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® 1.0 INTRODUCTION

The purpose of this memorandum is 1o present examples of proposcd Tier |
design certification maternial for the GE ABWR. Thisversior  dated 1/17/1992
and is an update of the original memorandum dated 9720 81 Ttincludes
revisions that:

1) reflect NRC comments on the 9/20,/9] version

2) present examples of generic and design acceptance eriteria (DAC)
nspections, tests, analyses and acceptance criteria (ITAAC),

Section 2 contains revised versions of the material for cach of the nine ABWR
systems chosen for pilot examples. Each pilot starts with a proposcd Tier |
design description and then provides suggested inspections, tests, analyses, and
acceptance criteria (ITAAC) based on the design description contents, The
scape of these pilots is based on the nuclear industyy s current understanding of
the guiding principles governing scope and content of Tier 1 material, As
presented in the NUMARC report of the Task Force an Inspections, Tests,
Analyses and Acceptance Criteria, NUMARC 90-15, December 1990, An
important supplementary document is the GE memorandum "Guidelines for

. Preparation of Inspections, Tests, Analyses and Acceptance Criteria (ITAAC),
A.]. James, December 1991,

As a result of ongoing discussions with NRC, it has become clear that the ABWR
design certification ITAAC material will eventually include entries that are not
part of the system-by-system appreach that forms the basis for the nine pilot
examples. These non-system attics will include:

«  generic/discipline ITAAC
« design acceptance criteria (DAC) ITAAC
«  Plant interface ITAAC

Section 3 provides examples of the first two categories of non-system “TAAC
material. Itis intended these items also be considered pilots in that they are
representative examples which can be used to reach agreement on the required
scope and content of this type of ITAAC,

It is intended that this memorandum be distnibuted (o interested parties for

review and comment. Based on feedback from this review, GE will (il necessary)

modify the scope 2:id content guidelines and will then initiate preparation of a

full s=t of ABWR design descriptions and ITAAC for submittal to NRC as part of
. the ABWR design certification application.
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1.1 PILOT EXAMPLES OF TIER 1 MATERIAL - INDIVIDUAL SYSTEMS

|
| 5N N

Figure information




ABWR Design Document

Equipment:

Gate valve
Globe valve
Check valve

Valve type not specified

Relief valve
Open cirucit breaker

Closed circuit breaker

b o

Anniungiator
(H=high, L=low)

SI IR 3% ¥

—

Valves are shown on the figures in their normal postition

Valve Operators

—
wiotor ™|
.y
Nitrogen l N J
——
Air j A
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2.1.1 Reactor Pressure Vessel System

Design Description
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The control rod drive housings are inserted through and connected to the
control rod drive penctrations (stub tubes) in the reactor vessel bottom head.
The incore neatron flux monitor housings are inserted through and connected
to the bottom head.

A flanged nozzle is provided in the top head for boltung of the flange associated
with the instrumentation for vibration test of internals.

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 o
the pedestal. RPV stabilizers are provided in the upper portion of the RPV 10
resist horizontal loads. Lateral supports among the CRD housings and in<ore
housings are provided by restraints which at the periphery are supported off the
CRD housing restraint beams,

A restraint consisting of a pait of energy absorbing rods is provided 1o prevet
the 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 RPY bottom
head and the RIP motor cover,

The reactor pressure vessel insulation is supported from the biological shield
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 pancls and insvlation around penetrations are designed for ease of
installation and removal for vessel inservice inspection and maintenance
operation.

The reactor coolant pressure boundary portion of the RPV and appurtenances
and the supports (RPV skirt, stabilizer and CRD housing /in-core housing
restraints and beams) are classified as Quality Group A, Seismic Category 1. The
design, materials, manufacturing, fabrication, testing, examination, and
inspeciion used in the construction of these components mecet requirements of
ASME Code Class 1 vessel and supports, respectively. The shroud support is
classified as Qualiwy Group C, Seismic Category 1, and designed and fabricated o
ASME Code Class CS, core support structures. Hydrostatic test of the RPV is
performed in accordance with the requirements for ASME Code Class 1 vessels.
Tue design nressure and temperature of the RPV are 87.9 kg/cm*g and 302°C,
respectively. The components are codestamped according to their code class,

The materials used in the reactor coolant pressure boundary (RCPB) poruon of
the RPV and appurtenances are as listed here and these or their equivalents will
be used: ASME SA-533, Type B, Class | (plate); SA-508, Class 3 (forging);
SA-508, Class 1 (forging); SB-166, Type 600 (UNS 06600, forging); SA-182,
F3161. (maximum carbon 0.020%) or F316 (maximum carbon 0.020% and
nitrogen from 0.060 1o 0.120%, forgirg); and SA-540, Grade B23 or B24
(bolting).
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The materials of the low alloy plates and forging used in construction of the RPY
are meled o fine grain practice and are supplied in quenched and tempered
condition, Vacuum degassing is performed to lower the hydrogen level and
improve the cleanliness of the low-alloy sieels.

Electroslag welding is not applied for structural welds. Preheat and inwerpass
temperatures employed for welding of low alloy steel meet or exceed the values
given in ASME, Section 111, Appendix D. Post weld heat treatment at 593°C
minimum is applied to all low-alloy steel welds.

Pressure boundary welds are given an ultrasonic examination in addition to the
radiographic examination performed during fabrication. The ultrasonic
examination method, including calibration, instrumentation, scanning
sensitivity, and coverage, is based on the requirements imposed by ASME,
Section X1, Appendix 1. Acceptance standards are equivalent or more restrictive
than required by ASME, Section XL

A stainless steel weld overlay is applied 1o 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-Cr-Fe alloy. The RIP penetrations
are clad with Ni-Cr-Fe alloy or stainless steel alternatively.

The fracture toughness tests of pressure boundary ferritic materials, weld metal
and heat affected zone 'HAZ) are performed in accordance with the
requirements for ASME Code Class | vessel. Both longitudinal and transverse
specimens are used to determine the minimum upper shell energy level of the
core beltline matenials. Separate, unirradiated baseline specimens are used to
determine the transition temperature curve of the core beltline base materials,
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 heltline region, thus representing base metal, weld material, and the weld
heat-affected zone matenal. The plate and weld specimens are heat treated in a
manner which simulates the actual hect treatment performed on the core region
shell plates of the completed vessel. Fach in-reactor surveillance capsule
contains Charpy V-notch specimens of base metal, weld metal, and heat-aifected
zone material, and tensile specimens from base metal and weld metal. Brackeis
are welded to the vessel cladding in the core belt region for retention of the
detachable holders, cach of which contains a number of the specimen capsules,
Neutron dosimeters and temperature monitors are located within the capsules.

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

3 1/17/92
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Reactor Pressure Vessel Internals
The major reactor internal components that are included in the RPVS are;
a.  Core Support Structures:

Shroud; shroud support (integral to the RPV and including the internal
pump deck); core plate; top guide; fuel supports (orificed fuel supports
and peripheral fuel supports); control rod guide tubes; and

b.  Other Reactor Internals:

Control rods; feedwater spargers; RHR/ECCS low pressure flooding
spargers; ECCS high pressure core flooding spargers and coupling; in<core
guide tubes and stabilizers; core plate ditferential pressure lines:
surveillance specimen holders; shroud head and steam separators
assembly; and steam dryer cssembly.

A general assembly drawing of these reactor internal components is shown in
Figure 2.1.1. The core support structures locate and support the fuel assemblies,
form partitions within the reactor vessel to sustain pressure differentials across
the partitions, 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 sc parates
the core region from the downcomer annulus,

The core plate consists of a circular stainless sicel plate with round openings and
is stiffened with a rim and beam structure. The core plate provides lateral
support and guidance for the control rod guide tubes, in-core flux monitor
guide tubes, peripheral fuel supports and startup neutron sources. The last two
items are also supported vertically by the core plate.

The top guide consists of a circular plate with square openings for fuel with a
cylindrical side forming an upper shroud extension. Fach opening provides
lateral support and guidance for four fuel assemblies or, in the case of peripheral
fuel, less than four fuel assemblies. Holes are provided in the bottom of the
support intersections to anchor the in<ore instrumentation detectors and
startup neutron sources.

The fuel supports are of two types. The peripheral fuel supports are located ai
the outer edge of the active core and are not adjacent to control rods. Each
peripheral fuel support supports one peripheral fuel assembly and contains an
orifice to provide coolant flow to the fuel assembly. Each orificed fuel supvort
supports four fuel assemblies vertically upward and horizontally and contains
four onifices to provide coolant flow distribution to cach fucl assembly. The
orific.d fuel supports rest on the top of the control rod guide tubes which are

= 1/17/92
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including the connecting tee is located around the inside of and is supported by
the eylindrical portion of the top guide. The sparger tee is connected to th e
thermal sleeve by the HPCF coupling.

In<core guide tubes protect the in<core flux monitoring instrumentator from
flow of water in the bottom head plenum. The incore guide tubes extend from
the top of the in<core housing to the top of the core plate. The local power rany.
monitoring (LPRM) detectors for the power range neutron monitoring
(PRNM) system and the detectors for the startup range neutron monitoring
(SRNM) system are inserted through the guide tubes,

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

The core plate differential pressure (DP) lines enter the reactor vessel through
reactor bottom head penetrations. Four pairs of the core plawe DP lines enter
the head in four quadrants through four penetrations and terminate
immediately above and below the core plate 1o sense the pressure in the 1egion
outside the bottom of the fuel assemblies and below the core plate during
normal operation.

Surveillarce specimen capsules, which are held in capsule holders mentioned
carlier, are located at three azimuths at a common elevation in the core behiine
region. The capsule holders are nonsafety related internals. The capsule
holders are mechanically retained by capsale holder brackets welded to 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 to the collecting
troug s, then flows through tubes into the downcomer annulus. The shroud
head and steam separators assembly and the steam dryer assembly are non-safety
related internals.

The core support structures are classified as Quality Group C, Seismic Category
I. The aesign, materials, manufacturing, fabrication, examination and
inspection used in the construction of the core support structures meet
requirements of ASME Code Class CS structures. These structures are code-
stamped accordingly. Other reactor internals are designed per the guidelines of
ASME Code NG-3000 and are constructed so as not to adversely affect the
integrity of the core support structures as required by NG-1122,

Special controls are exercised when austenitic stainless steel is used for
construction of RPV internals in order 1o avoid cracking during service.

-6~ 117/92
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Table 2.1.1: REACTOR PRESSURE VESSEL SYSTEM
inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

System configuration of the reactor
pressure vessel system (RPVS) as
described in Section 2.1.1.1 is showp on
Figure 2.1.1.

The reactor coolant pressure houndary
{RCPB) portion of the RPV and
appurtenances and their supports are
classified as Qua'ity Group A, Seismic
Category . 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 support structures
are Quality Group C, Seismic Category I,
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 RPVS retains its integrity
under internal pressure that wil! be
experienced during the service.

The materials used for RCPB portion of the
RPV and appurtenances are certain proven
iow and high alloy steels with cenain
additional requirements for censtruction,
as identified in Section 2.1.1. Speciai
controls are eercised when austenitic
stainless steel s used for construction of
RPV internais it order - 5.'0id cracking
during service.

Inspections Tests, Analyses

Visua! field inspections wiil be conducted
of the installed RPVS key components
identified in Section 2.1.1 and Figure 2.1.1.

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

A hydrostatic test of the RCPB will be
conducted in accordance with the ASME
Code requirements.

Inspection will be conducted of the records
of materials, fabrication, and examination
used in construction of the RCPB and
austenitic stainless steei reactor internals.

1.

4

Acceptance Criteria

The installed configuration of the RPVS wili
be considered acceptable if it complies
with Figure 2.1.1 and Section 2.1.1.

Existence of necessary ASME Code
required do iments and the code stamps
on the cecmponents confirm that the
components in the RCPB of the RPY and
the supports, ard the core support
structures are designed, fabricated and
examined as ASME Code Class 1 and CS
respectively. This also confirms that the
RPV is hydrotested per the ASME Code
Ciass * requiremsants.

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

Records of the materials 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 internais made of
austenitic stainless steel avoid potential for
cracking in service.

Vaiidation Attributes
The feliowing special controls are

exercised when austenitic stainiess stee! is
used in manufacture and fabrication of
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Table 2.1.1: REACTOR PRESSURE VESSEL SYSTEM (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

The ferritic materials used in RCPB portion
of the RPV and appurtenances are not
susceptabl= to brittle fracture under
pressure <lurning the service.

5.

inspections, Tests, Analyses

Fracture toughness tests of the fernitic
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.

{Continued)

RPVS internals. Where stainiess steel
surfaces are exposed to water at
temperatures above 83 °C, low carbon
10.020% maximum! or nuclear grade
materials {maximum C=0.020% with
nitrogen added) or CF3 type castings are
used. Ail materials are supplied in the
soiution heat treated conditon.
Sensiti.ation tests are applhied to assure
that the material is in the annealed
condition. During fabrication, any heating
operation {(except welding) between 427
982°C 5 avouded, unless followed by
solution heat treatment. Duringc welding,
heat input and interpass temperature sre
controlled. Weld filler material used is
Type 308L/316L/309L or equivalent. All
weld filler materials used have a mimimum
of 8 FN average (ferrite number)
determined on undiluted weld pads by
magnetic measuring instruments. During
fabrication, cold work is controlied by
applying limits in hardness, bend radit and
surtace finish on ground surfaces. Process
controls are exercised during all stages of
component manufacturing, fabrication
and installation to minimize
contaminants. Surface contaminants are
removed prior to any heating operations.

Records of the fracture toughness data of
the RCPB ferritic matenials must confirmn
that 1) the requirements of the ASME Code
are met, and 2) the reactor vessel beltline
materials will not be susceptible to brittie
fracture dunng the service.




Table 2.1.1: REACTOR PRESSURE VESSEL SYSTEM (Continued)

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment inspections, Tests, Analyses Acceptance Criteria

Vahdation Attributes
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8. Access for examinations of the RPV is

incorporated into the design of the vesse!,
biological shield wall and vessel insulation.

inspecticns, Tests, Analyses

Visual inspection will be conducted of
accessibility for exeminations of the vessel
and welds.

8

Table 2.1.1: REACTOR PRESSURE VESSEL SYSTEM (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Acceptance Criteria

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

The shield wall and vesse! 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
removable insulation panels at the top of
the shield wall and at access ports at
reactor vessel nozzles. Access to the
reactor pressure vessel welds above the
top of the tiological shieid wall must be
provided by removable insulation panais.
The closure head must have removabie
mnsulation to provide access for manual
ultrasonic examinations of its weids.
Accecs to the bottom head to sheil weld
must be provided througn openings in the
RPV support pedestal and removable
insulation panels aiound the cy'indnical
lower portion of the vessel Access must
be provided to partial penetration nozzle
welds, i.e., CRD penet  lions,
mstrumentation nozzles and recirculation
internal pump penetration welds, for
performance of the visual examinations.
Access must be provided for examination
of the attachment weld between the
support skirt kauckle (forged integraily on
tre 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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Figure 2.1.7 REACTOR PRESSURE VESSEL SYSTEM KEY FEATURES
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2.2 4 Standby Liquid Control System

N

VWY




ABWR Design Document

224

When the SLCS is manually initiated 1o inject a liquid neutron absorber into the
reactor, the following devices are actuated by cach switch:

a.  one of the two injection valves is opened;

b, one of the two storage tank discharge valves is opened;

¢.  one of the two injection pumps is started; and

d. one of the reactor water cleanup isolation valves is closed.

The SLCS provides borated water to the reactor core to compensate for the
various reactivity effects during the required conditions. These effects include
xenon decay, climination of steam voids, changing water density due 10 the
reduction in water temperature, Doppler effect in uranium, changes in reutron
leakage and changes in control rod worth as boron affects neutron migration
length. [o meet this objective, it is necessary 1o inject a quantity of boron which
produces a minimum concentration of 850 ppm of natural boron in the reactor
core at 70°F. To allow for potential leakage and imperfect mixing in the reactor
system, an additional 25% (220) is added 10 the above requirement. The
required concentration is wchieved accounting for dilution in the RPV with
normal water level and including the volume in the residual heat removal
shutdown cooling piping. This quantity of boron solution is the amount which
is above the pump suction shutoff level in the tank thus allowing for the portion
of the tank volume which cannot be injected.

The pumps are capable of producing discharge pressure to iniect the solution
into the reactor when the reactor is at high pressure conditions corresponding
to the system relief valve actuation.

The SLCS includes sufficient Control Room indication 10 allow {or the necessary
monitoring and control during design basis operational conditions. This
includes pump discharge pressure, storage tank liquid level and temperature as
well as valve open/close and pump on/off indication for those components
shown on Figure 2.2.4 (with the exception of the simple check valves).

The SLCS uses a dissolved solution of sodium pentaborate as the neutron-
absorbing poison. This solution is held in a storage tank which has a heater 10
maintain soluton temperature above the saturation temperature. The heater is
capable of automatic operation and automatic shutoff to maintain an acceptable
solution temperature. The SLUS solution tank, a test water tank. the two positive
displacement pumps. and associated valving is located in the sccondary
containment on the floor elevation below the operating floor. This is a Seismic
Category I structure, and the SLCS equipment is protected from phenomena
such as earthquakes, tornados, hurricanes and floods as well as from internal
postw.ated accident phenomena. In this arca, the SLCS is not subject to
conditions such as missiles, pipe whip, and discharging fluids,

= 117192
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The pumps, heater, valves and controls are powered from the standby power
supply or normal offsite power. The pumps and valves are powered and
controlled from separate huses and circuits so that single active failure will not
prevent system operation. The power supplied 1o one motor operated injection
valve, storage tank discharge valve, and iniection pump is powered from
Division 1, 480 VAC. The power supply to the other motor-operated injection
valve, storage tank outlet valve, and injection pump is powered from Division 11,
480 VAC. The power supply to the tank heaters and heater controls is
connectzble 1o a standby power source. The standby power source is Class (E
from an onssite source and is independent of the offsite power.

All components of the system which are required [or injection of the neutron
absorber into the reactor are classified Seismic Category 1. All major mechanical
components are designed 1o meet ASME Code requirements as shown below,

ASME Design Conditions
Component Code Class Pressure Temperature
Storage Tank 2 Static Head 150°F
Pump 2 1560 psig 150°F
Injection Valves 1 1560 psig 150°F
Piping Inboard of 1 1250 psiy 576°F

Injection Vaives

Design provisions to permit system testing include a test tank and associated
piping and valves. The tank can be supphied with demineralized water which can
be pumped in a closed loop through either pump or injected inte the reactor.

The SLCS is separated both physically and electrically from ihe control rod drive
system,

Inspection, Test, Analyses and Acceptance Criteria
Table 2.2.4 provides a definition of the inspections, tests, and/or analyses

togetier with associated acceptance criteria which will be undertaken for the
SLCS

-3 117/92



Table 2.2.4: STANDBY LIQUID CONTROL SYSTEM

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment inspections, Tests, Analys”s Acceptance Critena

Structi f is visi
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Table 2.2.4: STANDBY LIGUID CONTROL SYSTEM (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

3. SLCS shal! be capabie of delivering 100

apm of solution with both pumps
operating against the elevated pressure
conditions which can exist in the reactor
during events involving SLCS initiation.

The system is “esigned to permit in-service
functional testing of SLCS.

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

Al SLCS components which are required
for the injection of the neutron absorber
irto the reactor are classified Seismic
Category | and qualified for appropniate
environment for locations where installa<.

inspections, Tests, Anzlyses

System preoperation tests w li be
conducted to demonstrate acceptable
pump and systermn performance. These
tests will involve establishing test
conditions that simulate conaitions which
wili exist during an SLCS design basis
event. To demonstrate adeguate Net
Positive Suction Head (NPSH), delivery of
rated flow will be confirmed by tests
conducted at conditions of low leve! and

maximum temperature in the storage tank,

and the water will be injected from the
storage tank to the RPV.

Field tests wili be conducted after system
installation to confirm, in-service system
testing can be performed.

System tests will be conducted after
installation to confirm that the electrical

power supply configurations are in
compiiance with design commitments.

See Generic Equipment Qualification
verification activities {ITA).

* This entry may be transferred to the standby AC power ITAAC in Section 2.12.13.

Acceptance Criteria

3. 1t must be shown that the SLCS can

automatically inject 100 gpm {both pumps
running) against a reactor pressure of 1250
psig with simmulated ATWS conditions. it
must aiso be shown that the SLCS pumps
can pump the entire storage tank
pumpable volume.

Using normally instalied controls, power
suppiies and other auxiliaries, the system
has the capability to:

a. Pump tests in a closed loop on the test
tank and

b. Reactor pressure vessel injection tests
using demineralized water from the
test tank.

The installed equipment can be powered
from the sta.dby AC power suppiy.

See Generic Equipment Qualification
Acceptance Critena (AC).



Figure 2.2.4 STANDBY LIQUID CONTROL SYSTEM (STANDBY MODE)
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2.2.7 Reactor Protection System

227

The reactor protection system (RPS) for the Advenced Boiling Wate . Reactor
(ABWR) is a warning and trip system where initial warning and trip decisions are
implemented with software logic installed in microprocessors. The primary
functions of this system are to: (1) make the logic decisions related 1o warning
and trip conditions of the individual instrument channels, and {(2) make the
decision for system trip (emergency reactor shutdown) based on coincidence of
instrument channel trip conditions,

The RPS is classified as a safety protection system (i.e, as differing from a reactor
control system or a power generation system). All functions of the RPS and the
components of the system are salety-related. The RPS and the ¢lectrical
equipment of the system are also classified as Safety Class 8, Seismic Category |
and as IEEE electrical category Class 1E.

Basic Sy tem Parameters are:
a.  Number of independent divisions of equipment 4

b.  Minimum number of sensors per trip variable 4
(@ least one per division)

¢.  Number of automatic trip systems (one per division) 4

d.  Automatic trip logic used for plant sensor inputs 2-out-ot-4
(per division)

¢.  Separate automatic tiip logic used for division 2-out-of4

trip outputs

. Number of separate manual trip systems 2
g Manual trip logic Z-out-of-2

The RPS consists of instrument channels, trip logics, trip actuators, manual
controls and scram logic circuitry that initiates rapid insertion of control rods
(scram) to shut down the reactor for situations that could result in unsafe
reactor operating conditions. The RPS also establishes the required trip
conditions that are appropriate for the different reactor operating modes and
provides status and control signals to other systems and annunciators. The RPS
related equipment includes detectors, switches, microprocessors, solid-state
logic circuits, relay type contactors, relays, solid-state 'nad drivers, lamps,
displays, signal transmission routes, circuits and other equipment which are
required to execute the functions of the system. To accomplish its overall
function, the RPS utilizes the functions of the essential multiplexing system
(EMS) and of portions of the safety system logic and control (SSLC) system.
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Table 2.2.7: REACTOR PROTECTION SYSTEM
inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

RPS safety-related software, which is
utilized in effecting individual sensor
channel trip decisicns and trip system
coincidence trip decisions, has been
developed and verified, the firmware
implemented and validated and then
integrated with hardware; all according to
a formal documented plan.

Certain process signals utilized by the RPS
are transmittec to RPS sensor channel
signal processing equipment by means of
four separate divisions of Essential
Multiplexing System equipment.

Critical parameter trip setpoints are based
upon values used in analyses of abnormal
operational occurrences. Documented
instrument setpoint methodology has been
used to acccunt for uncertainties isuch as
instrument inaccuracies and drift) in order
to establish RPS reilated setpoints.

RPS equipment is designed to be protected
from the effects of noise, such as
electremagnetic interference (EMI), and
has adequate surge withstand capability
(SWC).

RPS equipment is qualified for seismic
lpads and appropriate environment for
locations where installed.

inspections, Tests, Analyses

See Generic Software Development
verification activities {ITA).

See the Essential Multiplexing System
verification activities (iITA)

See Generic Setpoint Methodology
verification activities {ITA).

See Generic EMI/SWC Qualification
verification activities (ITA).

See Generic Equipment Qualification
verification activities (ITA).

w

Acceptznce Criteria

See Generic Software Development
Acceptance Criteria (AC).

See the Essential Multiplexiig System
Acceptance Criteria (AC!.

See Generic Setpoint Methodology
Acceptance Criteria (AC).

See Generic EMI/SWC Qualification
Acceptance Criteria (AC).

See Generic Equipment Qualification
Acceptance Criteria (AC)
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Table 2.2.7: REACTOR PROTECTION SYSTEM (Cortinued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

RPS components and equipment are kept
separate from eguipment associated with
process contro! systems.

rail-safe failure modes result upon loss of
power or disconnection of compcnents.

Provisions exist to limit access to trip
setpeints, calibration controls and test
points.

The four redundant divisions of RPS
equipment and the four automatic trip
systems are independent from each other
except in the area of the required
coincidence of trip logic decisions and are
both electrically and physically separated
from each other. Similarly, the two manual
trip systems are separate and independent
of each other and of the four automatic trip
system:

Inspections, Tests, Analyses

Visual fieid inspections and anaivses of
relationship of installed RPS egu.prent
and of instalied equipment of interfucing
~vocess control systems (and/or tests of
interfaces) to confirm appropriate isoiation
methods used to satisfy separation and
segregation requirements.

Field tests to confirm that trip conditions
andjor bypass inhibits result upon loss of
power or discoanection of components.

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

inspections of fabrication and instailation
records and construction drawings or
visual! field inspections of the instalied RPS
equipment will be used to confirm the
quadruple redundancy of the RPS and the
electrical and physical separation aspects
of the RPS instrument channels and the
four automatic trip systems as well as the'r
diversity and independence from the two
manual trip systems.

6.

Acceptance Criteria

RPS equipment installation acceptabie if
inspections, analyses and/or tests confirm
that any failure in process contro! systems
can not prevent RPS safety functions.

Acceptabie if safe state conditions resuit
upon loss of power or disconne ‘ion of
portions of the RPS.

The RPS hardware/firmware wili be
considerad acceptable if appropriate
methods exist to enforce administrative
control for access to sensitive areas.

Instailed RPS equipment wrill be
determined to conform to the documented
description of the design as depicted in
Figure 2.2.7b.
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Table 2.2.7: REACTOR PROTECTION SYSTEM (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

it is 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 c¢) total system
functional tests.

Inspections, Tests, Analyses

10. Preoperational tests will 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 s.vitch positions, and with
other operational and maintenance
bypasses or test switches will be tested
and annunciation, display and logging
functions will be confirmed.

Acceptay e Criteria

10. The instalied reactor protection systemn

configuration, controls, power sources
and instaliations of interfacing systems
supports the RPS logic system functional
testing and the operability verification of
design as follows:

a. Installed RPS hardware/firmware
initiates trip conditions in ail four RPS
automatic trip systems upon
comncidence of trip conditions in twe or
more instrument channels associated
with the same trip vanablel(s).

b. Installed system initiates full reactor
trip and emergency shutdown (i.e.,
deenergization of both solenoids
associated with all scram pilot valves)
upon coincidence of trip conditions in
two or more of the four RPS automatic
trip systems.

c. Installed system initiates trip
conditions in both RPS manual trip
systems if both manual trip switches
are operated or if the reactor mode
switch 1s placed in the "shutdown”
position.

d. Trip system {automatic and manual}
trip conditions seal-in and protective
actions go to completion. Trip reset
{a%er appropricta delay for trip
cempletion) requires deliberate
Operator action.



Table 2.2.7: REACTOR PROTECTION SYSTEM !Continued)
inspections, Tests, Analyses and Acceptance Cr.teria
Certified Jesign Commitment insy - ctions, Tests, Analyses Acceptance Criceria
10. (Continued)

L'2e

e. installed system energizes both air
header dump (back-up scram) valves of
the CRD hydraulic system, and initiates
CRD motor run-in, concurrent only with
a full scram condition.

f. When not bypassed. trips result upon
loss or disconnection of portions of the
system. When bygassed,
inappropriate irips do not result.

g. Installed system provides isoiated
status and control signais to data
logging. display and annunciator
systems.

_H»

h. installed system demonstrates
operationa! interlocks (i.e., trip inhibits
or permissives! required for different
conditions of reactor operation.

Z6/LLIL
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Cartif-ed De - ~a Commitment

11. The RPS desig provides prompt
protection against the onset and

consequences of events or conditions taat
threaten the integrity of the fuel barner.

B/ LN

Inspections Tests Analyses

11. Preoperationa! tests will be condu. ted to

rezponse times 1o (1) monitor the varixtion

of the suleced processes; (2) detect when

trip setn.cints have been exceeded, and, (3)

execute the subsequent protechon acticns
: el e —_ == )

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

Acceptanca Criteria

11. The RPS hardwarefirmware respunse to

Ntizte reactor scram will be cunsigered
acceptable f such response 15
gemonstratec to be sufficcent to assure
that the specified acceptable fuei design
himite are 1.0t wxcveded.

Validation Attributes.

sensor input s beyond setpoint to time of

NAMS APRM < 0.090 sec.
Reactor pressure < 0.55 sec.
Reactor water ievel < 1.06 sec.
Turbmne stoy vaive < 0.060 sec.
closure

Turbine conirol vaive « 0.080 sec
tast closure

M3in steam lines < 0060 sec.

isolation
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figure 2.2.7b REACTOR PROTECTION SYSTEL
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241 Residual Heat Removal (RHR) System

241

Design Description

The RHR system is comprised of three divisionally separate subsysiems that
perform a variety of functions utilizing the following six basic modes of
operaton: (1) shutdown cooling, (2) suppression pool cooling, (3) wetwell and
drywell spray cooling, (4) low pressure core flooder (LPFL), (5) fuel pool
cooling, and (6) AC independent water additon. The configuration of cach
loop 1s shown on its PEID in Figure 24,1 (aligned in the standby mode). The
major functions ol the various modes of operaiion include containment heat
removal, reactor decay heat removal, emergency reactor vessel level makeup and
augmented fuel pool cooling In line with its given functions, portions of the
system are a part of the ECCS network and the containment cooling system,
Additionally, portions of the RHR system are considered a part of the reactor
coolant pressure boundary (RCPB).

The entire RHR system is designed 1o salety related standards although i
performs some no afety functions, i.e. those that are not taken eredit for when
evaluating design basis acaidents. The safety related modes of operation include
low pressure flooding, suppression pool cooling, wetwell spray cooling and
shutdown cooling. Nonssafety related modes of operatnon include drywell spray
cooling, AC independent water addition w gmented fuel pool cooling,
RHR also provides a Lack-up, safetyrelated fuer pool make-up capability.
Ancillary modes of operation include minimum flow bypass and full low 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 LPFL
mode, in conjunction with the remainder of the ECCS network, to provide
emergency makeup to the reactor vessel in order - keep the reactor core cooled
such that the ciiteria of 10 CFR 50.46 are met. The LPFL mode s accomplished
by all 3 loops of the RHR system by transferring water from the suppression pool
to the RPV, via the RHR heat exchangers. The LPFL mode is the only
automatically initated mode of RHR, but may also be inittated manually, The
system will also automatcally revert (o the LPFL mode of operation from any
other test or operatung mode upon receipt of a LOCA signal. Each RHR loop's
RPV injection valve requires a low reactor pressure permissive signal whether
being opened manually or automatically in response 10 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 modes
of the RHR system. Foliowing a LOCA the energy present within the reactor
primary system is dumped cither directly to the suppression pool via the SRV,
or indirectly via the drywell 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 temperawure of the suppression
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pool, and thus limit the long term peak temperatures and pressures within the
wetwell and drywell regions of the containment 1o within their analyzed design
limits, with only 2 of the 8 loops in operation (1e. worse case single failure). The
cooling requirements of the containment cooling function establish the
necessary RHR heat exchanger heat removal capacity,

The LPFL mode, along with its primary function of cooling the core, also serves
to cool the containmar s the heat exchanger is designed 10 always be in the
loop. The dedicated suppression pool cooling mode is made available in cach
of the % loops of the RHR system by circulating suppr ession pool water through
the respective RHR heat exchanger and then directly back 1o the suppression
pool. This mode of RHR is inttated manually. The wetwell and drywell spray
modes of RHR are cach available in only 2 of the  subsystems (loops B & €).
These functions are performed by drawing water from the suppression pool and
delivering it 1o a common wetwell spray header and /or a common drywell spray
header, both via the associated RHR heat exchanger(s). These contaisiment
spray modes of the RHR svstem are initiated manually, However, the drywell
spray inlet valves can only be opened if there exists high drywell pressure and the
RPV injection valves are fully closed. Wetwell and drywell sprays 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 1o achieve and
maintain a cold shu down condition, including conside: ation of the worst case
systemn single failure. The RHR heat exchanger heat removal capacity
cequirements in this mode are bounded by containment cooling requirements.
Shut.own cooling is initiated marually once the RPV has been depressurized
below the system low pressure permissive. In this moad cach loop takes suction
from the RPV via its dedicated suction line, pumps the water through its
respective heat exchanger and returns the cooled water 1o the RPV. Two loops
(B & ) discharge vater 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
pool suction and discharge valves and wetwell spray valve 1o prevent draining ol
the reactor vessel 1o the suppression pool. Also, cach shutdown cooling suction
valve is interlocked with and automatically closes on low reactor water level,

The augmented fuel pool cooling mode of RHE - .pplements/replaces the

normal fuel pool cooling system during infrequenccoaditions ol gh heat load.
This mode is accomplished imanually in one of two ways. When the reactor vessel
head is removed, th cavity flooded and the fuel pool gates removed, the RHR
system cools the fuel pool in the normal shutdown cooling mode. When the fuel
pool is otherwise isolated from the reactor cavity, two loops (B & C) of the RHR
system can directly cool the pool by taking suction from and discharging back wo
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the normal fuel pool cooling system. This connection also provides for
emergency fuel pool make-up capability by supplving a salety related make-up
path 1o the fuel pool from a salety related source, Le. 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 connecting the reactor
building fire protection system header 1o the RHR system just outside
containment in the absence of the normal ECCS network and independent of
the normal essential AC power distribution network.. The connection is
accomplished by the manual opening of two inseries valves on (he cross
connection piping just upstream of its tedan 1o the normal RHR piping. Fire
protection system water can be directed to either the RPY or the drywell spray
sparger by manual opening of the respective RHR injection valve. The fire water
is supplied via the system’s reactor building distribution header by either the
direct diesel driven fire pump or from an external source utilizing a dedicated
connection just outside the reactor building.

Each loop of RHR also has both a minimum flow mode and a full Now test mode.,
The minimum flow mode assures that there is pump flow sufficient 1o keep the
pump cool by opening a minimum flow valve that directs Now back 1o the
suppression pool anytime the pump is running 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 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, cach of
which includes a pump and a heat exchanger, takes suction from either the RPYV
or the suppression pool, and directs water back 1o 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 10
a common drywell spray sparger. The divisional subsystems of the RHR system
are separated both mechanically and electrically as well as being physically
located in different areas of the plant (o address requirements pertaining to fire
protection and other separation criteria. Each of the three subsystems is
powered from a separate divisional power distribution bus that can be supphied
from either an on-site or off=site source. Cooling water 1o each division of RHR
equipment (heat exchanger as well as pump and motor coolers) is supplied by
the respective division of the reactor cocling water (RCW) svstem. The RHR
system also includes provisions for containment isolation and RCPB pressure
isolation,

The RHR system will maintain the capability to perform its intended safety
related functions either following a Safe Shutdown Earthiquake or during the
environmental conditons imposed by a LOCA, and in ¢ath 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 have
sufficient NPSH available in all operating modes. The system can be powered

-3- 117/92



ABWR Design Document

241

from cither normal ofl-site 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 tornados, floods, and other
natural phenomena,

The RHR pumps are motor-driven centrifugal punips capable of supplying at
least 4200 gpm at 40 psid (drywell 1o RPY). The pumps are ASME Code Class 2
components with a design pressure of 500 psig and a design wemperature 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 in all
operating modes. The RHR heat exchangers are horizontal Ustube/ shell type
sized 10 provide a minimum effective heat removal capacity (Kcoefficient) of
195 Bru/sec®F. The primary and secondary sides of the heat exchangers are
ASME Code Class 2 and 8, respectively. The primary side design temperature
and pressure are 500 psig and 360 °F, respectively, The secondary side design
temperature and pressure are consistent with that of the RCW system. Each loop
of RHR has its own jockey prump 1o act as a keep lill system for that loop's pump
discharge piping. The jockey pumps are ASME Code Class 2.

The RHR system piping and valves are ASME Code Class 1 or 2 as shown on the
P&ID (Figures 2.4.1). The design pressure and temperature of piping and valves
varies across the system. For that piping attached to the RPY, from the RPV out
10 and including the outhoard containment isolation valves, the design pressure
and wemperature are 1250 ps' - and 575 °F, iespectively, For other piping open
1o the containment atmosphere, out to and including the outhoard containment
isolation valves, the design pressure and emperature 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. Those portions on the suction side
are rated at 200 psig and 360 °F, while those portions on the discharge side are
rated at 500 psig and 360 °F, respectively. The low pressure portions of the
shutdown cooling piping are protected from full reactor pressure by automatic
pressure isolation valves that are interlocked with reactor pressure. High
rchability of this interlock is assured by utilizing 4 separate and divisionally
independent pressure sensors in a 2-out-of-4 logic. Additionally, inseries
inboard and outboard containment/ pressure isolation valves in each loop are
powered from separate electrical divisions. Reliel valves are also provided for
protection from overpressue,

The RHR system includes sufficient Control Room indication 10 allow for the
necessary monitoring and control during design basis operational conditions.
This includes system llows, temperatures and pressures as well as valve open/
close and pump on /off indication for those instruments and components shown
on Figures 2.4.1.a, b and ¢, with the exception of simple check valves and
overpressure reliel valves (of the check valves shown only the testable check
valves downstream of each loop's RPV injection valve has control room status
indication).
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Inspection, Test, Analyses and Acceptance Criteria

This section provides a definition of the inspections, tests and /or analyses
together with associated acceptance cniteria 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 1

shown in Figures 2413, band c.

The RHR system operates in the LPFL 2

mode as part of the overail ECCS network.

The RHR system operates in the 3

suppression pool cooling mode to imit the
iong term temperature and pressure of the
containment under post-LOCA conditions.

A pcrtion of the RHR system return flow (in &

loops B & C) can be diverted to the wetwell
spray header.

The RHR system operates in the shutdown 5

cooling mode to remove reactor core
decay heat and bring the reactor to cold
shutdown conditions.

Inspections. Tests, Anaiyses
'nspections of the as-built RH4R
configuration shall be performed.

The ECCS LOCA performance analysis for
assuring core cociing shall be validated by
RHR system functional testing, inciuding
demonstration that the LPFL mode (of each
RHR loop) is capable of autormatically
mitiating and operating in response to 3
LOCA signai.

The prnmary containment performance
analysis for long term peak pressure and
temperature shall be validated by RHR

; . : : : "o
the required flowrate through the heat
exchanger and by nspection of vendor test
data and/or certifications confirmng the
heat exchanger's effective heat removal
w“' v-

RHR system functional tests shall be
performed to demonstrate wetwell spray
flow capabiinty.

RHA system functional tests shail be
performed to demonstrate operation in the
shutdown cooling mode of operation.

2413 bandc

AHR svstem actuation and operation 1S
consistent with the ECCS performance
analysis as follows:

a) RHR Pump Fiow (at 40 psid)
..z 4200 gpm

b} Time to Rated Fiow
..... < 36 second

RHR heat exchanger performance is
cons:stent with the containment coolng
system anaiysss as follows:

a) RHR Heat Exchanger effective heat
removal capability (K coeff.cient)
.2 195 Btu/secF.

bi RHR Heat Sxchanger tube side flow
.2 4200 gpm

RHR ioops B # C each separately are
capable of providing wetweil spray firw
bypass analys's as foliows

a) Wetwell spray flow._ . > 500 gpm.
RHR system {each loop! s capabie of

to the reactor pressure vessel [Heat
exchanger heat removail capability i this
mode 15 bounded by containment cooiing
requsements - iTAAC # 3]
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Table 2.4.1: RESIDUAL HEAT REMOVAL SYSTEM (Continued)
inspections, Tests, Analyses and Acceptance Critena

Certified Design Commitment

The RHR system {loops B & C) operates in
the augmented fuel pool cooling mode to

The RHR system (loop C) provides an AC
independe. it water addition function.

The RHA system operates when powered
from both normal off site and emergency
on-site Sources.

¥ aiready operating in any other mode, the
RHA system automatically reverts to the
LPFL mode in response to a LOCA signal.

Pressure isolation valves are provided to
protect low pressure RHR piping from
being subjected to excessively high reactor

pressure.

. Each RHR loop operates automaticaliy in a

minimum flc' v mode to protect the pump
from overheating.

6.

10.

1

inspections, Tests, Analyses

RHR system functional tests shail be
performed to demonstrate operation in the
augmented tuel pool cooling maode of

AC independent water addition mode of
operation.

RHR system functionai tests shall be
performed to demonstrate operation . "en
supphed by either normal off-site power or
the emergency dwesel generatoris).

6

10

"

Acceptance Criteria

RHR system (icops B & C) 1s capabie of
to the normal fuel pool cooling syster
bounded by contamme:nt cooling
requirements - ITAAC #3]

Fiow capaoility exssts for directing water
from the fire protection systemn to the RPY
and drywell spray sparger, via the RHR
system (loop C), without power being
avatiable f.om the essential AC distribution
systermn.

RHR systern is capable of operating when

RHR logic funchons as designed to
automatically reconfigure the system to
the LPFL mode of operation.

Automatic iseiation and interiock features
function as designed 1o prevent possible
overpressure conditions.

RHR sys.am logic functions sutomatically
10 assure 3 pump mmemyum flow path
ewsts and no deletenous affects are
observed during extended operation in the
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12.

13.

14

15

16.

17.

18.

Table 2.4.1: RESIDUAL HEAT REMOVAL SYSTEM (Continued)
inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commiatment

The RHR system automatically isolates
shutdown cooling suction valves to
prevent draining of the reactor vessel.

RHR system valve interlocks prevent
establishment of a drainage pat! from the
reactor vessel to the suppression pooi.

The drywell spray inlet valves can only be
opened if there exists high dryweil
pressure and the RPV injection valves are
fully closed.

Th2 RHR pumps are interlocked from
starting without an open suchion path.

The RHR system utilizes jockey pumps {1 in
each loog) to keep the pump o scharge
lines filled.

The RHR system full flow test mode aliows
periodic demonstration of RHR capability
during normai power operation.

The RHR pumps have sufficient NPSH
during all postulated operating conditions.

12.

13.

14

15.

17.

Inspections, Tests, Analyses
functional testing shai e conducted to
demonstrate operation of the shutdown
functional testing shall be conducted to
demonstrate operation of interlocking
valves providing potent:al flow paths to the
suppression pool.
functionai testing shall be conducted to
demonstirate operation of dryweil spray

g

Logic tests shall be conducted 1o
demonstrate that the RHR pum.ps will not
star* without an open suctk  path being
Ve B

. Functional tests will be performed to

demonstrate the ability of the jockey pump
(in each loop) to keep its respective RHR
pump discharge line full while in the
standby mode.

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

18. Actual system instailation will be

inspected, and appropriate measurements
taken, to verify adequate pump NPSH.

12

13

Acceptance Criteria

vaives automatically isolate on a low
reactor water leve! signal.

RHR system valve interiock logic functions
1o prevent possible RPV drain down.

14. RHR dryweli spray permissive logic

15.

6. Each j

17.

functions 10 prevent drywell spray niet
vaives from open:ng in the absence of
either 3 high dryweii pressure signal or 2
signal indicating RHR RPV injection
vaive(s) not fuliy closed.

An RHR pump start signai is not generated
in the absence of ‘ndication of an open

pump performs its keep fill

Each RHR subsystem demonstrates full
- : . o o
approximating actual vessel injection
condtions during operation in the full fiow
test mode.

18. Minimum pump NPSH availabie, ax

determined based o as-built condmons,
exceeds as-procured pump requirements.
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Tabie 2.4.1: RESIDUAL HEAT RFMOVAL SYSTEM (Continued)
Inspections, Tes:s, Analyses and Acceptance Criteria

Certified Design Commitment

19. RHR mechanical eq  ment is built in
accordance with ASME Code, Section !l
requirements.

20. Control room indications are provided for
certain RHR system parameters

19. Procurement records ar.d actual equipment

Inspections, Tests, Analyses Acceptance Critena
19. RHR equipment has appropriate ASME

shal! be inspected to verify applicabie RHR Section W, Class 1, 2 or 3 certifications

system compoenents have been accoicance with its proper classification
-anufactured per the relevant ASME {as described in Section 2.4.1).

srements.

sctions will be performed.to 20. The designated instrumentation is present

y.presence of controi room indication in the control room.

_r the AHR system as described n z 4.1,



Figure 2.4 1a RESIDUAL HEAT REMOVAL (RHR-A) SYSTEM
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2.6.1 Reactor Water Cleanup System

261

Design Description

The CUW system removes particulate and dissolved impurines from the reacton
coolant b vecirculating a portion of the reactor coolant through a filter-
demineralizer. The CUW system is designed 10 process a nominal flow of 2%
of rated feedwiater Dow. The CUW is designed for 879 kg em?g and 302°C.

The CUW systen removes excess coolan from the reactor system during startup,
shutcown and not standby, The excess water is directed to the main condenser,
radwasie or suppression pool. The CUW system also provides processed water (o
he roactor head spay nozzle for RPV cooldown.

The CUW system manimizes RPV temperature gradients by mamtaining

circwlation iu the HSotwom head of the RPY duning peniods when the reacton
nternal pumps are unavail=ble,

The suction line through the PCPR contains two motor operated isolation valves
which “ute matically close in response o signals from the leak detection system,
actuation of the SLOS, and high filler-demineralizer inlet temperature,

The CUW system is classified as a nonsalety system with a major portion of the
system located outside of the primary containment pressure hboundary (PCPY)
and automatically isolatable. Svstem piping and components within the PCPB,
including the suction piping up to and including the outboard suction isolation
valve, and all containment icolation valves incla ding interconnecting piping, are
ASME Section 11 Seismic Category 1, Quality Group A, The flow element used
for CUW system leak detecuon meets Seismic Category Tand Quality Group A
requirements 1o maintain structural integrity during a faulted conditon. All
ne nsalety equipment is designed as Nonseismic, Quality Group C. Low pressure
piping in the filterdemireralizer area, downstream of the high pressure block
valves, s designed 1o Quality Group D.

The CUW system s a single closed loop system that takes suction from the
reactor vessel bottom head drain line or the shutdown cooling sucton line
connection to RHR loop "B". CUW flow passes through a regenerative heat
exchanger (RHX) and wo parallel nonregenerative heat exchangers (NRHX)
1o two pumps in parallel . The flow is discharged to two filer-demimeralizers and
reiurned, through the regenerative heat exchanger to feedwater lines “A" and
“B". Each pump, NRHX and filter-<demineralizer is capahle of 50% system
capacity operation. See Figure 2 6.1 for system arrangement.

Fach filker-demineralizer vessel is installed in an individual shiclded
compartment with provisions for handline fi'ter matenial. Inlet, outlet, vent,
drain and other process valves are located vatside the filerdemmeralizer
compartment in a separate shiclded area wgether with the necessary piping and
associated equipment
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261

Process equipment and controls are aranged so that normal op erations are
conducted at a panel from outside the vessel o0 valve and pump compartment
shielding walls

Penctrations through comnpartm 1 walls are designed so that they preclude
direct radiation shine,

A remote, manually operared valve on the return line to the feedwater lines in
the steam tunnel provides long team leunage control and reverse flow isolation
is provided by a check volve in the © UM piping

Inspection, Test, Analyszs and dccep ar ¢ Criteria

Table 26,1 provides a definiton of the instructions, tests, and/or analyses
together with “sociated accep @nce o wena wh chwi e undertaken for CUW

“d 17/82
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Table 2.6.1: REACTOR WATER CLEANUP SYSTEM
Inspections, Tests, Analyses and Acceptance Criteria

Cestified Cesign Commitments

The configuration of the CUW system is
shown in Figure 2.4.1.

Suction lin2 isolation valves automaticaily
isolate CUW upon SLCS actuation, leak
detection, and high fiter-demineralizer
temperature.

CUW equipment is provi—ed with
shielding.

1.

2

Inspections, Test. Analysis

Inspection of the as-buift CUW
contiguration shafl be performed.

Fieid test wili be conducted to confirm that 2.
CUW will isolate uoon SLCS actuation and
loak & jon by e —
inspection of the as-buit CUW equipment 3
iocation will be performed to show that
enquipment s located in shieided areas.

Acceptance Criteria

Actual CUW system configuration
conforms with Figure 2.6.1.

CUW isciates when SLCS s actuated or
isak detection limit s sensed by ciosing
the primary comaminment pressure
poundary rsolation valves.

Actual location of the CUW equipment
canfor.ns with the reactor building
arrangement drawings (see Figure (iate ).
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Figure 2.6.7 REACTOR WATER CLEANUP I(CUW) SYSTEN P&ID
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2.10.23 Circulating Water System
Design ( seription

The circulating water system (CWS) provides a continuous supply of cooling
waler 1o the main condenser 1o remove the heat rejected by the turbine eycle
and auxiliary systems,

The CWS does not serve or support any safety function and has no salety design
basis.

To prevent flooding of the turbine building, the CWS s designed o
automatically isolate in the event of gross system leakage. The circulating water
pumps are tripped and the pump and condenser valves are closed in the event

of a system isolation signal from the condenser area high-high level switches, A
condenser area high level alarm is provided in the control room,

The CWS is designed and constructed in accordance with Quality Group D
¥ }
sq.n'(‘tﬁ(‘an(ms.

The CWS consists of the (ollowing components:
. a.  Intake screens located ina screen house
b, Pumps
. Condenser water boxes
d.  Piping and valves
¢.  Tubeside of the main condenser
f.  Water-box fill and drain subsystem
Figure 2.10.23 15 a simplified system diagram showing major system components.
Inspection, Test, Analyses and Acceptance Criterid
Table 2.10.2% provides a definition of the inspections, (ests, and/or analyses,

together with associated acceptance eriteria which will be undertaken and for
the Control Building.

21023 == 171/92
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Table 2.10.23: CIRCULATING WATER SYSTEM
inspections, Tests, Analyses and Acceptance Criteria

Certif:ed Design Commitment

Flooding of the turbine buslding will be
prevented by CWS isolatior in the event of
gross system leakage.

inspactions. Tests, Analyses Acceptance Criteria

. Visual inspection of the instalied 1. System isolates.

equipment coupied with the analyses of
the leakage/fiooding characteristics of the
as-huilt CWS wal! be performed using
simulated signals to verify system isolates
on high level.
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2.11.3 Reactor Ruilding Cooling Water System

213

Design Description

The reactor building cooling water RCW system distributes cooling water during
various plant operating modes, as well as during shutdown, and during post-
LOCA operation of the various safety systems. The system removes heat from
plant auxiliaries and transfers it 1o the ultimate heat sink (UHS) via the reactor
service water (RSW) system. The RCW removes hieat from the ECCS equipment
including the emergency diesel generators dunng a safe reactor shutdown
cooling funcuon,

The RCW system is designed 1o perform its required sale reactor shutdown
cooling function following # postulated loss of coolant accident/loss of offsite
power (LOCA/LOOP), assuming a single active failure in any mechanical or
clectrical RCW subsystem or RCW support system, In case of a failure which
disables any one of the three RCW divisions, the other two divisions meet plant
safe shutdown requirements, including a LOCA or a loss of oflsite power, or
both.

Redundant isolation valves are able to separate the essential portions of the RCW
cooled components from the nonsafety-related RCW cooled components during
a LOCA, 1o assure the integrity and safety functions of the safety related parts of
the system. The isolation valves 1o the nonessential RCW system are
automatically or remote-manually operated and their positions are indicated in
the main control room,

Each RCW division includes two pumps which circulate RCW through the
various equipment cooled by RCW and through three heg exchangers which
transfers the RCW heat (o the UHS via the RSW.

Each RCW division Main Control Room (MCR) instrument indication includes
main loop and RHR HX flow and temperature, MCR control iicludes MOV's
for RCW/RSW Heat Exchanger (HX) isolation, surge tank makeup control,
HECW refrigerator RCW flow control, D/G RCW isolation, non essential RCW
isolation, and RCW primary containment isolation.

The three RCW train configurations are shown on Figure 2.11.8. The RCW
system provides three similar complete trains, A, Band C which are mechanically
and electrically separated. The RCW pumps and valves for each RCW division 1s
supplied electrical power from a different division of the ESF power system,

«he RCW ASME code classifications for different portions of the system are
indicated on Figure 2.11.3ac. The safety related portions of the RCW divisions
are designed to Seismic Category I and Quality Group €,

During various plant operating modes, one RCW water pump and two heat
exchangers are normally operating in each division. Flow balancing provisions
arc included within each RCW division.
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Pump design parameters are:

RCWA'B RCW C
Design pressure (psig) 200 200
Design temperature (°F) 158 158
Discharge flow rate (gpm/pump) z 5,700 2 4,800
Pump total head (psig) 2 RO 276
Heat exchanger capa ities are each: 450 Bu/h 42E5 Buu/h

Connections 1o a radiation monitor are provided in cach division to detect
radioactive contamination resulting from a tube leak in one of the RHR
exchangers, fuel pool exhumers, or other exchangers,

© RCW pumps and heat exchangers are located in the lower floors of the
control building. The equipment cooled by the RCW divisions are located in the
reactor building, turbine building, and radwaste building, as stated on Figure
2.11.8a<c. Tables 2.11.3.2b.c.d show which equipment receives RCW flow during
various plant operating and emergency modes. The tables also indicate how
many heat exchangers are in service in cach mode.

During normal plant operation, RCW flows through equipment which is
normally operating #ad requires cooling and all ECCS equipment, except RHR
heat exchangers anc. .oF diesel generators as shown by open or closed valves in
Fignre 2.11.8.

Ifa LOC  curs, a second RCW pump and third heat exchanger in cach loop
are placed in service. Automatic or remote operated isolation valves will sepacate
the RCW for the LOCA required salety equipment from the nonsafety-related
equipment, if a RCW surge tank low water level signal occurs. The primary
containment RCW isolation valves automatically close if a LOCA occurs.

After a LOCA, the following sequence will be followed:

a. I the nonsalety portion of RCW is available to the instrument air /service
air (IA/8A) compressors, the CRD pumps and CUW pumps, RCW flow to
these nonsafety components shown on Figure 211 8 b maintained. Flow is
automatically shutoff to other non-essential equipment after the LOCA.

b. Il the operator determines after the LOCA, from essential RCW
instrumentation, that the integrity of the non-safety RCW system to the
above mentioned compressors and pumps has been lost he can shut the
remote operated nonessential isolation vaives shown in Figure 2.11.8,

If the surge tank water level reaches a low level, indicating loss of water out oi the
RCW system, isolation valves in the supply and return piping 1o the nonessential
equipment will automatically close, including the compressors and pumps
mentioned above.
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The RCW/RSW heat exchanger design basis condition occurs during post-
LOCA cooling of the containment via the RHR heat exchangers.

The RCW pumps have the llow capacity 1o deliver required flow 1o the ECCS
equipment in cach division anad the above mentoned compressors and pumps if
the 1solation valves cannot be closed.

After a LOOP, the RCW pumps are automatically powered by the emergency
diese] generators,

A separate surge tank is provided for each RCW division. Normal makeup water
source 1o the surge tank is the makeup demineralized water system. For LOCA
conditions, the suppression pool cicanup system (SPCU) provides a backup
surge tank water supply.

Inspection, Test, Analyses and Acceptance Criteria

Table 2,11 34 provides a definition of the inspections, te..s, and/or analyses
together with associated acceptance criteria which will be and undertaken for

the RCW,

-3~ V17/92
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Table 2.11.3a: REACTOR COOLING WATER (RCW) SYSTEM
Inspections, Tests, Analyses and Acceptance Criteria

“ertifie” esign Commitment
System configuration including key
componerts ¢nd flow paths are shown in
Figure 2.11.3.

Three RCW trains are mechanically and
electrically independent.

During various modes of operation, RCW
has adequate hydrauiic capability for plamt
auxihanes and the primary containment
required for safe shutdown following a
design accident or transient. These safe
shutdown requirements are satisfied with
only any 2 of 2 ACWy divisions operating.

isolation valves as shown in Figure 2.11.3
can automatically or remote manualiy
separate the RCW for the essentiai
equipment from the RCW for the
nonessential equipment.

Inspections, Tests, Analyses
inspecticn of construction records will be
performed. Visual inspectior. (V1) will be
performed based on Figure 2.11.3.

Tests and Vi of the thr~e independent trains
will be conducted which will ‘nciude
independent and comncident operation of
the three trains to demonstrate complete
Limited system hydrualic tests will be
conducted according to availabie
nonnuclear heat plant conditions. The
tests will demonstrate a safe piart
shutdown with one RCW division out of
service.

V1 of the installed RCW system and RCW
preoperational tests as follows will be
compieted.

a. Remote-manual operation of the
isolation valves from the main control
room.

b. During simulated LOCA conditions, &
simulated LOCA condition wiil be
combined with 3 simulated RCW surge
tank water level signal to aufomatically
close the isolation vaives.

c. A LOCA sinal will shut RCW isolation
valves which wil! shut off RCW flow to
all nonessent. equipment ¢ cept the
IA/SA ~ .mpressors, TR0 pumps and
CUW pumps.

-~

Acceptance Criteria

The system configuration conforrns with
Figure 2.71.3.

Plant tests and Vi confirm proper
mdependence of three RCW divisions.

The resulits confirm the RCW has the water
design comimitment, including safe
shutdown operation with 1 RCW division
out of - vice.

isolation valves are properly located as
shown in Figure 2.11.3 and are
demonstrated to operate automatically or
amote manually “0 isoiate RCW for
nonessential from RCW for esseritial
equipment cooled by RCW.



Table 2.11.3a: REACTOR COOLING WATER (RCW) SYSTEM {Continued)

Iinspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment inspections, Tests Analyses Acceptance Crite. 13

re
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Table 2.11.3b: REACTOR BUILDING COOLING WATER CONSUMFRS
DIVISION A

Emergency
Norma! WOCA) (Sup
Operating Mode/ Opersting Shutdown at & Shutdown st 20 Mot Standby Mot Stendby pression Poal
Components Conditions  hours hours (e loss of AC) floss of AC! at97%

RCWHEW Heat ? 2 8 F 1 i
Exchangers
In Service

ESSENTIAL Note 1

Emergency Die X X
so! Genarglor A

A Hoat x kS X x
Exchanger A

FPC Host X X X X A X
Exchanger A

Others (essen X x X x X x
tinl) iINow 2}
NON ESSENTIAL

AWCU Heat x X X ) X
Exchanger

Inside Drywell x x X X X
(Note 3)

Others (non X X X X X X

essential)
(Note 4)

NOTES

(1) (X} = Equipment recewves RCW in this mode
) = Equipment does net receive RCW in this mode

(2) HECW refrigecator, room coolers (FPC pump. RMR, RCIC, 8GTS, FC8, CAMS), AMA motor and seal coolers
(31  Drywaeli (A & C) and RIP coolers

) ‘nstruments and service air caolers. RAWCU pump cooler, CRD pump oil, and RIP Mg sets
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Table 2.11.3¢c: Ri:ACTOR BUILDING COOLING WATER CONSUMERS

DIVISION B

3 nergency
na LOCA) (Sup
perating Mode perating w A jorvn al A M and Hot Standby pression P
" on { v A ss of AL ms
-
S
w
.
ESSENTIAL
)
NON-ESSENTIAL
a
'
’
\
s
¢,
)
A 3
b v
»
: -
.
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Table 2.11.3d: REACTOR BUILDING COOLING WATER CONSUMERS

DIVISION C
Emergency

Normal LOCA) (Sup-
Operath g Mode/ Opereting Shutdown at ¢ Shutdown at 20 Hot Standby Hot Standby pression Pool
Components Conditions hours hours (no loss of AC) floss of AC) s 97%
RCW/RSW Heal ’ 3 3 2 3 3
Exchangers
ESSENTIAL Note 1
Emaergency Die x X
sol Generator B
AMR Huat X X X X
Exchanger B
Others (essen X X X X X X
tialNNote 2)
NON-ESSENTIAL
Others (non X X X X X X
assentiall
(Note &)
NOTES

(1) (X) = Equipment receives RCW in this mode
() = Equipmaent does not receive ACW in this mode

{2) HECW refrigerator, room coolers motor coolars, and mechanical seal coolers for RHR and HPCF

(3) Instrument and service air conlers, CRD pump ol conler, radwaste componants, MSCR condanser, and turbine buiiding
sampling coolers
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Figure 2.11.3a ACW DIVISION - A
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Figure 2.11.3b RCW DIVISION - B
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Figure 2.11.3¢c RCW DIVISION - C
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2.12.13 Emeigency Diesel Generator System (Standby AC Power Supply)

2.12.13

lesign Description

The Class 1E diesel generators comprising the Divisions 1, 11, and 1 standby AC
power supplies are designed to restore power to their respective Class 1E
distribution system divisions as required to achieve safe shutdown of the plant
and/or to mitgate the consequences of a loss-of-<coolant accident (LOCA) in the
event of a coincident loss of normal electrical power. Each of the three divisions
of the AC power system has its own diesel generator,

The major loads consist of the following systems for all three divisions: Residual
Heat Removal (RHR) Sysiem, Reactor Building Cooling Water (RCW) System,
HVAC Emergency Cooling Water (HECW) System, and Reactor Service Water
(PSW) System. In addition, Divisions Il and 111 include the High Pressure Core
Flooder (HPCF) System loads. (The Division 1 RCIC system is also part of the
ECCS network, but is steam-driven and therefore does not present a significant
load to the diesel generator.)

Each Class 1E standby power system division, including the diesel generator, its
auxiliary systems, and the distribution of power to various Class 1E loads through
the 6.9 kv and 480 v sysiems, is segregated and separated from the other
divisions. No automatic interconnection is provided between the Class |E
divisions. Fach diesel-generator setis o} rated independently of the other sets,
and is connected to the utility power system by manual control only during
testing or for bus transfer. A failure of any component of one diesel generator
set will not jeopardize the capability of either of the two remaining diesel
generator sets to perform their functions. The diesel generators are Seismic
Category 1, and are located within the Reactor Building (sce Figure [later]).

Each diesel generator unit is rated at 6.9 ky, 60 Hz; and is capable of
automatically starting, accelerating, attaining rated frcquency and voltage within
20 seconds, and supplying its loads in the sequence and timing specified in the
plant desigin documents. In addition, each diesel gencrator is capable of
starting, accelerating and running its largest motor at any time after the
automatic loading sequence is completed, assuming that the motor had failed 1o
start initially.

The diesel generators start automatically on loss of bus voltage. Under-voltage
sensors are used to start cach diesel engine in the event of a sustained drop in
bus voltage below 70% of the nominal 6.9 kv rating of the bus. Low-water-level
sensors and drywell high-pressure sensors in each division are also used to
initiate the respective diesel start under accident conditions. However, the
diesels will remain on standby (i.e., running at rated voltage and frequency, but
unloaded) unless the bus under-voltaoe sensors trigger the need for bus transfer
to the diesel supply, Manual start capability (without need of DC power) is also
provided.
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Fach diesel is supplied by its own independent fuel tank, which is located in an
arca protected from natiral phenomena, and which is capable of supplying fuel
for at least 7 days of continuous operation,

The standby AC power supplics are designed such that testing and inspection of
equipment is possible during both normal and shutdown plant conditions.

Each standby AC power supply is composed of a three-plase synchronous
generator and exciter, the diesel engine, the engine auxihiaries (including the
fuel tanks), and the control panels. Figure 2.12.18 shows the emergency diesel
generator system interfaces, which includes the interconnections between the
offsite power supplies and the Divisions I, I, and 1 diesel-generator standby AC
power supplies.

The transfer of cach Class 1E bus to its standby power supply is automatic, should
this become nocessary, on loss of its offsite power, After the circuit breaker
connecting the bus to the preierred power supply s open, major loads are
tripped from the Class 1E bus. except for the Class 1E 480 v unit substation
feeders. Then the diesel-gencrator breaker is closed when required generator
wltage and frequency are established. The large motor loads are later re-
applied sequentially and automatically to the bus after closing of the diesel-
generator breaker.

Each diesel generator is capable of being started or stopped manually from the
main control room. Start/stop control and bus transfer control may be
transferred to a local control station in the diesel generator room.

Each diesel generator, when operating other than in test mode, is independent
of the preferred power supply. Additional interlocks to the LOCA and loss-of-
power sensing circuits terminate parallel operation tests and cause the diesel
gencrator 1o automatically revert and reset 1o its standby mode if cither signal
appears during a test. A lockout or maintenance mode removes the diesel
generator from service. The inoperable status is indicated in the control room.

Devices monitor the conditions of the diesel generators, and elfect action in
accordance with one of the following categories: 1) Conditions to trip the diesel
engine even under LOCA, 2) Conditions to trip the diesel engine except under
LOCA, 3) Conditions to trip the gene ator breaker but not the diesel, and 4)
Conditions which are only annunciated.

inspection, Test, Analyses and Acceptance Criteria
Table 2.12.13 provides a definition of the inspections, tests, and/or analyses

together with associated acceptance criteria which will be undertaken for the
emergency diesel generator system.,
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Table 2.12.13: EMERGENCY DIESEL GENERATOR SYSTEM
Inspections, Tests, Analyses and Acceptance Criteria

The three diese! generaters are capable of
suppiying sufficient AC power to achieve
safe shutdown of the plant and/or to
mitigate the consequences of a LOCA in
the event of 3 coincident less of noimal
power. (See Figure 2.12.13))

Each diese! generator is rated at 6.9 kv,
three-phase, 60 Hz; and is capable of
attaining rated frequency and voltage
within 20 seconds after recei~t of a stant
signal.

in the event of a loss of normal power, each
diesel generator unit is capanle of starting
(both manually and automatically),
accelerating, and supplving its ioads in the
proper sequence and itming specified in
the plant design documents. It is also
capable of recovery following trip and
restart of its largest load.

Inspections, Tests, Analyses

1.a Confirmatory inspection will be performed
to assure the maximum design loads
expected 1o occur for each divisic., are
within the ratings of the corresponding
diesel generator.

1.b Testing will be rcnducted by synchronizing
each diese! generator to the plant offsite
power system and increasir.g s outnut

power level 1o its fully rated i~.ad cond.".on.

2. Perform a test of each diesel genurator to
confirm its ability to attain rated frequency
and voltage.

3. The automatic and manual start sequences
will be tested for each diecel generator
unit.

Acceptance Criteria

1.a The maximum loads expected 1o occur for
each division {according to nameplate
ratings) shall not exceed $0% of the rated
power vutput of the diese! generator (ie.
4500 kw).

1.b Each of the three urits shall produce rated
power output {5000 -w) at >0 8 pffora
pericd of >24 hours \momentary transients
excepted). Each unit will then experience
full load rejection by tripping the load and
verifying the unit does not trip.

2. Each diesel generator attains a voitage of
6.9 kvt 10%, and a frequency of 60 Hz+2%
within 20 seconds after application of a
start signal.

3. Each of the three units starts {via each
manual and automatic signal), accelerates,
and properly sequences : loads in
accordance with the pla. . sequence
diagram. The load sequence begins at
20+ 2 seconds and ends <65 seconds.
Foilowing application of 2ach load, the bus
voitage will not drop more than 25% at its
terminals. Frequency should be restored
to within 2% of nominal, and voltage
should be restored to within 10% of
nominal within 0% of each Inad-sequence
time intervzl. In addition, the unit's largest
motor load shall be tripped and restarted
after the unit has completed 5 sequence,
and the bus voltage will recover 10 6.9
kv+10% at 60+ 2% Hz within 10 seconds.
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Table 2.12.13: EMERGENCY DIESEL GENERATOR SYSTEM (Continued)
Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment

4. Each diesel generator unit is capable of

manually starting without the need for
external electrical power.

Interiocks to the LOCA ano loss-of-power
sensing circuits terminate parallel
operation tests and cause the diesel
generator to automatically revert and resel
to its standby mode if either signal appears
during a test.

Devices manitor the conditions of the
diesel generators, and effect action in
accerdance with one of the following
categories: 1) Conditions to trip the diesei
engine even under LOCA, 2) Conditions to
trip the diesel engine except under LOCA,
3) Conditions to trip the generator breaker
but not the diesei, and 4} Conditions which
are only annunciated.

Inspections, Tests, Analyses

4. Each unit will be tested tu assure its black-

start capability is functional.

Interlocks for the standby AC power
system will be tested.

Using simulated signals, protective
interlocks and annunciations will be tested
to assure they perform their functions, in
accordance with the four categorical
cunditions described.

Acceptance Criteria

4. Black-start capability is demonstrated

following manual start, acceleration, and
bus energization for each of the three units
without assist from any external eiectric
power.

While in a paraliel test mode, each unit will
revert and reset to its standby mode
following individual application of 3 LOCA
signal and a ioss-of-power signal.

Successful circuit testing will be confirmed
for the individuai diesel generator
protective sensors according tc the
tollowing:

Category 1 sensors: Annunci2®. 'ns and
diesel engine trip signails wil’ L wanfirmed
in compination with a LOCA si .3l

Category 2 sensors: Annunciations and
ciesel engine trip signals wil! be confirmed
without a LOCA, but trips will be bypassed
wien LOCA signal is present.

Category 3 sensors. Annunciations and
generator circuit breaker tr.p signals will be
confirmed.

Category 4 sensurs: Annunciation signals
will be confirmed.
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Figure 2.12.13 EMERGENCY DIESEL GENERATOR SYSTEM INTERFACES
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2.15.12 Control Building

215,12

Design Description

The control building (CB) is the building that houses the main control room,
control equipment and operatons personnel for the Reactor and Turbine
Islands. The control building is located between the reactor and wurbine
buildings

In addition 1o the control room and operations persoanel, this building houses
the essential electrical, control and instrumentation equipment, essential switch
gear, essential baitery rooms, the CB heating and air conditioning (HVAC)
equipment, reactor building component cooling water pumps and heat-
exchangers, and the steam tunnel,

The general building arrangement including watertight doors and sills for
doorways where needed for flood control is fornd in Figures 2.15.12a through
2.15.12g.

The CB is a Seismic Categor | structure designed 1o provide missile and
tornado protection.

The CB '« constructed of reinforced concrete with steel truss roof. The CB has
two stories above the grade level and four stories below. The building shape is
rectangle. Major nominal dimensions are as follows:

Overall height above 1op of basem 30.5 m
Overall planar dimensions (outside)

0 deg-180 deg direction 24.0m

90 deg-270 deg direcion 56.0 m
Thickness of Outer Wall

from -8.2m TMSL 10 17.15m TMSL 1.2m

from 17.15m TMSL. 10 22.2 m TMSL (.6m
Thickness of Sicam Tunnel

Walls, Floors, and Ceiling 1.6m
Thickness of Walls supporting Steam Tunnel 1.6m

Note that dimensional variations shall be within the limits which will have
insignificant effect on the structural design.

The CB is a shear wall structure designed to accommodarc all scismic loads with
its perimeter walls. Therelore, frame members such as beams or columns are
designed to accommodate deformations of the wall. in case of earthquake
condition.

-3 1/17/82
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2.156.12

During normal operation, the concrete surrounding the steamline tunnel
provides shiclding so that operator doses are below the value associated with
uncontrro'l=d,unhmied access. The outer walls of the control building are
designed to attenuate radiation from radioactive materials contained within the
reactor building and from possible airborne radiation surrounding the control
building following a 1 OCA. The walls provide shiclding to limit the direct-shine
exposure of control room personnel following a LOCA. Shielding for the
outdoor air cleanup filters also is provided 1o allow temporary access 1o the
mechanical equipment area of the control building following a LOCA, should it
be required.

The conu ol building is not a vented structure. The exposed exterior roofs and
walls of the structure are designed for the required pressure drop. Tornado
dampers wre provided on all air intake and exhaust openings. These dampers
are aosigned 1o withstand the specified negative pressure.

inspection, Test, Analyses and Acceptance Ciiteria
Table 2.15.12 provides a definition  Tth » inspections, tests, and/or analyses,

together with associated acceptance ¢ iteria which will be undertaken for the
control building.
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Tabie 2.15.12: CONTROL BUILDING

inspections, Tests, Analyses and Acceptance Criteria

Control building general arrangemert is
shown in Figures 2.15.12a through
2.15.12g.

Design features are provided to protect
against design basis internal and external
floods.

1.

inspections, Tests, Analyses

Piant walk throu ,h to check and verify
requirements are met.

Review construction records and perform
visual inspections of the flood cc strol
features.

Z

A . Criteri
Per Figure 2.15.12a through 2.15.12.g..

For external fiooding:

a. Exterior wai! thickness below fiood
level grecter than 0.6m.

b Water stop

c. Watertighi door and piping

penetrations below flood level

Water p-roof coating on exterior walls

e. Foundations and walls of structures
below grade are designed with water
stope at expansion and construction
joints

f. Roofs are desiyred to prevent pooling
of large amounts of water.

For internal flooding:

a. Elevation differences and divisional
sena-<tion of the mechanical functions
from the remainder of the CB

b. Drainage system to divert water to
assigned floor and location

c. Silis for doorways as neaded to
provide flood protection

d. Watertight doors instalied below
internal flood level

e. Waii thickness below internal flood
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