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2.0 Method of Investigation

2.1 Requirements

A fire could affect safe shutdown systems and impact public safety
while the loss of function of systems used to mitigate the con-
sequences of a design basis accident under post-fire conditions may
not necessarily impact public safety. Therefore, the need to limit
fire damage to safe shutdown systems is greater than the need to
limit damage to those systems used to mitigate the consequences of
a design basis accident. Levels of protection have been defined

by 10 CFR 50 Appendix R according to the safety function of the

structure, system or component. These are:

2.1.1 Hot Shutdown = One train of equipment necessary to achieve
and maintain hot shutdown from the control room or emergency
centrol station(s) must remain free of fire damage from a

single fire inciuding an exposure fire.

2.1.2 Cold Shutdown - Both trains of equipment needed to achieve
and maintain cold shutaown may be damaged by a single fire,
including an exposure fire. However, damage must be limited
to the extant that at least one train can be repaired or
otherwise made operable within 72 hours using onsite capability.
when alternate shutdown capability is provided, damage shall
be limited so that the systems can be made operable and cold

shutdown can be achieved within 72 hours.
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2.1.3 Design Basis Accidents - Both trains of equipment necessary
for mitigation of the consequences following a design basis

accident may be damaged by a single exposure fire. Repair

capability is not necessary to satisfy Appendix R requirements.

Functional Requirements

The selection of safe shutdown functions is principally based on
those identified in Nuclear Regulatory Branch Technical Position
(BTP) APCSB 9.5-1 Section C.5.c. Other functions may exist under
each of these broad headings. Examples of such funclions are steam
generator level control and steam generator pressure control which
exist as a part of reactor heat removal. Steam generator level

and pressure control are required during initial hot shutdown
conditions. However, during certain portions of cooldown and all
of cold shutdown, the Residual Heat Removal System is operable and
these functions are not required. Other functions such as emergency
power, process cooling, etc., are included in the miscellaneous

supporting function definition.

In addition to the functions identified in BTP CMcB 9.5-1, a
Reactor Coclant Pressure Control Function has been includec.
Although this function could be placed within the Reactor Coolant
Make-up Function and Reactor Heat Removal Function, the specific
goals achieved by the performance of this function are unique

enough to warrant a separate function classification.




The specific safe shutdown functions necessary to satisfy Appendix

R acceptance criteria are as follows:

2.8:1

(1) Reactor Reactivity Control Function

(2) Reactor Coolant Make-up Control Function
(3) Reactor Coolant Pressure Control Function
(4) Reactor Heat Removal Function

(5) Process Monitoring Function

(6) Miscellaneous Supporting Functions

Reactor Reactivity Control Function

After a reactor trip, the reactivity control function must be
capable of achieving and maintaining at least a 1X¥ reactivity
shutdown margin from zero power hot shutdown to cold shutdown
conditions. The function must be capable of compensating for
any positive reactivity change as a result of xenon decay

and decreasing reactor coolant temperature during cooldown.

A safety sequence diagram, Figure 2-1, represents safe shut-

down functions for reactivity control.

Initial reactivity control results from an automatic Reactor
Protection Svstem (RPS) trip or from operator initiation of a
manual trip. The effects of fires on the RPS do not preclude
the initiation of an automatic trip or control rod insertion

because the system is designed to fail in the safe (scram)

condition.




2.2.2

Following control rod insertion, hot subcritical conditions

can be maintained for at least 24 hours with no addition of
boron, assuming all rods are inserted into the core and the
reactor trip occurs at worst case conditions (end of life and
at 100% power), with xenon at steady-state level. As xenon
decays, however, positive reactivity is added, requiring the
addition of borated water from the Refueling Water Storage
Tank (RWST) to maintain the required margin of shutdown
reactivity. The cooldown transition from hot shutdown, and
ultimately to cold shutdown, requires additional boration to
compensate for the negative moderator temperature coefficient.
The total quantity of borated water from the RWST (a minimum
Technical Specification concentration of 2000 ppm) which must
be injected into the Reactcr Coolant System (RCS) to achieve
the required cold shutdown margin is less than the quantity

of borated water from the same source required to maintain
pressurizer level within the operating band during cooldown
(Reactor Coolant System volume shrinkage compensation). The
Chemical and Volume Contro) System (CVCS) is capable of in-
jecting this quantity of borated water into the Feactor Coolant
System and maintaining the required shutdown reactivity margin

throughout safe shutdown.

Reactor Coolant Make-up Control Function

The reactor coolant make-up control function must be carable

of assuring that sufficient make-up inventory is provided to

compensate for reactor coolant system fluid losses due to
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leakage from the system and shrinkage during cooldown

deau 3 y ~f 0y nar ¢ i
Adequate performance of this function 1s achieved by maintain-

ing pressurizer leve ithin acceptable limits A safety

seauUenc R .
quenc represents safe shutdown
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makeup control




(1) Within the technica)l specifications for reactor coolant

system pressure-temperature requirements;
(2) To prevent peak reactor coolant system pressure from
exceeding 2735 PSIG (110% of system design pressure); and
(3) With a sufficient subcooling margin to minimize void
formation within the reactor vessel during natural

circulation decay heat removal conditions.

A safety sequence aiagram, Figure 2-3, represents safe

shutdown functions for reactor coolant pressure control.

Overpressure protection of the RCS prior to a controlled cool-
down and depressurization is provided by the pressurizer
safety valves. After alignment of the Residual Heat Removal
System (RHR), at approximately 350°F and 425 psig, overpres-
sure protection is provided by the RHR safety valves. The
pressurizer safety valves and RHR safety valves, in conjunc-
tion with a controlled cooldown and a timely transfer to
shutdown cooling at or arcund a Reactor Coolant System
temperature of 350°F, will ensure that the RCS pressure-
temperature limits are not exceeded. For adequate pressure
control, isolation of the pressurizer auxiliary spray and
normal letdown will occur as the result of operator action.
Safety injection tank accumulators will also be manually

isolated by operator action.

The establishment and maintenance of sufficient sub-cooling

margin within the Reactor Coolant System is essential when
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2.2.4

conducting a natural circulation coolaown. Pressurizer heaters
may not be available but maintaining a constant charging pump
flow rate while decreasing cooldown rate will raise system
pressure. In the event that depressurization is required
during cooldown, the preferred method will be to maintain
pressurizer level constant and reduce pressure via ambient
losses. If a more rapid means of depressurization is required,

the auxiliary spray can be operated manually.

Reactor Heat Removal Function

The reactor heat removal function must be capable of removing
both decay and sensible energy from the reactor core and
primary systems at a rate such that overall system tempera-
tures can be maintained within acceptable limits. This
function shall also be capable of achieving cold shutdown
conditions within a 72-hour period and maintain cold shutdown
thereafter. A safety sequence diagram, Figure 2-4 represents

safe shutdown functions for reactor heat removal.

Following a reactor trip with an assumed loss of off-site
power, decay heat is initially removed by natural circulation
within the Reactor Coolant System, heat transfer to the Main
Steam System via the steam generators, and operation of the
air-operated atmospheric steam dump valves or the Main Steam

System code safety valves. With the main steam safety valves




alone, the RCS maintains itself close to the nominal no-load

condition.

For decay heat removal via natural circulation a minimum of one
steam generator is assumed to be available. This decay heat
removal requires the ability to supply sufficient feedwater

to a steam generator to make up for the inventory discharged
as steam by the safety or relief valves For maintenance of
initial hot shutdown conditions, the secondary make-up flow
required to a steam generator is less than 200 gpm and is
supplied by the Auxiliary Feedwater System (AFW). The pre-
ferred feedwater source is the condensate storage tanks, with
the Service Water System available as a backup. Feedwater may
be supplied by the motor-driven auxiliary feed pumps or by

the turbine-driven auxiliary feed pump.

Transition from hot shutdown conditions to cooldown is
achieved by manual control of steam generator pressure. The
removal of decay and sensible energy is achieved by the
controlled operation of the steam generator atmospheric steam
dump valve and continued operation of the Auxiliary Feedwater
System. During this cooldown phase, an auxiliary feedwater
flow of up to 200 gpm is required which can be supplied with

the turbine-driven or motor-driven auxiliary feed pump.
As described above, the transition from hot shutdown to cool-
down is achieved via operation of the Auxiliary Feedwater

System and the atmospheric steam dump valves. After reduction
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of reactor coolant sys*em temperature below 350°F, the Residual
Heat Removal System is used to estabiish long-term core cooling
through the removal of decay heat from the Reactor Coolant

System to the environment via the Residual He:t Removal System,

Component Cooling Water System, and the Service Water System.

Process Monitoring Function

when information on process variables is required by operators
in order to either modify system alignments or control safe
shutdown equipment, such monitoring information must be avail-
able. The preferred mede of process monitoring is by direct
indication of those plant process variablcs necessary for
plant operators to perform and/or control the previously iden-
tified functions. A discussion of the necessary instrumenta-

tion by safe shutdown function is provided below.

For the fire scenarios assumed in this analysis, inventory
make-up to the Reactor Coolant System will be from the Refuel-
ing Water Storage Tank through the reactor coolant pump seal
injection lines or auxiliary charging line. As previously
discussed, sufficient negative reactivity exists in the Reactor
Coolant System (after rod insertion) for 24 hours without the
need for additional boron. The negative reactivity inserted

by the control rods and the RWST water injected by the CVCS

(to compensate for the RCS volume decrease) will maintain the
core subcritical while cooling down from hot full power to a

cold shutdown condition, assuming no letdown is available.
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Technical Specifications for Point Beach ensure that sufficient
borated water is available to achieve the necessary cold shut-
down reactivity margin. With boron addition under procedural
control, no additional operator actions are expected to be
necessary to ensure an adequate safe shutdown negative
reactivity margin. However, core source range indication is
available for core activity monitoring in the Control Room.

An additional source range channel with indication at a remote
location provides this information for areas requiring alter-

nate shutdown.

Various process monitoring functions must be available to ade-
quately achieve and maintain the reactor coolant makeup, pres-
sure control and decay heat removal functions. For the assumed
fire scenaric, maintenance of hot shutdown raquires that pres-
surizer level and RCS pressure instrumentation be available.
Reactor Coolant System temperature is controlled during hot
shutdown and cooldown by energ, removal via the steam generators
by manual operation of the atmospheric steam dump valves or
self-actuation of the main steam code safety valves. In the
natural circulation mode of operation, the difference between
the hot leg and cold leg wide range temperatures (Th-Tc) and
steam generator pressure provides a direct indication of the

existence of adequate natural circulation flow.
Operating personnel, monitoring RCS pressure and hot leg
temperature (Th) instrumentation, will control RCS pressure

in such a manner that appropriate subcooling is maintained.
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2.2.6

Pressurizer level control is achieved by monitoring pressur-
jzer level instrumentation and manual control of CVCS

charging flow.

Maintenance of hot standby also requires the control of the
secondary system to compensate for variations in the primary
system performance. Steam generator level and pressure instru-
ments are available to assure adequate and controlled decay
heat removal. Steam generator level control is achieved by
manual manipulation of AFW system flow, using local or remote
steam generator leve)l indication. Control of secondary system
pressure will be monitored by steam generator pressure

indication.

The transition from hot shutdown to cooldown will utilize the
instrumentation discussed above for monitoring of natural
circulation conditicns, subcooling margin, heat removal and
compliance with the plant's pressure/temperature limits as it
pertains to the low temperature overpressure protection of

the Reactor Coolant System (cold leg temperature in conjunction

with RCS pressure).

Miscellaneous Supporting functions

The systems and equipment used to perform the previous functions
may require miscellaneous supporting functions such as process
cooling, lubrication and ac/dc power. These supporting func-

tions shall be availabie and capable of providing the support
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necessary to assure acceptable performance of the previously

identified safe shutdown functions.

The various systems required to provide support to safe shutdown

equipment or systems are:
(1) Component Cooling Water System
(2) Service Water System

(3) Emergency Power System

The following sections discuss each of the required safe shut-

down systems and the support systems.

2.3 Safe Shutdown Systems

Various analytical approaches can be taken to assure that sufficient
plant systems are available to perform the previously identified
plan. safety functions. Numerous plant systems are normally avail-
able, alone and in combination with other systems, to provide these
+equired functions. However, the exact location and specific effects
of exposure fires cannot be precisely determined. In general, recog-
nizing the confined nature of fires in nuclear plant environments

and the inherent operational flexibility and physical diversity of
systems available to achieve safe shutdown, appropriate plant fire
protection features limit the potential for fire damage to the extent
that unaffected plant systems will be available to attain safe shut-
down. An extensive effort would be required to identify the effects

of postulated fires in all potential plant locations and on all the
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plant systems which are available to support safe shutdown. As a
conservative alternative to such an approach, a minimum set of plant

systems (Safe Shutdown Systems) and components i: identified in

response to the requirements of Appendix R. This minimum set of
components can achieve and maintain safe shutdown regardless of the
location of the fire while assuming concurrent loss of off-site power.
Demonstration of adequate protection of this minimum system set from
the effects of postulated fires constitutes an adequate and conserva-
tive demonstration of the ability to achieve and maintain safe shut-
down for the purposes of fire protection. Spurious operation of
components within the systems, and interfacing systems, necessary

to perform safe plant shutdown have been identified and addressed.

(Reference Section 4.4.1 and Table 4-1)

The safe shutdown systems selected for Point Beach Nuclear Plant are
capable of achieving and maintaining subcritical conditions in the
reactor, maintaining reactor coolant inventory, achieving and main=-
taining hot ronditions for an extended period of time, achieving
cold shutdown conditions within 72 hours, and maintaining cold shut-

down conditions thereafter.

2.3.1 Chemical and olume Control System (CVCS)

The charging prrtion of the Chemical and Volume Control System

(CVCS) accomplishes the following safe shutdown functions:

(1) Reactivity Control by injection of a soluble chemical

neutron absorber (boron) into the RCS; and
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(2) Reactor Coolant Makeup Control by maintaining water

inventory.

Normal reactivity shutdown capabiiity is provided by control
rods, with boric acid addition used to compensate for xenon
decay and plant cooldown. The control and shutdown rod groups
ensure the reactor is at least 1¥ subcritical (K ., = 0.99)
following trip from any allowed operational conditien. assuming
the most reactive rod remains in the fully withdrawn position.
This is conservative for the assumed fire scenario, which does

not require the assumption cf a stuck-rod condition.

when the unit is at power, the quantity of boric acic retained
in its Rerueling Water Stcrage Tank :nd ready for injection to
the RCS always exceeds that quanu..s required to compensate for
normal cold shutdown. This quantity also exceeds the quantity
of boric acid required to bring the reactor to hot shutdown and
to compensate for subsequent xenon decay. The availability of

sufficient boron is required by plant Technical Specifications.

For the assumed post-fire scenario, make-up water to the
Reactor Coolant System will be provided by the Chemical and
Volume Control System from the Refueling Water Storage Tank

(borated at a minimum of 2000 ppm).

Numerous CvCS flow paths are normally available for charging
to the RCS (see Figure 2-5). For the assumed event, two
separate and independent flow paths will nrovide redundancy

for reactor coolant makeup and boration:
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(1) The charging line to the reactor coolant pump seals,
and

(2) The auxiliary chtarging line to the loop B cold leg.

For the assumed event, charging and boration will be accomplished
by operating a min‘mum of one charging pump taking suction from
the Refueling Water Storage Tank and injecting borated water
throogh the RCP seal injection lines or the loop B cold leg to
the RCS. Suct’on to the che~ "~a pump can be delivered from

the RWST by manually openi- normally closed motor-operated

valve.

Controlled leakage (letdown) from the Reactor Coolant “vstem
normally occurs via the seal leak-off return path am. =«
normal and excess letdown paths. For the post-fire operational
sequence, the normal and excess letdown paths will be isolated
as a result of operator action to assure adequate inventory

control.

Sea) leak-off flow will be isolated from the volume control
tank (VCT) by manually venting the instrument air supp.y to
containment which will insure that the common seal return
isolation valve closes and remains closed. This action
diverts seal leak-off flow to the pressurizer relief tank

(PRT) located inside containment.

The injection path from the charging pumps to the Reactor

Coolant Pump seals contains only manually operated, normally
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open valves. The auxiliary charging line contains one air-
operated valve which is a special valve functioning as both
an iso'ation valve and a relief valve (opens to provide flow
to RCS cold leg with a 200 psid). The operation of one charg-
ing pumo will ensuve a minimum RCS charging flow of approxi-

mately 20 gpm (minimum *low for each charging pump).

Isolation of the volume control tank outlet (by closure of one
motor-operated valve) during emergency makeup from the RWST
and isolation of the seal return line to the seal water heat

exchange: may be performed by local manual operation.
Pressurizer water level is meintained by operation of one
positive displacement charging pump using pressurizer level

instrumentation information.

Charging Pumps

Three charging pumps per unit inject coolant into the reactor
coolant system. The pumps are the variable speed, positive
displacement type. At full capacity, each pump is capable of
delivering 60 gpm to the Reactor Coolant System. To ensure
that the charging pump flow is always sufficient to meet both
the seal water and minimum charging flow requirements, the pump
has a variable control stop which does not permit pump flow
lower than the specified minimum. This control stop is adjust-
able to permit higher minimum flow limits to be set if reactor

coolant pump seal leakage increases during operation. At
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minimum flow, each charging pump delivers approximately 20 gpm.
The charging pumps require no external cooling water or

lubricating oil supply.

In order to meet safe shutdown requirements in the event of

a fire, electrical crossties are installed on the "A" and "B"
charging pumps for each unit that allows these charging pumps
to be powered from the opposite unit. These tie breakers ar
mechanically interlocked to prevent tieing opposite unit safe-
guards buses together and to prevent supplying two charging

pumps from the same bus breaker.

Refueling Water Storage Tunk

In addition to its normal duty to supply borated water to the
refueling cavity for refueling operations, the RWST provides

borated water to all of the ECCS pumps.

The capacity of the refueling water storage tank i; based on

the requirement for filling the refueling cavity. This quantity
is in excess of that reauired for safe shutdown. Technical
Specification minimum volume of the RWST is 275,000 gallons of

borated water at a minimum of 2000 ppm boron.

2.3.2 Reactor Coolant System

The Reactor Coolant System (RCS) consists of two similar heat

transfer lonps connected in parallel to the reactor vessel (see
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Figure 2-6). Each loop contains a reactor coolant pump and

a steam generator. In addition, the system includes a pres-
surizer with associated code safety and relief valves (PORVs).
Reactor Coolant System instrumentation includes cold and hot
leg temperatures (wide-range), pressure (wide-range) and

pressurizer water level.

The natural circulation capability of the plant provides a
means of decay heat removal when the reactor coolant pumps are
unavailable. Natural circulation flow rates are governed by
the amount of decay heat, component elevations, primary to
secondary heat transfer, loop flow resistance and voiding.

The conditions during natural circulation are related to main-
taining adequate primary to secondary heat transfer, subcool-

ing and inventory.

For this analysis of safe shutdown capability, one of the two
RCS loops will be monitored to ensure that natural circulation

1s established and maintained.

While in natural circulation, adequate heat transfer and coolant
flow are dependent on adeguate inventory in both the primary

and secondary systems. Maintaining water level within the
operating band on the secondary side of the "U" tube steam
generators and adequate level within ti.e pressurizer are
requirements for natural circulation. Confirmation of flow
while in natural circulation is accomplished through the use

of temperature indications. Those indications are cold leg
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temperature (Tc)’ and hot leg temper:ture (Th). Tc should
attain a value which is a few degrees higher than the saturation
temperature of the secondary inventory. Th should attain a
value which is less than at full power. When Tc and Th attain
the values described above, flow and heat transfer have been
achieved in the associated RCS loops. The amount of subcooling
within the RCS is maintained by monitering RCS pressure and

loop hot leg temperature (Th).

Reactor Coolant System inventory control is based on the
operation of the CVCS chargino paths. High pressure seal
water from the CVCS system is injected into the pumps through
the lower radial bearing chamber to prevent leakage of high
temperature reactor coolant along the pump shaft. The irjec-
tion flow splits ir the bearing chamber with a portion flowing
up through the radial bearing and into the shaft seal chamber.
The remaining portion flows Jown the shaft, through the RCP
thermal barrier and into the Reactor Coolant System. An
alternate charqging flow path exists thrcugh th2 auxiliary

charging line to the cold leg B loup.

Pressurizer Safety Valves

Overpressurization protection of the RCS is assureu by two
pressurizer code safety valves. The two pressurizer safety
valves are spring-loaded, self-activated and have a set pressure

of 2485 psig. The combined capacity of the valves is equal to
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2.3.3

or greater than the maximum pressure surge resulting from a

complete loss of Toad without reactor trip.

Main Steam System

For the post-fire scenario, maintenance of the steam generator
inventory and control of steam generator pressure are required
for both hot shutdown and subsequent primary and secondary

system cooldown to support the decay and sensible heat removal

function within the applicable operational limits.

The Main Steam (MS) sysiem consists of two parallel flow paths,
one from each steam generator to the main turbine of the unit.
The secondary system will be isolated by operation of the

main steam isolation valves.

In accordance witn supporting FSAR analysis, control of one
steam generator is sufficient to provide the reactor heat

removal function during natural circulation conditions.

Maintenance of water level in the steam generator during the
period of auxiliary feedwater operation (hot shutdown) involves
remote or local manual positioning of the auxiliary feedwater
flow control valves and operation of the turbine-driven auxi-
liary feed pump based on steam generator level information.
Steam generator water level and pressure indication are avail-
able in the Control Room and on alternate shutdown panels

located in the auxiliary feed pump areas.
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The MS system is also designed to deliver motive steam to the
turbine driver of the turbine-driven auxiliary feed pumps (see
Figure 2-7). Steam to these turbines is supplied by branch
connections upstream cf the main steam isolation valves on both
steam lines in each unit. Either line can supply sufficient
steam to the auxiliary feed pump turbine, but two are provided
for radundancy. These lines are connected with a normally

closed motor-operated stop check valve in each line.

Safety Valves

A bank of four code safety valves are installed on each steam
line outside containment and upstream of main steam isolation
valves. The four safety valves (one set at 1085 psig, one at
1100 psig, two at 1125 psig) on each line are installed to
protect the MS system against overpressure and to provide a
combined relieving capacity greater than the maximum steam flow
rate. During initial hot shutdown conditions the code safeties

will provide adequate decay heat removal.

Air-Operated Atmospheric Steam Dump Valves

An atmospheric steam dump valve is provided on each steam line
which is capable of releasing the sensible and decay heat to
the atmosphere. The steam dump valves are used for plant
cooldown by steam discharge to the atmosphere. The two steam

dump valves have a total combined capacity of approximately 10%
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2.3.4

of the maximum calculated steam fiow. For the assumed fire

scenario, one steam dump valve will be used to provide the

Reactor Coolant System controlled cooldown.

Controls for steam generator atmospheric steam dump valve
operation are provided in the Control Room and the valves can
also be (handwheel) operated manually. During the hot shut-
down transition to cold shutdown, the one steam dump valve
per unit will be manually operated to remove decay heat from
the RCS. Thus, the RCS temperature is controlled by main-
taining the steam generator secondary water irnventory at the

temperature that corresponds to the saturation pressure.

Auxiliary Feedwater System

The Auxiliary Feedwater (AFW) System is required during hot
shutdown to support RCS decay heat removal. For hot shutdown,
secondary system (steam generator) inventory centrol is provided
by the AFW system (see Figure 2-8). The AFW system consists

of two turbine-driven and two motor-driven pumps. Each turbine-
driven pump is dedicated to one unit, and valved to feed one or
both steam generators in that unit. The motor-driven pumps are
common to botn units. One pump is valved to feed the A loop
steam generator of one or both units. The other pump supplies
feedwater to the B loop steam generators of one or both units.
Cross-connect capability exists through normally locked closed
valves such that either electric pump could supply feedwater

to any of the four steam generators.
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The AFW system is designed to deliver enough water to maintain
sufficient heat transfer in the steam generators in order to
prevent loss of primary water through the RCS pressurizer safety

or relief valves.

Turbine-Driven Auxiliary Feed Pumps

The turbire-driven auxiliary feed pump (TOFP) is designed to
deliver a sufficient flow to both steam generators of the unit
with which it is associated and maintain steam generator water
levels above the lower limit of the wide range level indicator.
Each is a horizontal, ix-stage, centrifugal pump driven vy a
single-stage atmospheric exhaust turbine. Upon opening the
steam inlet valve, the turbine will function as a single speed

machine.

Each auxiliary feed pump turbine has its own self-contained
lube oil system utilizing ring lubricated, water jacketed ball
bearings. Cooling water is supplied by the service water
system. Service water flow is provided by the service water
pumps or alternately by the diesel-driven fire pump. Manual
operation of a strainer bypass valve ensures a path for water

to be supplied to the lube o0il coolers.
Both steam generators provide motive steam to the turbine

driver for the auxiliary feed pump. The TDFP is capable of

operating down to a steam pressure which corresnonds to RCS
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2.3:9

pressure and temperature at which the Residual Heat Removal

System may be placed in service.

Motor-Driven Auxiliary Feed Pumps

The two motor-driven auxiliary feed pumps (MDFP) are shared by
both units. One MDFP supplies the A steam generators of both
units, while the other supplies the B steam generators of both

units.
Each pump is a horizontal, eight-stage centrifug=] pump.

Cooling water is supplied by the service water pumps. The

pumps reguire no other support services other than ac power.

Condensate Storage

Noimal volume in each condensate storage tank (CST) is approxi~
mately 45,000 gallons. Should the CST supply become exhausted,
the service water system may be used as an alternate water
scurce. The service water isolation valves are located in

the AFW pump area. Ample time is available post-fire for a
local manual re-alignment of the normally closed valves that
isolate service water from the suction of the auxiliary feed

pumps.

Residual Heat Removal System

The Residual Heat Removal (RHK) System is designed to remove




decay and sensible heat from the core and reduce the temperature

of the RCS during the cold shutdown phase.

The RHR system consists of two RHR heat exchangers, two RHR
pumps and the associated piping, valving and instrumentation
necessary for operational control of each unit (see Figure
2-9). The design residual heat load is based on the residual
heat fraction of the full core MW (thermal) power level that
exists 20 hours following reactor shutdown from an extended

power run near full power.

During cold shutdown operations, reactor coolant flows from the
RCS to the RHR pumps through the tube side of the RHR heat
exchangers and back to the RCS. The heat load is transferred

by the RHR heat exchangers to the Component Cooling Water System
which is circulating on the shell side of the heat exchangers.
The inlet line to the RHR system is located in the hot leg of
reactor coolant loop A while the return line is connected to

the cold leg of reactor coolant loop B. Two additional returr
lines connect to the reactor vessel above the core %0 provide

the low head safety injection feature of the system.

Twe motor-operated valves in series isolate the inlet line to
the RHR system from the RCS. The return lines are isolated by
check valves and motor-operated valves in each line. To avoid
potential RCS boundary leakage at the high/low pressure inter-
faces, both of the motor-operated valves in the RHR sucticn

line and the motor-operated valve in the discharge line are
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kept closed (pre-fire condition) with the corresponding motor

control center breakers in the open position.

An orificed minimum flow recirculation 1ine from the downstream
side of each residual heat exchanger to the corresponding
pump's suction line is provided to assure that the RHR pumps

do not overheat under low flow conditions.

The cooldown rate of ti . reactor coolant is controlled by
regulating the flow through the tube side of the RHR heat
exchangers. A bypass line, which serves both residual heat
exchangers, is used to regulate and maintain a constant flow

through the RHR system.

The RHR system can be placed in operation when the pressure
and temperature of the RCS are less than 425 psig and 350°F,
respectively. If one of the pumps and/or one of the heat ex-
changers is inoperative, safe cooldown of the plant is not

affected; however, the time for cooldown is extended.

Residual Heat Removal Pumps

Two identical pumps per unit are installed in the Residual
Heat Removal System. Each pump is sized to deliver sufficient
reactor coolant flow through the residual heat exchangers to
meet the unit cooldown requirements., In addition, to meet

Appendix R requirements, spare cable is provided to supply
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2.3.6

power to one RHR pump of each unit required for plant cool-

down if power to redundant pumps is lost due to a fire.

RHR Safety Valves

The RHR system safety valves provide RCS overpressure pro-
tection whenever the RHR system is in operation. The valves
are located inside containment on the common RHR inlet pipe,
the B train low head safety injection flow path, and the le
down line which provides relief capability for the A train low

head safety injection flow path and the common RHR return pipe.

Accumulators

The manual isolation of the accumulators is assumed as a
post-fire activity. The isolation valve at each accumulator
is closed only when the RCS is intentionally deprescurized
below 1000 psig. If these valves' associated cables were
damaged by fires, the isolation is assumed to be performed

locally, governed by adequate plant procedures (post-fire).

Component Cooling Water System

The component cooling loop is designed to remove decay and
sensible heat from the reactor coolant system, via the residual
heat removal loop, during plant shutdown; to cool the letdown
flow to the chemical and volume control system during power
operation; and to provide cooling te Zissipate waste h2at from

various primary plant components.
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The component cooling loops of each of the two units are
designed to operate independently with two component cooling
pumps and one component cooling heat exchanger in each loop.
The two remaining heat exchangers serve as shared standbys.
The capahility exists for employing any of the four cemponent

cooling pumps with either of the two units (see Figure 2-10).

During normal full power operation, one comporent cooling pump
and one component cooling heat exchanger accommodate the heat
removal loads. The standby pump and the shared heat exchangers
provide 100% backup during normal operation. Two pumps and
two heat exchangers are utilized to remove the decay and sen-
sible heat during cooldown. If one of the pumps or two of the
heat exchangers are not operative, safe shutdown of the plant

is not affected; however, the time for cooldown is extended.

The two component cooling loops associated with one unit are
interconnected downstream from the heat exchangers to effec-
tively form an open loop supply header for both essential and
nonessential loads. For the present analysis of safe shutdown,
no isolation of nonessential loads is assume? to be required.
However, in anticipation of a potentially large cooling demand,
the operator can shift to the other unit's component cuoling

system by repositioning manually operated valves.

The essential loads, other than the residual heat removal heat

exchangers, are normally valved open to the supply header and
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discharge to the suction of the component cooling pump with
which these are normally associated, so that component cooling
water is circulated continuously through the essential loads

during normal operation

Each of the componeni cooling outlet lines from the residual
heat removal heat exchangers has a normally closed motor-
operated valve which may be electrically or manually cpened

during RHR cooldown.

A surge tank is connected to the suction side of the pumps,
and makeup to the system is supplied to the surge tank from
either the demineralized water system or the reactor makeup

water system.

~

Component Cooling Pumps

The four component cooling pumps, which circulate component
cooling water through the compornent cooling loop, are horizontal,
centrifugal units. Normally two pumps are used with each unit
during a plant cooldown, but any of the four pumps can be used

2

th either unit. During the recirculation phase following a

the two component cooling

] heat removal heat exchangers
irements, in the case of a fire damag-
icated spare motor and power

are provided such ) one pump can be made available

for cooldown and maintenance of cold shutdown
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2.3.7

Component Cooling Heat Exchangers

Four component cooling heat exchangers are of the shell and
straight tube (fixed tubesheet) type. Service water circu-
lates through the tubes while component cooling water cir-
culates through the shell side. Normally one heat exchanger

is used with each unit with the two »emaining as standbys.

Service Water System

The Service Water (SW) System provides cooling for the follow-

ing safe shutdown equipment:

(a) Component cooiing water heat exchangers;
(b) Emergency diesel generator heat exchangers;

(c) Auxiliary feed pump bearing oil coolers.

The system also provides a back-up sunply of water to the AFW
system in the event that the condensate sto-age tanks are

depleted.

The Service Water System has also been designed to provide
redundant cooling water supplies with isolation valves to the
control room and cable spreading room air coolers, air
compressors, spent fuel pool cooling system, and to the

containment air recirculating cooling system.
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This system also supplies water for the Emergency Diesel Room
fire protection systems and containment hose reels. The design
includes provisions for automatic isolation of nonessential
components following an accident. Lake Michigan is the source

of service water.

This system which is shared by both units (see Figure 2-11)
concists of six motor-driven service water pumps and two main
supply headers, with a strainer in each header. Each

redundant header is served by three pumps and the system is
normally operated with the headers cross-connected. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>