant Scope

The ABWR Standard Plant includes all buildings which are dedicated exclusively
or primiarily to housing systems and the equipment related to the nuclear system

or controls access to this equipment and systems. There are five such buldings
within the scope of the ABWR Standard Plant:

{3)

(4)

(5)

Reactor Building (including containment)
Service Building

Control Building

Turbine Building

Radwaste Building

In addition to the buildings and their contents, the ABWR Standard Plant
provides the supporting facilities shown in Figure 1 1.

The principal plant structures include the following

(1)

(4)

11

Reactor Building—includes the containment, drywell, and major
portions of the Nuclear Steam Supply System (NSSS), steam tunnel
refueling area, diesel generators, essential power, non-essential power,
Ymergency Core Cooling Systems (ECCS), Heating, Ventilation and An
Conditioning System (HVAC), and supporting systems

Service Building—personnel facilities, and portions of the non-essential
HVAC.

Con*rol Building—includes the control room, the computer facility.
the cable tunnels, some of the plant essental switchgear, some of the
essential power, reactor building water system and the essental HVAC
System.

Turbine Building—houses all equipment associated with the main
turbine generator. Other auxibiary equipment is also located in this
building.
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(5) Radwaste Building—houses all equipment associated with the
collection and processing of solid and hiquid radioactive waste
generated by the plant.

Number of Plant Units

For the purpose of this design centification, a single standard plant is described
Type of Nuclear Steam Supply

This plant will have a boiling water reactor (BWR) nuclear steam supply system
{NSSS) designed by GE and designated as the Advanced Boiling Water Reacton
(ABWR)

Type of Containment

The ABWR will have a low-leakage containment vessel compnised of the drywell
and pressure suppression chamber. The containment vessel s a evlindnical steel-
lined reinforced concrete structure integrated with the Reace. Suilding

Core Thermal Power Levels

The information presented in this design cerufication pertains to one reactor
unit with a rated power level of 3926 MWt and a design power level of 4005 MWt
The station utilizes a singlecycle, forced<irculation BWR designed to operate at
a gross electrical power catput of approximately 1356 MWe and an electrical
power output of approsimately 1300 MWe.

Principal Design Parameters

Rated power (MWt) 3,926
Design power (MWt) (ECCS design basis) 4,005
Rated steam flow rate, Kg/hr at 215.6°C (FW temp) 7.64x10°
Rated core coolant flow rate (Kg/hr) 52 2x10°
RCPB design pressure (Kg/ cm“‘g) 87.9
RCPB design temperature (°C) 302
Containment internal design pressure (Kg/cm ‘2 316
Number of fuel assemblies 872
Number of control rods 205
Number of internal pumps 10

2 6/1/92
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. 2.0 Tier 1 Material for ABWR Systems

This section provides Tier 1 material for each of the ABWR systems within the
scope of the certified design. The listing of svstems o be addressed in Tier 1 s
devired from and compatible with, the ABWR systems indentified in Table 5.2-]
of the plant Safety Analysis Report. In most cases, each system has (as a
minimum) a Tier 1 design description which is intended to be the technical
description of the tacility that will appear in Tier 1 of the Centification Rule. Most
systems also have entries delining the inspections, tests, analyses and acceptance

criteria (ITAAC) called for by 10 CFR Part 52

Notice

For a number of ABWR systems addressed in this document, the Tier 1 design
description is accompanied by a schematic diagram of the system configuration
The diagrams include simplified system piping and instrume..taton diagrams
for hydraulic/pneamatic systems; simplified one-line diagrams for electncal
systems; and simplified outline drawings for selected equipment ntems

These diagrams are for the purpose of illustrating the principal design features
of the ABWR systems and their relationship to each other, The simplified figures
are not to scale and are not intended to be exact representations of the detailed
system configuratons that will be utilized in any facility referencing the certified

design,

The proposed ABWR Tier 1 material includes numerical information for aspects
of the design such as equipment performance, material compositions, structural
uimensions and system configurations. Where appropriate, this numerical
information includes the allowable range and/or tolerances. In those cases
where allowable vanations are not specifically quantified, the stated value should
be considered nominal with tolerances based on accepted industry practices as

they apply to the parameter being considered
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2.1 Nuclear Steam Supply

2.1.1 Reactor Pressure \Vessel System

2.1

Design Description

The Reactor Pressure Vessel (RPY) System consists of (1) the reactor pressure
vessel and its appurtenances, supports and insulation, and (2) the reactor
internals enclosed by the vessel, excluding the core, in<ore nucieat
instrumentation, reactor mternal pumps, and control rod drives

The reactor coolant pressure boundary (RCPB) portion of the RPV System
retains integrity as a radioactive material barrier during normal operation and
following abnormal operational transients ana design basis accidents (DBAs)

Certain RPV internals support the core, flood the core during a DBA, and
support instrumentation utilized during a DBA. Other RPV internals direct
coolant flow, separate steam, hold material surveillance specimens, and support
instrumentation utilized for normal operauon,

The RPV System provides guidance and support for the control rod drives
(CRDs). It also adwmits and distributes the sodium pentaborate from the Standby
Liquid Control (SLC) System

The RPV System restrains the CRD in order to pres cat the ejection of the control
rod connected with the CRD in the event of a postulated failure of the RCPB
associated with the CRD housing. A restraint is also provided for the reactor
internal pump (RIP) in order to prevent it from becoming a missile in case of a
postulated failure of the RCPB associated with the reactor internal pump

The major plant design parameters are listed in Section 1.1, The configuration
of the RPV System 1s shown on Figure 2.1 1a, with key dimensions presented in
Table 2.1.1b, and the acceptable variations in these dimensions in Table 2.1 1¢.
The RPVS parameters (postulated break areas) used in LOCA analyses are
identified in Table 2.1.1d.

Reactor Pressure Vessel, Appurtenances, Supports and Insulation

The reactor pressure vessel (RPV), as shown schematically in Figure 2.1 1a,
consists of a vertical, cylindrical pressure vessel of welded constructicn,
removable top head and head closure bolting and seals. The vessel includes the
cylindrical shell, lange, bottom head, reactor internal pump (RIF) casings,
penetrations, brackets, nozzles, venturi shaped flow restrictors in the steam
outlet nozzles, and the shroud support, which includes the pump deck forming
the partition between the RIP suction and discharge. The shroud support is an
ascembly consisting of a short vertical cylindrical shell, a horizontal anmala
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pump deck plate and vertical stilt legs. This support carries the weight of
peripheral fuel assemblies, neutron sources, core pla | top guide, shroud, and
shroud head with steam separators. It also lateraliy supports the fuel assemblies
and the pump diffusers. The shroud support also sustains the differential
pressures

The control rod drives (CRDs) are mounted into the CRD housings. Sodium
pentaborawe solution trom the SLC System enters the vessel via one of the two
high pressure core flooding (HPCF) linesa d is distributed through the sparger
connected to the hine

The CRD housings are inserted through and connected 1o tie CRD penetrations
(stub tubes) in the reactor vessel bottom head. The in<core neutron {lux monito:
housings are inserted through and connected to the bottom head

A flanged nozzle is provided in the top head for bo, ling of the flange associated
with the instrumentation for vibration test of inter: s

The integral reactor vessel skirt supports the vessel on the RPV pedestal. Steel
anchor bolts extend through the pedestal and secure the flange of the skirt to
the pedestal. RPV stabilizers are provided in the upper portion of the RPV to
resist horizontal loads. Lateral supports among the CRD housings and in<ore
housings are provided by restrai~ts which, at the periphery, are supported off
the CRD housing restraint beams.

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

The RPV insulation is supported from the biological shie ld wall surrounding the
vessel. Insulation for the upper head and flange is supported by a steel frame
independent of the vessel and piping. Insulation access panels and insulation
around penetrations are designed for ease of installation and removal for vessel
inservice inspection and maintenance operation.

The RCPB portion of the RPV and appurtenances and the suppons (RPV skirt,
stabilizer and CRD housing/in<core housing restraints and beams) are classified
as Quality Group A, Seismic Category I. The design, matenals, manufacturing,
fabrication, testing, examination, and inspection used in the construction of
these components meet the requirements of ASME Code Class | vessel and
supports. respectively. The shroud support is classified as Quality Group C,
Seismic Category 1, and designed and fabricated 1o ASME Code Class €S (core
support structures). Hydrostatic test of the RPV is performed in accordance with
the requirements for ASME Code Class 1 vessels The components are code-
stamped according to their code class

2. 6/1/92
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The materiais used in the RCPB portion of the RPYV and appure nances (or thei
equivalents) will be used: ASME SAA38, Type B Class 1 (plate ) SAS08. Class §
(forging); SA-H08, Class 1 (forging); SB-166, Type 600 (UNS 06600, forging ). SA
182, F3161. (maximum carbon (0.0209%) or F316  maximum carbon 0 020% and
nitrogen from 0.060 10 0.120%, forging). and SA-540, Grade B2% or B24
(bolung)

The materials of the low alloy plates and [orging used i construchion of the R
are melted to line grain practice and are supphied in quenched and tempered
condition. Vacuum degassing is performed to lower the hydrogen level and
unprove the cleanliness of the low-alloy steels

Electraslag welding is not applied for structural welds. Preheat and interpass
temperatures employed for welding of low alloy steer - et or exceed the vadues
given in ASME, Section I, Appendix D). Post-weld heat treatment a 5937°C
minimum is applied to all low-alloy steel welds

Pressure boundary welds are givon an ultrasonic examinatnon i addition to the
radiographic examination performed during fabricauon. The altrasonic
examination method, including calibration, instrumentation, scanning
sensitivity, and coverage, is based on the requirements imposed by ASME,
Section X1, Appendix |. Acceptance standards are equivalent or more restnctive
than required by ASME, Section X1

A stainless steel weld overlay is applied to the interior of the eylindrical shell and
the steam outlet nozzle. Other nozzles and the RIP motor casing do not have
cladding. The bottom head is clad with Ni-Cir-Fe alloy. The RIP penetranons are
clad with Ni-Cr-Fe alloy or, alternatively, stainless steel.

The fracture toughness tests of pressure boundary ferritic materials, weld metal
and heac-affected zone (HAZ) are performed in wccordance with the
requirements for ASME Code Class 1 vessel. Bath loagitudinal and transverse
specimens are used to determine the minimum upper shelf energy (USE) leve!
of the core beltline materials. Separate, unirradiated baseline specimens are
used to determine the transition temperature curve of the core beltline base

matenials, weld metal, and HAZ.

For the vessel material surveillance program, specimens are manufactured from
the material actually used in the reactor beltline region and weld typical of those
in the beltline region, thus representing base metal, weld material, and the weld
HAZ material. The plate and weld specimens are heat treated in a manner which
simulates the actual heat trearment performed on the core region shell plates of
the completed vessel. Each in-reactor surveillance capsule contains Charpy \
notch specimens of base metal, weld metal, and HAZ matenal, and tensile
specimens from base metal and weld metal. Brackets are welded 1o the vessel
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ddadding in the core belt region for retention of the detachable halders, cach of
whiich contains a number of the specimen capsules. Neutron aosimeters and
wmperature monitors are located within the capsules.

Access for examinations of the installed RPV is incorporated invo the design of
the vessel, biological shield wall, and vessel insulation.

Reactor Pressure Vessel Internals
The major reactor interni! components included in the RPY Systetn are

(1) Core Support Structures

Shroud, skroud support (integral to the RPV and including the internal
putap deck), core plate, wop guide, fucl supports (orificed foc | supports
and periphera: fuel supports), and control rod guide tubys

(2} Other Reactor Internals

Centrol rods, feedwarer spargers, RHR/ECCS low pressare flooding
spargers, ECCS high pressure core flooding spargers and coupling, in-
core guide tubes and stabilizers, core plate differential pressure (DP)
lines, surveillance specimen oclders, shroud heard and steam separators
assembly, and steam dryer assembly,

A general assembly drawing of these reactor internal components is shown in
Figure 2.1.1a. The core support structures locate and support the fuel
assexablies, form partitions within the reactor vessel to sustain pressure
differentials across the partiions, and direct the flow of the coolant water

The shroud support, shroud, and top guide make up a stainless steel cylindrical
assembly that provides a partition 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 stainless steel plate with round openings and
is stiffened with a rim and beam structure. The core plate provides lateral
suppert and guidance for the control rod guide tubes, in<core flux monitor
suide tubes, peripheral fuel supports and startup neutron sources. The last two
itemus are also supported vertically by e core plate.

The top guide consists of a circular plate +ith square openings for fuel and with
a cylindrical side forming an upper shrend excension, Fach opening provides

lateral suppornt and guidance for tourSue! asseinblic s or, in the case of per.pheial
fuel, less thar four fuel assemnblies. Holes are provided in the bottom, where the
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. sides of the openings intersect, to anchor the in<ore instrumentation detectors
and start-up Neutron sources

The fuel supports are of two types: 1 peripheral and 2) anficed. The peripheral
fuel supports are located at the outer edge of the active core and are not adjacent
to control rods. Each peripheral fuel suppon supporis one peripheral fuel
assembly and contains an orifice 1o provide coolant flow to the fuel assembly,
Each onficed tuel support supports four fuel assemblies vertically upward and
horizontally and contains four orifices o provide conlant flow disirtbution to
cach fuel assembly. The orificed fuel supports rest on the 1op of the “ontrol rod
guide tubes (CRGTs), which are supported laterally by the core plate. The
control rods pass through cruciform openings in the center of the orificed fuel

.SUPP()N

The CRGTs located inside the vessel extend from the top of the CRD housings
up through holes in the core plate. Each guide tube is designed as the guide for
the lower end of a control rod and as the support {for an onficed tuel support.
This locates the four fuel assemblies surrounding the control rod. The lowerend
of the guide tube is supported by the CRD housing. which, in turn, transmits the
weight of the guide tube, fuel supports, and fuel assemblies to the reactor vessel
bottom head. The CRGTs also contain holes, ro «1 the top of the CRGT and
. below the core plate, for coolant flow 1o the oriticed fuel supports.

The CRGT base is provided with a device for coupling the CRD with it. The CRD
is restrained from ejecuon, in the case of a stub tube weld {ailure, by the coupling
of the CRD with the CRGT base; in this event, the flange at the top of the guide
tube will contact the core plate and restrain the ejection. The coupling will also
prevent ejection if the housing fails at the srub tube weld; in this event, the guide
tube remains supported on the intact upper housing

The control rods are cruciform-shaped neutron absorbing members that can be
inserted or withdrawn from the core by the CRD to control reactivity and reactor

power.

Fach of the two feedwater lines is connected to three spargers via three RPY
nozzles. The feedwater spargers, which also function as ECCS high or low
pressure flooding spargers (depending upon their connection to the line
designated to receive high pressure or low pressure coolant flooding supply,
respectively), are stainless stee! headers located in the mixing plenum above the
downcomer annulus, Fach sparger, in two halves, with a tee connected in the
middle, is fitted 10 each feedwater nozzle with the tee. The sparger tee inlet is
connected to the RPV nozzle safe end by a double thermal sleeve arrangement.

. Feedwater flow enters the center of the spargers and i1s discharged radially
inward to mix the cooler feedwater with the downcomer flow from the steam
separators and steam dryer.
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2.1

The design feature of the two residual heat removal (RHR) shutdown cooling
system spargers, which also tunction as ECCS low pressure flooding (LPFL)
spargers, is similar to that of the teedwater spargers. Two lines of RHR shutdown
cooling system enter the reactor vessel through the two diagonally opposite
nozzles and connect to the spargers. The sparger tee inlet is connected to the
RPV nozzle safe end by a thermal sleeve armangement

The two ECCS high pressure core flooding (HPCF' spargers and couplings are
the means for directing high pressure ECCS flow to the upper end of the core
Each of the two HPCF lines enters the reactor vessel through a diagonally
opposite nozzie with a thermal sleeve arrangement. The carved sparger,
including the connecting tee, is located around the inside of and is supported by
the cylindrical portion of the top guide. The sparger tee is connected to the
thermal sleeve by the HPCF coupling.

In-core guide tubes (ICGTs) protect the in<ore flux monitonng
instrumentation from flow of water in the bottom head plenum. The 1CGTs
extend from the top of the in<core housing to the top of the core plate. The lox o
power range monitoring (LPRM) detectors for the Power Range Neutron
Monitoring (PRNM) System and the detectors for the Startup Range Neutron
Monitoning (SRNM) System are inserted through the guide wbes

Two levels of stainless steel stabilizer latticework of clamps, tie bars, an i spacers
give lateral support and rigidity to the guide tubes The stabilizers are connected
to the shroud and shroud supponrt.

The core plate differential pressure (DP) lines enter the reactor vessel through
reactor bottom head penetrations. Four pairs of the core plate DF lines enter the
head in four quadrants through four penetrations and terminate .mmediately
above and below the core plate to sense the pressure in the region cutside the
bottom of the fuel assemblies and below the care plate duning normal operation

Surveillance specimen capsules, which are held in capsule holders menuoned
earlier, are located at three azimuths at a com5/26, 92mon elevation in the core
beltline region. The capsule holders are nonsafety-related internals The
capsule holders are mechanically retained by capsule holder brackets welded 1o
the vessel cladding in order to allow their removal and reattachment,

The shroud head and steam separators assembly includes the connecting
standpipes and forms the top of the core discharge mixture plenum. The steam
dryer assembly removes moisture from the wet steam leaving the steam
separators. The extracted moisture flows down the dryer vanes ta the collecting
troughs, then flows through tubes into the downcomer annulus. The shroud
head and steam separators assembly and the steam drver assembly are non-safety
reiated internals
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The core suppaort structures are classified as Quality Group G, Seismue Categon
. The design, materials, manufacturing, tabrication, examimation. and
mspection used in the construction of the core support structures mect the
requirements of ASME Code Class CS structures. These structures are ¢ods
stamped accordingly. Other reactor internals are designed per the guidelines of
ASME Code NG-3000 and are constructed so as not 1o adversely affect thi
integrity of the core support structures as reguired by NG-1122
Special controls are exercised when austenitic stainless steel is used foq

construction of RPV intermals in order 1o avoid cracking during sermvice
¢ g

Design and construction of the RPV internals assure that the internals can

withstand the etffects of low-induced vibraton (FIV)
Inspections, Tests, Anaiyses and Acceptance Criteria

Table 2.1.1a provades a definition of the inspection, tests, and /or analyses
together with associated acceptance cniteria which will be undertaken for the

Reacior Pressure Vessel Svstem
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Table 2.1.1a: Reactor Pressure Vessel System

Inspections, Tests, Analyses and Acceptance Criteria

Svstem configuration of the Reactor
Pressure Vessel (RPV) System is shown on
Figure 2.1.1a. Key dimensions are
presented in Table 2.1.1b, with design
details of RPY lower plenum and core
arrangement in Figures 2.1.1b and 2.1.1¢,
respectively.

The RPVS parameters used in LOCA
analyses are identified in Table 2.1.1d.

The reactor coolant pressure boundary
(RCPB) portion of the RPV and
appurtenances and their supports are
classified as Quality Group A, Seismic
Category i. These components are
designed, fabricated, examined, and
hydrotested in accordance with the rules of
ASME Code Class 1 vessel or component
support, and are code stamped
accordingly. The core suppor structures
are Quality Group C, Seismic Category |,
and are designed, fabricated, and
examined in accordance with the rules of
ASME Code Class CS structures, and are
code-stamped accordingly.

The RCPB of the RPV Systam retains its
integrity under internal pressure that will
be expernienced during the servicy.

Inspections, Tests, Analyses

Viual field inspactions will be conducted
of the installed RPV System key
components identified in Section 2.1.1 and
Figure 2.1.1a.

Visuai feld irspechons will b conducted
of the inspection locations ider  2d in
Table 2.1.74.

Inspections wii! be conducted of ASME
Code required documents and the Code
stamp on the components.

4. A hydrostatic test of the RCPB will be

conducted in accordance with ASME Code
requirements.

B

Acceptance Criteria

The instalied confiquration of the RPV
System will be considered acceptable if it
complies with F.gures 2.1.1a, b, and c,
Tables 2.1.1b and ¢, and Section 2.1.1,

The instalied configurations of the RPVS
featues identified ir Table 2.1.1d are
acceptable if the associated areas are as
noted in the table.

Existence of necessary ASME Code
required documents and the Code stamps
on the components confirm that the
components in the RCPB portion of the
APV and the supports, and the core
support structures are dasigned, fabricated
and examined as ASME Code Clase 1 and
CS, respectively. This aiso confirms that
the RPV is hydrotested per the ASME Code
Class 1 requirements.

The results of the hydrostatic test must
conform with the requirements in the
ASME Code.

A I L N
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Table 2.1.1a: Reactor Pressure Vessel System (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

The materials used for the RCPB portion of
the RPV and appurtenances are low and
high alloy steels with certain additional
reatirernents for construction (Section
2.1.1). Special controls are exercised when
austenitic stainless steel is used for
constraction of RPV internals in order to
avo'd cracking duting service.

The ferritic materials used in the RCPB
portion of the RPV and appurtenances are
not susceptible to brittie fracture under
pressure during the service.

Specimens for the surveillance program
are selected from the vessel base metal
and weld metal

Analysis for vibration prediction is
performed to assure that design and
construction of the RPV interna’s can
withstand the effects of flow-induced
vibration (FIV). The design analysis is
based - predicted values of FIV loads. The
vibration prediction analysis may be
upgraded by avatiable test data

inspectiors, Tests, Analyses

Inspection will be conducted of the records
of materials, fabrication, and ¢xamination
used in construction of the RCPB and
austenitic stainiess steel reactor internals.

Fracture toughness tests of the ferritic
base, weld and heat-affected zone (HAZ)
metal used in the RCPB will be conducted
in accordance with the requirements for
ASME Class 1 components,

inspection will be conducted of the records
of the spe: mens selected from the reactor
beltline region,

A vibration test will be conducted of the
reactor internais to verify the adequacy of
the internais design, manufacture, and
assembly with respect to the potential
effects of FIV. The first-of a-kind prototype
internais will be flow tested by vibration
instrumentation foliowed by inspection for
damage. The internals in subsequent
plants will be flow tested, but without
vibration instrumentation, followed by
inspection for damage.

Acceptance Criteria

Records of the materiais and processes
must confirm that the requirements
specified for the RCPB in Section 2.1.1 are
satisfied and that the manufacture and
fabrication of the RPV imernals made of
austenitic stainless steel avoid potential for
cracking in service.

Records of the fracture toughness data of
the RCPB ferritic materials must confirm
that 1) the requirements of the ASME Code
are met, and 2) the reactor vessei beithine
materials will not be susceptible to brittle
fracture during the service.

The specimens, with respect to location
and orientaticn, types (tensile or Charpy V-
notch), and quantities, must meet the
requirements of ASTM E-185.

Reactor vessel internals vibration is
considered acceptable when results of the
vibration measuremeant are compared with
resuits of the vibration prediction analysis
to verify compliance with design limits,
and when inspecticn of the internals
indicate no sign of damage, loose parts, or
excessive wear in the prototype test, The
vibration of reactor internals in subsequent
piants is considered acceptable when
inspection of the internais indicate no sign
of damage. loose parns. or excessive wear

|
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Table 2.1.1a: Reactor Pressure Vessel System (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

9. Access for yxaminations of the RPV is

incorpor .. d into the design of the vessel,
biological shield wall and vessel insulation.

inspe. lions, Tests, Analyses

9. Visual inspection will be conducted of

accessibility for examinations of the vesse!
and welds.

9.

Acceptance Criteria

Provisions for access in the design of the
vessel, biological shield wall, and vessel
insulation shall ba, in the minimum, as
follows:

The shield wall and vessws insulation
behind the shield wall must be spaced
away from the RPV outside surface. Access
for the insertion of automated devices
must be provided through removabile
insulation panels at the top of the shield
wall and at access ports at reactor vessel
nozzles. Access to the RPV welds above the
top of the biclogical shield wall must be
provided by removable insulation panels.
The ciosure head must have removable
nsulation to provide access for manual
uvitrasonic examinations of its welds.
Access to the bottom head to shell weld
must be provided through openings in the
RPV support pedestal and removable
insulation panels around the lower
cylindrical portion of the vessel. Access
must be provided to partial penetration
nozzie welds (i.e., CRD penetrations,
instrumentation nozries and recirculation
intarnal pump penetra. n welds) for
performance of visual examinations.
Access must be provided for examination
of the attachment weld betweaen the
supporn skirt knuckie {forged integraily on
the shell ring) and the RPV support skirt.
Access must be provided to the balance of
the support skirt for performance of visual

examination.
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2.1.1

Table 2.1.1b: Key Dimensions of RPVS Components

Description

RPV inside diameter (inside cladding)

RPV wall thickness in beltline (without cladding)
RPV bottom head inside inven

Top of RPV flange

RPV support skirt bottorm

RFV stabilizer connection

Shroud outside diameter

Shroud wall thickness

Steam nozzle |D at pipe connection

Core plate support/Top of shroud middie flange
Top gride support/Top of shroud top flange
Shroud support legs (Fig. 2.1.1b)

Control rod guide tube OD

Elevation/
Dimension
(Figure 2.1.1a)

G
+

A

<

x

o O

NxQ

Nominal
Value
{mm)

7112.0
1740
0.0
17703.0
32000
'3766.0
6550.0
50.8
642.0
4695.2
9361.2
163.0x662.0
273.056
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Table 2.1.1¢c: Acceptable Variations of Dimensions and Elevations

Description

RPV insiue diameter (inside cladding)

RPV wall thickness in beitline (without cladding)
RPV bottom head inside inven

Top of RPV flange

RPV support skirt bottom

RPV stabilizer connection

Shroud outside diameter

Shroud wall thickness

Steam nozzle ID at pipe connection

Core plate support/Top of shroud middle flange
Top guide support/Top of shroud top flange
Shroud support legs (Fig. 2.1.1b)

Control rod guide tube OD

Elevation/
Dimension
(Figure 2.1.1a)

- m ©® M » I ©

<

O

NxQ

Variaticn
{mm)

. *50.0
+14.0-3.0
Reference 0.0
+26.0
+50.0-10.0
+15.0
+20.0

+2.0
+8.0/-0.0
+10.0
+13.1

+6.0
{for N and Q)

+2.5
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Figure 2.1.1a Reactor Pressure Vessel Syste
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Figure 2.1.1b Pump and Shroud Support Leg Arrangement
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2.1.2 Nuclear Boiler system

Design Description
General System Description

The primary funcuons of the Nuclear Botler System (NBS) are: (1) to delives
steam from the Reactor Pressure Vessel (RPV) to the Main Steam System (MSS)
(2) deliver feedwater from the Condensate, Feedwater, and Air Extraction
System to the RPV, (3) overpressure protection of the Reactor Coolant Pressure
Boundary (RCPB), (4) automatic depressurization of the RPV in the event of a
Loss of Coolant Accident (LOCA) where the RPV does not depressurize rapidhy
and the high pressure makeup systems fail to adequate ly maintain the water level
in the RPV, and (5) with the exception of monitoring the neutron flux,
providing the instrumentation necessary to monitor the conditions in the RPV
This includes the RPV pressure, metal temperature, and water level
mstrumentation.

Figures 2.1 2a and 2.1 2b show the general configuration of the Main Steam
Lines (MSLs), the Safety/Relief Valves (SRVs), and the SRV discharge lines. The
SRV perform the dual function of overpress' re protection ard autonatic
depressunization of the RPY. Figure 2 1.2¢ show the general configuration of the
Feedwater (FW) lines.

The MSLs are designed to direct steam from the RFV to the MSS, the FW lines
to direct feedwater from the FW System to the RPY, and the KPV
mstrumentation to monitor the conditions within the RPV, over the full range of
reactor powsr operation

The NBS contains the valves necessary for solation of the MSLs, feedwater lines,
and their drain lines at the primary containment boundary,

The NBS also contains the RPV head vent line and non<ondensable gas removal
line.

Main Steam L. es

The NBS does not contain all of the MSLs. The NBS contains only the portion
of the MSLs from their connection to the Reactor Pressure Vessel (RPV) to the
boundary with the Main Steam System (MSS), which exccurs at the seismic
interface located downstream of the outboard Main Steam Isolation Valves
(MSIVs).

The main steam lines are Quality Group A from the RPV out to and including
the outhoard MSIVs, and Quality Group B from the outhoard MSIVs to the

1. 6192
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turhine stop valves. They are Seismic Categony HHrom the reactor pressure vessel
out 1o the seismic interface

Tosupport the salety analysis, the total steam volume of the steam lines, trom the
RPV to the main steam turbine stop valves and turbine bypass valves, shall he
greater than or equal to 1132 m”

MSL flow limiter

Fach MSL has a flow limuer. The MSL flow limiter consists of a flow restricting
venturi which is located in each RV MSL outlet nozele. The restrictor limits the
coolant blowdown rate from the RPV in the event a MSL break occurs outside
the containment to a (choke) flow rate equal to or less than 200% of rated steam
flow at 72.1 kg/cm* g upstream pressure.

The MSL flow limiter also serves as a flow element to monitor the MSL flow
Instruments lines are provided to monitor the pressure at the throat of the MSL
flow limiter. The RPV steam dome pressure instrument lines are used to provide
the pressure upstream of the MSL flow limiter.

The MSL flow limiters are designed to limit the loss of coolant from the RPV
following a MSL rupture outside the containment to the extent that the RPY
water level remains high enough o provide cooling within the time required to

close the MSIVS,

The MSL flow limiter has no moving parts.
Main Steam Isolation Valves

Two isolation valves are welded in a horizontal run of each of the four main
steam lines; one valve inside of the drywell, and the other is near the outside of
the primary containment pressure boundary.

The MSIVs are Y-pattern globe valves. The main disc or poppet is attached to the
lower end of the stem. Normal steam flow tends to close the valve, and higher
inlet pressure tends to hold the valve closed. The Y-pattern permits the inlet and
outlet passages to be streamlined; this minimizes pressure drop during normal
steam flow.

The primary actuation mechanism utilizes a pneumatic cylinder; the speed at
which the valve opens and closes can be adjus.ed. Helical springs around the
spring guide shafts will close the valve if gas pressure in the actuating cylinder is
reduced.

The MSIV quick<losing speed is 2 3 and € 4.5 seconds shen Ny or air pressure
is admitted to the upper piston compartment. The valve can be test closed with

9 6192
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a 45460 second slow closing speed by adnutiing Ny or au to both the upper and
low piston compartments

Feedwater Lines

The NBS does not contain all of the FW lines. The NBS contains only the portion
of the FW lines from the seismic interface located upstream ol the Motor
Operated Valves (MOVS) to then connections 1o the RPV. Figure 2.1 2¢ shows
the portion of the FW lines within the NidS

The FW piping consists of two 5504 (224anch) diameter lines from the FW supply
header. Isolation of each line is accomplished by two containment isolation
valves consisting of one check valve inside the drvwell and one positive closing
check valve outside the containment. Also included in this portion of the line s
amanual maintenanc, valve located between the inboard isolation valve and the
reactor nozzle. The feedwater line upstream of the outboard isolation valve
contains a remote, manual, Motor-Operated (MO) gate valve, and a seismic
interface restraint. The outboard isolation valve and the MO gate valve provide
a quality group transitional point in the feedwater lines

The feedwater piping is Quality Group A from the RPV out to and including the
outhoard isolation valve, Quality Group B from the outboard solation valve to
and including the MO gate valve, and Quality Group D upstream of the MO gate
valve. The feedwater piping and all connected piping of 65A (2 12 -inch) o

larger nominal size is Seismic Category | from the RPV 1o the seismic imterface.

Safety/Relief Valves

The nuclear pressure relief system consists of SRVs located on the MSLs between
the RPV and the first isolaton valve, 1.e. the inboard MSIV, within the drywell
Fhese valves protect against overpressure of the nuclear system.

The rated capacity of the pressure-relieving devices shall be sufficient to prevent
a rise in pressure within the Pmtm ted vessel uf more than 1107% of the design
pressure (1.10 x 8#7.9 kg/cm g =967 kg/ cm?g) for design basis events which
cause the RPV pressure to rise.

The SRV discharge line is designed to achieve critical flow conditions through
the valve, thus provi ling flow independence 1o discharge pipe losses. Each SRV
has its own discharg® line. The SRV discharge lines terminate at the quenchers
located below the surface of the suppression pool

3 8/1/92
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The SRVs provide three main protection lunctions

(1)

Cherpressure satety operation he valves function as saletry valves and
open to prevent nuclear system overpressutization - they are self
actuating by inlet steam pressure if not already signaled open for relief
operanon

The safety (steam pressure ) mode ol opceration is initiated when direct
and increasing static inlet steam pressure overcomes the restraining
spring and frictional forces acting against the inlet steam pressure at the
main disc or pilot disc and the main disc moves in the opening
direction. The condition at which this actuon is intiated corresponds to
the set-pressure value stamped on the nameplate of the SRV,

Overpressure reliel operation: The valves are opened using a
pneumatic actuator upon receipt of an automatic or manually mitiated
signal to reduce pressure or to limit pressure nse

The relief (power actuated) mode of operaton is initated when an

electrical signal is received at any of the solenoid valves located on the
pneumatic actuator assembly. The solenoid valve (s) will open, allowing
pressurized air to enter the lower side of the pneumatic cvlinder which
pushes the piston and the rod upwards. This actior pulls the Iifting

mechanism of the main or pilot disc thereby opening the valve to allow
steam to discharge through the SRV until the inlet pressure 15 near or

equal to zero.

For overpressure relief valve operation (poweractuated mode),
pressure sensors on the RPV generate a RPV high pressure wip signal
which is used to initiate opening the SRVs. When the set pressure is
reached, the SRV power-actuated relief solenoid is energized, which
admits pneumatic pressure to the SRV actuator, thereby opening the
SRV.

The SRV pneumatic operator is so arranged thay, if it malfunctions, it
will not prevent the SRV from opening when steam inlet pressure
reaches the spring lift setpoint.

Depressurization operation: The Automatic Depressurization System
(ADS) valves open automatically as part of the Emergency Core Cooling
Svstem (ECCS) tor events involving small breaks in the nuclear system
process barrier,

Eight of the eighteen SRVs are designated as ADS valves and are capable
of operating from either ADS logic or safety/relief logic signals.
Automatic depressurization by the ADS is provided to reduce the

4. B/1/92
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NBS Instrumentation .

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

The NBS contains the instrumentation lor monitonng the reactor pressure,
metal temperature, and water level. The reactor pressure and water level
mnstuments are used by multiple Boiling Water Reactor (BWR) systems, both
safety related and nonsafety related

Pressure indicators and transmitters detect reactor vessel internal pressure from
the same instrument lines used for measuring reactor vessel water level,

KPV coolant temperatures are determined by measuring saturation pressure

(which gives the saturation temperature ), outlet flow temperature 1o the Reactor

Water Cleanup (CUW), and RPV bottom head drain line temperature. Reactor

vesse! outside surface (metal) temperature are measured at the head flange and

the botom head locations. Temperatures needed for operation and for

operating limits are obtained from these measurements: Doring normal

operation, either reactor steam saturation temperature and/or inlet

temperatures of the reactor coolant to the CUW §,stem and the RPV bottom

head drain can be used deteemine the RPV coolant temperature. ‘

Figure 2.1.2¢ shows the water level and RPV penetrations for each water level
range. The instruments that sense the water level are all differential pressure
devices calibrated for a specific RPV pressure (and corresponding hquid
temperature) conditions. The water level measurement design is the condensate
reference chamber type, Instrument zero for all the RPV water level ranges is the
top of the active fuel. The following is a description of each water level range
shown on Figure 2.1 2¢.

(1) Shutdown Range Water Level,

This range is used to monitor the reactor water level during shutdown
condition when the reactor system is flooded for maintenance and head
removal. The two RPV instrament penetrations elcvations used for this
watel level measurement are located at the top of the RPV head and the
instrument tap just below the dryer skirt

(2) Narrow Range Water Level

This range is used to monitor reactor water level during normal power

operation. This ranges uses the RPV taps at the elevations near the top

of the steam outlet nozzles and the taps at the elevation near the bottoin .
of the dryer skirt. The Feedwater Control (FDWC) System uses this

range for its water level control and indication inputs

21.2 8- 6/1/92
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(%) Wide Range Water Lewel

This range 1 used to monior reactor water level for events where the
water level exceeds the range of the nartow range water level
mstrumentation. and 1 used to generate the low reactor water level tip
signals which indicate o potential LOCA. This range uses the RPV taps
at the elevations near the top of the steam outlet nozeles and the tap
below the Top of the Active Fuel (TAF)

(4) Fuel Zone Range Water Level

This range 1s provided for the post acadent monitoring, and provides
the capability to monitor the reactor water level below the wide range
water level instrumentation. This range uses the RPV taps at the

clevations near the top of the steam outlet nozeles and the taps below

the TAF (above pump deck)

The NBS contains the instriuaent lines to monitor the differential pressure
across the RPV pump deck and core support plate. 1 he instrumentation which
actually performs these functions is located within the Recirculation Flow
Control (RFC) System

The SRVs are provided with position sensors which provide positive indication
of SRV disk/stem position,

Thermocouples are located in the discharge exhaust pipe of the SRVs. The
temperature signal goes to a multipoint recorder with an alarm and will be
activated by any temperature in excess of a set temperature signaling that one of
the SRV seats has started to leak,

The MBS also contains the drywell pressure instrumentation used 1o generate
the safety related high drywell pressure trip LOCA signal, which is used by many
of the safety related systems to initiate safety actions, The Reactor Protection
System (RPS) utilizes this signal as a scram initiauon signal. The Leak Detection
and Isolation System (LDS) utilizes this signal to initate containment solation
The Emergency Core Cooling Systems (ECCSs) utilizes this signal as a system
initation signal.

Control room indication and /or alarms are provided for the important plant
parameters monitored by the NBS
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ASME Code Requirements

The mae mechamcal components are d('slgm‘d 1o meet Amernrican Society of
Mechamical Engineers (ASME) Code Requirements as she wn below

ASME Design Conditions
Component Code Class Pressure Temperature

FW lines from the MOVs to the 2 87.9 kg/em®y 32%¢
outboard containment isolation (1260 psig) (875°F)
check valves
FW lines from the outboard 1 87.9 kg/emy 302°C
containment isolation check {1260 psig) (576°F)
valve 1o the RPY
Feedwater (FW) line outboard 1 87.9 kg/em®y 302°C
containment isolation check {1250 psig) {575"F)
valve
Main Steam Isolation Valves 1 96.7 kg/cm?g 308°C
(MSIVs) {1375 psig) (586.F)
Safety/Relief Valves (SRVs) 1 9.7 kg/emig 308°C

(1375 psig) (586.°F)
Main Steam Lines (MSLs), from 1 87.9 kg/em®y 302°C
Reactor Pressure Vessel (RPV) to (1280 psig) (575°F)
outboard MS8IVs
MSLs from the outboard MSIVs 2 87.9 kg/em?g 302°C
to the seismic interface restraint (1250 psig) (5786°F)
SRV discharge line piping, from 3 38.0 kg/em?g 250°C
the SRVs to the diaphragm floor (540 psig) (482°F)
SRV discharge line piping, from 2 38.0 kg/em?g 250°C
the diaphragm floor to the (540 psig) (482°F)

suppression pool surface

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.1.2 provides a definitdon of the instructions, tests and/or analyses
together with associated acceptance criteria v hich will be undertaken for the
NBS.

2.1.2 -8- 6192
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Tuble 2.1.2: Nuclear Boiler System

Inspections, Tests, £ alyses and Acceptance Criteria

Certifiad Design Commitment

A simpiified configuration of the Main
Steam Lines (MSLs), and Feedwate: (FW)
lines within the Nuclear Bailer System
(NBS) scope, and the Safety/Relief Vaive
{SRVs} and the Safety/Relief Valve (SRV)
discharge lines, as described in Section
2.1.2 and shown in Figures 2.1.2a, 2.1.2b,
and 2.1.2¢c.

The Reactor Coolant Pressure Boundary
{RCPB) portions of the NBS are classified
as Amencan Society of Mechanicai
Engineers (ASME) Code Class 1. They are
designed, fabricated, examined and
hydrotested per the rules of the ASME
Code, Secticr: i1l

This includes the MSLs from the Reactor
Pressure Vessel (RPV) to and including the
outhoard Main Steam Isolation Valves
(MSIVs), the FW lines from the cutboard
positive closing check valves tc the RPV.

Each Main Steam Line {(MSL) shall have a
flow limiter located in the RPV MSL cutlet
nozzie. The MSL flow limiter shall limit the
cooiant blowdown rate from the RPV in the
event of ~ MSL break to a (choke) flow rate
equal to, or less than 200% of rated steam
flow at 72.1 kglcng upstream pressure.

Each MSL flow limiter has taps for two
instrument lines. These instrument lines
are used for monitoring the flow through
each MSL.

Inspections, Test, Analysis
Visual field mspection will be conducted to
confirm that the installed equipment is in
complianice with the design configuration

defined in Figures 2.1.2a, 2.1.2b, and 2.1 2c.

Inspections wiil be conducted of ASME
Code required documents and the Code
stamp on the actual components to verify
that they have bean manufactured por the
relevant ASME requirements.

Using the as-bu’t dimensions, perform an
analysis which shows that the MSL flow
fimiters satisty the requirement.

Visual inspection will be conducted to
confirm that the MSL instrument lines have
been installed in compiiance with design
commitment.

Acceptance Criteria

. The system configuration is in accordance

with Figures 2.1.2a, 2.1.2b, and 2.1.2¢c.

The components have appropriate ASME
Code, Saction ill, Class 1 certifications and
Code Stamps.

Analysis confirms that the MSL fiow
limiters perform thew intended function

inspection confirm that the MSL flow
instrument lines have been instalied.
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Table 2.1.2: Nuclear Boiler System (Continued)

inspections, Tests, Anaiyses and Acceptance Criteria

Certified Design Commitment

5. The total steam line volume from the RPY

to the main steam turbine stop valves and
steam bypass valves shall b greater than
or equal to 113.2 m’

. The MSIVs meet the requirements of

ASME Code, Section L

The Main Steam Isciation Valve (MSIV)
closing time shali be between 3 and 4.5
seconds when N, or air is admitted into the
valve pneumatic actuator.

The SRVs meet the requirements of ASME
Code,_ Section il

There shall be 18 SRVs mounted on the
MSis as shown in Figure 2.1.2a. The
required spring set pressure and capacities
are given in Table 2.1.2~. %ae SRVs shall
meet the opening performance shown in
Figure 2.1.2f

inspections, Test, Analysis

Using the as designed configuration of the
steam hines perform calculations to
determine the main stean. .ine volume.

Inspections will be conducted of ASME
Code required documents and the Code
Stamp on the 2ctual components to vertfy
that they have been manufactured per the
relevant ASME requirements.

Pre-operational tests will be conducted to
demonstrate proper operation of the
MSIVs, v chuding verification of the closure
time.

inspections will be conducted of ASME
Code required documents and the Code
Stamp on the actual components to verify
that they have been manufactured per the
relevant ASME reguirements.

inspections will be conducted to confirm
that the SRVs have the required (nominal)
spring set pressure and (minimum)
capacity on the SRV nameplate.

Visual inspections will be condu ted to
confirm that all 18 SRVs have been
instatied in their proper locations.

Review of the gualification test data for the
particular SRV model selected to ¢ “firm

that the opening performance complios
with the requirements.

Acceptance Criteria

Calculations confirms that the steam line
voiume satisfies the design requirement.

The MSIVs have appropriate ASME Code,
Section [, Class 1 centifications and code
stamps.

Pre-operational tests confirms that the
MSIVs satisfy the closure time
requirement.

The SRV have aporopriate ASME Code,
Section i, Class 1 certifications and code
stamps.

Inspection confirms that the SRVs have the
required capacitiss and set pressuras
identified on their name piates.

Inspections confirms that the proper
capacity and set pressure SRV hac heen
mountad in 18 correct focation.

Confirm that the selected SRV model
satishies the performance re uirements.
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Table 2.1.2: Nuclear Boiler System (Continued)
inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

The SRVs shall be provided with
instrumentation which will provide positive
indication {i.e. by direct measurement) on
SRV position.

A simiptified configuration of the Automatic
Depressurization System (ADS) SRVs and
the non-ADS SRVs as described in Section
2.1.2 and Figure 2.1.2.d. There are 8 ADS
SRVs and 18 non-ADS SRVs.

Upon receipt of a either a high drywel!
pressure trip signal current with a RPV fow
water level 1 trip signal of sufficient
duration for the ADS timer to time-out, or a
RPV low water level 1 trip signal of
sufficient duration for the ADS high drywel!
pressure typass timer and the ADS timer
to time-out, the ADS logic generates a ADS
initiation signal to the SRV ADS solenods.

The SRV discharge lines shall terminate at
the quenchers located below the surface of
the suppression pool.

The RPV shall be provided with instrument
hines and instrumentation necessary to

monitor the RPV steam dome pressure and
the RPV water level from the Bottom of the

Active Fuel {BAF) 10 top of the steam dome.

For the safety related NBS instrumentation,
the instrumentation be capable of
perfaorr g its necessary function.

10.

n

12.

i3

14

15

Inspactions, Test, Analysis

Inspection will be performed that the SRV:
instrumentation, and that the
instrumentation has been properly
connected.

Visual field insnection will be conducted to
confirm that the astatied equipment is in
compfliance with Figure 2.1.2d.

Logic and instrument functioral testing
shali be performed to demonstrate that the
ADS logic performs as required.

Visual inspections will confirm that the SRV
discharge line quenchers have besn
instalied.

Visual inspections will be performed to
confirm that the instrument lines and
instrumentation for the RPV steam dome
pressure, the RPV shutdown range wator
level, the RPV narrow range water level,
the RPV wide r- 'ge water level, and the
RPV fuei zone range water leve! sensors
has been properly mnstalled.

Instrument functional testing shall be
performed to demonstrate that the
instrumenration performs as required.

10.

"

12

13.

4

15

Acceptance Criteria

Inspection confirms that the SRVs have

The configuration is in accordance with
Tigure 2.1.2d.

The dryweil pressure and RPV water level
mstrumentation, 2s weil as the ADS logic.
functions as required to generate the ADS
niation signal

inspection confirms that the SRV discharge
iina guenchers have been instalied.

Inspection confirms that the
inst*rumentation has been property
instailed.

The instrumentation ‘unchions as required.
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impeller forces cooling water through the motor radial beanngs and windings
and to the motor cooling heat exchanger. The RMO heat exchangers are located
under the RPY close 1o the RIF motors. The RMOC s ¢ lassified as Qualiy Group
D. For plant availability, the RMC s designed to the same parameters as the RPY

Fhe RIPs recewve power through thewr indiwidual ASDs from the plant non

essential POWET systen

As shown in Figure 2.1.3, the RIPs are mounted in the RPY bottom head. The
motor cooling heat exchangers are located inside the RP'Y pedesial adjacent to
the RIP motors

Each RIP instrumentation includes speed, vibration, and RMC temperature
ransmitters is indicated i the Main Control Room

In-Service Inspection (IS1) of the motor cover and bolts can be performed
during plant shutdown when the motors are removed (00 routine manienance

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.1 8 provides a definition of the instructions, tests, and /or analyses
together with associated acceptance critenia which will be undertaken for the

RRS

3. 6/1/92
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Table 2.1.3: Reactor Recirculation System

inspections, Tests, Anaiyses and Acceptance Criteria

Certified Design Commitment
System configuration of the Reactor

Recirculation System (RRS) as described in
Section 2.1.3 is shown on Figure 2.1.3.

RiPs merma provide adequate reactor fuel
thermal margin during plant transients.

The reactor coolant pressure boundary
(RCPB)} motor covers are ciassified as
Quality Group A, Seismic Category 1. The
covers and bolts are designed, fabricated,
examined, and hydrotested in accordance
with the rules of ASME Code Class 1
vessels and are code stamped accordingty.

The RCPB cover and bolts retain their
integrity under internal pressure that will
be experienced during the service.

The materials 2sed tor the RCPB motor
covers and boits are proven low and high
alloy steels with certain additional
requirements for construction, as identified
n Section 2.1.1

The RCPB covers and bolts ferritic
materiais are not susceptible to brittie
fracture under pressure during service.

The Recwcutation Motor Cooling (RMC)
forced circulation transfers the heat from
each RIP motor to its heat exchanger.

Inspections, Tests. Analyses

Visual field inspections will be conducted
of the instalied RRS key components

identified in Section 2.1.3 and Figure 2.1.3.

Factory measurements will determine the
mechanical inertia of the RIP/motor
rotating assembly.

Inspections will be conducted of ASME
Code required documents and the Code
stamp on the cover a. | bolts.

A hydrostatic test of the RCPB, including
the covers and thewr bolts will be
conducted in accordance with the ASME
Code requirements.

Inspection will be conducted of the RCPB
motor covers and bolts records of
materials, fabrication, and exammnation
used in construction of the covers and
bolts.

Fracture toughness tests of the ferritic
materials will be conducted in accordance
with the requirements for ASME Clasgs !
components

Factory or preoperational tests will be
aerformed to determine that the RMC wil!
adequately remove the motor heat within
the RMC design limits.

Acceptance Criteria
be considered acceptable if it complies
with Figura 2.1.3 an. Section 2.1.3.

These inertia measurements confirms RIP

Existence of necessary ASME Code
required documents and the Code stamps
on the components confirm that the RCPB
cover and bolts are designed, fabricated,
and examuned as ASME Code Class 1.

The hydrostatic test resuits must conform
with the ASME requirements.

Records of the materials and processes
must confirm that the requirements
specified for the RCPB covers and boits are
satisfiad.

Records of the fracture toughness data of
the RCPB ferritic materials must confirm
that the ASME Code reguirements are met

Detectors i the RMC Subsystem confirm:
that the temperatyces of the RMC warter
and motor temperatures are acceptatide.
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z.2 Control and Instrument

2.2.1 Rod Control and Information System

2.2

« ign Description

The non-safety design bases of the rod control and information system (RCIS) s

to reliably provide:

(1)

(3)

(6)

(7)

(8)

(9)

The capability to control reactor power level by controlling the
movement of control rods tin reactor cos 2 tn manual, semautomated.
and automated modes of plant operations

Controls for some RCIS bypass and surveillance test funcuons, and
summary information of control rods position and status on the RCIS
Dedicated Operator Interface (DO1)

Transmission of Fine Motion Control Rod Doves (FMCRD) status and
control rods position and status data to other plant systems (e g, the
plant process computer system)

Automatic control rod run-in function of all operable control rods
following a scram (scram follow function).

Automatic enforcement of rod movement blocks to prevent potentially
undesiratle rod movements (these blocks do not have an effect on
scram imsertion function).

Control capability for insertion of all control rods by an alternate and
diverse method [Alternate Rod Insertion (ARD function].

The capability to enforce a preestablished sequence for control rod
movement when reactor power is below the low power setpoint.

The capability 19 enforce fuel operating thermal limits when reactor
power is above the low power setpoint,

The capability to send flow runback signals to Recirculation Flow
Control System on detecting an allrods-in condition,

(10) The capability to provide for Selected Control Rod Run In (SCRRI)

function for core thermal-hydraulic stability control

The RCIS is classified as a Non-Nuclear-Safety (NNS) system, it has a control
design basis only, and is not required for the safe and orderly shutdown of the
plant. A failure of the RCIS will not result in gross fuel damage. However, the rad
block function of RCIS is important in luniting the consequences of i rod

1- 6/1/92
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withdrawal error, and prevention of local fuel operating thermal Tunins violations
during normal plant operations. Therefore, RCIS is designed to meet single
fatlure criteria and to be highly relialye

The RCIS consists of several different types of cabinets (or panels), which
contain special electronic /electrical equipment modules, and a dedicated
operator interface on the main control panel in the contral roam. The RCIS
block diagram is shown in Figure 2.2 1 which depicts the major components of
the RCIS, their interconnections, and mterbaces with other ABWR systems

The RCIS is a dual redundant system that consists of two independent channels
for normal control rod position monitoring and control rod move ments Ihe
two channels receive the same but separate input signals and perform the same
exact functions. For normal functuons of RCIS, the two channels must always be
in agreement and any disagreement between the two channels results in rod
block. However, the protective function logic of RCIS (e, rod block) is
designed such that the detection of a rod block condition in only one channel
of RC!S would result in a rod block

There are four types of electronic/electnical cabinets that make up the RCIS.
They are:

(1) Rod action control cabinets (RACC)

(2) Remote communication cabinets (RCCs)
(3) Fine motion driver cabinets (FMDCs)
(4) Rod brake controller cabinets (RBOCs)

In addition, RCIS includes a fiber-optic dual channel Multuplexing Network that
18 used for transmission of rod position and status data from RCCs to the RACCs,
and rod block/movement command from the RACCs to RCCs. A summary
description of each of above is provided below

(1) Rod Action Control Cabinets (RACC)

There are two RACGCs in the control room; RACC Channel A and RACC
Channel B that provide for a dual redundant architecture. Each RACC
consists of three main functional subsystems, as follows

(1) Automated Thermal Limit Monitor (ATLM)

(2) Rod Worth Minimizer (RWM)

(3) Rod Action and Position Information (RAPI)

2 6/1/92
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(2)

(4)

(5)

(6)

Remote Communicaton Cabinets (ROCCH

The remote communication cabinets (RCCS) contain a dual channel
file control module (FCM) and several dual channel rod semver modules
(RSM&) . The FOM interfaces wit,, the RSMs and RAPI

e Motion Diiver Cabanets (FMI)

The fine motion dowver cabinets (FMDCs) consist of several stepping
motor driver modules. Eacli stepping motor driver module contains an
electronic converter /inverter that converts the incoming 3 phase AC
power into DO and then inverts the DC power to vanable voluage
frequency AC power that is supplied (o FMCRD stepping motors. Fo
cach converter /invertor, there exists an Inverter Controller (1C) that
controls the duration of power supplied o the stepping motors under
the command of REMs,

Rod Brake Controller Cabinets (RBCC)

The rod brake controller cabinets (RBCCs) coprain electncal power
wpplies, electronic (or relay) logic, and other associated electrical
equipment for the proper operation of the FMCRD brakes. Signals for
brake disengagement/engagement are received from the associated
rod server modules. The brake controller logic nrovides two separate
(channel A and channel B) brake status signals 1o the associated rod
server moduale.

RCIS Multiplexing Network

The RCIS multiplexing network consists of two independent channels
{channel A and channel B) of fiber<optic communi-atica hnks berween
the RACCs (channel A and channel B), and the dui! channel file
control modules located in the remote communicaticn cabinets

The plant essential multiplexing network interfaces with FMCRD dual
redundant separation switches (A/B) and provides the appropriate
status signals to the RACC that is used in the RCIS logic for inttiating
rod block signals if a separation occurs, The essential inultiplexing
network is not part of the RCIS scope.

RC'S Power Sources
RCIS equipment derive theit  wer from two diffecent sources. Fine

Motion Driver Cabinets and Rod Brake Controller Cabinets derive theu
power from the plant divisional Class 1E power sources that are backed

3 6/1/92
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up by plant diesel generat ALl other RCIS equaipment denve 1l
power from the pl N [ E uninterruptible AC pows
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Inspections, Tests, Analyses and Acceptance Criteria
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Table 2.2.1: Rod Control and Information System

Inspections, Tests, An - sses and Acceptance Criteria

Certified Design Commitment

FProper separation is maintained between
the non-safety RCIS and szfety systems
that interface with RCIS.

The RCIS 1s designed to meet single failure
criteria. The two channels of RCIS are
independent of each other, in the sense
that each channel can independently cause
a rod Block; and that for normat RCIS
functions of control rods movements and
control rods position monitoring, the two
channels must be in agreement.

RCIS design is capable of continued
operaticn when different subsystems of
RCIS are bypassed. RCIS bypass interiock
logic preciudes a bypass state that would
render RCIS incperational

When r=actor power luvel is below jow
power setpont, the Rod Wornth Minimizer
(RWM) of RCIS enforces control rod
withdrawal and insertion sequence to
compty with a preestablished pz.rern, in
order to minimiize the consequences of a
rod drog accident, by issuing a rod
movemant biock signal whenever an out of
sequence rod movement is attempted,

inspection, Tests, Analyses

Visual field inspaction of instalied
equipment and review of as-built RCIS and
interfacing systems drawings to ensure
that implemented isciation methods meet
the design requirements.

Preoperational tests will be conducted to
confirm channel redundancy, channel
protective function independence, and
channel agreement for normal RCIS
operations.

Preoperational tests will be conducted to
confirm RCIS bypass capabilities and 1o
confi-m proper functioning of the bypass
interiock Ingic.

Preopeational tests of RCIS will include a
sufficient number of attempts to withdraw/
insert control rods that are both in-
corapliance and not-in-compliance with the
known preestablished pattern, at below
and above the low Cower setpoint.

Acceptance Criteria

Visual field inspections in conjunction with
review of drawings confirm that proper
separation is naintained.

Observation of RCIS continued operation
when one channel is disabled, that one
channel can _ause a rod block, and that it
takes the agreemaent of the two channels to
cause normal movement of control rods.

Observation of RCIS continued operation
when different subsystams are bypassed
and RCIS hypass interlock logic pre.enting
a bypass state that would violate bypass
rutes as specified in RCIS design
documentation.

Observation of rod block signals by RWM,
when an cut sequence rod withdraw/insert
is attempted, given that reactor power is
below low power setpoint.
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Table 2.2.1: F-+ Control and Information System (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certifiad Design Commitment

When reactor power is above low power
setpoint, the Automated Thermal Linit
Monitor {ATLM) of RCIS enforces fuel
operating thermai limits (hoth MCPR and
MLHGR) by issuing a rod withdrawa' block
signal whenever local fuel operating
thermal limits are violated.

The Rod Action and Position Information
{RAPI) of RCIS, when RCIS is in “Autoamatic
Mode” of operation, automatically
withdraws and inserts comtrol rods in
compliance with a preestablished rod
withdraw/insarn sequence, called
Reference Rod Pull Sequence (RRPS),
under the command of Automatic Power
Reguiator (APR) systemn. When RCIS is in
“Semiautomatic Mode”, RAPI prompts the
aperator to select and withdraw/insert
controi rods based on RRPS. When RCIS is
in “Manual Mode” the operator can
withdraw/insert rods normally. When RCIS
s in Semiautomatic Mode or Manual
Muode, any attempt by the operator, to
withdraw/insert control rods not in
compliance with RRPS, RCIS generates an
alarm.

On receipt of Selected Control Rod Run In
{(SCTRRI signal from the Recirculation Flow
Conlrol System (RFCS), RCIS,
automatically, inserts a predetermined
number of control rods to a predetermined
position for each control rod

inspection, Tests, Analyses

5. Preoperationa! < 2ste of RCIS will include

sets of simulated LPRM and control rod
position data inputs to ATLM to verify that
ATLM does generate the proper rod block
signal.

Preoperational tests of RCIS will include
t2sts to verify that RAFP! of RCIS properly
ar-d in complizance with RRPS, executes rod
withdraw/insert commands from APR in
the Automatic Mode. When in
Semiautomartic Mode, the RCIS, in
compliance with RRPS, correctiy prompts
the oparator to the selection of control
rods And that, when RCIS is in Manual
Mode, control rods can be withdrawn/
inserted in a normal fashion. When in
Semiautomatic or Manua! Mode, RCIS
generates an alarm when a rod movement
that <dces not comply with RRPS is
attempred.

Preoperational tests of RCIS will include a
test where simuiated SCRRI signais from
RFCS will be transmitted to RCIS to verify
that RCIS correctly inserts SCRRI rods to
their SCRRI target positions.

Acceptance Criteria

Observation of rod block signals by ATLM,
when ATLM is expected to genvrate a rod
block signal based on input data that
simulate a condition of fuel operating
*Hermal limits violation,

Observation of RCIS proper operation in
the Automatic Mode such that adherence
to RRPS is maintained and that in the
Semiautomatic Mode, RCIS, in compliance
with RRPS, correctly prompts the operator,
and that RCIS generates an Alarm when
the operator atternpts to withdraw/insert
an cut of sequence control rod either in
Semiautomatic or Manual Mode.

7. Observation ot correct exacution of SCRRi

com~—and from RFCS.
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Table 2.2.1: Rod Control and Information System (Continued)
Inspections, Tests, Analyses and Acceptance Crite-'a

Certified Design Commitment

On r2ceipt of Scram Follow signal from
Reactor Protection System (RPS), RCIS,
automatically, runs-in ali operable controf

rods

RCIS, on receipt of an alternate rods in
{AR!) command from RFCS, automatically
inserns all operable control rcds to their
full-in position.

RCIS, on receipt of ar all-rods-in {either
Scram Follow or ARl command generates
“Run Back” signals that are sent to the
Adjustabie Speed Drives (ASD) of RFCS

10

Inspection, Tests, Analyses

Preopsrational tests of hCIS wi'i include a
test to verify that RCIS does execute the
automatic run-in of all operable control
rods, following the receipt of simulated
scram follow signal from RPS.

Preoperationa! tests of RCIS will include a
test to verify that RCIS does execute the
automatic run-in of all operable control
rods following the receipt of 2‘mulated ARI
command from RFCS.

Precperational test of RCIS wiil inclide a
test to verify that RCIS does generate the
proper Run Back signals following the
receipt of a simulated all-rods-in
command.

10.

Acceptance Criteria

Coaservation of correct exacution of scram
follow command from RPS {ie, automatic
run-in of ail roas).

Observation of correct execution ~f AR|
comm.and from RFCS {i.e.. automatic run-
in of all rods)

Observation of proper generation of “Run
Back” signais by RCIS, following the
receipt of an all-rods-in comman+d by RTIS.
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. 2.2.2 Control Rod Drive System

~
~

Design Description

The Control Rod Drive (CRD) System is compaosed of three major elements: (1)
the electro-hydraulic fine motion control rad drive (FMCKD) mechanisins, (2)
the hvdraulic control unut (HCU) assemblies, and (3) the Control Rod Drive
Hydraulic (CRDH) Subsystem. The FMCRDs provide clectricamotor-driven
positioning for normal insertion and withdrawal of the control rods and
hydraulic-powered rapid control rod insertion (scram) for abnormal operaung
conditions. Simultaneous with scram, the FMCRDs also provide electnic-motor
driven run-in of all control rods as a path to rod insertion that s diverse from the
hydraulic-powered scram. The hydraulic power required for scram is provided
by high pressure water stored in the individual HCUs, Each HCU is designed to
scram two FMCRDs. The HCUs also provide the flow path for purge water to the
associated drives during normal operation. The CRDH Subsystem supplies hugh
pressure demineralized water which is regulated and distrnibuted to provide
charging of the HCU scram accumulators and purge water flow to the FMCRDs

During power operation, the CRD System controls changes in core reactivity by
movement and positioning of the neutron absorbing control rods within the
core in fine increments via the FMCRD electric motors, which are operated in
response to contiol signals from the Rod Control and Information System
(RCIS).

The CRD System provides rapid control rod insertion (scram) in response to
manual or automatic signals from the Reactor Protection System (RPS), so that
no fuel damage results from any plant transient.

There are 205 FMCRDs mounted in housings welded into the reactor vessel
bottom head. A schematic of the drive is shown in Figure 2.2.2.a. Each FMCRD
has a movable hollow piston tube that is coupled at its upper end, inside the
reactor vessel, to the bottom of a control rod. The piston is designed such that it
can be moved up or down, both in fine increments and continuously over its
entire range, by a ball nut and ball screw driven at a nominal speed of 30 mm
sec by the electric stepper motor. In response to a ccram signal, the piston rapidly
inserts the control rod into the core hydraulically using stored energy in the
HCU scram accumulator. The scram water is introduced into the drive through
ascram inlet connection on the FMCRD housing, and is then discharged directhy
into the reactor vessel via clearances between FMCRD parts. The FMCRD scram
time requirements with the reactor pressure as measured at the vessel bottom
below 1085 psig are:

Percent Insertion Time (sec)
10 <0.42
40 < 106

A5 6/1/92
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Percent Insertion Time (sec)
Hl) < 1.44
100 < 2.50)

The FMCRD design includes an electro-mechanical brake on the motor drive
shaft and a ball check valve at the point of connection with the scram inlet line
These features prevent control rod ejection in the event ol a tailure of the seram
insert line. An internal housing support is provided 1o prevent ejection of the
FMCRD and i1t: attached control rod in the event of a housing failure. It utihizes
the outer tube of the drive to provide support. The outer tube, which is welded
to the drive middle flange, attaches by a bayonet lock 1o the control rod guide
tube (CRGT) base. The CGRT, being supported by the lower core plate, in turn,
prevents any downward movement of the drive

The FMCRD is designed 1o detect separation ol the control rod trom the drive
mechanism. Two redundant and separate Class 1F switches detect separation of
either the control rod from the hollow piston or the hollow piston trom the ball
nut. Actuation of either switch will cause an immediate rod block and imitiate an
alarm in the control room, thereby preventing the occurrence of a rod drop
accident.

There are 103 HCUs, each of which provides sufficient volume of water stored at
high pressure in a pre<charged accumulator to scran two FMCRDs atany reactos
pressure. Figure 2.2.2.b shows the major HCU components, Each accumulator is
connected to its associated FMCRDs by a hydraulic line that includes a normally-
closed scram valve. The scram valve opens by spring action but is normally held
closed by pressurized control air. To cause scram, the RPS provides a de-
energizing reactor trip signal to the solenoic operated pilot valve that vents the
control aii from the scram valve. The system is ‘fail safe’ in that loss of either
electrical power to the solenoid pilot valve or loss of control . pressure causes
scram. The HCUs are housed in the secondary containment at the basemat
elevation. This is a Seismic Category I structure, and the HCUs are protected
from external natural phenomena such as earthquakes, tornados, hurricanes
and floods, as well as from internal postulated acaident phenomena. In this area,
the HCUs are not subject to conditions such as missiles, pipe whip, and
discharging fluids.

The CRDH Subsvstem design provides the pumps, valves, filters
instrumentation, and piping to supply the high pressure water for charging the
HCUs and purging ithe FMCRDs. Figure 2.2.2.b shows the major system
equipment. Two 100% capacity pumps (one on standby) supply the HCUs with
water from the condensate treatment system and /or condensate storage tank for
charging the accumulators and for supplving FMCRD purge water. The CRDH
Subsystem equipment is housed in the Seismic Category T reactor bulding to
protect the system from floods, tornadoes, and other natural phenomena

2. 6/1/92
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2.2.2

The CRD System includes control room indication and alarms o allow for
monitoring and control during design basis operational conditions, including
system flows, temperatures and pressures, as well as valve position indication and
pump on,’off status for those instruments and components shown in Figure
2.2.2.b, with the exception of simple check valves. Closs 1E pressure
mstrumentation is provided on the HCU charging water header 1o monitor
header performance. The pressure signals from this instrumentation are
provided to the RPS, which will initiate a scram if the header pressure degrades
t0 a predetermined low pressure setpoint. This feature assures the capability to
scram and safely shut down the react r before HCU accumulator pressure can
degrade to the level where scram performance is adversely affected following the
lass of charging header pressure

The FMCRD electric motors are powered from a dedicated non<divisional

480 VAC power center fed by the Division 1 6.9 kV Class 1E bus as the first source
of standby power and by the non-divisional combustion turbine generator as the
second b ckup source.

The CRD pumps, valves, and controls are powered fiom two separate trains of
6.9-kV offsite power with automatic transfer to the combustion turbine generator
upon loss of preferred power.

Components of the system that are required for scram (FMCRDs, HCUs and
scram piping), are classified Seismic Category 1. The balance of the system
equipment (pumps, valves, filters, piping, etc.) is classified as non-Seismic
Category |, with the exception of the Class 1E charging watcr header pressure
instrumentation, which is Seismic Category 1. The major mechanical
components are designed to meet ASME Code requirements as shown below

ASME Design Conditions
Cowmponent Code Class  Pressure Temperature
FMCRD (RCPB parts) 1 87.9 kg/cm3g 302°C
Scram Piping 2 190 kg/cm?g 66°C.
HCU (scrain related pars) 2 190 kg_-"cm“fg 66°C
CRD Pumps non-Code 190 kg »"rmgg 66°C
CRDHS Piping, Valves non-Code 190 kg s"('m?g 66°C

The CRD System is separated both physically and electrically from the Stndby
Liquid Control (SLC) System.

Inspections, Tests, Analyses and / cceptance Criteria

This section provides a definition of the inspections, tests, and//or analyses,
together with associated acceptance criteria, which will be undertaken for the
CRD System.

a3 6/1/92
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Table 2.2.2: Control Rod Drive System

Inspections, Tests, Analyses and Acceptance Crileria

Certified Design Commitinent

A simplified configuration ol the Conurol
Rod Drive (CRD) System as described in
Section 2.2.2 is shown in Figure 2.2.2.5

The RCFB portions of the FMCRD {miad's
flange, spool piece, 'nounting bolts, sea!
housing) are classified as ASME Code
Ciass 1. They are designed, fabricated,
examined, and hydrotested per the rules of
ASME Code, Section Il

The scram-related parts of the HCU and the
scram piping are classified as ASME Code
Class 7. They are designed fabricated,
examined, and hydrotest=d per the rules of
ASME Code, Section {1

The instalied FMCRDs and HCUs shall be
capable of providing control rod scram
time performance within specified imits.

The nominal FMCRD motor-driven rod
maotion speed shaill be 30 mmy/sec

The FMCRD electromechanical brake and
bail check valve shall be capable of
performing their rod ejection prevention
functiors as identified in Section 2.2 2.

inspections, Tests, Analyses

Visual field inspections will be condusted
to confirm that the installed CRD System
equipment is in compliance with the
design confiouration defined in Figure
2220b.

Inspections will be conducted of ASME
Code required documents and the Code
stamp on the actual components to verify
that they have been manufactured per the
relevant ASME requiraments.

inspactions will be condt.cted of ASME
Code required documents 2nd the Code
stamp on the actual componerts to verify
that they have been manufactured per the
relevant ASME requirement s

Scram tests will be conducted Jduring the
preoperational tasting program to confirm
nroper oparation of HCUs a4 associated
vaiv e, inch. ding scram tming

12 nonhstrations with the . eactor at
atmospheric pressure.

Functional tests will be perfornied for each
FMCRD during the preoperational testirng
program to confirm that drive speed
compiies with the design commitment.

Functionai tests of the brake 2nd check
valve will ba performed for each FMCRD

during the preoperational testing program.

Acceptance Criteria

The system configuralion is in accordance
with Figure 2.2.2.b.

The components have appropriate ASME
Code, Section i, Class 1 certifications and
Code stamps.

The components have appropriyte ASME
Code, Section 1, Ciass 2 cartifications and
Code stamps.

The observed/measured scram times are:
Percent Irsertion Time(sec)

10 ~ 0.42

40 < 1.00

60< 1.24

100 < 2.80

The ooserved/measured motor-driven
FMCRD speed is 30 mm/sec +10%

The brake Lolding torque is within
specified limits. The ba'! check valve
actuates to scal the scram inlet port undes
conditions of reverse ilow.
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Table 2.2.2: Control Rod Drive System (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certifiad Design Commitment

The FMCRD outer tube, which is welded to
the drive middie flange, shall bayonet lock
to the CGRT base to form the intern.!
housing support for prevention of rod
aiaction in the event of a CRD housing
faiture,

The FMCRD separation switches shall
detect separation of the control rod from
the drive mechanism and initiate a control
room alarm. The saparation switches are
ciassified Class 1E.

The pressure instrumentation on the HCU
charging water heacer for monitoring HCU
accumulator charging pressure shail signal
the RPS to initiate a scram if charging
pressure is low.

CRD System eguipment can be powered
from the standby AC power supplies as
described in Section 2.2.2

10.

Inspections, Tests, Analyses

Visua! inspection of the actual installed
equipment shall confirm the FMCRD is in
compliance with the design commitment.

The separation switch operation shall be
tested as part of the drive functional testing
conducted during the preoperational
testing program.

Logic #nd instrument functionai testing
shali be performed to demonstrate that low
charging headar pressure will generate a
scram bv the RPS.

System tests wiil be conducted after
installation to cunfirm that the electrical
power supply configurations are in
compliance with design commitments.

Acceptance Cniteria
inspection confirmg that a bayonet lock is
provided.

The switches actuate the contro! room
alarm when exercised.

The pressure instrumentation functions as
required to generate low pressure scram
signals to the RPS.

. The instailed equipment can be powered

from standby AC power supplies.
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Figure 2.2.2a Fine Motion Contro! Rod Drive Schematic
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2.2.3 Feedwater Control System

Design Description

The Feedwater Control (FDWC) System controls the flow of ieedwater into the
reactor pressure vessel (RPV) to maintain the water level in the vessel within
predetermined limits during all plant operating modes. The FDWC System may
operate in either single- or threeclement control modes. At low reactor powers
(when steam flow is either negligible or else measurement is below scale), the
FDWC System utilizes only water level measurement in singleelement control
mode. When steam flow is negligible, the Reactor Water Cleanup (CUW) System
dump valve flow can be conirolled by the FDWC System in single-elemert mode
in order to counter the effects of density changes during heatup and purge tlows
into the reactor. At bigher powers, the FDWC System in threeelement control
mode uses water level, main steamhne flow, main feeawater line flow, and
teedpump suction flow measurements for water level control. The FDWC System
control structure is shown in Figure 2.2.3

The FDWC System is a power generation (control) system with operation range
between high water level and low water level trip setpoints. It is classified as
nonsafety-related. This system is not required for safety purposes, nor is it
required to operate after the design basis accident. This system is also required
to operate in the normal plant environment for power generation purposes only

Reactor vessel narrow range water level is measured by three identical,
independent sensing systems. For each level measurement channel, a
differential pressure transmitter senses the difference between the pressure
caused by a constant reference column of water and the pressure caused by the
variable hoight of water in the reactor vessel. The FDWC fault tolerant digital
controllers (FTDCs) will determine one validated narrow range level signal
using the three level measurements s inputs to a signal validation algorithm.
The validated narrow range water level is indicated on the main control panel
and 1= continuously recorded in the main control room.

The steam flow in each of four main steamlines is sensed at the RPV nozzle
venturi’s. The Multiplexing (MUX) System signal conditioning algorithms
process the venturi differential pressures and provide steam flow rate signals to
the FTDCs for validation, These vatidated measurements are summed in the
FTDCs to give the total steam flow rate out of the vessel. The total steam flow rate
is Ladicated on the main control panel and recorded in the main control room

Feedwater tlow is sensed at a single flow element in each of the two feedwater
lines. The MUX System signal conditioning algorithms process the flow element
differential pressure and provide feedwater flow rate signals to the FTDCs. These
alidated measurements are summed in the FTDCs to give the total feedwater

I = 6/1/92
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223

flow rate into the vessel. The 1ol feedwater flow rate is indicated on the mam
comtrol p'.mvl an. recorded in the main control roam

Feedpump suction flow is sensed i a single flow element upstream ol each
teedpump. The MUX System signal conditioning algorithms process the tlow
element differential pressure and provide the suction flow rate measurenients to
the FTDCGs. The fe« dpump suction flow rate s compared to the demand How tor
that pump, and the resulting error is used to adjust the actuator in the direction
necessary to reduce that error. Feedpump speed change and low flow control
alve position control are the flow adjustment techniques involved

Three modes of feedwater flow control (and, thus, level control) are provided
(1) single-element control; (2) three-element control; and (3) manual control.
Each FTDC will execute the control software tor all three of the control modes
Actuator demands from the redundant FTDCs will be sent over the MUX Svstem
to field voters which will determine a single demand to be sent to each actuato
Fach feedpump speed or control valve position demand may be controlled
either automatically by the control algorithms in the FTDGCs or manually from
the main control panel through the FTDCs.

Three<lement automatic control is provided for normal operation. Three-
element control utilizes water level, feedwater flow, steam {low, and feedpump
flow signals to determine the feedpump demands. The total feedwater flow is
subtracted from the total steam flow signal, vielding the vessel flow mismatch.
The flow mismatch, summed with the conditioned level error from the master
level controller, provides the demand for the master flow controller. The master
flow controller output provides the demand for the feedpump flow loops which
send a pump speed demand signal to the adjustable speed drives (ASD) for the
feedpump.

In the single-¢lement control mode, which is employed at lower feedwater flow
rates, only conditioned level error is used 1o determine the feedpump dewmand.
The master level controller conditions the level error and sends it directly to the
feedpump ASDs, and/ or low flow control valve actuator. When the reactor water
mventory must be decreased (e.g., during very low steam flow rate conditions),
the CUW Systemn dump valve is controlled by the FDWC system in single-element
control. Reactor water is dumped through the CUW System to the condenser

Each feedpump flow control actuator can be controlled ‘'manually’ from the
main control panel by selecting the manual mode for that feedpump. Iu manual
mode, the operator may increase or decrease the demand that is sent directly to
the ASD of the chosen feedpump

The FDWC System also provides interlocks and contral functions to ather
svsterns. When the reactor water level reaches the high level trip setpoint, the

5 5 6/192
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2.2.3

FDWC system simultancously annunciates a control room alarm, sends a trip
signal to the turbine control system to trip the turbine generator, sends uip
signals to all feedpumps, and closes the main feedwater discharge valves. This
nterlock is enacted to protect the turbine from damage trom high moisture
content in the steam caused by excessive carrvover, while preventing water level
from rising any higher.

The FDWC System will send a signal to the main stez nline condensate dramn
alves to open when steam flow rate is below a pre<determined setpoint. This also
protects the turbine from damage caused by excessive moisture in the steamline

The FDWC System will send a trip signal to the Recirculation Flow Control
(RFC) System when reactor water level reaches this low level setpoint. The RFC
System will runback the reactor internal pumps (RIPs) if this low level signal
coincides with a feedpump trip signal previded to the RFC System by the
Feedwater and Condensate System. The RIP runback will aid in avoiding a low
water level scram by reducing the reactor steaming rate

Feedwater flow is delivered to the reactor vessel through a combination of three
adjustable speed turbine-driven feedpumps and a low flow control valve  Each
adjustable speed drive can also be controlled by its manual /automatic transter
station, which is part of the Feedwater and Condensate System. A Low Flow
Control Valve (LFCV) is also provided in parallel to a common discharge line
trom the feedpumps. The LFCV can also be controlled by the manual/ automatic
transfer station which is part of the Feedwater and Condensate System.

The FDWC System is not required for safety purposes, nor is it required to
operate after the design basis accident. This system is required to operate in the
normal plant environment for power generation purposes only.

The FDWC System is powered by redundant uninterruptable power supphes
{UPS). No single power failure will result in the loss of any FDWC System
functions.

Controllers to be used for the FDWC System shall be triplicated, fault tolerant
digital type with self<test and diagnostic capabilities.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.3 provides definition of the inspection, tests, and /or analysis, together
with associated acceptance criteria which will be undertaken for the Feedwater
Control System.

6/1/82
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Table 2.2.3: Feedwater Control System

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

This system automatically maintains
reactor water level within operational
limits, by regulating feedwater flow and
reactor water cleanup system dump flow.

This system shall use single-element
control {level only), or three-glemesnt
control {level, steam flow aind feedwater
fiow), or manuatl control.

This system must be powered by
redundant uninterruptable power supphes.

The water leval shall be measured by three
iantical, independent sensing systems

Triplicated, fauit tolerant digital controllers
{FTDCs) with self test and diagnostic
capabilities shall be used.

The RP System shall monitor reactor waier
level and in the event that high water level
is reached, shall issue trip signals to the
Turbine Control System to trip turbine
generator, Feedwater and Condensate
Systems to trip feedpumps and close
discharge valves

This system shall monitor reactor water
level and, in the event that low water level
is reached,  ~ll issue trip signal to
Recirculation Flow Control System (RFC
System logic determines need for RIP
runback).

Inspections, Tests, Analyses

Parform tests to confirm that the system
can maintain reactor water level in ali
control modes.

Operate system in each mode of controls:

-~ Single Element
~  Three Element

-  Manual
1 oss of porwer tests shall demonstiate no
loss in VT System function.

Inspection and testing will show the three
identical and independent sensing
systems.

inspect FTDCs and perform validation
testing.

Perform test to confirm that the high water
tevel trip signal is properly issued.

Parform test to confirm that the low water
level trip signal is properly issued.

o

Acceptance Critaria

The FOWC System must maintain water
level between high and low trip setpoints
(see Figure 2.2 3).

There is no loss of FDWC System function
by loss of any power supply.

The FDWC System vonforms to Figure
2.2 3, and the input signal is indeperdent
of the output signal response.

The FTDC, seif-test and on-line diagnostics
test features are capeble of identifying and
isolating failures of process sensors, VO
cards, buses, power supplies, piocessors
and inter-processors communication
-aths down to the machine 'evel.

High water level trip signal is issued to the
Turbine Controf System and Feedwater and
Condensate System when reactor water
reaches high level.

Low level trip signal is issued to the
Recirculation Flow Control System when
roactor water reaches low level.
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2.2.4 Standby Liquid Control System

The Standby Ligquid Control (SLC) System s designed 1o inject neviran
ahsorbing poison using a boron salution into the yeactor and thus provide back
up reactor shutdown capability independent of the normal reactivity rontrol
gystem based on insernon of control rods into the core. The SLO Svste ay s
capable of operation over a wide range ol reactorn pressure condit ns ap to and
including the elevicted pressures associated with an anticipated plant sansient
coupled with a {ailure to scram (ATWS)

The SLC System is designed to bring the reactor, at any time in a evcle. and an ol
conditons, from full power to = subcritical condition, with the reactor in the
most reactive xenon-free state, without control rod movement. The svstem will
inject the minimum reguiied boron solution i 61 minutes,

The SLC System (Figure 2 1) consists ot a boron solution storage tank, two
positive displacement pumps, two motar-operated injection valves which are
provided in parallel tor redundancy, and associated piping and valves used 1o
transfer borated water from the storage tank to the reactor pressure vessel
(RPV). The borated solution is discharged through the 'B” high pressure core
flooder (HPCF) subsystem sparger. Key equipment pcformance requirements
are:

(1) Pump How (minunum) 100 gpm with both pumps running

(2) Maxiimum reactor pressure 1250 psig
{for wnjection)

(3) Pumpable volume in sterage 6100 US. gal
tank (mimnimum)

The required volume of solution contained 1. the storage tank s dependent
upon the solution concentration, and this concentration can vary during reactor
operations, A required boron solution volume / concentiation relationship is
used to define acceptable SLC System storage tank conditions during plant

operation

The SLC System is automatically inittated during an ATWS. An ATWS condition
exists when either of the following occurs:

(1) High RPV pressure (1125 psig) and Average Power Range Monitor
(APRM) not down scale for 3 minutes, o1

2y Low RPV level (Level 2) and APRM not down scale for 3 mnutes

1 6/1/92
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components shown on Figure 2.2 4 (with the exc eption of the smple check

alves)

The SLC System uses a dissolved solution of sodium pentaborate as the neutron-
absorbing poison. This solution is keld in a storage tank which has a heater 10
maintain solution temperature above the saturation temperature. The heater is
Capable of automatic operation and automatic shutoft to maintain an acceptable
solution temperature. The SLO Svstem solution tank, a test water tank, the two
positive displacement pumps. and associated valving are all located in the
secondary containment on the oor elevation below the operaung floor. This is
a Seismic Category I structure, and the SLC System equipment is protecred from
phenomena such as carthguakes, tornados, hurricanes, and floods, as well as
from internal postulated 4 cident phenomena. In this area, the SLC System is
not subject to conditions such as missiies, pipe whip, and discharging fuids.

The pumps, heater, valves, and controls are powered trom the standby power
supply or normal oflsite power. The pumps and valves are powered and
contrailed from separate buses and circuits so that single acuve failure will not
prevent system operation. The power supplied to one maotor-operated injection
alve, storage tank discharge valve, and injection pump is powered from
Division I, 48 VAC. The power supply to the other motoroperated injection
valve, storage tank outet valve, and injection pump s powered from Dvision 11,
480 VAC. The power supply to the tank heaters and heater controls is
connectable to a standby power source. The standby power source is Class 1E
fram an onssite source and is independent of the offsite power.

Components of the 81 C System which are required for ‘njection of the neutron
absorber into the reactor are classified Seismic Catego.v 1. The major
mechanical components are designed to meet ASME Code requirements as
shown beiow:

ASME Design Conditions

Component Code Class  Pressure Temperature
Storage Tank 2 Static Head 150°F

Pump 2 1560 psig 150°F

Injection Valves i 1560 psig 150°F

Piping Inboard of 1 1250 psig H75°F

Injection Valves

-3 6/1/92
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Table 2.2 4: Standby Liquid Control System

Inspections, Tests, Analyses and Acceptance Criteria

Certifiad Design Commitment
The minimum average poison
concentration in the reactor after operation

of the SLC System shall be equal 10 or
greater than 850 ppm.

A simplified system configuration is shown
vt Figure 2.2 4,

Inspactions, Tests, Analyses

Construction records, revisions and plant
visual examinaticns will be undertaken to
assess as-built parameters listed below for
compatibility with SLC System design
calculations. if necessary, an as-built SLC
Systemn analysis will be conducted to
demonstrate that the acceptance criteria
are met.

Critical Parameters:

2.

a. Storage tank pumpable volume

b. RPV water inventory at 70°F

]

RHR shutdown cooiing system water
inventory at 70°F

Inspections of installation records, together
with plant walkdowns, will be conducted to
confirm that the instalied equipment is in
compliance with the design configuration
defined in Figure 2.2.4.

2.

Acceptance Criteria

It must be shown the SLC System can
achieve a poison concentration of 850 ppm
or greater, assuming a 25% dilution due to
non-uniform mixing in the reactor and
accounting for dilution in the RHR
shutdown cooling systems. This
concentration must be achieved under
system design basis conditions.

This requires that the SLC System meet the
following values:

a. Storageank pumpabie volume range
6100-6800 gal.

b. RPV water inventory < 1.00 x 1061b

¢. RHR shutdown cooling system
inventory < 0.287 x 10° ib

The system configuration is in accordance
with Figure 2.2 4.
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Table 2.2.4: Standby Liquid Control System (Continued)
inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

The SLC System shall be capable of
detivering 100 gpm of solution with both
pumps ope ating against the elevated
pressure (anditions which can exist in the
reactor during events involving SLC
System initiation.

The system is designed to permit in-service
functional testing of the SLC System.

The pump, heater, valves and controils can
be powered from the standby AC power
supply as described in Section 2.2.4,

SLC Systerm components which are
required for the injection of the neutron
absorber imo the reactor are classified
Seismic Category | and qualified for
appropriate environment for locations
where installed

4

5.

inspections, Tests, Analyses

System preoperation tests will be
conducted to demonstrate acceptable
pump and system performance. These
tests will involve establishing test
conditions that simulate conditions which
will exist during an SLC System design
basis event. To demonstirate adequate Net
Positive Suction Head (NPSH), delivery of
rated flow wiil be confirmed by tests
conducted at conditions of low level and
maximum temperature in the storage tank,
and the water will be injected from the
storage tank to the RPV.

Fieid tests will be conducted after system
instailation to confirm that in-service
system testing can be performed.

System tests will be conducted after
installation to confirm that the electrical
power supply configurations are in
compliance with design commitments.

See Generic Equipment Qualification
verification activities (ITA).

Acceptance Criteria

It must be shown that the SLC System can
automatically inject 100 gpm (both pumps
running) against a reactor pressure of 1250
psig with simulated ATWS conditions. it
must also be shown that the SLC System
pumps can pump the entire storage tank
pumpable volume.

Using normally instailed controls, power
supplies and other auxiliaries, the system
has the capability to perform:

a. Pump tests in s closed lcop on the test
tank.

b. RPV injection tests using demineralized
water from the test tank.

The installed equipment can be powerad
from the standby AC power supply.

See Generic £quipment Qualification
Acceaptance Criteria (AC).
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Design Description

The neutron monitoring system (NMS) for the Advanced Boiling Water Re... .o
(ABWR) is a neutron monitoring and protection system. The primany functions
of the svstem are to: (1) monitor the thermal neutron flux i the reactonr core as
reactor power information, (2) provide trip signals to the reactor protection
gyStem 1o initate reactor scram under excessive neutron {lux (and thermal
power) increase condition or neutron flux fast rising condition, and (3) provide
power information to the operator and other plant control or process systems,

The NMS is classified as a safety related system. The satety related subsystems of
the NMS consist of the startup range neutron monitar (SRNM), the local power
range monit 1 (LPRM), and the average power range monitor (APRM). The
LPRM and the APRM together are also called power range neutron monitor
(PRNM) The nonssafety related subsystems consist of the automated traversing
in<ore probe (ATIP) system and the multi<channel rod block monitor (MRBM)
system. The NMS detectors and the safety related electrical equipments of the
system are classified as Safety Class 2 and 3. Seismic Category 1 an | as IEEE
electrical category Class 1E

The SRNM monitors neutron flux from the source range (1 x 10% nv) to
approximately 15% of the rated power The SRNM subsystem has ten SRNM
channels which are evenly distributed throughout the reactor core and assigned
to four safety divisions. The SRNM detector is a fixed in<core fission chamber
sensor. Detector cables are separated according to different divisional
assignment, connectead to their de<irnated pre-amplifiers located in the reactor
building, and then transmitted to . nal processing electroni .« nits. The SRNM
can generate a high neutron flux tip or a short penaod trip s o al to initiate
scram in time to prevent fuel damage resulting from anticipa: d or «bnormal
operational transients. Trip signal outputs from the SRNM channels are divided
and assigned to four safety divisions. Any single SRNM channel wrip will cause a
trip in this safety division. The SRNM channels are grouped into three bypass
groups independent of their safety division assignment. Individual SKRNM
channel can be bypassed 1o allow maintenance. Bypassed SRNM will not cause
the trip signal to be sent to the RPS.

The LPRM monitors local neutron flux in the power range from 1% 1o 125% of
the rated power, which overlaps with the SRNM monitoring range from 1% o at
least 10% of the rated power. There are fiftytwo LPRM detector assemblies
evenly distributed in the cure, with four sensors per each LPRM assembly. The
LPRM detector is a fixed in<ore fission chamber sensor. The LPRM ass~mbly
also contains a calibration tuke for the ATIF detector to traverse. The LPRM
detector outputs are connected w the APRM signai conditioning units, where

A 6/1/92
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the signals are processed and amplified. All LPRM detector signals are divided
and assigned to four APRM channels cosresponding 1o the four satety divisions.
Signals in each channel are summed and averaged 1o torm an APRM signal. The
APRM is then calibrated to represent the core average power. The APRM can
generate a high neutron flux trip, a simulated thermal power tp signal, or a
apid flow decrease trip signal, to initiate scram in tme o prevent fuel damage
resulting from anticipated or abnormal operational conditions. Any two APRM
trips out of the four APRM channels will initate a reactor scram trip in the RPS
A bypassed APRM channel will not cause a trip output sent to the RPS, One
APRM channel can be bypassed at any one time. Consequently, for both the
SANM and the APRM, the redundancy eniteria are met such that in the event of
a single failure under permissible SRNM or APRM bypass conditions, safety
protection function can still be performed. A typical NMS division block diagram
s shown in Figure 2.2.5

The ATIP is comprised of a set of three TIP machines, Other than the power
probe detector itsell, each macht e has a drive mechanism, a position indexing
mechanism, and associated guide tubes for detector traveling. Within each ATIP
machine, the ATIP detector is traversed via guide tubes and tnrough desired
index positions to the designated LPRM assembly calibration tubes. Flux
readings along the axial length of the core are chtained while the detector is
traversed along the fuel region, with the signal data sent to an ATIP control unit
for data processing and storage. The data are then sent to the process computer
for calibration and performance calculations. The whole ATIP operation can be
fully automated, with manual control capability

The MRBM utilizes a selected number of LPRM signals around each designated
control rod to detect local power change during the rod withdrawal. If the
averuged LPRM signal exceeds a preset rod block setpoint, a control rod block
demand is issued. The setpoint is determined based on analysis which assures
that the fuel thermal limits do notviolate the safety limits. Since it monitors more
than one region, it is called the multichannel rod block monitor. The MRBM 1s
a dual channel, highly reliable system.

The NMS provides trip signals to the RPS as part of the RPS safety protection
function inputs. All trip setpoints are adjustable. The SRNM trip and the APRM
trip are separate logics to the RPS, each interfacing with the RPS independently.
Fail-safe logic is used for both subsystems. The NMS bypass function is
performed within the NMS. The bypass functions of the SRNM and the APRM
are separate and independent from each other. Both the SRNM and the APRM
are designed to pennit functional testing during  »rmal plant operation.
Provisions exist to limit access to trip setpoints ana calibration controls.

All the SRNM, LFRM and APRM instruments are powered by four 120 VAC un-
interruptible power supp’ (LU'PS) buses A. B, C. and D that correspond to the
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four safety divisions. Each bus supplies power to approximately one fourth of the
total number of detectors. Loss of a power supph bus will cause the loss of the
divisional instruments, including the SRNM and the APRM. The power for the
ATIP is supplied from the instrument AC power source. The power supply for
the MRBM is from the non<divisional 120 VAC UPS bus

The SRNM and LPRM detectors and detector assemblies are designed to operate
under normal and design basis abnormal conditions. The SRNM pre-amplificrs
which are located in the reactor building, and the NMS instruments which are
located in the control room, are designed 1o operate under all expected
environmental conditions in those areas. The wiring, cables, and connectors in
the drywell are designed tor continuous duty under normal and design basis
abnormal conditions

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.5 provides a definition of the inspections, tests, and/or analyses with
associated acceptance critevia for the NMS

3 6/1/92
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n Table 2.2.5: Neutrcn Monitoring System
>
Inspections, Tests, Anaiyses and Acceptance Criteria
Certified Design Commitment ‘nspections, Tests, Analyses Acceptance Criteria
6. The SRNM and APRM trip setpoints of trip 6. Inspections and tests will be cor «wuied to 6. The elact/ic equipment must be tested to
signals to the RPS shall be adjustable and confirm that the setpoints ~.e ady s ~bile show that th 2 setpomnts are adyustabie and
properly impiemented, using applicable and are properly rmiemented. the setpoint values are properly
setpoint methodology. implemented according to piant technical
7. Prowisions exist tu imit access to trip 7. inspections and .2sts will be conducted t° 7. Appropriate method of security controds
setpoints and calibration controls confirm the existence of appropriate must exist to change tnip setpoints or to

security controis. calibrate the instruments

ZH/ILD
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2.2.6 Remote Shutdown System

Design Description

The Remote Shutdown System (RSS) {or the Advanced Boiling Water Reacton
(ABWR) provides remote manual control of novmal and nuclear safety related
systems necessan to bring the reactor to cold shadown conditions inan orderly

fashion from outside the main control room

No Loss of Coolant Accident (LOCA), seisimic event, or otaer abnormal plant
condition, except loss of offsite power, 1s assumed o ocour coincident with the
event requarg the mam control room evacuation. The RSS has two divisional
panels and assoctated controls and indicators for monitoring the following
ntertacing svstems:

(17 Residual Heat Removal Svsterns (RHR) (Pool cooling and shutdown
cooling modes)

(2) High Pressure Core Flooder Systen, (HPCF)

(3)  Nuclear Boiler System (NBS) Salety Relief Valves
(4)  Reactor Service Water System (RSW)

(5) Reactor Building Cooling Water System (RCW)
(6) Electrical Power Distribution System (EPDS)

(7)  Aunosphenc Control System (AC)

(%) Emergency Diesel Generator (D7)

(9 Make-up Water Condensate System (MUWC)
(10) Flammability Gas Control System (FCS)

The RSS is classified as a safety-related system because it interfaces with nuclear
safety-related equipment from other systems. The two remote shutdown control
panels are Seismic Category 1 and are located in a single remote shutdown
station in the Reactor Building. A physical barrier provides separation hetween
the two panels. The RSS provides remote control capability through control and
transfer switches in the RSS panels which override the controls from main
control room and tansfer contral to the RSS panels.

Indication for plant parameters is also provided on the remote shutdown panels
to assure a sale and controlled shutdown of the plant. Figure 2.2 6 shows the RSS
with the interfacing systems and control and indication functions provided

1 6/1/92
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Tatle 2.2.6: Remote Shutdown System

Inspections, Tests, Analyses and Acceptan-e Criteria

Certified Design Commitment

1. RSS provides a remote manual contro! of 1.

the following interfacing systems to bring
the reactor to cold shutdown conditions:

RHR (pool cooling and shutdown
cooling modes)

HPCF

NBS Safety Relief Valves
RSW

RCW

EPDS

AC

D/G

MuUwWC

£CS

“Fe e a0y

2. The RSS has two divisional panels for
maonitoring and controfting of the
interfacing systems. The panels are
physically separated and are located n a
remote shutdown station.

P

3. RSS provides indication of plant 3

parameters in RSS panels to monitor a
controlled shutdown of the olant.

Inspections, Tests, Analyses

Review o7 as-built documentation and
visual inspections of the RSS will be
performed. Testing of the RSS controi
functions wili be performed.

Visual inspections and documentation
review to confirm the appropriate location,
isolation, and seismic capabilities of the
panels.

Visual inspections and review of as-built
documentation relating to RSS monitoring
function.

1

- A

|

Acceptance Critera

RSS has the required plant system comtrol
capabhty.

The -anels conform to their requirements
for civisional separation and sessmic
criteria. They are located in a separate RSS
station.

The RSS has the required plant monitoring
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. 2.2.7 Reuctor Protection System
Design Description

The Reactor Protection System (RPS) for the Advanced Boiling Water Reactor
(ABWR) is a wasning and trip systern where initial warning and trip decisions are
implemented with software logic instilled in microprocessors. The primary
functions of this system is 1o provide prompt protection against the onset and
consequences of events or conditions that threaten the wntegrity of the fuel
barrier. To accomplish this, the system is designed to: (1) make the logic
decisions related to warning and trip conditons of the individual instrument
channels, and (2) make the decision for sysiem tip (emergency reactor
shutdown) based on coincidence of instrument channel trip conditions.

The RPS is classified as a safety protection system (Le, as differing from a reactor
control system or a power generation system). The functions of the RPS and its
components are safety-related. The RPS and the electiical equipment of the
system are alse classified as Safety Class 3, Seismic Category Land as IEEE
electrical category Class 1E,

Basic system parameters are:
. (1) Number of independent divisions of equipment 4

(2)  Minimum number of sensors per trip variable 4
(at least one per division)

(3) Number of automatic trip systems (one per division) 1

(4)  Automatic trip logic used for plant sensor inputs Z-out-of-4
(per division)

(5) Separate automatic trip logic used for division Zout-of4
trip outputs

(6) Number of separate manual trip systems 2

(7)  Manual trip logic 2-out-of-2

The RPS consists of instrument channels, trip logics, trip actuators, manual
controls, and scram logic circuitry that initiates rapid insertion of conuol rods
(scram) to shut down the reactor for situattons that could result in unsafe
reactor operating conditions. The RPS also establishes the required wip
conclitions that are appropriate for the different reactor operating modes and

. provices status and control signals 1o other systems and annunciators. The RPS
related equipment includes detectors, switches, microprocessors, solid-state
logic circuits, relay type contactors, relays, solid-state load drivers, lamps,
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displays, signal transmission routes, cireuits, and other equipment which are
required o execute the funcuons of the system. To accomplish s overall
fanction, the RPS utibzes the tunctions of the essential mult plesing svstem
(EMS) and of portions of the Salety System Logic and Control (SSLEC)Y System

As shown in Figure 2.2.7a. the RPS interfaces with the Neutron Monitoring
System (NMS), the Process Radiation Monitoring (PRRM) Systen, the Nuclea
Boiler System (NBS), the Control Rod Drive (CRD) System, the Rod Control and
Intormation System (RC&IS) . the Recirculation Flow Control (RFC) System, the
Process Computer System, and with other plant systems and equipment. RPS
components and equipment are separated or segregated from process control
system sensors, circuits and functions such as to minimize control and protection
system interactions. Any necossarv interlocks trom the RPS to control systems are
through isolation devices

The RPS is a fourdivision system which is designed to provide reliable single-
failure-proof capability to automatically or manually initiate a reactor scram
while maintaining protection against unnecessary scrams resulting from single
{ailures in the RPS. The RPS remaias singledailure proof even when one entire
division of channel sensors is bypassed and/ or when one of the four automatic
RPS trip logic systems is out-ofservice. Equipment within the RPS is designed to
fail into a trip initiating state or other safe state on loss of power or input signals
or disconnection of portions of the system. The system also includes trip bypasses
and isolated outputs for display. annunciation or performance monitoring. RPS
inputs to annunciators, recorders and the computer are electrically isolated so
that no malfunction of the annunciating, recording, or computing equipment
can functienally disable any portion of the RPS. The RPS related equipment is
divided into four redundant divisions of sensor (instrument) channels, 'rip
logics and trip actuators, and two divisions of manual scram controls and scram
logic circuitry. The automatic and manual scram initiation logic systems are
independent of each other and use diverse methods and equipment to initate a
reactor scram. The RPS design is such that, once a full reactor seram has been
initiated automatically or manually, this scram condition seals-in such that the
intended fast insertion of control rods into the reactor core can continue o
conmipletion. After a time delay, the design allows operator action to return the
RFS to normal,

Figure 2.2.7b shows the RPS divisional separation aspects and the signal flow
paths from sensors 1o scram pilot valve solenoids. Equipment within a RPS
related sensor channel consists of sensors (transducers or switches),
multiplexers, and digital trip modules (DTMs). The sensors within each channel
monitor for abnormal operating conditions and send either discrete bistable
(trip/no trip) or analog signals directly ro the RPS related DTM, or else send
analog output signals to the RPS related DTM by means of the remote
multiplexer unit (RMU) within the associated division of essential multiplexing
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system (EMS). The RPS related bistable switch type sensors or in the case of
analog channels, the RPS software logic will initate reactor tnp signals within
the individual sensor channels, when any one or more of the conditions hsted
below evist within the plaat during different conditions of re; ctor operation,
and will mtiate reactor scram o comcidence logic is satisfied (the svsiem
monitoring the process condition s indicated in brackets)

(1) Turbine Stop Valves Closure (above 40% power levels) [RI'S]
(2)  Turbine Control Valves Fast Closure (above 40% power levels) [RPS]

(31 NMS monitored SRNM and APRM conditions exceed ace eptable limits
[NMS]

(4y High Main Steam Line Radiation [PRRM System )

(5) High Reactor Pressure [NBS]

(6) low Reactor Water Level (Level 3) [NBS)

(7) High Dryweli Pressure [NRBS)

(%) Main Steam Line Isolation 'MSLI) (Run mode only) [NBS]

(9)  Low Contro! Rod Drive Accumulat~ r Chourging Header Pressure [CRD]
(10) Operatoranitiated Manual Scram [RPS)

The RPS outputs, NMS outputs. PRRM System outputs, and the MSLI and
ranual seram outputs are pre aded directy to the RPS by hard-wired or fiber
optic signals. The NBS and the CRD System provide other sensor outputs
through the EMS. Analog-todigital conversion of these latter sensor output
values is done by EMS equipment. The DTM in each division uses either the
duscrete bistable input signals, or compares the current values of the individual
monitores analog variables with their trip setpoint values, and for each variable
seiuds a separate, discrete bistable (trip/no trip) output signal to the trip logic
units (TLUs) in all four divisions of trip logics. The DTMs and TLUs utilized by
the RPS are microprocessor components within the SSLC System.

RPS relat»d equipment within a RPS division of trip logic consists of manual
control switches, bypass units (RPUs), trip logic units (TLUs), and output logic
units (OLUs). The manual control switches and the BPUs, TLUSs and OLUs are
components of the RPS portions of the SSLC System. The various manual
switches provide the operator a means to modify the RPS trip logic for special
operation, maintenance, testing, and system reset. The bypass units perform
bypass and tterlock logic for the single division of channel sensors bypass
tunction and for the single division TLU bypass function. The TLU s perform the
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2.2.7

avtomatic scram imitiation logic, normally checking for twooutotdou
coincidence of trip conditions in any set of instrument channel signals coming .
from the fow <dmision DTMs or from isolated bistable inputs from all four

divisions of NMS cquipmeat, and outputting a wip signal i any one of the two
out-offour coincidence checks is satisfied. TLU tnp decision logic in all four RPS
TLUs becomes a check for iwooutof-hree comadence of trip conditions if an;
one division of channel sensors has been bypassed. The OLUs pertorm the
division trip, sealan, reset and trip est functions. Trip signals trom the OLUs
within a single division are used to trip the tnp actuators, which are fast response,
bistable, solid-state load drivers for automatic scram initiation, and are trip relays
fer air header dump (backup scram) initation. Load driver outputs toggled by
a division OLLU interconnect with load driver outputs toggled by other division
OLUs into two separate arrangements, which resulis in twoout-ofdour scram
logic (L.e., reactor scram will ocour if load drivers associated with any two or more
divisions receive trip signals)

The isolated AC load drivess are fast response time, bistable, sondstate, high
current interrupting devices. The operation of the load drivers is such that a trip
signal on the input side will create a high impedance, current interrupting
condition on the output side. The output si le of each load driver is electrically
solated from its input signal. The load driver outputs are arranged in the scram
logic circuitry, between the scram pilot valves' solenoids and the solenoids’ AC
power source, such that, when in a tripped state, the load drivers will cause
decnergization of the seram pilot valve solenoids (scram initiation) . Normally
closed relay contacts are arranged in the two backup scram logic circuits,
beteen the air header dump valve solenoid and air header dump valve DC
solenoid power source, such that, when in a tripped state (coil deenergized), the
relays will cause energization of the air header dump valve solenoids (air header
dump initiation), Associated DC voltage relay logic is also utilized to effect scram
reset permissives and scram-follow (control rod run-in) initiation.

The RPS design for the ABWR is testable for correct response and performance.,
in overlapping stages, either on-ine or off-line (to minimize potential of
unwanted trips). Access to bypass capabilities of trip funcuons, inctrument
channels or a trip system and access to setpoints, calibration controls and test
points are under adminis' wve control.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.7 provides a definition of the visual inspections, tests and/or analyses,
together with as-ociated acceptance criteria, which will be used by the RPS.
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Table 2.2.7: REACTOR PROTECTION SYSTEM
Inspections, Tests, Analyses and Acceptance Criteria

Certified Desion C it
RPS components and equipment are kept

separate from equipment associated with
process control systems.

Fail-safe failure modes result upon loss of
power or disconnection of componems.

Provisions exist to limit access to trip
setpoints, calibration centrols and test
points.,

The four redundant divisions of RPS
equipment and the four automatic trip
systems are indepenagent from cach other
except in the area of the required
coincidence of trip logic decisions and are
hoth electrically and physically separated
from each other. Similarly, the two manaa!
trip systems are separate and indepengent
of each other and of the four automatic trip
systems

inspections, Tests, Analyses

Visual held inspections and analyses of
reiationship of instalied RPS equipment
and of installed equipment of interfacing
process control systems (and/or tests of
interfaces) to confirm that appropriate
isolation methods have been used to
requirements.

Field tests to confirm that trip conditions
and/or ¥ ass inhibits result upon loss of
power ot isr onnection of components,

Visual field inspections of the instalied RPS
equipment will be used to confirm the
existence of appropriate administrativa
controls.

quadruple redundancy of the RPS and the
electrical and physical separation aspects
of the IPS instrument channeis and the
‘our automatic trip systems, as well as
their diversity and independence from the
two manual trip systems.

L

3

Acceptance Criteria
RPS equipment installation acceptable if
inspections, analyses and/or tests confirm
that any failure in process control systems
can not prevent RPS safety functions.

Acceptable f safe state conditions resuit
upon loss of power or disconnection of
poriions of the RPS.

The RPS hardware/firmware will be
considered acceptabile if appropriate
methods exist to enforce administrative
control for access 10 sensitive areas.

Instalied RPS equipment will be
determined to conform to the documented
description of the design as depicte” in
Figure 2.2.7b.

D—
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Table 2.2.7: REACTOR PROTECTION SYSTEM (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

it 15 possible to conduct verifications of
RPS operations, both on-line and off-line,
by means of (a) individual instrument
channel functional tests, (b) trip system
functional tests and ic) total system
functional tests.

-

Inspections, Tests, Analyses

Preoperational tests wilf be conducted to
confirm that system testing such as
channel checks, channel functional tests,
channel calibrations, coincident logic tests
and paired control rods scram tests can be
performed. These tests will involve
simulation of RPS testing modes of
operation. interlocks associated with the
reactor mode switch positions, and with
other operational and maintenar ce
bypasses or test switches, w'll be tested
and annunciation, disglay and logging
functions vall be cor fir e,

Acceptance Criteria

The installed RPS configuration, controic
power sources and instaliations of
interfacing systems supports the R®S logw
system functionz! testing and the
onerability verification, of design as
foflows:

a. Installel RPS hardware/firmware
initiates trip conchtions in all four RPS
automaztic trip systems upen
coincigence of tnip conditions in two or
more instrument Cchannels assoctated
with the sarme tnp variablels)

b. ‘nstalied system intiates full reactor
trip and emergency shutdown {i.e
deenergization of both solenoids
associataed with all scram pilot vaives)
upon coincidence of trip cenditions in
two or more of the four RPS automatic
trip systems.

c. Instslled system initiates trip
conditions in both RF™  sanual trip
systemns if both manua. w.p switches
are operated or if the reactor mode
switch is placed in the "shutdown”
position.

d. Trip system {automatic and menual)
trip conditions seal-in and protective
actions go to completion. Trip reset
{after appropiiate delay for trip
completion) requires deliberate

operator action
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Table 2.2.7: REACTOR PROTECTION SYSTEM (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

The RPS design provides prompt
protection against the onset and
consequences of events or conditions that
threaten the integrity of the fuel barrier.

inspections, Tests, Analyses

8. Preoperational tests will be conducted to

measure the RPS and supporting systems
response times to: (a8) monitor the variation
of the salected processes; {b) detect when
trip setpoints have been exceeded: and,_ ic)
execute the subsequent protection actions
when coincidence of trip conditions exist.

Accaptance Criteria
5. {Continued)

e. Installed system energizes both air
header dump (backup scrarn) valves of
the CRD hydrz ulic systern, and initiates
CRD motor run-in, concurrent only with
a full scram condition.

f.  When not bypassed, trips result upen
toss or disconnection of portions of the
system. When bypassed,
mappropriate trips do not resuit.

@ Instalied system provides isolated
status and control signais to data
logging, display and annunciator
systems

h.  Instailed system demonstrates
operational interiocks {i.e_ trip inhibits
or permissives) required for differemt
conditions of reactor operation.

The RPS hardware/firmware response to
initiate reactor scram will be considered
acceptable if such response is
demonstrated to be sufficient to assure
that the specified acceptabie fue! design
limits are not exceeded.
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2.2 8 Recirculation Flow Control System

228

Decign Description

The Recirculadon Flow Control (RFC) System controls reactor power by
controlling the recirculation flow rate of the reactor core water. Reactor
recirculation flow and core flow is varied by modulating the Recirculation
Internal Pump (RIP) speeds/ flows through the voltage and frequency
modulation o adjustable speed drive outputs. Refer 1o Figure 22 X,

The RFC System consists of the triplicated process controller, solid state
Adjusiable Speed Drives (ASDs), switches, sensors, and alann devices provided
for operational manipulation of the ten RIPs and the surveillance of associsted
equipment. Recirculation flow control is achieved either by manual operation,
or by automatic operation if the power level is above approximately 70% of
rated. The reactor internal pumps can be driven (o operate anywhere between
minimum speed and 100% of rated speed with the variable voltage, variable
frequency power source supplied by the ASDs.

This system is a power generation system and is classified as nonsafety-reiated

e RFC System is designed to allow both automatic and manual operation. In
the automatic mode called “Master Auto” mode *Automatic Load Following
(ALF) operation) the master controller generates a demand signal for balancing
out the load demand error to zero. This demand signal is forwarded (o the 11w
controller which generates a flow demand signal. The flow demand signal is
adjusted by a flow demand set down function to lower the recirculation flow
when the sensed reactor flux is above 105%. The speed controllers in the ASLis
generate speed demand based on the flow demand from the flow controller. The
speed demand causes adjustment of RIP motor power input which changes ihe
operating speed of the RIP and hence core flow and core power. This process
continues until both the errors existing at the input of the flow controller and
master controller are driven to zero. The flow controller can remain in
automatic even though the master controller is in manual.

The reactor powe. change resulting from the change in recirculation flow causes
the pressure regulator to reposition the turbine control valves. If the orijjinal
demand signal was a load /speed error signal, the turbine responds o the
change in reactor power level by adjusting the control valves, and hence its
power output, until the load/speed error signal is reduced to zero.

In the semi-automatic mode, the operator sets the total core flow demand and
the RFC System responds to maintain constant core flow. Core flow control 1s
achieved by comparing the core flow feedback, which is calculated from the core
plate differential pressure signals, with the operator supplied core flow set point

1. 6192
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I wotal manual control, the operator can directly manipulate the RIP speeds. .
Pump speeds can be ¢ mtrolled individually or collectively, When individually

controded, pump speed demand is obta ned through the operator console and

transmitted directly 1o the indwvidual ASD tor pump frequency control. In

collective manual operation, a common speed set point is used for controlling

each RIP which has been placed in the GANG speed control mode

The recirculation flow control system s also used 1o control the start up of the
reactor internal pumps. To minimize thermal shock o the reactor vessel, the
RFC Systemn will prevent start up of an idle RIP if the temperature difference of
the vessel bottom coolant to the saturated water temperature correspanding to
the steam dome pressure is above a predetermined value. In the even of either
(a) turbine trip or generator load rejecuon above a predetermined reacton
power level, (b) reactor pressure exceeds the high dome pressure trip set point,
oi () reactor water level drops below the Level 8 set point, logic will
automatically be initiated to trip off a group of tour RIPs

ASDs are used to provide electnical power and speed control to the pump motors
in the RIPs. The ASD receives electrical power from a power plant bus at a
constant AC voltage and frequency, The ASD converts this to a variable
frequency and voltage in accordance with the speed demand requested by the

RFC Systemn controller, .

The ASD is capable of supporting three modes of operation: start up, normal,
and shutdown. When the start up mode is selected, the inverter output quickly
steps up from zero to the required motor power corresponding (o the minimum
pump speed and holds at that output frequency. When the normal operation
mode is selected, continuous output power frequency between minimum speed
and 100% 1s allowed. The operation of the shutdown mode is exactly reverse that
of the normal and start up mode; ASD output is automatically ramped to
minimum speed frequency, then stepped down to zero.

The RFC System control functional logic is performed by a triply redundant,
microprocessor based fault tolerant digital controller (FTDC). The FTDC
consists of three identical processing channels working 1~ parallel to provide
fault tolerant operation.

The RFC System design consists of two main control loops, (1) the core flow
'oop, which modulates pump speed demand to provide the desired core flow
rate, and (2) the automatic load following (ALF) which modulates the core flow
demand in response to the load demand error, In addition, pump speed in each
RIP can be manually controlled individually or collectively

In the core flow control mode, sensed core flow calculated by the core plate .
differential pressure method is compared with the core flow demand supplied

2 6/1%2
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by the operator or obtained from the master controller, depending on the RE(
system aperating mode. This flow error is input to the core flow controller to
drive pump speed demand

In ALD mode, the master controller receives a load demand signal from the
steam bypass and pressure control (SP&PC) system in response (o any
combination of local operator load set point inputs, automatic generauon
control inputs, or grid load changes indicated by grid frequency variation

When in local control, the operator’s control panel provides the operator the
capability to select the operating mode of the system and (o initiate certain
manual actions, indications and alarms are provided to keep the operator
informed of the system opers ional modes and equipment status, thereby
allowing him to quickly determine the origin of any abnormal conditions

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2 8 provides a definition of the inspections, tests, and/or analyses,
together with the associated acceptance criteria, which will be undetaken for

the RFC
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Table 2.2 8a: Recirculation Flow Controi System

inspections, Tests, Analyses and Acceptance Criteria

Certifiad Design Commitment

The configuration of the RFC system is
shown in Figure 2.2.8-1,

Reactor imternal pumps (RIPs} wiil operate
at any speed between minimum speed and
100% of rated speed.

The RFC System may be cperated in
automatic mode above approximately
70% of rated power.

The RFC System shall be used to control
the start up or shut down of the RIPs.

The RFC System shall be interlocked so as
to prevent start up of a idie RIP if the vessel
bottom temperature is not within 144°F of
the saturated dome pressure equivalent
temperature.

A select group of RiPs shall trip off in the
event of either (2} turbine trip or generator
load rejection, (b reactor pressure exceeds
high dome pressure trip set point, or

{c) reactor level drops below Level 3.

1.

inspections, Test. Analyses

inspections of the as-buiit RFC system shall
be performed

Operation of the pumps at any speed
between minimum speed and 100% of
rated shall be performed.

The RFC System shail be operated at
power levels greater than approximately
70% rated.

The RFC System shall be operated in the
start up and shutdown modes.

The RFC System shall be operated so as to
start up an idle RIP when the vessel bottom
temperature is not within 144°F of the
saturated dome pressure temperature
equivalent.

The RFC System shall be operated and the
following events shall be simulated:

{a) turbire tnp

(b} generator load rejection
tc) low reactor dome pressure
(di low vessel ievel

1.

Acceptance Critena

Actual RFC system configuration, for those
2281

specification limits at any speed between
10% and 100% of rated.

The RFC System shall operate in automatic
any power level above approximately 70%
rated

The RFC Systemn shall operate within the
design specification limats in the start up
and shutdc an modes. The pump shali be
ramped from 0% to 30% and held and then
shall be stepped down to 0%,

The RFC System shall prevent start up of
an idie RIF under conditions speciied
the design specification.

The RFT System shall operate within
desig: specification limats under all
simulated fault conditions.
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2.29 Automatic Power Regulator System

229

Design Description

The Automatic Power Reguiator (APR) system is classified as a power generation
system and is not requured for salety, Salety events requiring control rod scram
are sensed and controlled by the safetvarelated reactor protection system (RPS),
which is completely independent of the APR

The APR system controls reactor power daving reactor stanup, power
generauon, and reactor shutdown by apprec priate commands (o change rod
positions, o1 1o Change reactor recirculation Now. The APR system also controls
the pressure setpoint or turbine bypass valve position during reactor heatup and
de-pressurization (e g to control the reactor coal down rate). The automatic
power regulator system consists of redundant proces . controllers. Automatic
power regulation is achieved by appropriate contre. algorithms for different
phases of the reactor operation which include approach to criticality, heaup,
reactor power increase, automatic load following, reactor power decrease, and
reactor despressurization and cool down. The automatic power regulator system
receives input irom the plant process computer, power generation control
system, the steam bypass and pressure control system, and the operator’s control
console. The output demand signals from automatic power regulator system are
sent to rod control and information system to positicn the control rods, to the
recirculation flow control system to change reactor coolant recirculation flow,
and to the steam bypass and pressure control system for automatic load following
ope-ations. The power generation system performs the overall plant startap,
power operation, and shutdown functions, The automat.c power regulation
system performs only those functions associated with reactor power changes and
with reactor pressure contreller setpoint (or turbine bypass valve position)
changes dunng reactor heatup or de-pressurization. A simplified fenctional
block diagram of the automatic power regulation system is provided in Figure
2829

The automatic power regulation system control functional logic is perfcimed by
redundant, microprocessor-based faulttolerant digital controllers (FTDC) . The
FTDC performs many functuons, It reads »  d validates inputs from the non-
essential multiplexing svstem (NEMS). It performs the specific power control
calculations . ad processes the pertinent alarm and interlock functions, then
updates all systemn outputs to the NEMS. To prevent computational divergence
among the redundant processing channels, each channel perfarms a
comparison check of its calculated results with the other redundant channels
The internal FTDC architecture features redundant multiplexing interfacing
units for communications between the NEMS and the FTDC processing
channels

A 61792
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During normal operation, the automatic power regulation system interfaces with
the operator s console (o perform s desired funcuons. The operator’s control
panel for automatic plant startup, power operation, and shutdown funorons s
part of the power generation cantrol system. The power generation con

system initiates demand signals to vanous controllers to carry ot the pre
defined control functions. The funciions associated with reactor power contiol
are performed by the automatic power regulation system. For reactor powes
control, the automatic power regulation system contamns algorithms that can
change reactor power by control rod motions, or by reactor coolant
recirculation flow changes, but not both at the same time. During automatic load
following operaton, the automatic power regulation system interfaces with the
steam bypass and pressure control system to coordinate main turbine and
reactor power changes to accomplish load following

The normal mode of operation for the automatic power regulator system 1s
automatic. If any system or component conditions are abnormal during
execution of the prescribed sequences of operation, the power generation
control system will be automatically switched into the manual mode and the
operator can manipulate control rods and recirculation flow through the
normal controls. A failure of the automatic power regulation system will not
prevent manual controls of the reactor, nor will it prevent safe shutdown of the
reactor

The automatic power regulation system digital controllers are powered by
redundant uninterruptible non«<lass 1E power supplies and sources No single
power failure will result in the loss of any automatic power regulation syster,
function.

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.9 provides a definition of the inspections, tests and/ or analyses,
together with associated acceptance criteria, which will be used by APR,
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Table 2.2.9: Automatic Power Regulator System

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

This system is powered by redundant
unimerruptible power supplies

Triplicated, fau't tolerant digital contrcllers
with self test and diagnostic capabilities
shall be used.

The AFPR design provides automatic power
control in differemt modes of operation

2.

Inspections, Tests, Analyses

Test of loss of power due to single channel
power supply failure shall demonstrate no
loss of APR function.

Inspect FTDCs and perform validation
testing.

Preoperational tests wili be conducted to
confirm the automatic power regulation
capability in different :nodes of operation.

1.

Acceptance Criteria

There is no loss of APR function by loss of
ore channel power supply.

The fault tolerant diantal controllers’ seif
test and on-line diagnostic test features are
capabie of i-jentifying and isolating failures
of input s:ignails, VO cards, buses, power
supplies, processors and inter-processors
commun:cati

The APR controls power automaticaliy
during vanous modes of operation.
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During norma) “peration. the amomatic Power regulation system mterfaces wih
the operator S console 1o pertorm its desireq hunctions. The Operator's contyol
pane] for aatoman plan startup, powey Operation, and shatdown, functons i
part of the powey generation conwol system, The power Beneration conraol
SYstem initiates demand SiENAls to various controllers o carn out the pre
defined congrol tunctions. The fune HONS associuted with reacton POwWer contpgl
are pertormed by the Automatic powey regulation system, Fo, reacton powey
control, the automatic Power regulation system contains algorithms thar an
change reactoy Power by control rod Mouons, or by reac tor coolant
recircalation o hanges, but not both at the same ume. During autom atic load
lvv;lluwing Operaton, the automatic POwer regulation system mrerfaces with the
Steam bypass and pressure control system to Coordinate main turbine and
TEACtor powes changes to ac omplish load tollowing.

The normal maode of Operation for the automatic powey regulator system is
automatic. If any system o “omponent conditions are abnormal during
execution of the prescribed sequences of operation, the power generation
control system will be automatically switched inte the manual mode and the
Operator can manipulate control rods and recir ulation floy through the

hormal controls. A failure of the automatic Power regulation sy tem will not .
prevent manual controls of the reactor, nor will It prevent safe shutdown ~f (e
reactor,

The automaric power regulation system digital controllers are powered by
redundant uninterruptib,je non<lass 1E power supplies and sources No single
power failure will resul in the loss of any automatic power regulation system
tunction,

Inspections, Tests, Analyses and Acceptance Criteria

Tatle 229 provides a definition of the inspections, tests and/or analyses.
together with Assoc lated acceptance criteria, which will be used by Apg
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. 2.2.10 Steam Bypass and Pressure Control System

2215

Design Description

The Steam Bypass and Pressure Control (SBAPC) System is a nonsatetyrelated
svstem. It s a control system only, and consists of three redundant fault wolerand
digital controllers (FTDCs) for control algorithms and logic along with
indicators and alarms for operator information and the nonsafetvarelated powes
supplies 1o power each FTDC. Because of the system s triple redundancy, it is
possible 1o lose one logic channel without impacting the system tunctions. In
addition, each FTDC is equipped with self-test and on-ine diagnostic capabilities
for identifying and isolating failure of input’output signals, buses, powe
supplies, processors and interprocessor communications. These ondine tests
and diagnostics can be performed without mterrupting the normal control
operation of the SB&PC System, The SBET U Svstem s cceives input signals trom
other systems and sensors as shown in Figure 2.2.10 and as follows

(1) Steam bypass valve position switches

(2)  Steam bypass valve servo current sensors

(3)  TCS turbine trip sensors

(4)  TCS power/load unbalance relay operation

(5) Turbine Bypass System (TBS) hydraulic power sunply trouble sensors

(6) Nuclear Boiler System (NBS) Main Steam Isolation Valve (MSIV)
position switches

(7) NBS narrow and wide range dome pressure transmitters

(8) Steam Extraction System ain condenser low vacuum sensors

(9)  Operator manual commands and manual switch positions
The SB&PC system provides output signals to:

(1) Turbine Control System (TCS)

(2)  Automatic Power Regulatnon (APR) System

(3)  Recirculation Flow Control System

{4) Various related control room indicators and alarms

(5) Process ¢ omputes

aE— P ——— e S S I,
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I'he primary function of the pressure control portion of the SBEPC Svstem 1516
efficiently control the reactor svstem pressure during plant startup, hatdown,
powet generation, and loaddollowing modes of plant operation, through
control of turbine control and - or steam bypass valves. The system maintaims
plant stability during pressure setpoint changes

The SB&PC System also has several secondary functions used during non
emergency situations and plant tansicnts, none of which we saety related

Additional reactor system pressure control funcuons are provided by othes
svstems when the MSIVs are closed

The function of the steam bypass portion of the SB&PC System 1s to control
steam pressure by sending steam divectly to the main condenser whenever
reactor steam production exceeds main turbine steam flow demand . The sestem
provides transfer capability betweea steam bypass valves and turbine control
alves, and can accommodate load rejection

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.2.10 provides a definition of the inspections, tests, and, or analyses,
together with associated acceptance criteria v hich will be undertaken tor the
SB&PC System.

N ]
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Table 2.2.10: Steam Bypass and Pressure Control System
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

Each FTDC is equipped with self tast and 1
on-line diagnostic capabilities for

identifying and ‘solating failure of input/
output signails, buses, power suppiies,
processors and interprocessor
commumcations. These on-iine tests and
diagnostics can be performed without
imerrupting the normal contrul operation

of the SB&PC System.

The system incorporates redundant control 2.
channels,

The system is powered by redundant 3.
uminterrupt abie power supplies

Perform a on-line salf-test with complete 1.

diagnostics based on the parameters
shown in the design description
(Section 2.2.10).

The system shall be tested by simulating &

.aiture of one operating controfler.

Loss of one power supply shall 3

demaonstrate no loss of functions of SB&PC
system.

The resuits of the self-test confirms system
operation.

The system continues to function during
loss of one operating controller

There is no loss of SB&PC functions by ioss
of any one power supply
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2217 Process Computer System

221

Design Description

The Process Computer System (PCS) is a nonsafety-related system . Its purpose
is to promote efficient plant operation by:

(1)  performing the funct s and calculations neces.ary for the evaluation
of plant operation;

(2)  providing a p~rmanent historical record for plant operating activities
and abnormal events;

(3)  providing analysis, evaluation and recommendation capabilities for
start-up, normal operation, safc plant shutdown and abnormal
operating and emergency conditions;

(4) providing the ability to directly control certain non-safety-related plant
equipment through on-screen technology.

All division to division and safety to nonsafety interfacing circuits are made up
of fiber optic cables, which act as optical solators for electrical separauon. All
power to the PCS is supplied by a non-safety related redundant, uninterruptible
power supply. No single power failure will cause the loss ol any PCL function,

The PCS has self-checking provisions. It performs diagnostic checks to
Aetermine the operability of certain portions of the system hardware and
performs internal pregraimming checks to verify that input signals and selected
prog- = ~mputations are cither within specific limits or within reasonable
bow.is

The PCS is compased of two subsystems; the Performance Monitoring ana
Control System (PMCS) and the Power Generation Control System (PGCS).
Neither of which serve a safety function. The PMCS 2nd the PGCS are functions
of the PCS, implemented by various programmed routines.

Performance Monitoring and Control System

Th PMCS is a set of software routines for the PCS Input/Output Modules and
various CPUs to supply various functions and calculations. The basic input types
include but are not limited to the following:

(1) Various analog pressure signals from sensors on or in the Vessel, the
drywell, ind’ - dual equipment and the various plant buildings

(2) Vanous analog temperaiare signals from sensors on or in the Vessel, the
drywell, individual equupment and the various plant buildings

3 6/1/92
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(3)

(4)

(%)

Various analog coolant and steam flow signals from sensors on or in the

variows pumps and pipes throughout the plant

Vanous digital "On/ O™ and "Open/ closed” signals from various
switches and valve controllers throug' out the plant

Various operator requests input through the varnous consoles

The basic output types include but are not imited to the following:

(1)

6)

Plant Operating Conditions

P acess Trends

Alarms

Results of Performance Calculations
Operator Requests

Switchyard Operating Conditions

The types of calculations performed include but are not limited to the following:

(1)

(2)

Reactor core performance calculatuon

Plant performance calculation

The function types performed in addition to the calculations include but are not
limited to the following:

(1)
(2)

(3)

Data Accumulation
Indication of Control Rod Position

Survei'ance test guide

Power Ge aration Control System

The PGCS is a function of the PCS. It is a software routine in which one or more
CPUs act as a top level controller. It contains the algorithms for the automated

control sequences associated with plant start-up, shutdown, and normal power
generation. It receives the same type inputs as described in 2.2.11.1 and i1ssues
control commands and adjusts set-points of subloop controllers to support that
automa ‘ion. The automation process is divided into phases corresponding to

plant start-ap, shutdown, and normal power generation. Each phase is then
divided into several break-points, or logical steps in plant operatior.. Automation

proceeds under PCS control until the end of a break-point division is reached,

-
&
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Table 2.2.11: Process Computer System

Inspections, Tests, Analyses and Acceptanc> Criteria

Ceriified Design Commitment

The PCS has self - checking provisions. It
performs diagnostic checks to determine
the operability of centain portions of the
system hardware and performs internat
programming checks to verify that input
signals and selected program
computations are either within specific
limits or within reasonable bounds.

No single power failure wiil cause the loss

of any PCS function.

in the event of the PCS going off-line or
ather troubl: «ith the sy_iem, PGCS is
easily separa.. . from the control circuits
and the plant will be safely controlled by
the subloop controliers.

Inupections, Test, Analysis

Perform the self-checking test with
complete diagnostics, of the functions
listed in Subsection 2.2.11 using the
manufaciurer’'s operations and
maintenancs manual.

The system shali be tested by rimulating
failure of one of the system power
supplies.

The system shall be tested by simuiating
ioss of tha PCS.

Acceptance Criteria

1. The resulis of the self-checking test

confirms satisfactory system operation.

The system continues to function during
loss of one power supply.

Testing results conform to plant response
and stability requirements when the
systems are manually controlled with the
system subloop controiler.
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' 2.2.12 Refueling Platform Control Computer

The Retueling Plattorm will be computer controlled from the operator stanon

on the refueling floor
Design Description—Control Computer

The computer will provide XY and Z location of the refueling mast. Mast and!

vdattorm will be controlled by various Limits on then funcuons and movements
Inspections, Tests, Analyses and Acceptance Criteria

No entries for this system
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. 2.2.13 CRD Removal Machine Control Coniputer

No Tier | entry jor this svstem
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. 2.3 Radiation Monitoring

2.3.1 Process Radiation Monitoring (PRM) System

23

Design Description

The primary function of this system is to (a) monitor and record the various
gaseous and liquid process streams and effluent releases, (b) initiate alarms in
the MCR to warn operating personnel to the high radiaton activity, and (c)
initiate the appropriate safety actions and controls (o prevent further
radioactivity releases to the environment

This system provides both safety and non-safety instrumentation for radiological
monitoring, sampling and analysis ol identified process and =ffluents streams
throughout the plant. The system monitors the radiation levels during normal,
abnormal and accident plant conditions. The stack vent discharge and the
standby gas treatment system (SGTS) are both equipped with high range
detectors for post accident monitoring of levels up to 10 uc/cc.

The process and effluent paths and/or areas as described herein are monitored
for potential high radioactivity releases. The monitoring channels of items 1
through 4 below are provided for safety as Class IE instrumentation, while the
rest of the process radiation instrumentation is considered non-essential which
is provided to monitor plant operations.

(1) Main steam line (MSL) tunnel area - 4 divisional channels

The MSL tunnel area is continuously monitored for high gross gamma
radioactivity in the steam flow to the turbine, Reactor scram, MSIV
closure, and main condeaser vacuum pump shutdown are
automatically initiated on any two out of four channel trip,

(2) Reactor Building ventilation exhaust - 4 divisional channels

The air vent exhaust from the secondary containment is continuously

monitored for gross gamma radioactivity. On high level, the standby gas
treatment system is activated and the containment ventilation ducts are
isolated on any two out of four channel trip.

(3) Fuel handling area ventilation exhaust - 4 divisional channels

The air vent exhaust from the fuel handling area is continuously
monitored for gross gamma radioactivity. On high level, the standby gas
treatment system is activated and the fuel handling area ventilation
ducts are isolated on any two out of four channel trip

4 6/1/92
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(4) Control Building am inwake supply - 4 divisional channels

The air intake to the Control Building is continnously monnored for
gross gamma vadioactvity, On high level, the vendlation ducts are
isolated and the “mergency air circulation svstem s activated on any two
out of four channel trip

(5) Turbine Building venrilation exhaast - 4 channel

The vent exhaust from the Turbine Building is continuousty momtored
for gross gamma radioactivitv. The air exhaust from the equipment
compartmen! area aud from the clean areas in the Turbine Building aie
each monitored by two redundant channels. Alarms are inmittated on
high radiation levels

(6) Charcoal vault ventilation exhaust - 1 channel

The vent exhaust from the charcoal vault 1s continuously monitored for
gross gamma radioactivity that may result from cracks in the activated
charcoal beds. An alarm is initiated on high radiation.

(7) Pre-treated main condenser off-gases - 1 channel

The pre-treated main condenser off-gases are continuously sampled
and monitored for gross gamma radioactivity. Alarms are initiated on
high radiation and on abnonmal sampling flow. Vial sampling is

| provided for periodic sotopic analysis.

(8) Post treated main condenser off-gases - 2 channels

|

| The wreated off-gases are continuously sampled and monuored for

! airborne radioactivity by two gas samplers and filters for collecting au

; particulates and halogens. Each gas sampler consists of a beta, gamma
| sensitive detector and a source check for periodic testing. On high

' radiation, the off-gases are routed through the entire charcoal bed for
| hold-up. On extremely high radiation, the off-gas discharge to the stack
! is isolated. Alarms are initiated on high radiation leveis and on

| abnormal sampling flow. Vial sampling is provided for periodic isatopic
| analysis.

’ {9) Plant vent discharge - 2 channels

The discharge through the stack is continuously sampled through an
sokinetic probe and monitored for airborne radioactivity by two

redundant channels, each consists of a beta 'gamma sensitive detector
with a source check, a high-range 1on chamber, and filters for collecting

o
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(10)

(1)

(12)

(13)

(14)

air particulates and halogens. Sampling and collecting of titiam is also
provided. Alarms are initiated on high radiation levels and on abnormal
sampling flow

Radwaste Building venulation exhaust - 1 channel

The air vent exhaust from the Radwaste Building is contnuously
sampled through an isokinetic probe and monitored for airbarne
adioactivity by a beta gamma sensitive detector with a source check
and filters tor collecting air particulates and 1odine. A mitium monitor
is also provided for sample collection. Alarms are intnated on high
radiation and on abnormal sampling flow.

Radwaste liquid discharge - 1 channel

The liquid waste discharge from the plant is continuousiy sampled and
monitored by a liquid sampler, which consists of a scintillation detector,
a source check and an ultra sonic cleaner. Alarms aie initiated on high
radiation levels and on abnormal sampling flow. On high radiation in
the cischarged waste, the flow to the environment is automatically
terminated and alarmed.

Drywell sump liquid discharge - 2 channels, one per sump

The liquid discharge from each of the two drywell sumps is monitored
by an in-line ion chamber. On high radiation, the discharge to the
Radwaste Building is terminated and alarmed.

Standby gas treatment system (SGTS) discharge - 4 channels

The discharge from the SGTS to the stack is continuously sampled and
monttored for airborne radioactivity by two gas chambers that are in
series widh the How and by sampling filters for collecting air particulates
and halogens. Fach gas sampler consists of a scintillation detector and
a source check, A'so, radioactivity in the discharged gases are
continuously monitored for gamma radiation by two in-line high-range
1on chambers, Alarmus are initiated on high radiation levels

Turbine gland steam condenser discharge - 1 channel

The discharge from the main turbine gland steam condenser is
continuously sampled and monitored for airborne radioactivity by a gas
chamber and by sampling filters for collecting air particulates and
halogens. The gas sampler consists of a scinullation detector and a
source check for periodic testing of the detector. Vial sampling is

% 6/1/82
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provided tor laboratory analvsis. Alarms are initiated on high radimation

leverls
I5) Intersystem radiation leakage - 3 channels, one per RCW system loop

Intersystem leakage into each loop of the reactor butlding closed
cooling water sy: em is monitored by an insine s vaton detector {or

gross gamma ! acaoacuvity. An alanm i mtated o high radiation

Location of the process radiation monitors is shown in the plant layout drawing
of Figure 2.5.1 The radiation detectors are numbered according to the histing

MON i«lv‘;! J‘ oy
Inspections, Tests, Analyses and Acceptance Criteria

Table 2.3.1 provides a definition of the inspections, tests and /or analyses
together with (he assocated acceptance critenia which will be vndertaken for the

(9

Process Radiation Monitoring System

2.3.1 4
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Table 2.3.1: Process Radiation Monitoring (PRM) System
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment
The PRM is designed to continuousiy
monitor the radiation levels in process and

effluent liquid and gaseous streams
throughout the plant.

The PRM is designed to initiate
automatically the controls and safety
actions as required to isolate and prevemt
further releases of radioactivity

Each process radiation monitors is
designed to initiate alarms on high and low
radiatinn levels and when the monitor
indicates gross failure {(INC? trip).

The PRM is used to monitor radiation
levels during normal, abnormal and
accident plant conditions.

The PRM samples and monitor effluents
for noble gases and for collecting air
particulates, halogens and vial samples.

For the safety related functions, the PRM
provides 4 redundant divisional channels
to initiate the required protective action on
two out of four channel trip.

Inspections, Tests, Analyses

Each detector shall be checked for
sensitivity and calibration based on
certified records and/or response tests
using either a portable gamma source or
the detector check source as required. Each
radiation monitor shall be visuaily checked
for operational readiness.

The range of each radiation channel shall
be checked for the correct response using
sufficient simulated inputs. Also, the trip
levels that initiate the safety actions and
plant controls shall be verified.

The alarm setpoints of each radiation
channel shall be verified using the
adjustable trip output circuits and the INCFP
trip feature of the monitor.

Verify that the high range monitors of the
plant vent discharge and the SGTS can
detect gaseous effluents of levels up to 10°
ucjce.

Verify that the sampling racks and
associated equipment are operating within
specif ad limits to assure the extraciion of
valid and representative samples

Each required safety function shall be
tested using various simuiated signal
inputs to verify that the initiation of the
protective action occurs only when any two
out of four channels indicate trip.

Acceptance Criteria

1. Proper detector calibration and sensitivity
are verified based on acceptable records
and/or test resuits. Operational readiness
of each radiation monitor is verified by the
monitor self test circuitry.

2. Verification that the correct . onitor
response is indicated at the  acified
inputs for each channel. Als., confirmation
that the trips are initiated at the proper
setpoints.

3.Confirmation that alarm initiation oocurs at
the proper setpoint and when the monitor
indicates gross failure.

4. Verificction that each high range
monitoring channel including the
associated radiation monitor is capable of
satisfying this requirement.

5. Operation of the sample racks is verified
when the extracted air flow is normal and
is within acceptable limits.

6. Acceptance is based on satisfying the two
out of four criteria for initiating the
required functions.



SBOINON NOLWIGYE S iI0Md 3G NOLLYIO0 )

D RS e MR e

0

MISAS Oewiemrs ()

0104130 souwove ()

e mY LS wen ua

MELYE DR 0 DO W euser | L
WLYER YIS w0 0v e

SHLYE 0D $iOve  ee
BASAS WEIN0) e SOy v
Tamsn e

Vi e

e AT W Ve S BT SR e s e »

Visy e 0/,

RIWiN O

ISvMa § <
AVAM

SI0BUOY usieIpEY mm»ﬁ’. uone’0] | g7 aunbiy

- -
-

P T

e S e we e w 9.

o ]
|

Lo

w0 ﬁ‘v

*w m?.v

: »,u.n.‘_ |

@ ||

DG WS W iNOD

+

T .

1
- -
u.”.m_ 1 : h: -

() w (=)

\
=t

a P

m.w;so“
a3 |

vk

D0 W B0 Y e

T WE L SYmOve




e shman den

ABWR Design Document

2.3.2 Area Radiation Monitoring System

232

Design De.cription

The primary function of the Area Radiation Monitoring (ARM) System 1s 1o
monitor continuously gamma radiation levels at various locations within the
plant buildings, “nd to provide carls warning to plant personnel when high
radiation levels aie detected so that appropriate actions can be waken to reduce
further exposure to radiation

The ARM System con sists of loc al area radiation detectors, digita’ radiation
aonitors, and locas auxibiary units with audible alarms installed in selected key
areas. Fach in troume nted channel provades trips on high radiation level, lack of
detector vesponse, «ad on gross fallare of the menitor. Ala .« are actveted on
abnormal indicadons in the mam contiol room (MCR)as well as in the local
areas where the sonic alaims are provided.

The gamma radiation level is continuously monitored and recorded in each avea
where installed. An increase ‘n background radiation level is normally
attributable to either operational transients, maintenance activities, or to
nadve rreat release of radioactivity

The mstrumentation channels of the area radiation monitoring system are
designed to detect exposure rates from 10 mR/hr 1o 10 R/hr during reactos
operation and during abnormal and accident conditions. The measuring range
and sensitivity of each channel are based on the expected background radiation
level at the location where the detector is installed.

The alarm trip setpoint for each channel is adjustable and will be based on the
actual background radiation level measured at the detector locaton.

The system is classified as non-safety related. Power to the radiation monitors is
provided from the 125VAC non-essential vital source, which s available during
loss of off-site power.

The system design is configured as shown in Figure 2.3.2.
Inspections, Tests, Analyses and Acceptance Criteria
Table 2.3.2 provides definition of the inspections, tests, and/or analysis together

with associated acceptance criteria which will be undertaken for the ARM
System.

-1 6/1/92
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Table 2.3.2a: D21 Area Radiation Monitoring System

inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitiment

The instrumented area radiation
monitoring system channels are designed
10 measure and record the gamma
radiation levels at various locations in each
of the plant buildings.

Each channel mezsures and displays the
gamma dose rate across its monitoring
range and provides dosage leve!
indications in the main control room.

Each channel activates alarms in the MCR
and at local areas on indication of high
radiation, lack of detector rasponse, and
inoperative radiation monitor

Inspections, Tests, Analyses

Visually inspect and verify that the
equipment {_r each instrumented channel
is properly configured, installed and
functional.

Each channel! shali be tested across its
monitoring range to verify response,
sensitivity, and calibration by using a
portable gamma source traceable to the
NBS.

The alarm trip setpoints of each channel
shall be tested and validated. Initiation of
the appropriate alarms in the MCR and in
local areas shall be verified.

Acceptance Criteria

Verification that each channel
configuration is in conformance with the
required design. Also, that operational
readiness of each channel is varified when
indicated on the moniior,

Successful channel ope. anon wifi be
demonstrated when the radiation monitor
indicaies proper response and displays the
measurement within the required accuracy.

Initiation of the appropriate alarms is
confirmed at the required trip setpoints,




ABWR Design Document

TYPICAL CHANNEL

N

DIGITAL
GAMMA
SENSOR

e

TYPICAL CHANNEL

o™

OIGITAL
GAMMA
SENSOR

LOCAL
AUX

LINIT

MULTIPLEXER SYSTEM

DIGITAL
RADIATION
MONITORS

i

LOCAL KLAXON
HORN

l— 120 VAC VITAL
NON-ESSENTIAL

k HA HA HL HA HAL i
A A ‘l
|
INOPERATIVE REACTOR SERVICE CONTROL TURBINE RADWASTE |
MONITOR BLDG BLDG BLDG BLDG BLDG
Figure 2.3.2 Area Radiation Monitoring System
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2.3.3 Dust Radiation Monitoring System

Not an ABWR system. No entny
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2.3.4 Containment Atmospheric Monitoring System

234

Design Description

The primary function of the Containment Aunosphenc Monitoring (CAM)
Svstem is to monitor the atmosphere m the primary containment for excessive
gamma radiation levels and tor high concentration of oxygen and hvdrogen
levels during normal reactor operations and under post-acadent conditions
Tne CAM Systerm s classified as a salery system, seismic Category 1, and provides

no control funcuen

The safety function of the CAM System is to dentify if a potentially explosive
mixture of hydrogen and oxygen is building up in the primary containment
during postaccident monitoring, and provide concentration measurements to
the operatnr for use in flammability contral. Also, the use of gamma monitors
with high-range are provided for post-accident monitonng.

The CAM System consists of two independent but redundant divisional
subsystems (1 and 11, which are electrically and physically separated (Figure
2.3.4). kach CAM division provides measurement of the total gamma-ray dose
ate und of the concentration of hydrogen and oxyvgen levels in the diywell and
or the suppression chamber duning normal plant operation and following a
LOCA event,

The operation of each CAM Subsystem can be activated manually by the
operator during reactor operations, or it will be antomatically activated by the
LOCA signal, either on high drywell pressure or on low reactor water level. In
either mode, sampling is selected for the designated area.

Two high-range radiation monitoring channels are provided per division, one
for montoring the racdiation level in the drywell and the other tor monntoring
the radiation level in the suppression chamber. Each channel provides
continuous dosage rate measurements for display and recording in the control
room. Alarms are activated on high radiation levels and when the monitors fail
and become inoperative. Each monitor has a measurement and display range of
1 to 107R/ht

Fach divisional hydrogen/ oxvgen monitoring channel consists of a gassa - pling
rack used to extract samples of the atmosphere in the drywell (DW) or the
suppression chamber (8C) and tecds the sample o a local gas analyzer for
measurement and display in the control room. Alarms are activated on high gas
content levels and for abnormal flow sampling. Yach gas sampling cack is
piovided with gas calibration sources to verify operability of the indwidual gas
monitors and tor penodic calibration, Fach hvdrogen and oxygen monitor s
capable of measuring gas contents up to 30% o volume and displays digitally the

readout

1 Bf1/82
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!
Power to each CAM subsystem is provided from the uninterru

\\( \l‘:v{".." 111 SO t
Inspections, Tests, Analyses and Acceptance Criteria

lable 2.3 4 provides a definition of the inspeq
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Table 2.3.4: Containment Atmospheric Menitoring System
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

Each CAM subsystem is designed to be
operated manuaily. Air sampling and
radiation monitoring are performed to
check and analyze the air in the primary
containment for high levels of gas
concentrations and radiation

Each CAM subsystem is designed to be
activated automatically by a LOCA signal
for post-accident monitoring of the same
parameters as identified under item #1
above

Each radation channel monitors and
displays the gamma dosage rate in the
NORin R/hr, and activates alarms on hioh
radiation ltevels or when the monitor fails

Each CAM Systern gas sampler extracts an
air sample from the DW or the SC, analyzes
the hydrogen contents and displays the
measurement in the MCR in percent
volume. High gas levels and abnormal
sampling wi'' be alarmed in th.: MCR.

Each CAM System gas sampler extracts an
air sample from the DW or the SC, anaiyzes
the contents for oxygen and displays the
results in the " 'CR in percent volume. High
gas levels and abnormal sampling will be
alarmed.

inspections, Tests, Analyses

Manually activate each subsystem and
verify operational readiness of the
radiation monitors and the sampling
equipment. Select an air sampie from the
DW and SC, verify alignment of the sample
lines control valves, and cnheck for normal
air flow.

in the auto mode, use simulated LOCA
signals to i.itiate operatien of each CAM
subsystem and verify the sampling and
monitoring operations for the conditions
stipulated in item #1 above.

Each channel shall be tested to verify
channel response ar. ; measuremeant by
using a portable gamma radiation source.
Tests shall be performed at least one point
at lew end of the monitor range to verify
channel response and sensitivity. Perform
trip tesis to validate the setpoints.

Each hydrogen monitor shall be tested at
ieast two known H, concentration leveis
from 1 to 5 percent content using a
hydrogen gas calibrated source. The
channe! response and readout shall be
verified. Perform trip tests for setpoint
verification

Each oxygen monitor shall be tested at
least one known O, concentratior. level
from 110 5 percent content using an
oxygen gas calibration source. The channel
response and readout shall be verified.
Perform trip tests to verify the setpoints.

Acceptance Criteria

. Equipment readiness will be verified when

each radiation monitor and each sampling
rack correctly indicates no failure and are
ready for operation. Correct valve
alignment and normal air sampling will be
indicated by the instrumentation.

. Equipment readiness will be verified when

the same conditions stipulated under tem
#1 above are satisfied.

Successful channel operation will be
verified when each monitor provides the
required response and dispiays the sensed
radiation level and initiates the appropriate
alarms.

. Monitor operability will be verified when

the response and display are compatibie
with the tested gas levels. Confirmation
that the MCR alarms are initiated.

. Monitor operability will be verified when

the response and display are compatible
with the tested gas levels. Confirmaticn
that the MCR alarms are initiated
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. 2.4 CORE COOLING

2.4.1 Residual Heat Removal System

24

Design Description

The Residual Hea, Removal (RHR) Sostem is comprised of three divisionally
separate subsystems that perform a variety of functions utilizing the following six
basic modes of operation: (1) shutdown cooling, (2) suppression pool cooling,
(3) wetwell and drywell spray cooling. (4) low pressure core flooder (LPFL), (5)
tuel pool cooling, and (61 AC independent water addiuon. The configuration of
each loop is shown on its P&ID in Figure 2.4 1 (aligned in the standby mode).
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 , ol cooling, In line wirt its given functions,
portions of the system are a part of the ECCS rLetwork and the containment
cooling system, Additionally, portions of the RHR Systera are considered a part
of the Reactor Coolant Pressure Boundary (RCPR)

The entre RHR System is designed to safety-related standards, although it
performs some non-safety functions (i.e, those that are not taken credit for
when evaluating design basis accidents). The satety-related modes of operation
inchide: (1}low pressure flooding, (2)suppression pool cooling, (3) wetwell
spray cooling and (4)shutdown cooling. Non-satety-related modes of operation
include: (1)drywell spray ccoling, (2)AC independent water addition and
(3)augmented fuel pool cooling. The RHR System also provides a backup, safety-
related fuel poc! makeup capability. Ancillary modes of operation include
minimum flow bypas, and full flow testing.

The ECCS function of the RHR System is performed by the LPFL mode.
Following receipt of a LOCA signal ( low reactor water level or high drywell
pressure ), the RHR System automatically initiates and operates in the L PFL
mode (in conjunction with the remainder of the ECCS network) to provide
emergency makeup to the reactor vessel in order to keep the reactor core cocled
such that the criteria of 10 CFR 50.46 are met. 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
automatically initiated |, it may also be initiated manually. The system will also
automatically revert to the LPFL mode of operation from any other test or
operatng mode upon receipt of a LOCA signal. Euch RHR loop's RPV injection
qalve requires a low reactor pressure permissive signal whether being opened
manually or automatically in response to a LOCA signal.

The containment heat removal function in the ABWR is performed by the
Containment Cooling System, which is comprised of the low pressure core
flooder (LPFL), suppression pool cooling, and wetwell and drywell spray cooling
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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
SRVs, or indirectly via the drvwell and connecting vents. Subsequently. fission
product decay heat continues to add energy to the pool, The Containment
Cooling System is designed to limit the long-term bulk temperature of the
suppression pool. and thus limit the longterm peak temperatures and pressures
within the wetwell and divwell regions of the containment to within their
analyzed design limits, with only two of the three loops in operation (1¢, worse
case single failure). The cooling requirements of the containment cooling
function establish the necessary RHR heat exchanger heat removal capacity

The LPFL mode, in addition to its primary function of cooling the core, serves
to cool the containment, as the heat exchanger is designed to always be in the
loop. The dedicated suppression pool cooling mode is made availabue in each ol
the three loops of the RHR System by circulating suppression pool watet
through the respective RHR heat exchanger and then directly back to the
supprression pool. This mode of RHR is usually initiated manually but will also
mitiate automatically in response to high suppression pool temperature. The
wetwell and drywell spray miodes of RHR are each available in only two of the
three subsystems (loops B and C). These ‘unctions are performed by drawing
water from the suppression pool and delivering it to a common wetwell spray
header and/or a common drywell spray header both via the associated RHR
heat exchanger(s) These containment spray modes of the RHR System are
typically initiated manually, with the exception of automatic initiation of wetwell
spray coincident with automatic suppression pool cooling. However, the drywell
spray inlet valves can only be opened if there exists high drywell pressure and it
the RPV injection valves are fully closed. Wetwell and drywell spravs serve as an
augmented method of containment cooling. Wetwell spray also serves to
mitigate the consequences of steam bypassing the suppression pool.

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, including consideration of the worst case
system single tailure. The RHR heat exchanger heat removal capacity
requirements in this mode are bounded by containment cooling requirements
Shutdown cooling is initiated manually once the RPV has been depressurized
below the system low pressure permissive. In this mode each loop takes suction
from the RPV wia its dedicated suction line, pumps the water through its
respective heat exchanger, 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 lines (FW-
A). The heat removed in the RHR heat exchangers is transported to the ultimate
heat sink via the respective division of reactor cooling water and service water,
Each shutdown cooling suction valve is interlocked with that loop's suppression
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pool suction and discharge valves and wetwell spray valve 1o prevent draining of
the reactor vessel 1o the suppression poal. Also, each shutdown cooling suction
vitlve 18 interlocked with, and automatically closes on, low reactor water level

The augmented fuel pool cooling mode of the RHR System supplements,
replaces the normal fuel pool cooling svstem during infrequent conditions of
high heat load. This mode 1s accomplhshed manually in one of two ways. When
the reactor vessel head is removed, the cavity flooded and the fuel pool gates are
removed, the RHR System cools the fuel pool in the normal shutdown cooling
maode. 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 suction from
and discharging back to the normal fuel pool cooling system. This ccnnection
also provides for emergency fuel pool makeup capability by supplying a safety-
related makeup path 1o the fuel pool from a safetvarelated source (e the
suppression pool).

One loop (C) of the RHR System also functions in an AC independent water
addition mode. This mode provides a means of cross connectung the reactor
building fire protection system header to the RHR System just outside the
containment in the absence of the normal ECCS neiwork and independent of
the normal essential AC power distribution network. The connection is
accomplished by manually opening two in-series valves on the cross<onnection
piping just upstream of its tie-in 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 € RHR injection valve or the twe loop C drywell
spray valves These three valves also nave manual hand wheels, The fire water is
supplied via the system's reactor building distribution header by either the direct
diesel<driven fire pump or ftom an external source utilizing a dedicated
connection just outside the reactor building.

Each loop of the RHR System also has both a minimum flow mode and a full flow
test inode. The minimum flow mode assures that there is pump flow sutficient to
keep the pump cool by opening a minimum flow valve that directs flow back to
the suppression pool anytime the pump is running and the main discharge valve
15 closed. Upon sensing that there is adequate flow in the pump main discharge
line, the minimum flow valve is automatically closed. In the full flow test mode,
the system is essentially operated in the suppression pool cooling mode, drawing
suction from and discharging back to the suppression pool

The RHR System is comprised of three separate loops or subsystems, each of
which includes a pump and a heat exchanger, takes suction trom 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 portion of the suppression
pool return flow to a common wetwell spray sparger or direct the entire flow to
a common drywell spray sparger. The divisional subsystems of the RHR System
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are separated both mechanically and electrically, as well as heing physically
located in different areas of the plant o address requirements pertaining o fire
protection and other separation criteria. Fach of the three subsystems is
powered from a separate divisional power distribution bis that can be supplied
from either an on-site or oifsite source. Cooling water to each diwision of RHR
equipment (heat exchanger as well as pump and motor coolers) is supplied by
the respective division of the reactor cooling water (RCW) Svstem. The RHR
System also includes provisions {or containment isolation and RCPB pressure
solation.

The RHR System will maintain the capability to perform its intended safety-
related functions either following a Safe Snutdown Earthqueke (SSE) or during
the environmental conditions imposed by a LOCA, and in each case assuming
the worst case single failure. The system will also accommodate calculated
movement and thermal stresses. The system is designed so that the pumps will
have necessary head /flow charactenstics and available NPSH greater than
required NPSH for operating modes. The system can be powered from either
normal offssite sources or by the emergency diesel generators. The RHR System
is Seismic Category ! and is housed in the Seismic Category ! reactor building to
provide protection against tornadoes, floods. and other natural phenomena.

The RHR pumps are motor<driven centrifugal pumps each capable of supplying
at least 4200 gpm at 40 psid (drvwell to RPV), The pumps are ASME Code Class
2 components with a design pressure of 500 psig and a design temperature of
360°F. The pumps are interlocked from starting without an open suction path.
The RHR pumps are protected from possible pump run-out conditions during
operation. The RHR heat exchangers are horizontal U-tube /she Il type each
sized to provide a minimum effective heat removal capacity [ K<oefficient) of
175 Btu/sec®F. The primary and secondary sides of the heat exchangers are
ASME Code Class 2 and 3, respectively. The primary side design temperature
and pressure are 500 psig zid 360°F, respectively. The secondary side design
temperature and pressure are consistent with that of the RCW System. Each loop
of the RHR System has its own jockey pump to act as a keep-fill system for that
lwop's pump discharge piping. The jockey pumps are ASME Code Class 2.

The RHR System piping and valves are ASME Code Class 1 or £ as shown on the
P&ID (Figures 2.4.1a, b, ¢). The design pressure and temperature of piping and
valves varies across the system. For that piping attached to the RPV, from the RPV
out to and including the outboard containment isolation valves, the design
pressure and temperature are 1250 psig and 575°F, respectively. For other
piping open to the containment atmosphere, out to and including the outboard
containment isolation valves, the design pressure and temperature are 45 psig
and 219°F, respectively. For piping and valves outside the containment isolation
valves, the design pressure and temperature depends on whether it is located on
the suction or discharge side of the main pump Thaose portions on the suction
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side are rated at 300 psig and 360°F, while those portions on the discharge side
are rated at H00 psig and 36OF, respectively, The low pressure portions of the
shutdown cooling piping are protecied from tull reactor pressure by aviomaty
pressure isolation valves that are interlocked with reactor pressure. High
rehabilinn of this interlock is assured by utilizing four separate and divisionally
independent pressure sensors in a 2-out-of-4 logic. Add.tionally, in-series
inboard and outboard containment/ pressure isolation valves in each loop are
powered from separate electrical divisions. Relief valves are also provided ton

protection from overpressure

The RHR System includes control room indication 1o allow fo - monitoring and
control during design basis operational conditions, 1.e., systum flows,
temperatures and pressures, as well as valve open/close and pump on “off
indication for those instrumenis and components shown on Figures 2414, b
and ¢, with the exception of simple check valves and overpressure relief valves
(of the check valves shown only the testable check valves downstreanm of each

loop's RPV injectior valve has control room status indication)
Inspections, Tests, Analyses and Acceptance Criteria

This section provides a definiton of the inspections, tests and/or analvses
together with associated acceptance criteria which will be undertaken for the

RHR Svstem.
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Table 2.4.1. Residual Heat Removal System

inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

The configuration of the RHR System is
shown in Figures 2.4.1a, b and c, which are
each mechanically and electrically
separated from each other.

The RHR System operates in the LPFL
mode as part of the overall ECCS network.

The RHR System operates in the

suppress.on pool cooling mode to limit the
long-term temperature and pressure of the
containment under post-LOCA conditions.

A portion of the RHR System returt: flow (in
loops B & Cl can be diverted to the wetwell
spray header.

inspections, Tests, Analyses

Inspections of the as-buift RHR
configuration shall be performed.

The ECCS LOCA performance analysis for
assuring core cooling shall be validated by
RHR System functional testing, including
demonstration that the LPFL moae {(of each
]HR loop} is capable of automatically
initiating and operating in response to a
LCCA signal.

The primary containment performance
analysis for long-term peak pressure and
temperature shall be validated by RHR
System functional testing demonsirating
the required flowrate through the heat
exchanger and by inspection of vendor test
data demonstrating the heat exchanger's
effective heat removal capability.
Automatic initiation in the suppression
pool cooling mode will aiso be
demonstrated.

RHR System functional tests shall ba
performed to demonstrate wetwell spray
fiow capability.

Acceptance Criteria

Actual RHR System configuration, for
those components shown, conforms with
Figures 2.4 153, b and ¢ and separation
requirements,

RHR System actuation and operation is
consistent with the ECCS performance
analysis as follows:

RHR Flow (each toop)
..... = 4200 gpm {(at 40 psid)
Time to Rated Fiow (each loop)

RHR Systern sutomatically actuates in the
suppression pool cooling mode as
designed and RHR heat exchanger
performance is consistent with the
containment cooling system analysis as
follows:

Effective heat removal capability of each

RHRA Heat Exchanger (K coefficient)

includes effects of RCW, RSW and UHS:
.2 195 Btu/sec’F

Tube side flow of each RHR Heat

Exchanger

RHR loops B and C each separately are
capable of providing wetwsll spray flow
consistent with the suppression poui
bypass analysis as follows:

Wetweil spray flow.(each loop individucilyi

- 500 gpm.
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Table 2.4.1: Residual Heat Removal System (Continued)
inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

The RHR System operates in the shutdown
cooling mode to remove reactor core
decay heat and bring the reactor to cold
shutdown conditions.

The RHR System (loops B and C) operates
in the augmented fuel pool cooling mode
to supply supplemental or replacement
cooling to the spent fuel storage pool
under abnormatl conditions.

The RHR System (loop C) provides an AC
mdependant water addition function.

The RHR System operates when powe-ad
from both normal off-site and emery: cy
on-Si1e sources.

If aiready operating in any other mode, the
RHR System automatically revens to the
LPFL mode in response 1o a LOCA signai

. Pressure isolation valves are prov:ded to
protect low pressure RHR piping from
being subjected to excessively high reactor
pressure

inspections, Tests, Analyses

RHR System functional tests shall be
performed to demonstrate operation in the
shutdown cooling mode of operation.

RHR System functional tests shall be
performed to demonstrate cperation in the
augmented fuel pool cocling mode of
operation.

RHR System functionai testing shall be
performed to demonstrate operation in the
AC independent water addition mode of
operation.

RHR System functional tests shall be
performed to demonstrate operation when
supplied by eitiier normal off-site power or
the emergency diesel generator(s).

Using simulated inputs, logic and
functionat! tasting shall be performed to
demonstrate the RHR System’s ability to
avtomaticaliy revert to the LPFL mode fru m
any other mode

. Using simulated inputs, logic and

functiona! testing shali be performed to
demonstrate operation of automatic
isolation and interlock functions of
pressure isolation valves.

Acceptance Criteria

RHR System {each loop) is capable of
taking suction from and discharging back
to the reactor pressure vesse! [Heat
exchanger heat removal capability in th*;
mode is bounded by containment cooling
requirements - ITAAC # 3)

RHR System {loops B & C) is capable of
taking suction from and discharging back
to the normal fuel pool cooling system.
[Require cooling capability in this mode
bounded by containment cooling
requirements - ITAAC #3]

Flow capability exists for directing water
from the fire protection system to the RPY
and drywell spray sparger, via the RHR
System (leop C}, without power being
avaiiable from the essential AC distribution
systen’ The vah es are capable of being
opened by manual hand wheels.

RHR Sysiem is capable of operating when
supplied by either power  jurce.

RHRA logic functions to automaticaily
reconfigure the sy<tem to the LPFL mode
of operation i7s response to a LOCA Lignal.

. Automatic isolation and interlock features

function upon receipt of input cignals.
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Table 2.4.1: Residual Heat Removai Syste (Continued)
Inspections, Tests, analyses and Acceptance Criteria

Certifiad Design Commitmen®

The RHRA System full flow test mode allows
perudic demonsteation of RHR capability
during normal power operation.

The AHR pumps have sufficient NPSH
during postulated operating conditions.

The RHR pumps have adequate headflow
characteristics.

Controi room indications are provided for
RHA System pararmeters defined in Section
241,

17.

18.

19

inspections, Tests, Analyses

Functional tests will be performed to
demonstrate operation in the full flow test
mode.

Pump vendor racords will be irspected and
as-procured pump NPSH comgared with
appropriate measurements taken to
determine available pump NPSH.

Pump vendor test records and calculations
fiow testing conducted, to establish pump
headflow charactenstics.

Insmections will be performed to verify
presence of control rcom indicatior for the
RHR System (Section 2.4.1).

Accaptance Critera

17. Each RHR subsystem demonstrates ful!

Appr oxvimating actuai vessel injection
conditions during operation in the full flow
test mode.

18. Mimimum pump NPSH availabie, as

determined based on as-built condtions
and the resulits of vendor tests andior
requirements snd is consistent with design
basis analyses requirements.

. RHR pumps, in as-nstalied systerm

configuration, demonstrate head/fia
characteristics consistent with design Lase
anaiyses assumptions.

. The instrumentation is present in the

controi room as defined in Cection 2.4.1
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Figure 2.4 1b Residual Heat Removal (RHR-B) System
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2.4.2 High Pressure Core Flooder (HPCF) System
Design Description

The High Pressure Core Flooder tHPCF) Svstem is comprised of two divisionally
separate subsystems that provide emergency makeup water to the reactor for
transient or LOCA condivions, The configuration of cach loop is shown in
Figure 2.4.2 (aligned in the standby mode). The HPCF System s o part of the
ECCS network, and portions of tne system are considered a part of the reactos
coolant pressure boundary (RCPR)

The entire HPC' a0 o 50 Soned 1o satetvarelated standards, The ECCS
function of the } 207 e tned by the High Pressure Flooder Mode,
which floods the . < ¢ 0 2 reactor lor any reactar pressure condition
when an initation sign. 0. oveiwd, Ancillary maodes of operation include

minimum flow bypass and Lall flow testing

Following receipt of an iniuation signal (low reactor water level or hugh drywell
pressure ), the HPCF System automatically initiates and operates in the flooder
mode in conjunction with the remainder of the ECCS network. This emergency
makeup to the reactor vessel contributes to keep the reactor core cooled so that
the regulatory requirements governing fuel performance during a LOCA are
met by the ECCS network. The flooder mode 1s accomplished by both loops of
the HPCF System by transferring water from the Condensate Storage Tank
(GST) or the Suppression Pool (S/7) to the RPV. The flooder mode is the only
automatically initiated mode of the HPCF System, but it may also be initated
manually. The system will automatically revert 1o the flaoder mode of operation
from the test mode upon receipt of an initation signal.

Each loop of the HPCF System also has both a minimum flow mode and a full
flow test mode. The minimum flow mode assures that there is pump flow
sufficient to keep the pump cool by opening a minimum flow valve that directs
flow back to the §/P anytime the pump is ranning and the main discharge valve
is closed. Upon sensing that there is adequate flow in the pump main discharge
line, the minimum flow valve is automatically closed. In the full flow test mode,
the system draws suction from the §/P and discharges back to the /P

The HPCF System is comprised of two separate loops or subsystems, each of
which includes a pump and takes suction from either the CST or the 8P, and
divects water back to either the RPV or the S/P. The preferred suction source is
the CST. Automatic suction transfer from the CST to the §/P occurs with a CST
low water level signal or with a S/P h'zh water level signal. The divisional
subsystems of the HPCF System are separated both mechanically and electrically,
as well as being physically located in different areas of the plant to address
requirements pertaining to bire protection and other separation criteria. The
HPCF System is separated both physically and electrically from the RCIC System
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Fach of the iwo subsystems is powered from a separate Class 1F divisional power
disiribution bus that can be supplied from either an onssite or off-site source
Cooling water to each division of the HPCF pump and motor coalers is supplied
by the respective division of the reactor cooling water (RCW3 System The HPCF
System also includes provisions for containment isolat.on and RCPR pressure
salation

The HPCF Systera will maintain the capability to perform its intended safety
related functions either following a Safe Shutdown Farthquake or duning the
environmental conditions imposed by a LOCA, and in each case assuming the
worst case single failure. The system will also accommodate calculated
movement and thermal stresses. The system is designed so that available NPSH
exceeds required NPSH for the pumps in all operating modes. The system can
be powered from either normal off-site sources or by the emergency diesel
generators. The HPCF System is Seismic Category L and is housed in the Seismic
Category 1 reactor huilding to provide protection against tornadoes, floods, and
other natural phenomena.

The HPCF pumps are motor<driven centrifugal pumps capable of supplying
pressure at flow conditions at least equal to or greater than the value
corresponding to a straight line between a reactor pressure of 1177 psid at 800
gpm and at a reactor pressure of 100 psid at 3200 gpm. The 1177 and 100 psid
pressures are taken between the vessel and the air space of the compartment
containing the source water for the pump. The pun.ps are ASMFE Code Class 2
components with a design pressure of 1565 psig and a design temperature of
212°F. The pumps are interlocked from starting without an open suction path.
The HPCF pumps are protected from possible pump run-out conditions in all
operating modes, Each loop of HPCF utilizes a connection from the Makeup
Water System (Condensate) (MUWC), which remamns open throughout plant
operation to serve as a keepfill system for that loop's pump discharge piping.

The HPCF System piping and valves are ASME Code Class 1 or 2 as shown on
Figure 2.4.2. The design pressure and temperature of piping and valves varies
across the system. For that piping attached to the RPV, from the RPV out to the
containment side (downstream side) of the outhboard containment isolation
valves, the design pressure and temperature are 1250 psig and 576°F,
respectively. The design pressure and temperature for the outboard
containment isolation valves are 1565 psig and 5767 F, respectively. For other
piping open to the containment atmaosphere, out to and including the outboard
containment isolation valves, the design pressure and temperature are 45 psig
and 219°F, respectively. For piping ana valves outside the containment isolation
alves, the design pressure and temperature depends on whether itis located on
the suction or discharge side of the main pump. Those portions on the suction
side are rated at 200 psig and 212°F, while those portions on the discharge side
are rated at 1565 psig and 212°F, respectively, The low pressure portions of the
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shutdown cooling piping are protecied tron full reactor pressure by two check
valves 1n series or combinations of normally closed valves Relief valves are also
provided for protection from overpressure resulting from high pressure valve

leakage or water thermal expansion

Ihe HPCF Svstem includes Control Room indication to allow for the monit sing
and control during design basis operational conditions, e, system flows and
pressures as well as valve open; close and pump on ofl indication for those
mstruments and components shown on Figure 242, with the exception of
simple check valves and overpressure relicl valves (of the check valves shown
only the testable check valves downstream of each loop's RPY mjection valve las
control room status indication)

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.4.2 pm\'itlr'« a definition of the imspectons, tests and /or analyses

together with associated acceptance criteria which will be undertaken for the
HPCF System
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Table 2.4.2: High Pressure Core Flooder System

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment
The two loop divisional configuration of
the HPCF System is shown in Figure 2.4 2,
which are each mechamcally and
electricaily separated from each other.

The HPCF System operates in the flooder
mode as part of the overall ECCS network.

The HPCF System operates when powsred
from both normal off-site and emergency
on-site sources.

If already operating in any other mode, the
HPCF System automatically reverts to the
flooder mode in response to an intiation
stgnal

Inspections, Tests, Analyses

Inspections of tha as-buiit HPCF
configuration shall be performed.

The ECCS LOCA performance analysis for
assuring core cooling shall be validated by
the HPCF System:

a Demonstration that the flooder mode
iof each HPCF loop) is capable of
automatically initiating and operating
n response to an inttiation signal.

b. Anaiyses to demonstrate compliance
with acceptance critena using as-burit
functional performance test data and
construct:on dimensions.

HPCF System functional tests shall be
performed to demonstrate operation when
supphicd by either normal off-site power or
the emergency dresel generatorisi.

Using simulated inputs, logic and
functional testing shail be performed to
demonstrate the HPCF Systems ability to
automatically revert to the flooder mode
from any other mode.

1

2.

Acceptance Criteria

The actual two loop HPCF System
configuration, for those components
shown, with Figure 2.4 2 and

separation requirements.

HPCF System actuation and operation is
consistent with the ECCS performance
analysis as foliows:

a. HPCF pump developed pressures of at
ieast 1177 psid and 100 psid for flow
rates no less than 800 gpm and 3200
gpm, respectively, where the pressyre
difference is between the RPY and the
aw space cf the compartment
pump. and where the water
temperature is vaived at 50°F

b. 36 seconds maximum allowed delay
time from the intiating signal to rated
flow available and the injection valve
fully open.

HPCF System is capable of operating when
supplied by either power source.

HPCF logic functions to automaticaily
reconfigure the system to the fisoder mode
of operation upon receipt of an inmiation
signal
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Table 2.4 2. High Pressure Core Fliooder System (Continued)

inspactions, Tests, Analyses and Acceptance Criteria

“ertified Design Commitmaent inspections, Tests, Analyses Acceptance Lntena
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. 2.4.3 Leak Detection and Isolation System
Design Description

The primary function of this system s w detect and monitor leakage from the
reactor coolant pressure boundary (RCPB) and o initiate the appropriate safety
action 1o solae the leakage source and prevent further radiological releases

from the RCPR. The svstem is designed to sutcmaticallv initiate isolation of the
main steamhines and other process lines that connect to the containment
Isolation results in closure of the appropriate containment inboard and
outboard solation valves The LDS functions include containment isolation
following a LOCA event, monitoring of leakages inside and outside the primar
containment, monitoring of identfied and unadennfied leakages in the drvwell,
and annunciating excessive leakages in MCR

LDS is a four divisional safety system, The instrumentation that inmitiates
containment isolation consist of four redundant divisional channels for each
monitored plant variable, The logic design is such that any twoout-ofdow
channel trip will result in intiation of the appropriate isolation function

Various plant parameters are constantly monitored for mdication of reactor
coolant leakage such as flow, pressure, water level, temperaiare, radiation .. etc.

. All LDS safety related measurements are transmitted 1o the microprocesson
based Safety Systemn & Logic Control (SSLC) System for processing, setpoint
comparisons, and generation of the required trip signals tha initiate the
isolation functions. The LDS conuol and isolation signals are sealed-in and will
require manual logic reset to return the logic to its normal status

The fol'owing automatic control functions are provided by LDS

(1} lIsolation of B21 /MSIVs and MSL drain valves on low reactor water level
(L1.5), high MSL flow in any steamline, high MSL tunnel area
radiation, high ambient temperature in MSL tunnel area or in turbine
| building, low main condenser vacuum, or low inlet turbine pressure as
shown in Figure 2.4 3a.

| (2)  Lsolation of G31/CUW system process lines on low reactor watet level
(L2), high ambient MSL tunnel area temperature, high mass
differential flow, high ambient temperature in equipment areas, or
when C41 /SLCS 1s activated.

p
(3)  Inmiation of T22/SGTS operation on high drywell pressure, low reacton
water level (L3), or high radiation in the secondary containment.
|

243 -3 6/1/82
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Each divisional switch will isolate all s respective divisional
contatiment isolation valves except for the MSIVs and RCIC

(%) Two RCIC solation switches - one per division | and 2

Either divisional switch will isolaie the steam line o the RCIC tarbine
and cause turbine shutdowin. Division 1 will isolate the inboard and

civision 2 will isalate the outboard isolation valves

Logic reset switches (9 total) are provided on a dnvisional bases for manua! reset
of the logic, complementing the number of isolation switches that are provided
as described above

In addition to the isolation and logic 1eset switches, each MSIV is provided with
a mode control switch (dual bank) which supplies division 1 and 2 signals for

energizing its pilot solenoids #3 and #2, respectively. Also, each MSIV is provided
with a test switch (dual bank) which supplies two divisional signals to its solenoid
#1 for exercising valve closure 1o its 90% open position during reactor operation

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.4.3 provides a definition of the inspections, tests, and/ or analyses
together with associated acceptance criteria for the Leak Detection and Isolation
System.

4 6/1/82



Eve

2818

Table 2.4.3: Leak Detection and Isolation System

Inspections, Tests, Analyses and Acceptance Criteria

Certitied Design Commitment

LDS is designed as a safety system to
detect leakage from the RCPB by

muonitonng changes in plant parameters,
alarm the high ieakage ievels in MCR, and
initiate closure of the appropriate
containment isoiation valves.

Four redundant safety divizsional channels
are proewvided to monitor each plant
vanable. The logic desion i1s such that any
two ot of four channel trip will initiate an
isolation.

The LDS logic design permits bypass of 3
single diwision of sensors at any one time
to permit test and mantenance dunng
normal reactor operation without causing
outage,

The LDS design provides each MSiV with a
dual bank mode control switch to open and
close the valve, and with a dual-bank test
switch to exercise valve closure during
TeacTor operation.

Inspactions, Tests, Analyses

Each LDS channel shall be checked for
proper calibration either by reviewiig
certified records. by performing channel
response tests and/or by cross channel
companson. To check channel integrity and
aperabitity, a simulated signal input shall
be used to verify initiation of the
appropriate trip signal at the specified
Each LDS logic isolation function shall be
tasted using vanous simulated signal
inputs to verify that isolation occurs only
when any two or more out of the four

While in channel bypass. each LDS logic
isolation function shall be tested using
various simulated inputs to venify that
isolation occurs only when any two or
maore out of three channels indicade trip.

Actuation of the MSIV mode switch shali
cause the valve to open. The mode switch
shail provide 2 control signal, Div 1 to pilot
solenocid #3 and Div 2 to pilot solenoid #2.
Actuation of the test switch shali cause the
vailve t0 partiaily close to its 90% open
position and “hen return to normal. The
test switch shall provide Div 1 and 3 for the
outboards and Div 2 and 4 for the inboard
MSHVs.

8

Acceptance Criteria

Proper channel calibration and response is
verified when the records and/or the test
channel integrity and operability is verified
when the tnp signal that initiates an alarm
and/or isolation occurred at the setpomnt.

Acceptance 15 based on satisfying the
required two out of four criteria for
initiating an isolation function.

Acceptance is based on satisfying the
required two out of three critenia for
initrating an isolation function while in the
bypass maode.

Acceptance is based on verifying valve
operation ut-der the specified condmons
Div 1 and 2 mode switch control signais
when apphed to MSIV pidot solennids #3
and #2, respectively. cause the MSIV to
fully open. Either divisional control signals
from the test switch when applied to MSIV
pilot solenoid #1 cause partial closure
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Table 2.43: Leak Detection and Isolation System (Continued)
inspections, Tests, Analyses and Acceptance Criteria

The LDS design provides control switches
to isniate separately the MSIVs, RCIC and
the PCV as follows:

Four [AISV switches, one/division 1to 4
Two RCIC switches, one/division 1 and 2
Three PCV switches, one/division 1to 3

The mamn condenser vacuum logic
channels are bypassed during startup and
shutdown to guard against spurious
isolation

The LDS design provides divisional logic

reset switches that are used for initial set of
the logic to de-energize to trip and for logic
reset after the trip conditions have cleared.

LDS monitors identified and un-identified
leakages in the drywell and alarms in MCR
excvessive leakages

5.
a.

inspections, Tests, Analyses

Simuitaneous clusure of the MSIVs shall
cccir when two MSIV switches are
actuated, Div 1 and 4 or Div 2 and 3.

RCIC system shali be isolated by either Div
1 or 2 switch. (Div 1 for inboard and Div 2
‘or outhoard valves.)

Each PCV divisional switch shall isolate its
valves.

Venfy that each mamn condenser vacuum
channel can be manually or automaticaily
MSIV trip under simulated conditions.

The divisional iogic isolation chan.nel of the
MSIVs, RCIC, and the PCV shall be initially
sat. Four switches (1/Div) are provided for
MSIV logic reset, two switches {1Div} for
RCIC logic reset, and three switches (1 for
Div 1, 2 and 3) for PCV logic reset.

Verify that the instrumented channeis that
coolers condensate flow, and leakages
from valve stems are operable and the
alarm setpoints are correctly set

Verification that each main condenser
vacuum logic channel can be bypassed as
mndicated by the logic

Confirmatinn that the divisional logc for
the specified functions are normally set.

Confirmation that each instrumented
channel is operable and that alarm
setpoints are verified

T —
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. 2.4.4 Reactor Core Isolation Cooling System
Design Description

The Reactor Core Isolation Cooling (RCIC) Svstem, i comjunction with othes
systems, supplies makeup water 1o the reactor pressure vessel to assare that
sutlicient water inventory is maintaned to permit adeguate core cooling (o take
place during the following events

(1) Losscof<oolant accident (LOCA)
(2) WVessel solated and mamtained at hot standby
(3) Vessel isolated and accompanied by loss of feedwater HNow

1) ("nmph'le' plant shutdown with loss of normal feedwater system betore
the reactor is depressurized to a level where the shutdown cooling
mode of the RHR Svstem can be pl.u ed i service

(5) Loss of all AC powe .

The RCIC System consists of a 100% capacity steam-driven turbine which drives
a 100% capacity pump assembly and the pump accessories, The system also
. includes piping, valves, and instrumentation necessary to provide several flow
paths for system operation. The RCIC steam supply branches off from main
steamline "B" (leaving the RPV) and goes to the RCIC tarbine with drainage
provision to the main condenser. The turbine exhausts 1o the suppression pool
with vacuum breaking protection. The primary source of RCIC suction supply s
trom the Condensate Storage Tank (CST). The suppression pool water is the
secondary source of RCIC supply. Autor tic switchover of makeup water source
from the CST to the suppression pool (with overnide provision) is mtegrated in
the system logic, CST and suppression pool suction valves are interlocked, and
chieck valves are provided to safeguard accidenta! drainage of CST water to the
suppression pool . RCIC pump discharge lines include the mamn discharge 1o the
feedwater line, a test return line to the suppression pool, a pump minimum flow
bypass line o the suppression pool, and a cooling water supply line to auxiliary
equipment. The piping configuration and instrumentation are shown in Figure

244

The RCIC System is a part of the ECCS network and is designed o safety-related
standards. It is powered from Class 1E DC sources (except the mboard steam
supply isolation valve, wh 1 has Class 1E AC), and is designed to perform its
function deprived of all sources. Although RCIC System design is safety
. related, it also performs some nonsafety-related functions. The satety-related
functions include emergency core cooling. in conjunction with the High
Pressure Core Flooder (HPCF) System, Automatc Depressurization System

244 1 6/182
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(ADS) and the Residual Heat Removal (RHR) System. As part of this network,
the RCIC System can provide reactor makeup in the period while the reactor is
still at high pressure atter a small break has occurred. The nonsatetvrelated
functions include providing makeup water to the reactor Hressure vessel (1)
during transient events accompanied by loss of feedwater, and (2) during a
complete loss of all AC power (Station Blackout).

During normal operation, the RCIC System s in s standby condition with the
motor-operated valves in their normally open or normally closed position
(Figure 2.4.4). In this mode, the pump discharge line is kept lilled with water
supplied by the system head of the Condensate Makeup System to prevent
waterhammer in the discharge piping svstem when the RCIC System is initiated.
Full flow functional testing may be performed with the RCIC pump taking
suction from and returning flow to the suppression pool Should an initiation
signal occur during test mode, the system configuration would automatically
realign to the vessel injection mode.

During transient and LOCA events, RCIC System is automatically initiated upon
receipt of low reactor water level or high drywell pressure signal. The steam
turbinedriven pump delivers water from the CST or from the suppression pool
to the reactor vessel via the feedwater line "B” and distributes it through the
leedwater sparger to promote mixing with hot water or steam within the reactor
vessel. The RCIC turbine is driven by the portion of the decay heat steam from
the reactor vessel, and exhausts through a discharge sparger below the
suppression pool watey level. The turbine exhaust line penetrates the
containment & - location about 1 meter above the suppression pool maximum
water level. Two vacuum breakers in series are connected to the exhaust line
(abave the suppression pool water level) in the wetwell air space. A check valve
and a remote manually operated motorized valve installed in series outside the
containment provides containment isolation function for the turbine exhaust
line.

When high reactor water level in the reactor vessel has been established, the
vessel injection valve and the steam supply admission valve to the turbine will
close, causing the turbine to shut down. When the low veactor water level
initiation signal re-occurs, the RCIC System will automatically restart o provide
the core cooling function.

The RCIC warbine is automatically tnipped (turbine trip and throttle valve
isolated) upon receipt of any signal indicating turbine overspeed, low pump
suction pressure, high turbine exhaust pressure, or an auto-isolation signal from
the Leak Detection System (LDS). Once tripped, the spring closing mechanism
latches and must be manually reset if the turbine needs to be restarted. This very
same solation signal (LDS) also isolates the RCIC steam supply isolation valves

' 6/1/82
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The RCIC turbane which drives the pump is a safety © . Aponent,
although not covered by the ASME Code. The gland seal os wot saletv-related. b
it 18 not essential tor RCIC aperation. The turbine and 1 accessories are
seismicallv designed and analvzed w withstand a design basis earthquake (DBY )
The trbine s designed to operate at both hagh and low pressuce conditions
The minunum steam inlet pressures at hagh pressure condition is 82 8 kg
em*abs, and 10.5 kg /cm*abs for the low pressure condition

The RCIC pumps is designed to Seismic Category 1 Quality Group B, The pumyp
6 a constant flow centrifugal type capable of providing an injection flow into the
reactor vessel of at least 187 m” /ha against a difterential pressure of 828 kg '« me
{drywell to RPV) within 30 seconds following receipt of initiation _gnals. The
suction piping configuration is designed such that adequate NPSH is alwavs
available on all RCIC operating modes. Pump developed head is about 900
meters at 838 kg, cm®abs and 186 meters at 116 kg/cm*“abs reacton pressure

The RCIC System includes control room indications and alarms to allow for the
monitoring and control during the design basis operational conditions, 1e.,
system flows, temperatures, pressures, valve open/close and pump on/ off
conditions, and bypassed, overnide or inoperative status conditions.

Inspections, Tests, Analyses and A/ ceptance Criteria

Table 2.4.4 provides a definition of the inspections, tests and, or analyses
together with associated acceptance criteria which will be undertaken for the
RCIC System

\ 6/1/92
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Table 2.4.4: Reactor Core Isolation Cooling System (Continued)
inspections, Tests, Analyses and Acceptance Criteria

Certitied Design Commitment

9. RCIC mechanical equipment (except the 9.

turbene} is built in accordanae with ASME
Code Section Nl requiren .

10. Provision for control room alarns, and 10.

indicatrons wital for RCIC System
operation.

Inspections, Tests, Lnalyses Acceptance Criteria
Procurement records and actual equipment 9. Certified documentation demonstrates
shail be inspected to verify that applicabie compliance with the appropriate ASME
RCIC System components have heen Code.
designed, manufactured and installed per
relevant ASME Code.

Inspection will be performed to verify 10. The control room alarms and indications
presence of control room alarms and specified in Section 2.4 4
indications.
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. 2.5 Reactor Servicing Equipment

2.5.1 Fuel Servicing Equipmn.ent

25

Design Description

The fuel servicing equipment is that equipment required tor normal planned
reactor refueling outage. This equipment will be used with other general plart
equipment that is not covered here. Also listed with this equipment is the
Refueling Pladorm and this is covered in secuon 2.5.5

Fuel servicing equipment has an “Non-Essential Classification”, “Safety Class” of
other, "Quality Group” of Electrical Codes and a 'Seismic Category' of none. The
only exception to this is the New Fuel Inspection Stand which is “Passive
Essental” and “Safety” ciss 2

Fuel Prep Machine

The spent fuel storage pool has two fuel prep machines mounted to the pool
alls. These machines are used for the stripping reusable channels from spent
fuel a- ' for channeling of the new tuel. These machines also provide an under
rater inspection capability of the fuel. The fuel 1s mounted to the carriage which
has an upper travel stop.

New Fuel Inspection Stand

This fixture is a staad that holds two fuel assemblies for receiving inspection.
There is a movable work platform surrounding the stand which allows the
technicians to perform the inspection. The stand is firmly attached the wall on
the refueling floor.

Channel Bol Wrench

Th sis a long socke, wrench that fastens and unfastens the cap screw holding the
ch. anel to the fuel assemble, The wrench also captures the screw

Channel Handling Tool

This 1s a manually operated channel grapple that uses the area boom on the jib
crane to support the weight.

Vacuum Sipper

This 1s a fuel solation container for the monitoring of suspected cladding
failures, Fission product gas leakage s sensed by the Bota detector and
monitoring console

-1 6/1/92
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General Purpose Grapple

Generally used for fuel handling and support by the area jib crane. Used

primarily in conjunction with the fuel prep machine
Channel Handling Boom

This is a jib crane located in the area of the fuel prep machines [t is used to

conveniently items between the fuel prop machine and the storage racks
In: sections, Tests, Analyses and Acceptance Criteria

No entnries for this system

£.9
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252 Miscellaneous Servicing Equipment

Design Description

This equipment is generally used independently of other servicing equipment
Equipment requirements are that they operate in a environment up 1o a depth
of 33 meters. Other requirements are that the equipment can be quickly

decontaminated and can be stored with a minimum of manpower
Under Water Lights
Three types of hights are used; A general area, a local area and a drop type light

Viewing Aids

Three types of viewing aids are used; The floating type is the simplest, the under

water viewing tube is a 1560 power telescope and the last is a under water
remotely controlled television camera with an internal light source

Under Water Vacuym Cleaner

The vacuum cleaner rests on the pool floor and is completely serviceable there.
The power and control comes from the refueling floor by cables and the cleaner

has 1ts own accessories,
Inspections, Tests, Analyses and Acceptance Criteria

Tahle 2.5.2 provides definition of the inspection. test and/or analyses together
with associated acceptance cnteria which will be undertaken for the Servicing
Equipment.

~
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Table 2.5.2: Miscellaneous Servicing Equipment

Inspections, Tests, Analyses and Acceptance Criteria
Certified Design Commitment inspection, Test, Analysis Acceptance Criteria

1. Environment 33 metars of witer 2. Instali vacuum cleaner in 33 meters of 1 Visually evaiuate the clezner operations.
water and give operation test.

Install television camers in 33 meters of 1 Visuaily evaluate the camera operations.
water and give operation test.

L]

Environment 33 meters of water
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Dryer and Separator Strongback

The strongback is used to move the steam dryer or shroud head with steam
separator between the vessel and storage. The strongback has pneumaticalh
operated pins to engage the steam dryer or shroud head. The suongback is
designed in accordance with the AISC and has a Safety Factor of 1001 better with
respect to the ultimate suength of the material. The strongback is proof-tested
at 125% of rated load and all welds are magnetic particle inspected atter load

test
Head Strongback/Carousel

The strongback 1s a combination of strongback. circular monorail and circular
storage tray. The strongback services many functions with respect 1o the vessel
head, The construction of the strongback is in accordance with the applicable
AISC requirements. The suongback is designed to provide a 15% impact
allowance and a Safety Factor of 10 or better to the ultimate strength of the
material. The strongback is also designed to meet the applicable Crane
Manufacturers Association of America, Specification and be tested in
accordance with applicable ANSI requirements. All welding will be in
weordance with The ASME Boiler and Pressure Vessel Code, Section [N, Weld., 1
Qualificauon and proof load testing will be preformed with magnenc-parnticle

inspection before coating.
Inspections, Tests, Analyses and Acceptance Criteria
Table 2.5.3 provides definition of the inspection, test, and,/or analysis together

with associated acceptance criteria which will be undertaken for the RPV
Servicing Equipment.
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Table 2.5.3: RPV Servicing Equipment

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment
All tools have 60-year life.
Steam line plug safety factor of 5

Steam tine plug is constructed to ACM
code

Meet or excead the requirements of tha
AISC using the floor response spactrum
method of seismic analysis for pedestal.

Pedestal approved coating.
Rack to store 8 studs.
Rack safety factor of 5.

Rack is constructed to ACM code.

D/S strongback constructed te ASIC code

DS strongback safety factor of 10

D/S strongback proof-tested at 125% of
rated load.

D/S strongback welds are magnetic particie
inspected.

Head strongback construction in
compliance with AISC and ACM.

Head strongback designed for 15% impact
and safety factor of 10 or bener

Head strongback designed to meet
apphcable crane manufacturers’
association requirements.

12.

13

14

15.

inspection, Test, Analysis
Examine the design data.
Examine analysis.

Examine certificaticn data report |
k. «mine certification analysis repon.
Examine certification data repornt.
Visual inspection of rack capacity.

Examine analysis.

Examine cartification data report.

Examine certification data report.

. Examine analysis.

Examine certification data report.

Examine centification test resuits.

Examine certification data report.

Examime analysis

Examine Spec 70 and construction data
report.

® N o o

10.

1.

X

13.

14

15.

Acceptance Criteria
Design data shows compliance.
Analysis shows safety factor of 5.

Certification data report shows
compliance with ACM code.

Certification data shows compliance with
AISC.

Data report shows compliance.
Visual inspection provides verification.
Analysis data providas verification.

Certification data report shows
compliance with ACM code.

Certification data report shows
compliance with AISC code

Analysis data shows safety factor of 10.

Certification data shows 125% of rated load
compliance.

Certification data shows results of tests.

Certification data reports show
compliance with AISC and ACM code

Analysis data shows safety factor of 10 and
15% impact aliowz ce.

Data report shows compliance wiih
aonlicable requirements

R T—
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Table 2.5.3: RPV Servicing Equipment (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment inspection, Test, Analysis Acceptance Criteria
Head strongback testing in accordance 16. Examine test results and compare with 16. Test results verify compliance with
with applicable ANSI requirements. ANSI B30.16. applicable ANSI requirements
All welding in accordance with ASME 17. Examine certification data report. 17. Certification data report shows
Boiler and Pressure Vessel code, Section compliance and verification of ASME, BPY
X, welder qualification and magnetic code Section IX, welder qualification and
particle inspection. magnetic particle inspection.
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2.5.4 RPV internal Servicing Equipment

Design Description

The instrument strongback is used 1o handle LPRM, and SRNM Dry Tube from
the floor to the reactor well. The auxiliary crane ol the building crane shall b
used to lift and rotate the strongback from horizontal position to vertical
position, Then this strongback is moved towards the reactor well, lowered into
the RI'V. Upper portion of the strongback remains above water level so as thie
workers on the retueling pladorm can perform the operanon. The Instrament
Handling Tool s connected to the wire terminal of the auxiliary hoist of the

refueling plattorm receives LPRM or Dry Tube trom the strongbach

Instrument Strongback

The instrument strongback is used to support m<ore dry tubes while heing
2 :

assembled into the open reactor vessel
Instrument Handling Toc!

The instrument handling tool is used 1o grip the dry tube assembly for removal

from the reactor vessel
Inspections, Tests, Analyses and Acceptance Criteria

Table 2.5 .4 provides definition of the inspections, tests, and /or analyses together
with associated criteria which will be undertaken for the Internal Semvicing
Equipment

1



Table 2.5.4: RPV internal Servicing Equipment

Inspections, Tests, Analyses and Acceptance Criteria

Inepection Yoot t’\’l.".’v‘?" cceptance Critena
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255 Refueling Equipment

255

The Reactor Building is supplied with a refue.ag plattorm for fuel movement
and servicing plus an auxiliary platdorm for servicing operations from the vessel
flange level

Design Description—Refueling Platform

The retueling platform is a gantry crane, which spans the reactor vessel and the
storage pools on bedded tracts in the refueling floor. A telesc oping mast and
grapple suspended from a trolley system is used to lift and orient fuel bundles
tor placement in the core and,/ or storage racks. Control of the platfor n is from
an operator station on the refucling floor,

A position indicating system and travel limit computer is provided to , acate the
grapple over the vessel core and prevent collision with pool obstacles. “wo
auxiliary hoists, one main and one auxiliary monorail trolley-mounted, are
provided for incore servicing The grapple position provides sufficient water
shielding over the active fuel during transit. The mast grapple has a redundant
load path so that no single component failure will result in a tuel bundle drop,
Interlocks en the platform: (1) prevent hoisting a fuel bundle over the vessel
with a control rod removed; (2) prevent collision with fuel pool walls or other
structures; (3) limit travel of the tuel grapple; (4) interlock grapple hook
engagement with hoist load and hoist up power; and (5) ensure correct
sequencing of the transter operation in the automatic 1 inanual mode

Design Description—Auxiliary Platform

The auxiliary platform provides a reactor flange level working surface for in-
vessel inspection and reactor internals servicing, and permits servicing access for
the full vessel diameter. No hoisting equipment is provided with this platform, as
this function can be performed from the refueling platform. The platform
operates on tracks at the reactor vessel flange level and is lowered into position
by the Reactor Building crane using the dryer/ separator strongback. The
platform power is supplied by a cable from the refueling floor elevation.

Inspections, Tests, Analyses and Acceptance Criteria
Table 2.5.5 provides definition of the inspection, test, and/ or analyses together

with associated acceptance criteria which will be undertaken for the refueling
plattorni. No entries are proposed for the auxiliary platform,
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Table 2.5.5: Refueling Platform

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment inspections, Tests, Analyses

The refueling platform has two auxiliary 1. Perform load tests on both auxiliary hoists.

hoists having the capacity of 500 kg each.

The platform is provided with controis and 2. Review of as-installed equipment and fieid
interiocks which: tests will be conducted after the platform
has been installed.
a. Maintain water shielding over fuel
when grappled on mast

b, Allow no fuel moveiment over vessel
when control rod is removed

¢. Provide fue! grapple travel limit.

d.  Prevent collision with fuel pool walls
and other structures.

e. Interlock grapple hook engagement
with hoist load and hoist up power

f. Insure automatic sequencing control
for transfer operation

z

Acceptance Criteria

Both auxiliary hoists shal! be load tested
and hoid 125% of rated load.

Using normal installed controls and power,
the platform meets required operating
characteristics.
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Design Descriotion—Fuel Storage Racks

Design Description——-New Fuel Storage Rack JEAGY

B Inspections, Tests Analysvis and Acceptance Criteria
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Table 2.5.6: Fuel Storage Racks

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

A full rack is subcritical by at least 5% Ak,
which includes uncentainty value and
associated probability and confidence
level.

The cooling water in the spent fuel storage
poal shall be under 212°F when all storage
positions are full,

The structure, its appurtenances and its
supports shall satisfy the ASME Class,
Seismic Category and Quality Group
requirements commensurate with its
classification.

2.

inspections, Tests, Analyses

Design documentation and records will be
reviewed to confirm that required criticality
margin has been provided. As-installed
equipment will be compared to design
documentation; reconciliation analyses will
be performed if necessary.

Documentation for the as-instalied racks
will be reviewed to confirm that adequate
cooling will occur.

inspections will be conducted of ASME
Code required documents and the code
stamp on the components.

Acceptance Criteria

The calcuiated kg,,, including biases and
uncertainties, will not exceed 0.95 under
normal and abnormal conditions.

The combination of storage racks and
support structure provides adequate flow
to prevent water from exceeding 212°F.

Existence of ASME Code required
documents and the Code stamps on the
components confirms that the structure
and components have been designed,
analyzed, fabricated and examined in
accordance with the applicable
reguirements.
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2.5.7 Under-Vessel Servicing Equipme.*

Design Description

The functions of the underwreactor vessel servicing equipment s to: (1) remove
and install control rod drives; (2) install and remove the neutron detectors; and
(3) remove and install RIP Motors. The equipment handling pladorm and the
CRD handling equipment are powered poeumaticaliy. This equipment s
classified as Non-essential with a safety class of "Other”, has no Sesmi
requirements and a general Industial code quality grouping. These
charactenistics are valid except where noted otherwise

Under-Vessel Platform

This is the working surface for equipment and personnel. The plattorm is polar
and capable of rotating 360 degrees and is designed in accordance with the
applicable requirements of OSHA (Vol 37, No. 202, Part 1910N), AISC, ANSLC
I, Nanonal Electric Code

Spring Reel

The Spring Reel is used to pull guide tibe seals and detectors during incore
servicing.

Water Seal Cap

The Water Seal Cap is used to prevent leakage of the prunary coolant during
detector replacement

Incore Flange Seal Test Plug

The Incore Flange Seal Test Plug is used to determine the pressure integrity of
the incore flange O-ring seal

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.5.7 provides definition of the inspections, tests and /or analyses together
with associated acceptance criteria which will be undertaken for the Under
vessel Servicing Equipment

1 6/1/92
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Table 2.5.7: Under Vessel Servicing Equipment

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitmenti

Piatform designed in accordance with
OSHA (Vol. 37, No. 202, Part 1410N).

Platform construction in accordance with
AISC

Same for ANSI-C-1.

Same for Nationai Electric Code.

2.

Inspection, Test, Analysis

Examine design data, OSHA regulation,
and visual inspect platform.

Examine design data, AISC specifications,
and visual inspect platform.

2.

Acceptance Criteria

Visual inspection and design data show
compliance with OSHA,

Visual inspection and design data show
compliance with AISC.
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258 CRD Maintenance Facility

Design Description

The CRD maintenance tacility is desiened and ¢ quipped to accommaodate the
performance of fine motion contral rod drive (FMCRD) maintenance related
activities, including decontammation of the FMCRD components, performance
of acceptance tests, and drive storage. The facility uses manual and o1 remote
operaton o reduce radiation ¢ Nposure to pl.ll)! Perse nnel and 1o reduce

contamination of \Ull(nuu'hn,; cqaipment (ilnlng Operation

I'he CRD maintenance facility 1s housed in secondary containment near the
lower drywell equipment the lavout of the facility is designed to increase the

efliciency of the personnel, thereby reducing the number of workers required,
Inspections, Tests, Anaivses and Acceptance Criteriu

No entries for this system

58 1 6/1/82
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259 Internal Pump Maintenance Facility

Design Description

The Reactor Internal Pump (RIP) maintenance facility is located i the reacton
building and is designed for performing maintenance work on the RIP motor
including decontamination, in the assembled and disassembled states. The
facility is equipped with all tools, cranes and fixtures nee ded tor inspection of
motor parts and motor heat exchanger tube bundles. Undervessel RIP handling

tools are stored outside this area
Inspections, Tests, Analyses and Acceptance Criteria

No entries for this system

B8/1/97
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. 2.5.10 Fuel Cask Cleaning Facility

Design Description
This facility is located in two difterent areas of the plant
The receiving area of the plant will have tacilities for
(1) Checking the cask for contamination
(2) Cleaning the cask of road dirt
(3)  Inspection of the cask tor damage
(4) Auachment of the cask lifting yoke
(5) Removal of head bolts and attachment of head lifting cables
(6) Raising the cask to the refueling floor using the main building crane
Upper Cask Cleaning Facility
The refueling floor will have facilities for:
! . (1) A deep drainable pit with gate acess to the storage pool.
| (2) A under water area for the storage of the cask head and lifting yoke

(3)  Aarea for high pressure cleaning and decontamination. This area must
be accessible for chemical and hand scrubbing, refastening the head
andsmear tests.

Inspections, Tests, Analyses and Acceptance Criteria

No entnies for this svstem

25.10 1- 6/1/92
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2.5.11 Plant Start-up Test Equipment

Design Description

No Twer 1 entuy tor |i“\ systet
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2512 Inservice Inspection Equipment

Design Description

A typical nuclear power plant facility utilizes a wide range of msernvice mspection
equipment much of which is equipment and matenals used in performance of
visual, surface and volumetric examinatians required by the ASME Caode,
Section XL Automated ultrasonic scanning equipment using multiple angle
beam and straight beam transducers may be employed for volumetric
examination of areas such as reactor pressure vessel welds and nozzle inner radin,
The data from the automated examination is typically stored on optcal disk or
other appropriate recording media for subsequent computer-assisted data
analysis. Manual ultrasonic examination equipment may be emploved to
supplement the automated examination if necessary or to perform the
volumetric examination of areas such as ANME Class 2 vessel welds and nozzle
mner radi. Manual ultrasonic e x inuzaticn eaupment consists of an ultrasonic
instrument containing analog .-~ digial oscilioscope-style display and hand-held
transducers, Where more tian o angle be i a examination is required due to
the Class 2 vessel wall thickness, additianal manual scans may be performed
using ultrasonic transducers adjusted for the required angles of examination
Class 1 and 2 piping welds may be examined volumetrically using etther
computerized, automated uloasopic scanning equipment o, using manual
uitrasonic examiraton equpment. Surface examinations of ferritic vessels and
piping may be perforred using the magnetic particle examination method with
either prod or yo e (ype equipment. The magnetic particles may be either dry
or may be in a wet sispensi .o and may be either tluorescent or colored lor
viewing in visible light. Surtace examinations of non-magnetic vessel and piping
welds mav be performed using either fluorescent or visible dve liquid penetrant
materizls. When fluorescent magnetic particles or liquid penetrant materials are
used, portable ultraviolet lights are used for viewing. Eddy<current probe coils
iriven by automated scanning devices with computerized data acquisition
svstems may be substituted for surface examinations where the component
configuration or radiation condit’ ns render other surface examination
techniques impractical or undesirable. Visual examinations of Class 1 and 2
bolting and component supports and attachments on Class 1, 2and 3 piping and
components may be conducted directly using simple aids such as mirrors and
magnifying glasses. Remote visual examination equipment may be used for
examination of interior surfaces of the reactor vessel and other components.
Rigid fixtures are sometimes used as an aid in performance of the remote reactor
visual examinations

It is anticipated that these will be continuing beneficial advances in the
technology of inservice inspection. As these enhanced technologies become
available and proven, they will be applied (as appropnate) to inspection of the
certified design

1. 6/1/92
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Inspections, Tests, Analyses and Acceptance Criteria

Na entries for this svsten
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2.6 REACTOR AUXILIARY

2.6.1 Reactor Water Cleanup System

2.8

Design Description

The CUW System removes particulate and dissolved impurities from the reacton
coolant by recirculating a portion of the rea. :or coolant through a filter-
demineralizer. The CUW System is designed to process a nominal flow of 2% of

rated feedwater flow, and is designed for 87.9 kg/cm*g and 302°C

The CUW System remaoves excess coolant from the reactor system during
startup, shutdown and hot standby. The excess water is directed to the radwaste
or suppression pool. The CUW System also provides processed water to the
reactor head spray nozzle for RPV cooldown.

The CUW Svstem reduces RPV temperature gradients by maintaining
circulation in the bottom head of the RPV during periods when the reactor
internal pumps are unavailable,

The suction line through the PCPB contains two motor-operated isolation valves,
which automatically close upon receipt of auto-isolation signal from the Leak
Detection System and upon actuation of the SLC System. The auto-isolation
signal from the LDS consists of the following signals:

(1) Lo v reactor water level.
(2) High ambient temperature in CUW equipment room

(3) High temperature differential between the air conditioning duct and in
the CUW equipment room.

(4) High flow differential between CUW System suction and discharge
flows.

The sucuon valves (containment isolation valves) are designed to isolate against
a maximum differential pressure of 87.9 kg/cm2d within 30 seconds. The
inboard valve is powered from Class 1E Division 1 AC, while the outboard is fed
from Class 1E Division 2 AC bus.

The CUW System is classified as a nonsafety system with a major portion of the
system located outside of the primary containment pressure boundary (PCPB)
and automatically isolatable. System piping and components within the PCPB,
including the suction piping up to and including the outboard suction isolation
valve. and containment isolation valves, including interconnecting piping, are

ASME Section 11, Seismic Category 1, Quality Group A. All onsafety equipment
is designed as Nonseismic, Quality Group C. Low pressure piping in the filter

R ¥ 6/1/92
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Table 2.6 1: REACTOR WATER CLEANUP SYSTEM
inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitments

The configuration of the CUW System is
shown in Figure 2.4.1.

Suction line isolation valves automatically
isolate the CUW System upon SLCS
actuation, and receipt of auto-isolation
signal from the Leak Detection System
within 30 seconds.

CUW suction valves are designed to close
against the maximum design basis
differential pressure

inspections, Test, Analysis

Inspection of the as-built CUW
configuration shal! be performed.

Fieid test will be conducted to confirm that
the CUW System will isolate upon SLCS
actuation and receipt of leak detection
signal by applying a simulated signal to the
isolation logic circuit.

Procurement records shall be reviewed
and vendor to conduct shop test relating to
valve oper ibility during design basis
condition.

Acceptance Criteria

As-buiit CUW System configuration
conforms with Figure 2.6.1.

CUW isolates within 30 seconds when the
SLC System is actuated or when leak
detection limit is sensed by closing the
primary containment pressure boundary
isolation valves.

Certified documentation Cemonstrates that
the valves can ciose against a maximu
differential pressure of 87.9 kg/cm?d within
30 seconds.
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2.6.2 Fuel Pool Cooline and Cleanup System

Design Description

The Fuel Pool Cooling and Cleanup (FPC) System (Figure 2.6.2) removes decay
heat generated by the spent fuel assemblics in the spent fuel storage pool. It also
inaintains the water quality and clarity In removing corrosion products, fissiop
products. and otaer inpurities from the pool The system also monitors fuel
pool water level and maintains a water icvel above the fuel sufficient to provide
shielding for normal building occupaacy

The FPC System process water flows from the spent fuel stora_ = pool through
skimmer wenrs into two surge tanks It is drawn from the surge tanks by two
circulating pumps arranged in paraliel, and 1s subsequently discharged threagh
acommon header 1o two filter demineralizer units arranged in parallei. The
discharge water than flows through a common header to two heat exchangers
arranged in parallel and cooled by reactor building cooling water system, and
then returns to the spent fuel storage pool. A bypass line is provided around the
filter “demineralizer portion of the system. Check valves are provide | in the pool
return lines to prevent the pools from siphoning in the event of pipe rupture

The primary operational mode of the FPC System is cooling of the spent fuel
poal under normal heat load conditions after a normal refueling operation. In
this mode, mitially both pumps, both heat exchangers, and both filter/
demineralizer units are used. However, as tuel decav Lical decreases, only one
pimp and one filter /demineralizer is used. The {ilter/demineralizer units may
be bypassed in this mode. The pool temperature is kept at or below 52°C during
this operating mode.

When the tuel pool 1s loaded with more than the normal fuel batch, the system
operates in the maximum heat load operating mode. Since the decay heatin this
mode exceeds the exchanged heat capacity of the FPC System heat exchangers,
RHR Systemn heat exchangers are used to supplement the FPC System heat
exchangers. The FPC System operates with both pumps, beth heat exchangers
and both filter /deminerahizer units along with two RHR heat exchangers, The
pool temperature is kept at or below 60°C during this operating mode.

After an earthquake, the FPC System s operated with the filter/demineralizer
units bypassed.

Normal makeup water to the spent fuel storage pool . provided by the non-
safetvrelated Condensate (MUWC) Makeup System. A backup to the normal
makeup system is al-o available from the nonsafety-related Suppression Pool
Cleanup (SPCU') System. Additionally, an emergency safetv-related, seismic
category I makeup water o the spent fuel pool s provided via the FPC System
connections to the Residual Heat Removal (RHR) System, which draws wate:

1 6/1/92
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from the suppression pool, a saternvrelaed water source. The segment of the 11
Ssvsiem piping foom the RHR Svstem interface o the discharge of the fuel poal

i sale e lated

The entive FPC Svsteni, with the exception of the filter demineralizers, is
designed to Seismie Categorny Tand Quality Group C standards

The system can be powered from cither normal oflssite sources or by the onesie
pOwer source

The FPU System is located in the reactor building, a Seismic Category i, v od
and tornadoe-missile protected structure

The FPC System pumips are motor<driven centrifugal pumps supplving at least
250 m*/hr at a head of 80m. A low suction pressure at the pump inlet wili
automatically stop that pump. The pump is also protected by an interlock for a
low pump discharge flow. The FPC Systein heat exchangers are horizontal U
tube /shell type, each sized to provide a minimum heat wranster rate of
1.65x10% keal /hr with a cooling water mlet temperature (shell side) of 357
maximum, and the process water inlet temperature (tube side) of at least 52°C
The filter/demineralizer subsystem consists of filter and demineralizer units and
supporting faciliies for precoating of resin, backwashing, and waste removal

The FPC System ‘ncludes control room indication to allow for the monitanng
and control during design basis operstional conditions, i, system flows,
temperatures, pressures, and pool Jater level, as well as valve open close and
pump on/off indication for those instruments and components shown on
Figure 2.6 2. with the exception of check valves and manual valves

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.6 2 provides a definition of the inspections, tests and / or analyses
together with associated acceptance criteria which wil! be undertaken for the
FPC System,
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Table 2 6 2: Fuel Pool Cooling and Cleanup System
Inspections, Tests, Analyses and Acceptance Criteria

Certitrad Design Commitment

The conficuration of the FPC System s
shoswn in Figure 2.5 2.

FPC pump is capable of delivering flow rate
of = 250 m™'hr against A0 differential
head.

The FPC System operates when powered
from both norma! off-site and on-site
SOUrCes.

The FPC Systern mechanical equipment,
excepting filter/demineralize, is built to

Seismic Category | and Quz “ty Group C

standards.

Control room indications are prowvided for
FPC System parameters.

The RHR System provides a safety reiated
makeup water source to the fuel pool.

inspectionz, Tests, Analyses
Inspection of the 2s-bu; . "PL System
con’iguration shall be periormed.

Review of vendor design documents and
test resuits relating to pump performance.

FPC System functional tes” == il be
performed to demonstrate operation when
supplied by either normal off-site power or
from the on-site power source.
Procurement records and actual equipiment
shalil be inspect=d to verify applicabie FPC
System components nave been designed,
manufactured and instalied per the
relevant stendarJs.

Inspections shail be performed to verify
presence of control room indication for the
FPC System {Saction 2.6.2).

The FPC and RHRA Systems combined
functional test shall be performed by
aligning the systemn such that RHR draws
water from the suppression pool and
discharges into the fuel pool.

Acceptance Critena

As-built FPC System configuration for
those components ~hown conforms with
Figure 26.2.

installed pump meets design flow
reguirements.

FPC System is capabie of operating when

installed aquipment meets the Seismuc
Category | requrrements and Qualty Group
C standards.

The instruments are present in the control
room as specified in Sectivin 262

The combined system operation transfers
makeup watar from suppression pool to
the fuel pooi
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Quality Group C The Hilter demineralizer portion is nonsseismic Quality Group

B
The SPCLU Sostem design pressure and temperature are as follow

Design Conditions

Component Pressure Temperature
Piping penetrating PCV up 1o the 3.16 kg/em<g 104°C
outboard isolation valve (46 psig) (219°F)
Qutboard isolation valves 16 kg/cm?g 66°C
230 psig) (150°F)
SPCU pump. valves and the 19 kg/em?y 66°C
remainder of the piping system (230 psig) (150°F)

The SPCU System is provided with instrumentation and controls 10 allow SPCLU
operation over the full range of normal plant operation

Inspections, Tests, Analyses and Acceptance Criteria

Table 2.6 3 provides definition of inspections, tests, and . or analyses together
with associated acceptance criteria which will be undertaken for the SPCU
Qystem

o
o
w
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Table 2.6.3: Suppression Pooi Cleanup System

inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

The configuration of the SPCU System 1s
shown mn Figure 2.6 3.

The SPCU PCV solation valves isolate
upon receipt of auto isolation signals from
the Leak Detection System.

The SPCU pump capable of delivering
makeup water 1o the spent fuel pool and to
the RCV. ——~etanks

The SPCU System capalniity to operate on
on-site emergency AC power source

i

[ ]

inspect'uis, Tests, Analyses

Inspection of the as-built SPCU
configuration shall be performed.

Functional testing shatl be performed on
the system loge by simulating the auto
isolation signal from the Leak Detection
System.

The SPCU System functional tests shail be
performed to demonstrats spent fuei pool
and RCW surge tanks makeup.

SPCU functional testing shail be performed
to demonstrate operation when supphed
from on-ste emergency AC power.

Acceptance Criteria
Verification of the as built system is in

The SPCU System delivering flo w to spent
fuel pool or RCW surge tanks winh suction
from the suppression poo! and/or
Condensate Storage Tank.

Satistfactory SPCU operation with power
supphed from on-site emergency AC
power.

R S N -
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2.7 Control Panels
. 2.7.1 Main Control Room Panel

~y

Design Description

The Main Control Room Panel s comprised of separate stand-alone modules
(e.g.. Main Control Panel, Large Liisplay Panel) Fach panel module is
seistmically qualified and provides grounding, and elecincal independence and
phyvsical separation between safety divisions and between safety divisions and
non-cssential components and wiring

Flectnical power to divisional "Vital” components is from the Vital AC Control
Power ar battery of the same electrical division Power to the nonessential
“Vital” components is from the non<essential Vital AC Control Power or non-
essential battery. Divisional, non«ital components are powered from the
respective divisional AC Instrument Power and non<dnisional, non-yital
components are powered from nonessential AC Instrument Power

The Main Control Room Panel and other main control room operator interfaces
are designed to provide the operator with inforr  tion and conuols needed 10
safely operate the plant in all operating modes, including steitup, refueling, safe
shutdown, and maintaining the plant in a safe shutdown condition. The process
to be used during the implementation stage will incorporate accepted Human
Factor Engineering (HFE) principles in implementing the Main Control Room
Human-System Interface (HSI).

Inspections, Tests, Analyses and A:ceptance Criteria

Tahble 2.7.1, together with the Design Acceptance Criteria (DAC) in Table 3.4
defines the design process to be used for the Mamn Control Room Panel and
other main control room operator interfaces

i 6/1/92
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. 2 7.2 Radioactive Waste Control Pane!
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2.7.3 Local Control Panels

Design Description

Local panels. control boxes, and instrument racks are provided as protective
housings and, or support ~tructures for electrical and electronic equipment t
Lacilitate system operations at the local level. They are designed lor uniformin
wsing rigid steel structures capable of maintaining structural integrity as
required unde: seismic and plant dynamic conditions, The term “local panels

s assumed to include local control boxes in this document

Local panels and racks used for plant protection systems are classified as Salen
Related . They are located in a safety class structure in which there are no
potential sources of missiles or pipe breaks that could jeopardize redundant
modules. Each safety related panel/ rack s seismic (Category 1) qualified and
provides grounding, and electrical independence and physical separation
between safety divisions and non-essential components and wiring

Llectrical power to divisional panels/ rac ks is from AC or DC power sources of
the same division as that of each panel/rack itself. Power to the non-<ssential
Piln!'lﬁ racks is from the non<essential AC and /or DC sources.

inspections, Tests, Analyses and Acceptance Criteria

Table 2.7 8 provides a definition of the inspections, tests, and or analvses
together with associated acceptance criteria which will be ur. - >rtaken for the
local control panels and racks
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2.7.4 Instrument Racks
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275 Multiplexing

2.7.5

Design Description
Essential Muhiiplexing System

The Essental Muluplexing Svstem (EMS) provides distributed data acquisition
and control networks to support the monitoring and control of the plant standby
safety systerns. EMS comprises electrical devices and circuitry, such as Remote
Multiplexing Units (RMUs) ., transmission lines, and Control Room Multiplexing
Units (CMUs), that acquire data from remote process sensors and discrete
monitors located within the plant and multiplex the signals to Safe . Svstem
Logic and Control (SSLC) equipment in the main control room ar o SSLC
processes the input signals and multiplexes output control signils 1o the final
actuators of driven equipment associated with safety systems,

EMS is divided into four divisions of equipment, each with independent control
of data acquisition, multiplexing, and control output functions. System timing is
asynchronous among the four divisions. No common clock signal is transmitted
among the divisions of multiplexing and no timing signals are exchanged

Both analog and discrete sensors are connected (o RMUs in local areas, which
perform signal conditioning, analog-to-digita’ conversion for continuous
process inputs, change-of-state detection for discrete inputs, and message
formatting prior to signal transmission. The RMUs are imited to acquisition of
sensor data and the ovtput of contral signals. Trip decisions and other control
logic functions are performed in SSLC processors in the main control room
arca. The RMUs transmit serial, time-multiplexed data streams representing the
status of the plantvariables via fiber optic cables to the control room CMUs. Dita
transmission is made over dual redundant channels. EMS design features
automatic self-test and automatic reconfiguration after failure of one channel
(either a cable break or device failure). The svstem returns (0 normal operation
after reconfiguration within one full scan period. If an RMU or CMLU has failed,
that unit will be removed from service. Faults and their location are annunciated
to the operator in the main control room.

The CMUs demultiplex the data and prepare the signals for use in interfacing
controllers of SSLC or monitoring systems such as the process computer or
display controliers. After the input data is processed in SSLC, the resultung trip
logic decisions are rz ‘tted (for kngineered Safety Features functions only)
as a serial, ime-multiy . aed data stream via EMS to RMUs in the local areas,
where the digital data is converted to contact closures or other signals for
actuation of motor control ceniers or other device controllers. The data streams
ar¢ dual redundant to prevent inadvertent ECCS equipment actuation after a
hardware or software fault in one channel. The data reaching the RMU's is
compared in 2-out-0f-2 voting logic to confirm final output to the actuators

-1 6/1/92
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Data can be transferred to non-safety systems for control or display through
isolating fiber-optic data links and bedlering devices (gateways or bridges, il
required). Data transfer is made such that failures on the non-salety side cannot
inhibit operation of safety-related logic flunctons. Data cannot be transmitted
from the nonsafety side 1o EMS

EMS 1s capable of data transfer at rates sufficient to sausly the system time
response requirements of safety system functions. Data throughput capabiling
shall be at least 10 megabits per second

EMS starts and runs automatically upon application of system power, regardless
of the sequence in which power is apphed to individual controllers. EMS and
SSLOC automatically establish communications by detection of correct message
passing. Logic 1s provided to prevent equipment activation outputs from
occurring until stable plant sensor data and interlock permissive data are being
received

Loss of power causes a controlled transition 1o a safe-state without tranc.ents
occurring that could cause inadvertent inination or shutdown of driven
equipmer,

EMS equipment is classified as s> fetyrelate’, Class “E, and is seismically
quudified

Testability

EMS includes test facilities in the control room that will monitor data
transmission to ensure that data transport, routing, and uming specifications are
accurate. Bit error rate of each EMS network shall be better than | errorin 10%
Out-oftolerance parameters detected on-line for a particular input signal will
result in an inoperative condition {or that input into the trip logic processors ol
SSLC

Inspections, Tests, Analyses and Acceptance Criteria

L s

Table 2.7.5 provides a defininon of the visual inspections, tests and analyses,
together with associated acceptance criteria, which will be used by §81.C

-2- 6/1/92
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inspections, Tests, Analyses and Acceptance Critena
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Table 2.7.5: Muitiplexing {Continued)

inspectic ns, Tests, Analyses and Acceptance Criteria

Certified Design Commitment
EMS includes test facilities that will
montor data transmission 1o ensure that
data transpor, routing, and timing are
accurate.

Full system test of EMS with SLLC and
other interfacing systems connected
confirms EMS response to safety system
rests specified in each interfacing system
ITAAC. Testing is conducted on the four
divisions of EMS/SSLC simuitaneousiy to
verify 2-out-of-4 system operation.

inspections, Tests, Aralyses

Preoperational tests will be conducted on
the mnstalied EMS equipment. These tests
will confirm the basic functionainy of each
muitiplexing component. The tests wiil
include ssmauiation of typical input
parameters and monitoring of received
these transmitted parameters Random
simulstions will be used to test bit error
;ate. which shail be determined to be <10

Preoperationa! tests will be conducted to
verfy safety system logic functions of each
interfacing safety system. These tests will
vertfy support of SSLC and the sa.ety
systems for scram capability. containment
isolation capability, and ECCS intiation
capabilty. The tests will inciude
demonstration of ability to meet stated
delay times and maxmum response times.
Tests will be conducted such that each
display, aiarm, annunciator, or other status
ndicator for each system s shown 1o be
functional

See section 3.4 SSLC ITAAC, item 7 for the
scope and method of testing.

Acceptance Critena

Operability of the instalied EMS equipment

15 considered acceptable under the

following conditions (for each drvision)

a.  Montured output signals match
simuiated mput signais for accuracy of
signal conversion and transmission
hme.

b Biterror rate is <109

c.  Simuiated data errors are detected and
annunciated 10 operator

EMS support of the interfacing safety
systems is considered acceptabile f reactos
trip, contamment isclation, and ECCS
response of the instalied equipment meet
the acceptance critena stated  each
interfacing system ITAAC. The response
nme of aach contro! achion and trip output
15 within performance lirmuts of each
interfacing system.

Performance of SSLC for these same tests
also confirms EMS performance.

B T —
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2.8 Nuclear Fuel
2.8.1 Nuclear Fuel

28

Design Description (Including Loose Parts Monitoring)

Fuel design for the ABWR is not within the scope of the certified design. It is
intended that the specific fuel to be utilized in any facility which has adopted the
certified design be in compliance with U.S. NRC approved fuel design criteria.
This strategy is intended to permit future use of enhanced/improved fuel
designs as they become available. However, this approach is predicated on the
assumption that future fuel designs will be extensions of the basic fuel
technology that has been developed for boiling light water reactors. Key
characteristics of this established L WR fuel technology are:

(1) Uranium oxide based fuel pelle s

‘?)  Zirconium-based (or equivalent) fuel cladding.

(3) All material selected on the basis of BWR operating conditions.
(4) Multi-rod fuel bundles in an N lattice.

(5) Fuel bundle inlet orificing to control bundle flow rates, core flow
distribution, and reactor coolant hydraulic characteristics.

The following is a summary of the principal requirements which must be met by
the fuel supplied to any facility utilizing the certified design.

The ABWR design provides a Loose Parts Monitoring System (LPMS) aimed at
protecting the fuel against the potential effects of loose parts entrained in the
reactor coolant flow. A discussion of the LFMS is included in this secuon.

General Criteria
(1) NRCapproved analytical models and analysis procedures are applied.
(2) New design features are included in lead test assemblies.

(3) The generic post-irradiation fuel examination program approved by
NRC is maintained.

Na 6192
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Thermal-Mechanical

The fuel design thermal-mechanical analyses are performed for the following
conditions

(1

(2)

Either worst tolerance assumptions are applied or probabilistic analyses
are performed to determine staustically bounding results (i.e, upper
95% confidence).

Operating conditions are taken to bound the conditions anticipated
during normal steady-state operation and anticipated operauonal
occurrences.

The fuel design evaluations are preformed against the following critena:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

The fuel rod and fuel assembly component stresses, strains, and fatigue
life usage are evaluated to not exceed the material ultimate stress or
strain and the thermal fatigue capability.

Mechanical testing is performed to ensure that loss of fuel rod and
assembly component mechanical integrity will not occur due to fretting
Wear.

The fuel rod and assembly component evaluations include
consideration of metal thinning and any associated temperature
increase due to oxidation and the buildup of corrosion products to the
extent that these influence the material properties and structural
strength of the components.

The fuel rod internal hydrogen content is controlled du - ing
manufacture of the fue! rod consistent with ASTM standards.

The fuel rod is evaluated to ensure that fuel rod bowing does not result
in loss of fuel rod mechanical integrity due to boiling transition.

Loss of fuel rod mechanical integrity will not occur due to excessive
cladding pressure loading.

The fuel assembly (including channel box), control rod and control
rod drive are evaluated to assure control rods can be inserted when
required. These evaluations consider the effect of combined safe
shutdown earthquake (SSE) and loss-of<oolant accident (LOCA)
loads

Loss of fuel rod mechanical integrity will not occur due to cladding
collapse into a fuel column axial gap

3 6/192
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2.81

(9 Loss of tuel rod mechanical integrity will not occur due o ]n-llrl-

laddmyg mechancal interaction
Nuclear

(1) A negatve Doppler reactivity coeflicient is maimtained for an

aperating cond.oon

(2) A negatwe core moderator void reactivity coeflicient resulting from
hotling in the sctive flow channels is mantained for any operating
conditons

(%) A negative moderator temperature coeflicient is mamtained above hot
\I.ln(“o\

(41 For a super prompt critical reactivity insertion accident originating
from any operating condition, the net prompt reactivity feedback due
to prompt heziing of the moderator and fuel s negative

(5)  Anegative poswer coeflicient, as determined by calculating the reactivity
change. due t¢ an incremental power change from a steady-state base
power level, is maintuined for all operating power levels above hot
standby,

(6)  The plant mects the cold shutdown margin requirement.

(7)) The effective multiplication factor Lor fuel designs stored under normal
and abnormi! conditions is shown to meet fuel storage limits by
demonstrating th=t the peak uncontrolled lattice knfinity calculated in
a rormal reactor core configurations meets the limits for the storage
racks

Hydraulic

Flow pressure drop cbaracteristics are included in the calculation of the
Operating Limit MCPR.

Because of the chanaeled configuration of BWR fuel assemblies, there is no
bundleao-bundle crossflow inside the core, and the only issue of hydraulic
compatibility of various bundle types in a core is the bundle inlet flow rate
vanation and s impact on margino-thermal limits, The coupled thermal-
hydraulic-nuclear analyses performed to determine fuel bundle flow and power
Aistribution uses the various bundle pressure loss coefficients to determine the
flow distribution required to maintain a total coce pressure drop boundary
condition to be applied to al' fuel bundle. The margin to the thermal limits of
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each fuel bundle is determined using this consistent set of calculated bundle

fless and powes
Loose Parts Monitoring System (Design Description)

The Loose Parts Monitoring System (LPMS) s designed 1o provide detection ol
loose metallic parts within the reactor pressure vessel Detection < 1 loose parts
can provide the time required (o avoid or mitigate safetyrelated aamage 1o o1
malfunctions of primary system components. The LPMS detects structure bame
sound that can indicate the presence of loose parts impacting against the reactor
pressure vessel internals. The system alarms when the signal amplitude exceeds
preset hmits. The LPMS detection system can evaluate some aspects of selected
signals. However, the system by itself will not diagnose the presence and location
of a loose part. Review of LPMS data by an experienced LPM engineer is
required 1o confirm the presence of a ioose pan

The LPMS continuously monitors the reactor pressure vessel and appurtenances
for indications of loose parts. The LPMS consists of sensors, cables, signal
conditioning equipment, alarming monitor, signal analysis and data acquisition
equipment, and calibration equipment. The alarm setting is set low enough to
meet the sensitivity requirements, vet is designed to discriminate between
norinal background noises and the loose art impact signal to minimize
spunous alarms.

The array of LPMS sensors consist of a set of sensor channels that are strategically
mounted on the external surface of the primary pressure boundary at various
elevations and azimuths at natural collection regions for potential loose parts
Ceneral mounting locations are at the a) main stearm outlet nozzle, b) feedwater
inlet nozzle, ¢) core spray nozzles, and d) control rod drive housings

The online system sensitivity is such that the system can detect a metallic loose
part that weighs between 0.25 1b 1o 30 Ibs and impacts with a kinetic energy of
0.5 ft-1b on the inside surface of the reactor pressure vessel within 8 feet of a
sensor. The LPMS frequency range of interest is typically from 1 10 10 kHz.
Frequencies lower than 1 kHz are generally associated with flow induced
vibration signals or flow noise

The LPMS includes provisions for both automatic and manual start-up of data

acquistion equipment with automatic activation in the event the preset alert level
1s reached or exceeded. The svstem also initiates an alarm to the control room
personnel when an alert condition is reached.
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Inspections. Tests, Analyses and Acceptance Criteria
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Table 2.8.1a: Nuclear Fuel

inspections, Tests, Analyse~ and Acceptance Criteria

Desian Criters
Fuei design thermal mechanical analyses
are performed using either worst tolerance
assumptions or probabilhistic analyses to

determine statisticaily bounding resuits
tie upper 95% confidence).

Fuel design thermal-mechanical analyses
are performead for operating conditions
anticip Jted during normal steady-state
operanon and anticipated operational
occurrences (AOOs).

The fuel rod and fuel assembly component
stresses, strains, and fatigue life usage are
evaluated to not exceed the matenal
ultimate stress or stramn and the thermal
fa* - capabiiity.

Mechanical testing is performed to ensure
that loss of fuel rod and assembly
component mechanical integrity wall not
occur due to fretting wear in an
environment free of foreign material.

The fue! rod and assembly component
evaluations inciude consideration of metal
thinning and any associated temperature
increase due to oxidation and the buidup
of corrosion products to the extent that
these flyence the material properties and
structural strength of the components.

inspections, Tests, Analyses

Manufacturing specifications and design
drawings will be reviewed to ensure proper
nput parameters are used in the analyses.

Operating limits defining the maximum
allowable fuel peilet operating power level
as 3 function of fuel peilet exposure, will be
established to ensure actual fuel cperation
s maintamned within the analysis bases.
Exposure-dependent, thermal-mechamcal
anaiyses will be performed.

Testing or operating expenence wi' he
used to determine whether the fuel
assembly is susceptibie to significant
fretting wear.

The effects of cladding oxidation and
corrosion product buildup on the fuel rod
surface will be included in the evaluations
as appropriate.

o

Acceptance Criteria

+ e analyses are determined to be
applicable to the fue. being used in the
core.

Evaluyations demonstrate that the fuel
2-nits for the applicable thermal limits (e g
MAPLHGR).

a. For stress or strain, the Design Ratio is
<10

whera
[ 2a10n Ratio =E4ective Stress
Stress Limit
orEffective Stramn
Stram Limat

b. For fatigue, the caiculated fatigue duty
1s less than the matenal fatigue

~agahilty.

The testing or experience demonstrates
that the fuel will not fail due to fretting

The evaluations demonstrate the fuel
design is adequate for resisting the effects
of metal thinning and any associated
temperature increases due to oxidation
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Table _ 7 13 Nuclear Fuei {Continued)

inspections, Tests, Analysas and Acceptance Criteria

Design Criters
11 A negative core moderator voed reactivity
coetficient resulting from boiling m the

active flow channels is maimained for any

aperatmg condimon

14 A negative moderator temperature
coefficent 1s mamained above hot
standby.

15. For 2 super promipt critical reactivity
nservon accident or-gmating from any
operating condition, the net prompt
reactity feedback due 1o prompt heating
of the moderator and fuel is negative.

16 A regative power coefficient, as
detercuned by calculating the reactivity
change, due to an ncremental power
change from a steady-state base power
level, is maintained for all operating power
levels above hot standby.

17. The plant meets the cold sh stdown margin
reguirement.

18 The effective multiphcation factor for fuel
tesans stored under normal and
abniormal conditions is shown to meet fuel
storage hmds

inspections, Tests. Analyses

13. The core moderator void reactivity
coefficient will be caiculated for an
equilibnum core of the fuel design, at the
limating point in the cycte, and covering all
expected modes of cperat.ca.

14 The maderator temperature cosfficient
wili be calcuiated for an equilibrium core of
the fuei design, at the limiting point in the
cycle, and covering afl expected modes of
aperat:on.

15, The prompt reactivity feedback will be
calculated for an equilibnum core of the
fuel design, at the hmiting point in the
cycle, and covering all expected modes of
operation.

16. The sign of the power coefficient will be
determined for an equilibrium core of the
fuei design, at the imiting J0int in tha
cycie, and covering all expected modes of
operation.

17. The cold shutdown margir we: Le
caiculated each cycle for the most reactive
rod in the full-out position

18 The peak uncontrolled iathice multiphcation
factor wili be calculated in the normat
reactor core configuration or the effective
musltiplication factor of fuel stored undar
normal and abnormal conditions will be
calcuiated.

Acceptance Critena

13. The calcuiated core moderator void
reactivity coefhicient is negative.

14 The caiculated mioderator temperature
coefficient is negative atiove hot standby.

15. The caiculated prompt reactivity feedback
IS N@gatve

16. The power coefficient is negative.

17. The caiculated cold shutdown margin is
greater than the value grven in the

18. The effactive multiplication factor under
normal conditions s less than 0.90 for
regular density racks and less than 0 95 for
high density racks, and less than 095 for
abnormai conditions for regular and high
density racks.

Prp——

T———






1’82

Z6/L9

1

N

Table 2.8.1b: Loose Parts Monitoring System

Inspections, Tests, Analyses and Acceptance Criteria

Certif. +d Dasign Commitment

Az LPMS is provided with detectors
located at natura! collection regiens for
loose parts. The system includes the
necessary signal processing and related
equipment.

1he LPMS shal! be capable of detecting a
metallic loose part that weiahs from 0.25 ib
to 30 ibs and impacts with a kinetic energy
of 0.5 fi-tb within 3 feet of each sensor

N

inspections, Tests, Analyses

Visual inspections will be conducted of the
as-built facility to confirin that the LPMS is
in place and operational.

Systerm calibration tests will be performed
to demonstrate system sensitivity.

Acceotance Criteris
An LPMS has ben provided

it must be shown that the LPMS can detect
a metaliic loose part that weighs from 0.25
Ib to 30 Ibs and impacts with a kinetic
energy of 05 ft-ib within 3 feet of each
LeNsor.
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. 2.8.2 Fuel Channe!

Design Description

4 hannel design for the ABWR is not within scope of the certfied design 1

iended that the specific fuel channel o be utilized 1o any facility which has
aG. pted the cerified design be in compliance with U8, NRC approved fuel
channel design crteria. This strategy is intended to pernait tuture v .- of
enhanced  unproved control rod designs as they become aailable. However
this approach is predicated on the assumption that tuture fuel chiannel designs
will be extensions of the basizc technology that has been developed for light water
reactors. The key characternistic of this established BWR tuel channel wechnology
is the use of zirconium-based (or equivalent) fuel channels which preclade cross
flow 11 the core region

The tollowinig is a sammmary of the principal requirements which must be anet by
the tuel channel supplied to any facility using the certibed design

Goneral Criteria

(1) The maternial of the fuel channe! shall be shown to be compatible with
the reactor environment

(2 The channel will be evaluated to ensure that channel deflection does
not preclude control rod drive operation

(31 The effects of channel bow will be 11 cluded 10 the fuel rod critical
power evaluations

Inspections, Tests, Analyses and Acceptance Criteria

Table 2 X.2 provides a definition of the inspection, tests and ‘or analyses
together with associated acceptance criteria which will be undertaken tor the
fuel channel that will be proposed for the facility

1 6/1/92



Table 2.8.2: Fuel Channel

inspections, Tests, Anaiyses and Acceptance Critenia

Certified Design Commitment

The material of the fuel channel shall be
shown to be compatible with the reactor
environmaent.

The channel will be evaluated to ensure
that che el deflection does not preclude
control rod drive oparation

The effect= of channel bow will be included
in the fuel rod critical power evaluations.

inspections, Tests, Analyses

Testing or operating experience wi'l be
used to determine whether the fuel
channel materials are compatible with the
reactor cnvironment.

The channel will be evaluated to detemine

the expected amount of channel deflection.

An allowance wili be included in the critical
power calculation to account for the effects
o’ channel bow

Acceptance Criteria

The testing or exp2arience demonstrates
the materials are adequate.

Calculated channe: deflections a<e not of
an amount great enough to preclude
control rod inseriion.

Verification demonstrates that an
allownnce for channrel bow is included in
the fuel! roo critical power evaluations.
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283 Control Rod

Design Description

General Criteria
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(5)  Lead Surveillance program shall be implemented f a change in d

features such as new absarber material or structural matenal no
pu'\uln\!\ used in reactor cores could impact the funcuon of the

control rod
Inspections, Tests, Analyses and Acceptance Criteria

Table 2.8.3 provides a definition of the inspection, tests, and /or analvses
together with associated acceptance criteria which will be undertaken for

control rod that will be proposed for the facility

the
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Table 2.8.3: Control Rod

Inspections, Tests, Analyses and Acceptance Criteria

Dasign Criteria
The control rod stresse . strains, and
cumalative fatigue are evaluated to not

axcesd the uitimate stress or strain of the
matertal

The control rod 1s evaluated to be capable
of insertion into the core during all modes
of plant operation within the limits
assumed in the plant analyses.

The material of the control rod shall be
shown to be compatible with the reactor
environmeant.

The reactivity worth of the control rod «hall
Le wcluded in the plant core analvses.

Inspections, Tests, Analyses

Evaluations of loads due to shipping,
handling, and expected operating modes
wii be performed.

Evaiuations will be performed of the effects
on control rod clearance of manufacturing
tolerances and swelling and irradiation
growth under expected operating modes.

Testing or operating experience will be
used to determine whether the controi rod
materiais are compatible with the reactor
environment.

Fvaluations will be performed to determine
the reactivity worth of the control rod.

Acceptance Criteria

The ultimate stress and strain limits are not
exceeded, and cumulative fatigue does ot
exceed a fatigue usage factor of 1.0.

Calculated control rod clearances are
sufficient to permit insertion,

The testing or experience demonstrates
the materials are adeqi te.

The caiculated cold shutdown margin is
greater than the value given in the
technical specifications.
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. 2.9 Radioactive Waste

29.1 Radwaste System

Design Description

The hquid waste system collects, treats, monitors, and cither recvcles or
discharges all radioactive liguid wastes within the plant. The solid waste - ystem
collects, sorts, monitors and either recvcles or packages all radioactive solid

wastes within the plant

The radwaste system does not serve or support any salety function and has no
safety design basis

Liquid Waste System

The hquid waste system consists of three subsystems: the low conductivity waste
svstem (LCW), the high conductivity waste system (HCW) and the detergent
waste system (DW)L

The LOW system collects and processes clean radwaste, 1. e, water of relatively
low conductvity. Equipment drains and backwash transfer water are typical of
wastes found in this subsystem. These wastes are collected, treated and
monttored. If quality is adequate, the water is sent to the condensate storage
tank. It not, it is reprocessed.

The HOW system collects and processes dirty radwast, 1. e, water of relativety
high conductivity and solids content. Floor drains are typical of wastes found in
this subsystem. These wastes are collected, treated and monitored. If quality is
adequate, the water is sent to the condensate storage tank. If not, it is
reprocessed. Sometimes, the water is discharged following established
procedures to maintain proper plant water balance.

The DW system collects and processes detergent waste from personnel showers
and laundry operations. These wastes are collected, filtered and monitored. If
quality is adequate, the water is discharged.

The liquid waste system provides one dischaige line to the canal for the release
of processed liquid waste, This line is provided with flow instrumentation, means
of flow control and a radiation monitor. A high radiation signal from this

monitor will close the discharge valve. The liquid waste system is pr