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Either a high generaztor level or a safety injection signal will close

the feedwater bypass valves, §
/e../"
Manual control is provided for each feedwater controller. This unit conéistJ 10
of an auto/manuzl transfer switch and an analog output control which serves .
as the.valve position signal when in "Manual." The "Automatic" set point _,Lsn‘j
Lo S

is a variable set-point programmed as a function of load but adjustable

in the instrument rack.

Other manual control stations are used to position auxiliary feedwater

valves.

Auxiliary Feedwater System

The Auxiliary Feedwater System supplies high pressure feedwater to the
steam generators in order to maintain a water inventory for removal of

heat energy from the Reactor Coolant System by secondary side steam release
in the event of inoperability of the main feedwater system. The head
generated by the pumps is sufficient to deliver feedwater into the steam
generators at safety valve pressure. Redundant supplies are provided

by using two pumping systems, using different sources of power for the

pumps.

The capacity of each system is set so that the steam generators will not
boil dry nor will the primary side relieve fluid through the pressurizer

relief valve, following a loss of main feedwater flow with a reactor trip.

One system utilizes 2 steam turbine-driven pump, with the steam capable

of being supplied from either or both steam generators. This system supplies
400 gpm of feedwater or 200 gpm to each steam generator. The drive is

a single stage turbine, capable of quick starts from cold standby and

is directly connected to the pump. The turbine is started by opening

either one or both of the isolation valves between the turbine supply

stean header and the main steam lines. The turbine bearings are ring lubricated.

The pump uses ring lubricated, water jacketed, ball bearings.

10.2-11 July 24, 1970



The oLher system is common to both units and utilizes two similar motor-
driven pumps, cach capable of obtaining its electrical power from the
plant cmergency dicsel generators. This system basn a total capacity of 400

gpm and feedwater can be supplied to either or botir units.

The Auxiliary Feedwater System is Class and is designed to ensure that

a single fault will not obstruct the system function.

The water supply source for this system is redundant. The main source is
by gravity [eed from the condensate storage tanks while the backup supply
is taken from the plant Service Water System whose pumps are supplied from

the diesel generators if station power is lost.

The auxiliary feedwater pumps are automatically started on receipt of any

of the following signals:

Steam driven (eedwater pump.

1) Low-low water level In both steam generators in one unit starts the

corresponding pump.

RY] Loss of both & kv buses supplying the pump motors in one unit starts

the corresponding pump.

Motor driven feedwater pumps.

1) Low~low water level in any steam generator.
2) Trip of both main fcedwater pumps in one unit.
3) Safeguards Sequence Signal.

May 12, 1969 10.2-12
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g} Auxiliary Feedwater System
&
g‘ The auxiliary feedwater system supplies high-pressure feedwater to the
zf steam generators in order to maintajn a water inventory for remeval of
gi heat energy from the reactor coolant system by secondary side steam
_g; _release in the event of inoperability of the main feedwater system. The
g; head generated by the pumps is-sufficient to deliver feedwater into the
Eg steam generators at safety valve pressure. Redundant supplies are pro-
§§ vided by using two pumping systems, using different sources of power for
] the pumps. ’

The capacity of each system is set so that the steam generators will not
boil dry nor will the primary side relieve fluid through the pressurizer
relief valve, following a loss of main feedwater flow with a reactor
trip.
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One system utilizes a steam turbine-driven pump, with the steam capable

of being supplied from either or both steam generators. This system

suppiies 400 gpm of feedwater or 200 gpm to each steam generator. The @
drive is a single-stage turbine, capable of quick starts from cold standby

and is directly connected to the pump. The turbine is started by opening

either one or both of the isolation valves between the turbine supply

steam header and the main steam lines. The turbine bearings are ring

lubricated. The pump uses ring lubricated, water jacketed ball bearings.
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The other system is common to both units and utilizes two similar motor-
driven pumps, each capable of obtaining its electrical power from the
plant emergency diesel generctors. This sytem has 2 total capacity of
400 gpm and feedwater can be supplied to either or both units.

The auxiliary feedwater system is Class I and is designed to ensure that
a single fault will not obstruct the system function.
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The water supply source for this system is redundant. The main source is

by gravity feed from the condensate storage tanks while the backup supply

js taken from the plant service water system whose pumps are powered %)
from the diesel generators if station power is lost.

>

10.2-12

s -r..ﬁm...'n.av ’.@‘u-n‘v- v g Tha v
- . 7 et e e

T, O




-2 - - - . .
.2 . - - Mv-pﬁrqulfaga-—r?”)“‘:ﬂr‘ N T
ool . - = O | Loan » = T - - el Y v e P - -
e F e v - T T TS e o WL e T -
P LS 3 A “ "y

724

-
!

LY P T iy
.

eTe e A g b

The auxiliary feedwater pumps are automatically started on receipt of any
of the following signals:

sy e
< A!-‘\ .

Steam-driven feedwater pump

1. Low-Tow water level in botli steam generators in one unit starts the
corresponding pump.

2. loss of both 4 kv buses supplying the pump motors in one unit starts.
the corresponding pump.

-Motor-driven feedwater pumps
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1. Low-low water level in any steam generator.

,,
T

Jorsd
“

2. Trip of both main feedwater pumps in one unit.
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3. Safeguards sequence signail.

r
5

e (
0 n“

Auxiliary feedwater pump flow and direct flow indication for each steam 2§i
243
generator is provided in the control room. Flow indication is also &

available locally at the discharge of each pump.

Circulating Water System

et The circulating water intake system, common to both units, ié.des%gqed to" 'Ekéilj
5N provide a reliable supply of Lake Michigan water, regar&leés.df§wgatﬁer-'i:~5'

5 of lake conditions, to the suction of four circulating water pumbé, six T ég
(g% service water pumps and two fire water pumps. The pumphouse is Class 1. _ég;
b The intake structure is located 1750 ft. from the shore in a water depth - ) '§$
Q{ of 22 ft. The structure consists of two annular rings of 12 in. struc- ;g
ii tural steel H pile driven to a minimum depth of 23 ft. below lake bed and 'ggg

:; reinforced with walers fabricated from 12 in. structural steel H pile. %z

3 The annujus is filled with individually placed limestone blocks having %§

'g two approximately parallel surfaces and weighing between 3 and 12 tons. %é

Concrete pipes in the lower walls of the intake crib prevent ice block-
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The auxiliary feedwater pumps are automatically started on receipt of any
of the following signals:

Steam-driven feedwater pump

1. Low-Tow water level in both steam generators in one unit starts the
corresponding pump. )

2. Loss of both 4 kv buses shpp]ying the main feedwater pump motors in
one unit starts the corresponding auxiliary feedwater pump.

Motor-driven feedwater pumps

1. Low-low water level in any steam generator starts its corresponding
motor-driven pump.

2. Trip or shutdown of both main feedwater pumps in one unit.
3. Safeguards sequence signal.

Auxiliary feedwater pump flow and direct flow indication for each steam
generator is provided in the control room. Flow indication is also
available locally at the discharge of each pump.

Circulating Water System

The circulating water intake system, ccmmon to both units, is designed to
provide a reliable supply of Lake Michigan water, regardless of weather
or lake conditions, to the suction of four circulating water pumps, six
service water pumps and two fire water pumps. The pumphouse is Class I.
The intake structure is located 1750 ft. from the shore in a water depth
of 22 ft. Tne structure consists of two annular rings of 12 in. struc-
tural steel H pile driven to a minimum depth of 23 ft. below lake bed and
reinforced with walers fabricated from 12 in. structural steel H pile.
The annulus is filled with individually placed limestone blocks having
two approximately parallel surfaces and weighing between 3 and 12 tons.
cirge concra2ie pipes in the lower walls of the south haif of the intake

fevision 1 June 1983




The auxiliary feedwater pumps are automatica11y started on receipt of any
of the following signals: '

Steam-driven feedwater pump

1. Low-low water level in both steam generators in one unit starts the
corresponding pump.

9. Loss of both 4 kv buses supplying the main feedwater pump motors in

one unit starts the corresponding auxiliary feedwater pump.

Motor-driven feedwater pumps
1. Low-low water level in any steam generator. l

2. Trip or shutdown of both main feedwater pumps in one unit.

3. Safeguards sequence signal.

The motor-driven auxiliary feedwater pump discharge motor operated valves
(MOV) are configured to operate automatically, based upon the same signals
that start the motor-driven pumps. This ensures automatic delivery of

auxiliary feedwater flow to an affected unit's steam generators without
operator action,

Auxiliary feedwater pump flow and direct flow indication for each steam
generator is provided in the control room. Flow indication is also
available locally at the discharge of each pump.

‘Circulating Water System

The circulating water intake system, common to both units, is designed to
provide a reliable supply of Lake Michigan water, regardless of weather
or lake conditions, to the suction of four circulating water pumps, six
service water pumps and two fire water pumps. The pumphouse is Class 1.
The intake structure is located 1750 ft. from the shore in a water depth
of 22 ft. The structure consists of two annular rings of 12 in. struc-
tural steel H pile driver to a minimum depth of 23 ft. below lake bed and
reinforced with walers fabricated from 12 in. structural steel H pile.

Revision 2 10.2-13 Jure 1985




In anticipation of a loss of the condensate storage tank water supply, ‘each
auxiliary feedwater pump is conflgured to automat1ca11y trzp on a low
suction pressure to prevent poss:b]e pump damage.\~.A manua] LoV rrlde

vl

.__', S AT .

capability exists so: ‘that the motor dr1ven pump breakers can be,resnut
and/or the turblne dr1ven pump steam supply motor operated valves can be

s -.\4‘_4,*-9 4-, .'q,w.

TV ice wator_supply can beﬂused

-

of the following s1qnals. R
Steam-driven feedwaterypumpfjgn
1. Low-low water: level in both steam'generators in one.un1t starts the

corresponding pump. .. - ;*;1-{ - R

.-,.3

2. Loss of both 4 kv buses supplying the ma1n feedwater pump motors in
one unit starts the corresponding aux111ary feedwater‘pump.

Motor-driven feedwater pumps

1.  Lew-low water level in any steam generator,

2. Trip or shutdown of both main feedwater pumps in one unit.

3. Safeguards sequence signal.

The motor-driven auxiliary feedwater pump discharge motor operated valves
{MOV) are configured to operate automatically, based upon the same signals
that start the motor-driven pumps. This ensures automatic delivery of

auxiliary feedwater flow to an affected unit's steam generators without
operator action. ’

Auxiliary feedwater pump flow and direct flow indication for each steam
generator is provided in the control room. Flow indication is also
available locally at the discharge of each pump.

Revision 3 10.2-13 June 1986
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Either a high generator level or a safety injection signal will close the
feedwater bypass valves. '

Manual control is provided for each feedwater controller. This unit consists
of an auto/manual transfer switch and an analog output control which serves as
the valves position signal when in "Manual."” The "Automatic® setpoint is a

variable setpoint programmed as a function of load but adjustable in the
instrument rack.

Other manual control stations are used to position auxiliary feedwater valves.

Auxiliary Feedwater System

-

The auxiliary feedwater system supplies high-pressure feedwater to the steam
generators in order to maintain a water inventory for removal of heat energy
from the reactor coolant system by secondary side steam release in the event
of inoperability of the main feedwater system. The head generated by the
pumps is sufficient to deliver feedwater into the steam generators at safety
valve pressure. Redundant supplies are provided by using two pumping systems,
using different sources of power for the pumps.

The capacity of each system is set so that the steam generators will not.boil
dry nor will the primary side relieve fluid through the pressurizer relief
valve, following a loss of main feedwater flow with a reactor trip.

One system utilizes a steam turbine-driven pump, with the steam capable o*
heing supplied from either or both steam generators. This system supplies
400 gpm of feedwater or 200 gpm to each steam generator. The drive is a
single-stage turbine, capable of quick starts from cold standby and is
directly connected to the pump. The turbine js started by opening either one
or both of the isolation valves betwaen the turbine supply steam header and
the main steam lines. The turbine bearings are ring lubricatea. The pump
uses ring lubricated, water jacketed ball bearings.

The other system is common to both units and utilizes two similar motor-driven
pumps, each capable of obtaining its electrical power from the plant emergency

10.2-11 June 1]




diesel generators. This sytem has a total capacity of 400 gpm and feedwater ‘
can be supplied to either or both units.

The auxiliary feedwater system is Class I and is designed to ensure that a
single fault will not obstruct the system function.

The water supply source for this system is redundant. The main source is by
gravity feed from the condensate storage ianks while the backup supply is
taken from the plant service water system whose pumps are powered

from the diesel generators if station power is lost.

In anticipation of a loss of the condensate storage tank water supply, each
auxiliary feedwater pump is configured to automatically trip on a low suction
pressure to prevent possible pump damage. A manual override capability exists
so that the motor driven pump breake:rs can be reshut ahd/or the turbine driven
pump steam supply motor operated valves can be reopened which will restart the
pumps so that any remaining water from the condensate storage tanks or the
backup service water supply can he used.

The auxiliary feedwater pumps are automatically started on receipt of any of
the following signals:

Steam-driven feedwater pump

1. Low-low water level in both steam generators in one unit starts the
corresponding pump.

2. Loss of both 4 kv buses supplying the main feedwater pump motors in one
unit starts the corresponding auxiliary feedwater pump.

q

10.2-12 . June 1992
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10.2 AUXILIARY FEEDWATER SYSTEM (AF)

- —

One turbine (per unit) and two electric-driven (shared by the two units) auxiliary feedwater
pumps are provided to ensure that adequate feedwater is supplied to the steam generators fer
heat removai under all circumstances, including loss of power and normal heat sink. Feedwate
flow can be maintained until power is restored or reactor decay heat removal can be
accomplishea by other systems. The auxiiary feedwater system is designed as a Class I system.
A backup supply of auxiliary feedwater can be provided from the Class 1 portion of the service

water system by positioning remotely-operated valves from the control room. See Figure10.2-1.

10.2. DESIGN BASIS

The auxil.ary feedwater system is designed to supply high-pressure feedwater to the steam
generators in order to maintain a water inventory for removal of heat energy from the reactor
coolant system by secondary side steam release in the event of inoperability or unavailability of
the main feedwater system. The system is capable of delivering feedwater into the steam
generators of a unit at a flowrate of at least 200 gom at the pressure of the lowest safety valve
{1085 psig) within 60 sec Znds of initiation.Redundant supplies are provided by two pumping
systems using different sources of power ior the pumps. The design capacity of each system is
set so that the steam generators will not boil dry nor will the primary side relieve fluid through the

pressurizer relief valves, following a loss of main feedwater flow with a reactor trip.

The AF system performs the following safety-related functions:

The AF system shall automatically start and deliver adequate AF system flow to maintain
adequate steam generator leveis during accidents vwnich may result in main steam safety
valve opening. Suct—'t;;:cidents include: LOSS OF NORMAL FEEDWATER (LONF) and

LOSS OF ALL AC POWER TO THE STATION AUXILIARIES {LOAC) events. LONF and LOAC

are time-sensitive o AF system start-up [References 1 and 2).

The AF system shall guicmaiically start and deliver sufficient AF system flow to maintain
adequate steam generator levels during accidents which require rapid reactor coolant system
~oc'down to achieve tne cold shutdown condition viiinin ine limits of the anclysis. Such

acc.dents include. STEA M GENERATOR TU2E RUPTURE [SGIR) and MAIN STEAM LINE BREAK {MSLS!
{References 1 and 2).
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ruptured steam generator followmg a SGIR event (Reference 2).

The AF system also performs the following functions related to regulatory commitments:. - - f

in the event of a station blackout (prolonged loss of offsite and onsite AC power) offecfin_g .
both units, the AF system shall be capable of automatically supplying sufficient feedwoter’lo d
remove decay heat from both units without any reliance on AC power for one hour
(References 3 and 4).

In the event of plant fires, including those requiring evacuation of the control room, the AF
system shall be capable of manual initiation to provide feedwater to a minimum of one steam
generator per unit at sufficient flow and pressure to remove decay and sensible neat from the
reactor coolant system over the range from hot shutdown to cold shutdown conditions. The AF
system shall support achieving cold shutdown within 72 hours (References 5, 6, and 7).

10.2.2 SYSTEM DESIGN AND OPERATION

The auxiliary feedwater system consists of two electric motor-driven pumps, two steam turbine-
driven pumps, pump sucticn and discharge piping. and the controls and instrumentation
necessary for operation of the system. Redundancy is provided by utilizing two pumping
systems, two different sources of power for the pumps, and two sources of water supply to the
pumps. The system is categorized as seismic Class I and is designed to ensure that asingle fault

will not obstruct the system function.

One system utilizes a steam turbine-driven pump for each unit {1/2P-29}with the steam capoble
of being supplied fromreither or both steam generators. This system is capable of supplying 400
gpm of feedw ater to a unit, or 200 gpm to each steam generator throughormailly throttled
MOVs AF-4000 and AS-4001. The feedwater flowrate from the turbine-driven auxiliary
feedwater pump depends on the throttle position of these MOVs. Check valves are provided
to help prevent backflow when the pumps are not in service. Each pump has an AOV (AF-
4002) controlled recirculation line back to the condensate storage tanks to ensure minimum
flow to dissipate pump heat. The pump drive is a single-stage turbine, capable of quick starts
from cold standby und is directly connecled to the pump. The turbine is started by opening
either one or both of the isolation valves {MS-2019 and MS-2020) between the turbine supply

steam neader and the main steam lines upstream of the main sieam isolation valves. The




PBNP FSAR (6/98) Auxiliary Feedwater Page 10.2-3

turbine bearing oil is normally cooled by service water with an alternate source of cooling
water from the firewater system.

The other system is common to both units and utilizes two similcr motor-driven pumps {P-38A
and P-38B), each capable of obtaining its electrical power from the plant emergency diesel
generators. Ecch pump has a capacity of 200 gpm with pump P-38A capable of supplying the
A steam generator in either or both units through an AOV back-pressure control valve AF-4012
and normally closed MOVs, AF-4022 and AF-4023, and with pump P-388 capable of supplying
the B steam generator in either or both units through an AOV back-pressure control valve AF-
4019 and normally closed MOVs AF-4020 and AF-4021. Both back-pressure cor.*rol valves fail
open when instrument air to the valves is lost. The valves are provided with a backup nitrogen
supply to provide pneumatic pressure in the event of a loss of instrument air. This backup supply]
assures that the vaives do not meve to the full open position which combined with low steam
generator pressures may cause the pump motor to trip on time overcurrent due to high flow
conditions. Each pump has an AQV, AF-4007 for P-38A and AF-4014 for P-38B, controlled
recirculation line back to the condensate storage tanks to ensure minimum flow to dissipate
pump heal. The discharge headers also provide piping. valves, and tanks for chemical

additions to any steam generator. The pump bearings are ring lubricated and bearing oil is
cooled by service water.

The water supply source for the auxiliary feedwater system is redundant. The normal source

is by gravity feed from two nominal capacity 45,000 gallon condensate storage tanks while

the safety-related supply is taken from the plant service water system whose pumps are
powered from the diesel generators if station power is lost.

It is possible that a loss of normal feedwcter initiated by a seismic event could also result in the
interruption of the normal source of auxiliary feedwater from the condensate storage tanks
because the condensate storage tanks are not classified as seismic Class 1. The plani operators
would be alerted to this problem by receip! of low suction pressure alarms on the auxiliary
feedwater pumps. Pump protection is ensured by providing a low suction pressure trip. This
lnips the motor-driven pump breakerand the turbine-driven pump trip/throtile valves to ensure
ihat the pumps are available, cfter aloss of condensate suction, to be switched to the safety-
relcied water supply. Switchever to the alternate source of seismically quclified cuxiliary

feedwater, the service water system, can be accomplished by the operators in five minutes or
less.
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The auxiliary feedwater system has no functional requirements during normal, at powér,' pk:;ni
. operation. ltis used during plant startup and shutdown and during hot shuidown or hot E ,
standby conditions when chemical additions or small feedwater flow requirements do noi ‘

warrant the operation of the main feedwater and condensate systems. - g )

During normal plant operations, the auxiliary feedwater sy -temis maintainedina stcndby" ”

condition ready to be placed in operation automatically when conditions require. The cuxxhcry
feedwater pumps are automatically started on receipt of an, of the followxng sugncls

Jurbine-driven feedwaler pumps

1. Low-low water level in both steam generators in one unit starts the corresponding
pump.
2. Loss of both 4.16 kv buses supplying the main feedwater pump motors in one unit
starts the corresponding auxiliary feedwater pump.
3. Trip or st.utdown of both main feedwater pumps or closure of both feedwater
regulating valves in one unit starts the correspording pump. These signals are
e processed through AMSAC at power levels above 40%. '

Motor-driven feedwater pumps

1. Low-low water level in either associated steam generator.
2. Trip or shutdown of both main feedwater pumps or closure of both feedwater

regulating valves in one unit. These signals are processed through AMSAC at power
levels above 40%.
3. Sofeguards sequence signal.

- -

The Anticipated Transients Without Scram Aitigating System Actuation Circuit (AMSAC) is fudherl
discussed in Appendix A.3. ' i

The motor-driven auxiliary feedwater pump discharge motor operated valves are configured to
open automatically, based upon the same signals that start the motor-driven pumps. This
ensures automatic delivery of auxiliary feedwater flow to an affected unit’s stecm generators

without operator action. Ausxiliary feedwater pump flow and direct flow indication for each

o
N

e,
R

steam generator is provided in the control room. Flow indication is also available locally at the
discharge of each pump.
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10.23 SYSTEM EVALUATION

In the event of compl.et_e_lbs§ of offsite electrical power fo the station, decay hec_:ﬂ rf—:"mqvq
would continue to be assured for each unit by the availability of either the ulrbin_e-qrfyeh
auxiliary feedwater pump or one of the two motor-driven auxiliary feedwater pumps; and '

. o

PR " LRy I,
Ry ‘ 4 4
Bl j-v, Ve vois by

discharge to the atmosphere via the main steam safety valves or atmospheric refief ‘:I_OWéS- N
One motor-driven pump is capable of supplying sufficient feedwater for removai of d'e'_cqy -
heat from a unit. In this case, feedwater is available from the condensate storage tanks by~ :
gravity feed to the auxiliary feedwater pumps. The minimum amount of water in the B
condensate storage tanks {13,000 gallons per operating unit) ensures the ability to maintain
each unit in a hot shutdown condition for at least one hour. When the water in the
condensate storage tanks is depleted, suction for the pumps can be shifted to the service
water system via remotely operated MOVs from the confrol room to provide makeup waler
from the lake for an indefinite time period.

During a Station Blackout {SBO) event, only the turbine-driven pumps would be available for
decay heat removal. The turbine-driven pumps are capable of supplying feedwater to the
steam generators without an AC power source. The steom supply and auxiliary feedwater
discharge valves are powered from diverse sources of vital 125V DC. Cooling water for the
pump and turbine bearings coﬁ be supplied from the diese! driven firewater pump. The
Technical Specification minimum amount of water in the condensate storage tanks, 13,000
gallons per operating unit, provides adequate makeup fo tha steam generators to maintain
each unit in a hot shutdown condition for at least one hour. Further information on the SBO
event is provided in Appendix A.1.

In order to meet the design basis. the limiting accident analysis of LOSS OF NORMAL FEEDWATER
and LOSS OF ALL ACPOWER TO THE STATION AUXILIARIES, assume that the auxilicry feedwater
system provides 200 gpm per unit at 1085 psig within 60 seconds.

These minimum parameters are met or exceecad by system des’gn and verified by required
tesling. The three other accident analysis which assume cuxiliary feedwater initiation for
mitigalion are LOSS OF EXTERNAL ELECTRICAL LOAD, RUPTURE OF A STEAM PIPE, and STEAM
GENERATOR TUBE RUPTURE. For these accidents minimura auxiliary feedwater assumptions cre
not specified and in the: later, auxiliary feedwater isolation to the atfected steam generatoris
assumed. Although the auxiliary feedwaier system may f3e inifiated during a SMALL BREAK

LOCA, the event has been analyzed with no credit for auxiliary feedwater.
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Based on the operating charccteristics of the minimum recirculation flow control scheme, a
portion of each motor-driven auxiliary feedwater pump's discharge flow will be outomcﬁcblly‘
recirculated to the condensate storage tank for approximately forty-five seconds after the .
pump starts. The forty-five second time delay in closing the mini-flow recirculation control

valves is incorporated in the design to provide for pump cooling during coastdown.

During a postulated failure of the control systems tfor the AOVs {AF-4007 or AF-4014) that control i
recirculation flow for tihe motor-driven auxiliary feedwater pumps. it is assumed that they fail in
a non-conservative manner, i.e. full open. In this case, with the pump supplying 200 gpm
approximately 89 gpm is diverted back to ihe condensate storage tank and in excers of 100
gpm is supplied to the steam generator. Assuming the most limiting safety grade failure of one
of the turbine-driven auxiliary feedwater pumps, the remaining turbine-driven pump and the

two motor-driven pumps would be capable of supplying grecter than the design basis
200 gpm per unit within 60 seconds.

A failure analysis has been made and the resuits for the auxiliary feedwater pumps show that
the failure or malfunction of any single active component will not prevent the system from
performing its emergency function. Results are presented below.

Malfunction Comments and Consequences

One AFW pump fails to Four AFW pumps provided; each steam-driven pump
start {following loss of is dedicated to one unit and each motor-driven pump
main feedwater) is shared between units. Any three of the four AFW

pumps provide the required feedwater flow to remove
sufficient decay heat from both unils.

Two AFW pumps fail to Each AFW pump is provided witn low suction pressure
stop (trip) when required protection following a seismic event. Evaluations fora
and subsequenily run fo’ seismic-induced LONF event show that any two AFW
failure {foliowing a seismic- pumps provide the required feedwater flow to
induced loss of main remove sufficient decay heat from both units.

feedwater event)
10.2.4 REQUIRED PROCEDURES AND TEST
The AF system components are tested and inspected in accordance with Technical

Specification surveillance crieria and frequencies. Testing verifies motor-driven pump

operability turbine-driven pumn operabillity including a cold start, and operakilily of ail
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required MOVs. Control circuits, starting logic, and indicators are verified operablée by‘iii:éir'
respective functional test. R

[RPLI Y
- — - b

10.2.5 CORRESPONDENCE/CCMMITMENTS ‘ cE

R

2. 10CFR.49, Environmental Qualification of Electrical Equipment Important to Sofetx for
Nuclear Power Plants. Some AFW System electrical equipment is required to be

.

environmentally qualified.

3. 10CFRS50.55a, Codes and Standards. The inservice inspection of the AFW Systemis :
governed by this regulation. o

4. 10CFR50.63, Loss of all Alternating Current Power. The AFW System must be copable of
providing feedwater to the steam generators in the event of the loss of all AC power
(Station Blackout).

S. 10CFRS0, Appendix B, Quality Assurance Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants. The safety-related portions of the AFW System are govemed by
this regulation because the AFW System is required to mitigate the consequences of
postulated accidents.

6. 10CFR, Appendix R, Fire Protection Program for Nuclear Power Facililies Operating
Prior fo January 1_1976, Section liL.L, Alternative and Dedicated Shutdown Capability.
The AFW System is required to remove decay heat in the event of a fire.

7. Regulatory Guide 1.97, Revision 2, dated December 1980 with Erata through July1981,

Instrumentation for Light-Water-Cooled Nuc.ear Power Plants to Assess Plant Conditions

During and Following an Accident. These requirements are applicable to AFW System

instrumentation used to monitor AFW flow and Condensate Storage Tank level.

8. NUREG-0578, Lessons Learned Task Force: Status Report and Short Term

Recommendations. These requirements are applicable to AFW System upgrades to
improve reliability as a result of TM!-2 lessons.

9. NUREG-0737, Clarificalion of TMi Ac- on Plan Requirements. These requirements are

applicable to AFW System upgrad=: to improve reliability as a resul* of TMI-2 lessons.

10. Generic Letter No. 81-14, Seismic (. __dilification of Auxiliary Feedwater Systems. This

generic letter cddresses concerns ---garding the seismic qualification of AFW Systems.

11.  Generic Letter No. 81-21, Natural C -culation Cooldown. This generic letter addresses the

requirement that sufficient conderisate grade AFW be available to perform a natural
circulation cooldown.
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12.

13.

14.

15.

16.

10.2.6

NS o oa W

Generic Letter No. 88-03, Resolution of Generic Safely Issue 93, Steam Binding of

Auxiliary Feedwater Pumps. This gernieric letter addresses the affects of steam bind"mg- :
on the AFW Sysfém bpércxbiliiy. This issue should be considered as the system is
modified.

Generic Leiter No. 89-10, Safety-Related Motor Operated Valve Testing and
Surveillance with Supplements 1. 2, and 3. This generic letter addresses the operability
of safety-related motor-operated valves under design basis conditicns and requests
that licensees establish programs to ensure operability.

IE Bulletin No. 80-04, Analysis of PWR Main Steam Line Break with Continued Feedwater

Addition. This bulletin addresses the affects of feedwater being added to a
depressurized steam generator after a steam line break.

IE Bulletin No. 85-01, Steam Binding of Auxiliary Feedwater Pumps. This bulletin
addresses the steam binding of AFW pumps due to backleakage of feedwater

through check valves. WE committed to check the AFW System piping temperature
once per shift.

|E Bulletin No. 85-03, Motor-Operaled Valve Switch Settings. This bulletin addresses the

operability of motor-operated valves with improper switch settings.

REFERENCES

WE letter to NRC, "AFW Automatic Initiation and Flow Indication”, dated 9/16/81.
FSAR, Chopter 14.

10CFR50.63

NRC letter to WE, "SER on Station Blackout”, dated 10/3/90.

1C ©FRS50.48

10CFRS0 Appendix R.

PBMP Fire Protection Evaluation Report {FPER).




soedi~y
- M wEsv10 A0 1201 3indid
..a;:::am:s::i

=l _ f-nT ey _Iﬂ.u.L
. '

S
g 15 4110 1Y K00 - o,
® sansrTyse i & —o—s— _
41.5.‘-2-!!.“".!4 .. C L JWI_.*W LS
s EER, P P I L
!‘.'!q!\-—'m.l‘ﬁ \ S . - I.WM miv'. . w® m
i w8 g iy
o | . X
- ) “ & c@ m!@. ) m M
- ' 1 =y :
Vs e T P
e e = I o
o] @ @ITOA_. VR . o~ -35 @. :w 1!
H § L 0.C i m = @m _ﬂm Lm“_
. , (34 i wltudII__r=k © w
w @l = .dH“w _ ilrele _ —4_
K
m.r o ks &l o - G T@ ? " i
s e, b B Xat | )
T het® b | =
. ¥ ! i
ty . v——
“" e | | R
1y = L4 X! _
1 v X a‘.ﬂl— | N_..
Xy ; (Y] "
NG I
- N I NCI K
m o ik |
: e -@ T
' Uy . .
A ee i SV I
\ | P
(. o 11 |-
; mu@z _ |
HReA-hE m.m
.i“q_‘||”4. L _.:..\._l\‘i~ ® 1
N
X .._ _ el | .w.
SRR
o _ uumw_n
~a ” ST mun_\u

00w BULIZINID §USJN}HID MRA WIDND1HUDI 4010 10N
19316) A0 00 TUO 430 KT N]. 80 buiad 0 ¥YSJ




Al .y
,'lmu? ':lgx'vl:‘o‘)a:wal'llxml L0l Judid
TP ‘-im.,'- T LA NN
GRS “T ATt
gl 1105 o ) L3 wost .q%z
B - -——.—.'—-——T
I

55 ¥ re 0-

R
&t ot

L]
(== b= =
i |
] wrs

Lezs 0—’:«—; e

0 Wout G- WP
178 TR s o

nirel 9
— o P o — el
T G [
e [ I 130
O vom=l—qgaare
F 1 by ,';H
w o

0n01ju03 3LO1G 1010
$apou U100, JUAJIHHID, 290U WOLIONGING BT 002




PBNP FSAR {6/99) Auxiliary Feedwater System (AF) Page 10.2-1

10.2 AUXILIARY FEEDWATER SYSTEM (AF)

One turbine (per unit) and two electric-driven (shared by the two units) auxiliary feedwater
pumps are provided to ensure that adequate feedwateris supplied to the steam generators for
heat removal under all circumstances, including loss of power and nomal heat sink. Feedwater
fiow can be maintained until power is restored or reactor decay heat removal can be

accomplished by other systems. The auxiliary feedwater system is designed as a Class 1 system.
A backup supply of auxiliary feedwater can be provided from the Class I portion of the service

water system by positioning remotlely-operated valves from the control room. See Figure10.2-1.

10.2.1 DESIGN BASIS

The auxiliary feedwater system is designed to supply high-pressure feedwater to the steam
generators in order to maintain a water inventory for removal of heat energy from the reactor
coolant system by secondary side steam release in the event of inoperability or unavailability of
the main feedwater system. In order to meet the design basic required in the Loss of Normal
Feedwater/Loss of All AC analysis, one motor driven auxiliary feedwater pump provides 200 gpm
of flow to one steam generator within 5 minutes following receipt of a low-low steam generator
water level setpoint signal. Redundant supplies are provided by two pumping systems using
different sources of power for the pumps. The design capacity of each system is set so that the
steam generators will not boil dry nor will the primary side relieve fluid through the pressurizer
relief valves, following a loss of main feedwater flow with a reactor trip.

The AF system performs the following safety-related functions:

The AF system shall automatically start and deliver adequate AF system flow to maintain
adequate steam generator levels during accidents which may result in main steam safety
valve opening. Such accidents include; LOSS OF NORMAL FEEDWATER (LONF) and

LOSS OF ALL AC POWER TO THE STATION AUXILIARIES (LOAC) events. LONFand LCAC

are time-sensilive to AF system start-up {Relerences 1 and 2).

The AF system shall automal:cally siart and deliver sufficient AF system flow 10 maintain
adequate steam generator levels duiing accidents which require rapid reactor coolant system

cooldown o achieve the cold shutdown condition within the limits of the analysis. Such
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accidents include; STEAM GENERATOR TUBE RUPTURE {SGTR) and MAIN STEAM LINE BREAK (MSLB)
(References 1 and 2).

The AF system shall be capable of isolaling the AF steam and feedwater supply lines from the
ruptured stecm generator following a SGTR event (Reference 2).

The AF system also performs the following functions related to regulatory commitments:

In the event of a station blackout {prolonged loss of offsite and onsite AC power) affecting
both units. the AF system shall be capable of automatically supplying sufficient feedwater to

remove decay heat frorn both units without any reliance on AC power for one hour
(References 3 and 4).

In the event of plant fires, including those requiring evacuation of the control room, the AF
system shall be capable of manual initiation to provide feedwater to a minimum of one steam
generator per unit at sufficient flow and pressure to remcve decay and sensible heat from the
reactor coolant system over the range from hot shutdown to cold shutdown conditions. The AF
system shall support achieving cold shutdown within 72 hours (References 5, 6, and 7).

10.2.2 SYSTEM DESIGN AND OPERATION

The auxiliary feedwater system consists of two eleciric motor-driven pumps, two steam turbine-
driven pumps, pump suction and discharge piping, and the controls and instrumentation
necessary for operation of the system. Redundancy is provided by utilizing two pumping
systems, two different sources of power for the pumps, and two sources of water supply to the
pumps. The system is categorized as seismic Class I and is designed to ensure that a singie fault

will not obsiruct the system function.

One system utilizes a steam turbine-driven pump for each unit (1/2P-27)with the steorf\ capable
of being supplied from either or both steam generators. Tnis system is capable of supplying 400
gpm of feedwater to a unit, or 200 gpm to each steam generator ithrough normally throttled
MOVs AF-4000 and AF-£001. The feedwater flowrale from the turbine-driven auxiiory feedwater
pump depends on the throttie position of these MOVs. Check valves are provided fo heip
prevent backflow when the pumps are not in service. Each pump has an AOV (AF-4002)
conirolled recirculation line back to the condensate storage tanks to ensure minimum flow to

dissipate pump heat. The pump drive is a single-siage turbine, capable of quick siarts from
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cold standby and is directly connected to the pump. The turbine is s'arted by opening either .

one or both of the isolation valves (MS-2019 and MS-2020) between the turbine supply steam
header and the main steam lines upstream of the main steam isolation veives. The turbine

bearing oitis normally cooled by service water with an altemate source of cooling water from
the firewater system.

The other system is common to both units and utilizes two similar motor-driven pumps (P-38A
and P-38B), each capable of obtaining its electical power from the plant emergency diesel
generators. Each pump has a capacity of 200 gpm with pump P-38A capable of supplying the
A steam generator in either or both units through an AOV back-pressure control valve AF-4012
and nommally closed MOVs, AF-4022 and AF-4023, and with pump P-388 capable of supplying
the B steam generatorin either or both units through an AOV back-pressure confro! valve AF-
4019 and nomnally closed MOVs AF-4020 and AF-4021. Both back-pressure control valves fail
open when instrument air to the valves is lost. The valves are provided with a backup nitrogen
supply to provide pneumatic pressure in the event of a loss of instrument air. This backup supply
assures that the valves do not move to the full open position which combined with low steam
generator pressures may cause the pump motor to trip on time overcurent due to high flow
conditions. Each pump has an AOV, AF-4007 for P-38A and AF-4014 for P-38B, controlled
recirculation line back to the condensate storage tanks to ensure minimum flow to dissipate
pump heat. The discharge headers also provide piping. valves, and tanks for chemical

additions to any steam generator. The pump bearings are ring lubricated and bearing oil is
cooled by service water.

The water supply source for the auxiliary feedwater system is redundant. The normoi source
is by gravity feed from two nominal capacity 45,000 gallon condensate storage tanks while
the safety-related supply is taken from the plant service water system whose pumps are
powered from the diescl generators if stalion power is lost.

It is possible that a loss of normal feedwater initialed by a seismic event could also result in the
interruption of the normal source of auxiliary feedwater from the condensate storage tanks
because the condensate storage tanks are not classified as seismic Class I. The plant operators

would be aleried to this problem by receipt of low suction pressure alarms on the auxiliary
feedwater pumps. Pump proteclion is ensured by providing a low suction pressure trip. This
trips the motor-driven pump breakers and the turbine-driven pump trip/throtile valves to ensure
that the pumps are available, after a loss of condensate suction, to be switched to the safety-

related water supply. Switchover to the aliernate source of seismically qualified auxiliary

-
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feedwater, the service water system, can be accomplished by the operators in five minutes or\h
less. B

The auxiliary feedwater system has no functional requirements during nomal, at power, plant :’5.:-' .
operatfion. It is used during plant startup and shutdown and during hot shutdown or hot e
standby conditions when chemical additions or small feedwater flow requirements do not
warant the operation of the main feedwater and condensate systems.

During normal plant operations, ‘he auxiliary feedwater system is maintained in a standby
condition ready to be placed in operation automatically when conditions require. The auxiiary
feedwater pumps are automatically started on receipt of any of the following signals:

Turbine-driven feedwater pumps

1. Low-low water level in both steam generators in one unit starts the corresponding
pump.

2. Loss of both 4.16 kv buses supplying the main feedwater pump motors in one unit
starts the coresponding auxiliary feedwater pump.

3. Trip or shutdown of both main feedwater pumps or closuie of both feedwater
regulating valves in one unit starts the coresponding pump. These signals are
processed through AMSAC at power levels above 40%.

Motor-driven feedwaoter pumps

1. Low-low water level in either associated steam generator.
2. Trip or shutdown of both main feedwater pumps or closure of both feedwater

regulating valves in one unit. These signals are processed through AMSAC at power
levels above 40%.

3. Safeguards sequence signal.

The Anticipated Transients Without Scram Mitigating System Actuation Circuit (AMSAC) is further
discussed in FSAR Section 7 4.

The motor-driven auxiliary feedwater pump discharge motor operated valves are configured to
open automatically, based upon the same signals that start the motor-criven pumps. This
ensures automatic delivery of auxiliary feedwater flow to an affected unit's steam generators

without operator action. Auxiliary feedwater pump flow and direct flow indicaticn for each
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steam generator is provided in the control room. Flow indication is also available locally at the
discharge of each pump.

10.2.3 SYSTEM EVALUATION

In the event of complete loss of offsite electrical power fo the station, decay heat removal
would continue 1o be assured for each unit by the availability of either the turbine-driven
auxiliary feedwater pump or one of the two motor-driven auxiliary feedwater pumps, and
discharge to the atmosphere via the main steam safety valves or atmospheric relief valves.
One motor-driven pump is capable of supplying sufficient feedwater for removal of decay
heat f;om a unit. In this case, feedwater is available from the condensate storage tanks by
gravity feed fo the auxiliary feedwater pumps. The minimum amount of waterin the
condensate storage tanks (13,000 gallons per operating unit) ensures the ability o maintain
each unit in a hot shutdown condition for at least one hour. When the waterin the
condensate storage tanks is depleted, suction for the pumps can be shifted to the service

waler system via remotely operated MOVs from the conirolroom to provide makeup water
from the lake for an indefinite time period.

During a Station Blackout (SBO) event, only the turbine-driven pumps would be available for
decay heat removal. The turbine-driven pumps are capable of supplying feedwater to the
steam generators without an AC power source. The steam supply and auxiliary feedwater
discharge valves are powered from diverse sources of vital 125V DC. Cooling water for the
pump and lurbine bearings can be supplied from the diesel driven firewater pump. The
Technical Specification minimum amount of water in the condensate storage tanks, 13,000
gallons per operaling unit, provides adequate makeup to the steum generators o maintain

each unit in a hot shutdown condition for at least one hour. Further information on the S80
event is provided in Appendix A.1.

In order to meet the design basis, the limiling accident analysis of LOSS OF NORMAL FEEDWATER
and LOSS OF ALL AC POWER TO THE STATION AUXILIARIES, assumes that one motor driven
auxitiary feedwater pump provides 200 gpm of flow to one steam generator within 5 minutes

following receipt of a low-low steam generator water level setpoint signai.
g P g

These minimum parameters are met of exceeded by system design and verified by required
testing. The three other accident analysis which assume auxitiary feedwater initiation for
mitigation are LOSS CF EXTERNAL ELECTRICAL LOAD, RUPTURE OF A STEAM PIPE, and STEAM
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GENERATOR TUBE RUPTURE. For these accidents minimum auxiliary feedwater cssumphons cre
not specified and in the latter, auxiliary feedwater isolation to the affected steam generotor is
assumed. Although the auxiliary feedwater sysiem may be initiated during a SMALL BREAK .
LOCA. the event has been analyzed with no credit for auxiliary feedwater. . '; ‘
Based on the operating characteristics of the minimum recirculation flow control sc"neme,' c :
portion of each motor-driven auxiliary feedwater pump's discharge flow will be ouiomchcolly b
recirculated to the condensate storage tank for approximately forty-five seconds after the
pump staris. The forty-five second time delay in closing the mini-flow recirculation control

valves is incorporated in the design to provide for pump cooling during coastdown.

During a postulated failure of the control systems for the AOVs {AF-4007 or AF-4014) that confnol d
recirculation flow for the motor-driven auxiliary feedwater pumps, it is assumed that they fal in '
a non-conservative manner, i.e. full open. In this case, with the pump supplying 250 gpm
approximately 87 gpm is diverted back to the condensate storage tank and in excess of 100
gpm is supplied to the steam generator.

A failure analysis has been made and the results for the auxiliary feedwater pumps show that
the failure or malfunction of any single active component will not prevent the system from
performing its emergency function. Results are presented below.

Malfunction Comments and Consequences

One AFW pump failsto . Four AFW pumps provided; each steam-driven pump
start {following loss of is dedicated to one unit and each motor-driven pump
main feedwater) is shared between units. Any three of the four AFW

pumps provide the required feedwater flow to remove
sufiicient decay heat from both units.

Two AFW pumps fail to Each AFW pump is provided with low suction pressure
stop (trip) when required proiection following a seismic event. Evaluations for a
and subsequently run to seismic-inducea LONF event show that any two AFW
failure {following a seismic- pumps provide the required feedwater flow to
induced loss of main remove sufficient decay heat from both units.

feedwater event)
10.2.4 REQUIRED PROCEDURES AND TEST
The AF system components are tested and inspected in accordance with Technical

Specification surveillance criteria and frequencies. Testing verifies motor-driiven pump

operability, turbine-driven pump operability including a cold start, and operability of all
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required MOVs. Control circuits, starting logic, and indicators are verified operable by their
respective functional test.

10.2.5

10.

[R

CORRESPONDENCE/COMMITMENTS

10CFR50.48, Fire Protection. The AFW System is required to remove decay heat in the
event of a fire.

10CFR.49, Environmental Qualification of Electrical Equipment Imporiant 1o Safety for

Nuclear Power Plants. Some AFW System electrical equipment is required to be
environmentally qudlified.

10CFRS0.55a, Codes and Standards. The inservice inspection of the AFW System is
govemed by this regulation.

10CFR50.63, Loss of all Altemating Curent Power, The AFW System must be capable of
providing feedwater to the steam generators in the event of the loss of all AC power
(Station Blackout). “

10CFRS0, Appendix B, Quality Assurance Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants, The safety-related portions of the AFW System are govemed by
this regulation because the AFW System is required to mitigate the consequences of
postulated accidents.

JOCFR, Appendix R, Fire Protection Program for Nuclear Power Facilities Operating

Prior to January 1, 1974, Section llLL, Altemative and Dedicated Shutdown Capability.
The AFW System is required fo remove decay heat in the event of a fire.

Requlatory Guide 1.97, Revision 2, dated December 1980 with Erata through July 1981,
Instrumentation for Light-Water-Cooled Nuclear Power Plants to Assess Plant Conditions
During and Followinq an Accident. These requirements are applicable to AFW System
instrumentation used to monitor AFW flow and Condensate Storage Tank level.
NUREG-0578, Lessons Learned Task Force: Status Report and Short Term

Recommendations. These requirements are applicable to AFW System upgrades to
improve reliability as a result of TMI-2 lessons.

NUREG-0737, Clarification of TMI Action Plan Requirements. These requirements are

applicable o AFW System upgrades to improve reliatility as a result of TMI-2 lessons.
Generic Letier No. 81-14, Seismic Qualification of Auxiliary Feedwater Systems. This
generic letter addresses concerns regarding the seismic qualification of AFW Systemes.

Generic Letter No. 81-21, Natural Circulation Cooldown. This generic letter addresses the

requirement that sufficient condensate grade AFW be available to perform a natural
circulation cooldown.
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12. Generc Letier No. 88-03_kesolution of Generic Safety Issue 93, Steam Binding of
Auxiliary feedwater Pumps. This generic letter addresses the affects of steam binding

on the AFW System operability. This issue should be considered as the system is
modified.

13. Generc Letfer No. 89-10, Safety-Related Motor Operated Valve Testing and
Surveillance with Supplements 1, 2, and 3. This generic letter addresses the operability
of safety-related motor-operated vaives under design basis conditions and requests
that licensees establish programs to ensure operability.

14, 1€ Bulletin No. 80-04, Analysis of PWR Main Steam line Break with Continued Feedwater
Addition. This bulletin addresses the affects of feedwater being added to 1
depressurized steam generator after a steam line break.

15.  IE Bulletin No. 85-01, Steam Binding of Auxiliary Feedwater Pumps. This bulletin
addresses the steam binding of AFW pumps due to backleakage of feedwater

through check valves. WE commitied io check the AFW System piping iemperature
once per shift.

16. |E Bulletin No. 85-03, Motor-Operatled Valve Switch Setlings. This bulletin addresses the

operabil ty of motor-operated valves with improper switch settings.

10.2.6 REFERENCES

—
.

WE letter 1o NRC., “"AFW Automatic Initiation and Flow Indication®, daled 9/16/81.

2. FSAR, Chapter 14,

3. 10CFR50.63

4, NRC letter to WE, “SER on Station Blackout”, dated 10/3/90.
5. 10CFR50.48

6. 10CFR50 Appendix R.

7.

PBNP Fire Prolection Evaluation Report (FPER,.
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10.2 AUXILIARY FEEDWATER SYSTEM (AF)

One turbine (per unit) and two electric-driven (shared by the two units) auxiliary feedwater
pumps are provided to ensure that adequate feedwater is supplied to the steam generators for
heat removal under all circumstances, including loss of power and normal heat sink.
Feedwater flow can be maintained until power is restored or reactor decay heat removal can
be accomplished by other systems. The auxiliary feedwater system is designed as a Class
system. A backup supply of auxiliary feedwater can be provided from the Class I portion of

the service water system by positioning remotely-operated valves from the control room. See
Figure 10.2-1.

10.2.1 DESIGN BASIS

The auxiliary feedwater system is designed to supply high-pressure feedwater to the steam
generators in order to maintain a water inventory for removal of heat energy from the reactor
coolant system by secondary side steam release in the event of inoperability or unavailability of
the main feedwater system. In order to meet the design basis required in the Loss of Normal
Feedwater/Loss of All AC analysis, one motor driven auxiliary feedwater pump provides 200
gpm of flow to one steam generator within 5 minutcs following rcceipt of a low-low steam
generator water level setpoint signal. Redundant supplies are provided by two pumping
systems using different sources of power for the pumps. The design capacity of each system is
set so that the steam generators will not boil dry nor will the primary side relieve fluid through
the pressurizer relief valves, following a loss of main feedwater flow with a reactor trip.

The AF system performs the following safety-related functions:

The AF system shall automatically start and deliver adequate AF system flow to maintain
adequatc steam generator levels during accidents which may result in main steam safety
valve opening. Such accidents include; LOSS OF NORMAL FEEDWATER (LONF),

‘ FSAR Chapter 14.1.10, and LOSS OF ALL AC POWER TO THE STATION AUXILIARIES

(LOAC). FSAR Chapter 14.1.11, events. LONF and LOAC are time-sensitive to AF system
start-up.

The AF system shall automatically start and deliver sufficient AF system flow to maintain

adequate stcam generator levels during accidents which require rapid reactor coolant system

cooldown to achieve the cold shutdown condition within the limits of the analysis. Such

accidents include; STEAM GENERATOR TUBE RUPTURE (SGTR). FSAR Chapter 14.2.4,
I and MAIN STEAM LINE BREAK (MSLB). FSAR Chapter 14.2.5.

The AT system shall be capable of isolating the AF steam and feedwater supply lines from the
l ruptured stcam generator following a SGTR event.

The AF system also performis the following {unctions related to regulatory commitments:

In the event of a station blackout (prolonged loss of offsite and onsite AC power) attecting
both units. the AF system shall be capable of automatically suppiving sufiicient feedwater to
remove decay heat from both units without any reliance on AC power for one hour

| (Reference 1).
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In the event of plant fires, including those requiring evacuation of the control room, the

AF system shall be capable of mar-ual initiation to provide feedwater to a minimum of one
slcam generator per unit at sufficient flow and pressure to remove decay and sensible heat from
the reactor coolant system over the range from hot shutdown to cold shutdown conditions. The
AF system shall support achieving cold shutdown within 72 hours (Reference 2).

10.2.2 SYSTEM DESIGN AND OPERATION

The auxiliary feedwater system consists of two electric motor-driven pumps, two steam

turbine driven pumps, purnp suction and discharge piping, aud the controls ana instrumentation
necessary for operation of the system. Redundancy is provided by utilizing two pumping
systems, two different sources of power for the praps, and two sources of water supply to the

pumps. The system is categorized as seismnic Class I and is designed to ensure that a single fault
will not obstruct the system function.

One system utilizes a steam turbine-driven pump for each unit (1/2P-29)with the steam capable
of being supplied from either or both steam generators. This system is capable of supplying
400 gpm of feedwater to a unit, or 200 gpm to each steam generator thrcugh normally throttled
MOVs AF-4000 and AF-4001. The feedwater flowrate from the turbine-driven auxiliary
feedwater pump depends on the throitle position of these MOVs. Check valves are provided to
help prevent backflow wher the pumps are not in service. Each pump has an AOV (AF-4002)
controlled recirculation lire back to the condensate storage tanks to ensure minimum flow to
dissipate pump heat. The pump drive is a single-stage turbine, capable of quick starts from
cold standby and is directly connected to the pump. The turbine is started by opening either one
or both of the isolation valves (MS-2019 and MS-2020) between the turbine supply steam
header and the main steam lines upstream of tl.e main steam isolation valves. The turbine and

pump are normally cooled by service water with an alternate source of cooling water from the
firewater system.

The other system is common to both units and utilizes two si:»*iar motor-driven pumps (P-38A
and P-38B), each capable of obtaining its electrical power from the plani criwe1gency diesel
generators. Each pump has a capacity of 200 gpm with pump P-38A capable of supplying the
A steam generator in either or both units through an AOV back-pressure control valve AF-4012
and normally closed MOVs. AF-4022 and AF-4023, and with pump P-38B capable of
supplying the B steamn generator in either or both units through an AOV back-pressure control
valve AF-4019 and normally closed MOVs AF-1020 and AF-4021. Both back-pressure control
valves fail open when instrument air to the valves is lost. The valves are provided with a
backup nitrogen supply to provide pneumatic pressure in the event of a loss of instrument air.
This backup supply assures that the valves do not move to the full open position which
combined with low steaim generator pressures may cause the pump motor to trip on time
overcurrent duc i high flow conditions. Each pump has an AOV. AF-4007 for P-38A and
ALF-1914 for P-38B. controlied recirculation line back to the condensate storage tunks to ensure
| minimum flow to prevent hydraulic instabilities and dissipate pump heat. The discharge
headers also provide piping. valves. and tanks for chemical additions to any stean generator.

I he pump bearings are ring lubricated and bearing oil is cocled by service water.
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The water supply source for the auxiliary feedwater system is redundant. The normal source
is by gravity feed from two nominal capacity 45.000 gallon condensate storage tanks while the
safety-related supply is taken from the plant service water system whose pumps are powered
from the diesel generators if station power is lost.

It is possible that a loss of normal feedwater initiated by a seismic event could also result in the
interruption of the normal source of auxiliary feedwater from the condensate storage tanks
because the condensate storage tanks are not classified as seismic Class I. The plant operators
would be alerted to this problem by receipt of low suction pressure alarms on the auxiliary
feedwater pumps. Pump protection is ensured by providing a low suction pressure trip. This
trips the motor-driven pump breakers and the turbine-driven pump trip/throttle valves
1MS-2082 and 2MS-2082, to ensure that the pumps are available, after a loss of condensate
suction, to be switched to the safety-related water supply. Switchover to the alternate source of

seismically qualified auxiliary feedwater, the service water system. can be accomplished by the
operators in five minutes or less.

The auxiliary feedwater system has no functional requirements during normal, at power, plant
operation. It is used during plant startup and shutdown and during hot shutdown or hot standby
conditions when chemical additions or small feedwater flow requirements do not warrant the
operation of the main feedwater and condensate systems.

During normal plant operations, the auxiliary feedwater system is maintained in a standby
condition ready to be placed in operation automatically when conditions require. The auxiliary
feedwater pumps are automatically started on receipt of any of the following signals:

Turbine-driven feedwater pumps

1.

(73]

Low-low water level in both steam generators in one unit starts the
corresponding pump.

Loss of both 4.16 kv buses supplying the main feedwater pump mctors in one
unit starts the corresponding auxiliary feedwater pump.

Trip or shutdowr of both main feedwater pumps or closure of both feedwater
regulating valve:s in one unit starts the corresponding pump. These signals are
processcd through AMSAC at power levels above 40%.

Motor-driven feedwater pumps

1.

-~

(VS

Low-low water level in either associated stecam generator.
Trip or shutdown of bott main feedwater pumps or closure of both feedwater
regulating valves in one unit. These signals are processed throughh AMSAC at

power levels above 40%.

Safeguards sequence signal.
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The Anticipated Transients Without Scram Mitigating System Actuation Circuit (AMSAC) is
further discussed in FSAR Section 7.4.

The motor-driven auxiliary feedwater pump discharge motor operated valves are configured
to open automatically, based upon the same signals that start the motor-driven pumps. This
ensures automatic delivery of auxiliary fcedwater flow to an affected unit's steam generators
without operator action. Auxiliary feedwater pump flow and direct flow indication for each

steam generator is provided in the control room. Flow indication is also available locally at
the discharge of each pump.

10.2.3 SYSTEM EVALUATION

In the event of complete loss of offsite electrical power to the station, decay heat removal would
continue to be assured for each unit by the availability of either the turbine-driven auxiliary
feedwater pump or one of the twe motor-driven auxiliary feedwater pumps, and discharge to the
atmosphere via the main steam safety valves or atmospheric relief valves. One motor-driven
pump is capable of supplying sufficient feedwater for removal of decay heat from a unit. In this
case, feedwater is available from the condensate storage tanks by gravity feed to the auxiliary
feedwater pumps. When the water in the condensate storage tanks is depleted, suction for the
pumps can be shifted to the service water system via remotely operated MOVs from the control
room to provide makeup water from the lake for an indefinite time period.

During a Station Blackout (SBO) cvent, oniy the turbine-driven pumps would be available for
decay heat rermoval. The turbine-driven pumps are capable of supplying feedwater to the steam
generators without an AC power source. The steam supply and auxiliary feedwater discharge
valves are powered from diverse sources of vital 125V DC. Cooling water for the pump and
turbine bearings can be supplied from the diesel driven firewater pump. The Technical
Specification minimum amount of water in the condensate storage tanks, 13,000 gallons per
operating unit, provides adequate makeup to the stcam generators to maintain each unit in a hot
shutdown condition for at least one hour concurrent with a loss of all AC power. Further
information on the 3BO event is provided in Appendix A.1. (Reference 1)

In order to mee: the design basis, the limiting accident analysis of LOSS OF NORMAL
FEEDWATER and LOSS OF ALL AC POWER TO THE STATION AUXILIARIES assumes
that one motor driven auxiliary feedwater pump provides 200 gpm of flow to one steam
generator within 5 minutes following receipt ot a low-low steam generator water level setpoint
signal.

These minimum parameters are met or exceeded by system design and verified by required
testing. The three other accident analyses which assume auxiliary feedwater initiation for
mitigation are LOSS OF EXTERNAL ELECTRICAL LOAD. RUPTURE OF A STEAM
PIPE. and STEAM GENERATGR TUBE RUPTURE. For these a “cidents, minimum auxiliary
feedwater assumiptions are not specified and in the latter two. auxiliary feedwater isclation to
the atfected steam generator is assumed. Although the auxiliary feedwater sUstem may be
initiated during a SMALL BREAK LOCA. the event has been analvzed with no cradit for
auxiliary feedwater.
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Based on the operating characteristics of the minimum recirculation flow control scheme, a
portion of each motor-driven auxiliary fcedwater pump's discharge flow will be automatically
recirculated to the condensate storage tank for approximately forty-five seconds after the
pump starts. The forty-five second time delay in closing the mini- flc w recirculation control

valves is incorporated in the design to provide for pump stability and cooling during
coastdown.

A postulated control failure causing a single motor-driven AFW pump recirculation valve
(AF-4007 or AF-4014) to fail open will divert approximately 89 gpm pump flow back to the
associated steam generator. However, the AFW flow to the steam generators from the other
motor-driven pump and the unit turbine-driven purnup are not affected by this failure. Similarly.
if the control failure causes a single turbine-driven pump recirculation valve (AF-4002) to fail
open, the failure wili divert approximately 126 gpm of turbine-driven pump flow to the
condensate storage tank, but will not affect flow to the steam generators from either
motor-driven pump. For either of these control failures, the AFW system will be capable of
supplying greater than the required 200 gpm per unit.

A failure analysis has been made and the results for the auxiliary feedwater pumps shew that the
failure or maifunction of any single active component will not prevent the system from
performing its emergency function. Results are presented below.

Maifunction Comments and Consequences

One AFW pump fails to Four AFW pumps provided: each steam-driven pump

start (following loss of is dedicated to one unit and each motor-driven pump

main feedwater) is shared between units. Any three of the four AFW
pumps provide the required feedwater flow to remove
sulticient decay heat from both unis.

Two AFW pumps fail to Each AFW pump is provided with low suction

stop (trip) when required pressure protection following a seismic event.

and subsequently run to Evaluations for a scisiic-induced LONF event show
failure (following a that any iwo AFW pumps provide the required
seismic- induced loss of feedwater flow to remove sufticient decay heat from
main feedwater event) both units.

10.2.4 REQUIRED PROCEDURES AND TESTS

The AF system components are tested and inspected in accordance with Technical Specification
surveillance criteria and frequencies. Testing verifies motor-dris en pump operability.
wrbine-driven pump operability including a cold start. and operability ot all required MOV,
Control circuits., starting logic. and indicators are verified operable by their respective functional
test.
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10.2.5 REFERENCES
1. FSAR Appendix A.1, Station Blackout

2. PBNP Fire Protection Evaluation Report (FPER)
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Description of Changes Page 32 of 47

Page

Figure 10.1-1
(Sheets 1-3)
Figure 10.1-1A
(Sheets 1-2)
Figure 10.1-2
(Sheets 1-2)
Figure 10.1-2A4
(Sheet 1)
Figure 10.1-3
(Sheet 2)
Figure 10.1-3A
(Sheets 1-2)
Figure 10.14
(Sheet .)
Figure 10.1-4A
(Sheet 1)
Figure 10.1-6
Figure 10.1-6A
Figure 10.1-6B
(Sheet 2)
Figure 10.1-7

- Figure 10.1-7A

Figure 10.1-8
Figure 10.1-8A

10.2-1

10.2-3

10.2-G

Description of Thanges

Updated figure to reflect P&ID revision of record in Marzh 2001.

Licensing Basis Change. Clarified text to reflect that the 200 gpm flow canbe toa

“either™ a single steam generator or “split between two steaam generators™.
SE 2000-0C70. FCR 00-081 (R. Chapman)

Licensing Basis Change. Added text, “Chemicals may be added using the tanks installed
in the discharge headers or via a cart built to carry the chemicals and inject them into the

suction headers. The use of the cart is preferred for reasons of personnel safety and ease
of addition.” SE 2000-0112, FCR 01-002 (J. Hawman)

Editorial. Added reference for operator action of five minutes for switchover of AFW
source to service water. FCR-00-048 (I. Netzel)

Licensing Basis Change. Clarified to state the application to a unit operating at
1518.5 MWt SE 2000-0070. FCR 00-081 (R. Chapman)

Licensing Basis Change. Clarified text to reflect that the 200 gpm flow can be toa

“either” a single steam generator or “split between two steam generators™.
SE 2000-0070. FCR 00-081 (R. Chapman)

Licensing Basis Change. Clarified to state the application to a unit operating at
1518.5 MWt SE 2000-0070. FCR 00-081 (R. Chapman) ..

Editorial. Added reference to reference section regarding cperator action of five minutes
for swiichover of AFW source to service water.  FCR 00-048 (1. Netzel)

Licensing Basis Change. Add new reference, NRC SER on USI A-46. SE 20630-0070.
FCR £3-08! (R. Chapman)
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e 10.2 AUXILIARY FEEDWATER SYSTEM (AF)

One turbine (per unit) and two electric-driven (shared by the two units) auxiliary feedwater
pumps are provided to ensure that adequate feedwater is supplied to the steam generators for
heat removal under all circumstances, including loss of power and normal heat sink.
Feedwater flow can be maintained until power is restored or reactor decay heat removal can

\ be accomplished by other systems. The auxiliary feedwater system is designed as a seismic
Class I system. A backup supply of auxiliary feedwater can be provided from the seismic
Class I portion of the service water system by positioning remotely-operated valves from the
control room. See Figure 10.2-1.

10.2.1 DESIGN BASIS

The auxiliary feedwater system is designed to supply high-pressure feedwater to the steam
generators in order to maintain a water inventory for removal of heat energy from the reactor
coolant system by secor:dary side steam release in the event of inoperability or unavailability
of the main feedwater system. In order to meet the design basis required in the Loss of
Normal Feedwater/Loss of All AC analysis, one motor driven auxiliary feedwater pump
provides 200 gpm of flow either to one steam genzzator or split between two steam generators
within 5§ minutes following receipt of a low-low steam generator water level setpoint signal.
Redundant supplies are provided by two pumping systems using different sources of power
for the pumps. The design capacity of each system is set so that the steam generators will not
boil dry nor will the primary side relieve fluid through the pressurizer relief valves, following
@ a loss of main feedwater flow with a reactor trip.

‘The AF system performs the following safety-related functions:

The AF system shall automatically start and deliver adequate AF system flow to maintain
adequate steam generator levels during accidents which may result in main steam safety
valve opening. Such accidents include; LOSS OF NORMAL FEEDWATER (LONF).
FSAR Chapter 14.1.10, and LOSS OF ALL'AC POWER TO THE STATION
AUXILIARIES (LOAC). FSAR Chapter 14.1.11, events. LONF and LOAC are
time-sensitive to AF systein start-up.

The AF system shall automatically start and deliver sufficient AF system flow to maintain
adequate steam generator levels during accidents which require rapid reactor coolant system
cooldown to achieve the cold shutdown condition within the limits of the analysis. Such
accidents include; STEAM GENERATOR TUBE RUPTURE (SGTR), FSAR Chapter i4.24,
and MAIN STEAM LINE BREAK (MSLB). FSAR Chapter 14.2.5.

AL L OO A Y MG WA il

The AF system shall be capable of isolating the AT steam and feedwater supply lines from the
ruptured steam generator following a SGTR event.
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The AF system also performs the following functions related to regulatory commitments:

In the event of a station blackout (prolonged loss of offsite and onsite AC power) affecting
both units, the AF system shall be capable of automatically supplying sufficient feedwater to
remove decay heat from both units without any reliance on AC power for one hour
(Reference 1).

In the event of plant fires, including those requiring evacuation of the control room, the
AF system shall be capable of manual initiation to provide feedwater to a minimum of one
steamn generator per unit at sufficient flow and pressure to remove decay and sensible heat
from the reactor coolant system over the range from hot shutdown to cold shutdown
conditions. The AF system shall support achieving cold shutdown within 72 hours
(Reference 2).

In the event of an Anticipated Transient Without Scram (ATWS), the AF system shall be
capable of automatic actuation by use of equipment that is diverse from the reactor trip
system. This is accomplished by the AMSAC system described in FSAR Section 7.4. An
AFW pump start delay time of less than+  2qual to 90 seconds is assumed in the ATWS
analysis. This delay time consists of a 30 second AMSAC time delay plus a 60 second AF
system pump start response time. (Reference 4)

10.2.2 SYSTEM DESIGN AND OPERATION

The auxiliary feedwater system consists of two electric motor-driven pumps, two steam
turbine-driven pumps, pump suction and discharge piping. and the controls and
instrumentation necessary for operation of the system. Redundancy is provided by utilizing
two pumping systems, two different sources of power for the pumps, and two sources of water
supply to the pumps. The system is categorized as seismic Class I and is designed to ensure
that a single fault will not obstruct the system function.

One system utilizes a steamn turbine-driven pump for each unit (1/2P-29) with the steam
capable of being supplied from either or both steam generators. This system is capable of
supplying 400 gpm of feedwater to a unit, or 200 gpm to each steam generator through
normally throttled MOVs AF-4000 and AF-4001. The feedwater flowrate from the
turbine-driven auxiliary feedwarer pump depends on the throttle position of these MOVs.
Check valves are provided to help prevent backflow when the pumps are not in service. Each
pump has an AOV (AF-4002) controlled recirculation line back to the condensate storage
tanks to ensure minimum flow to dissipate pump heat. The pump drive is a single-stage
turbine, capable of quick starts from cold standby and is directly connected to the pump. The
turbine is started by opening either one or beth of the isolation valves (MS-2019 and
MS-2020) between the turbine supply steam header and the main steam lines upstream of the
main steam isolation valves. The turbine and pump are normally cooled by service water with
an alternate source of cooling water from the firewater sysiem.
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The other system is common to both units and utilizes two similar motor-driven pumps
(P-38A and P-38B), each capable of obtaining its electrical power from the plant emergency
@ diesel generators. Each pump has a capacity of 200 gpm with pump P-38A capable of
supplying the A steam generator in either or both units through an AOV back-pressure control
valve AF-4012 and normally closed MOVs, AF-4022 and AF-4023, and with pump P-38B
capable of supplying the B steam generator in either or both units through an AOV
back-pressure control valve AF-4019 and normally closed MOV's AF-4020 and AF-4021.
Both back-pressure control valves fail open when instrument air to the valves is lost. The
valves are provided with a backup nitrogen supply to provide pneumatic pressure in the event
of a loss of instrument air. This backup supply assures that the valves do not move to the full
open position which combined with low steam generator pressures may cause the pump motor
to t-*p on time overcurrent due to high flow conditions. Each pump has an AQV, AF-4007 for
P-38A and AF-4014 fc- P-38B, controlled recirculation line back to the condensate storage
tanks to ensure min:mum flow to prevent hydraulic instabilities an1 dissipate pump heat. The
discharge headers also provide piping, valves, and tanks for chemical additions to any steam
generator. The pump bearings are ring lubricated and bearing oil is cooled by service water.
Chemicals may be added using the tanks installed in the discharge headers or via a cart built

to carry the chemicals and inject them into the suction headers. The use of the cart is preferred
for reasons of personnel safety and ease of add'tion.

The water supply source for the auxiliary feedwater system is redundant. The normal scurce is

by gravity feed from two nominal capacity 45,000 gallon condensate storage tanks while the

safety-related supply is taken from the plant service water system whose pumps are powered
@ from the diesel generators if station power is lost.

It is possible that a loss of normal feedwater initiated by a seismic event could also result in
the interruption of the normal source of auxiliary feedwater from the condensate storage tanks
because the condensate storage tanks are not classified as seismic Class 1. The plant operators
would be alerted to this problem by receipt of low suction pressure alarms on the auxiliary
feedwater pumps. Pump protection is ensured by providing a low suction pressure trip. This
trips the motor-driven pump breakers and the turbine-driven pump trip/throttle valves
1MS-2082 and 2MS-2082, to ensure that the pumps are available, after a loss of condensate
suction, to be switched to the safety-related water supply. Switchover to the alternate source

of scismically qualified avxiliary feedwater, the service water system. can be accomplished by
the operators in five minutes or less (Reference 3).

The auxiliary feedwater system has no functional requiremernis during normal, at power. plant
operation. It is used during plant startup and shutdown and during hot shutdown or hot
standby conditions when chemical additions or small feedwater flow requirements do not
warrant the operation of the main feedwater and condensate systems.
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During normal plant operations, the auxiliary feedwater system is maintained in a standby
condition ready to be placed in operation automatically when conditions require. The
auxiliary feedwater pumps are automatically started on receipt of any of the following signals:

Turbine-driven feedwater pumps

1. Low-low water level in both steam generators in one unit starts the
corresponding pump.
2. Loss of both 4.16 kv buses supplying the main feedwater pump motors in

one unit starts the corresponding auxiliary feedwater pump.

3. Trip or shutdown of both main feedwater pumps or closure of both feedwater
regulating valves in one unit starts the corresponding pump. These signals are
processed through AMSAC at power levels above 40%.

Motor-driven feedwater pumps

1. Low-low water level in either associated steam ~enerator.

9

Trip or shutdown of both main feedwater pumps vur closure of both feedwater

regulating valves in one unit. These signals are processed through AMSAC at
power levels above 40%.

3. Safeguards sequence signai.

The Anticipated Transients Without Scram Mitigating System Actuation Circuit (AMSACQ)1s
further discussed in FSAR Section 7.4.

The motor-driven auxiliary feedwater pump discharge rotor operated valves are configured
to open automatically, and the steam generator blowdown isolation valves are configured to
close automatically, based upon the same signals that start the motor-driven pumps. This
ensures automatic delivery of design basis auxiliary feedwater flow to an affected unit’s steam
generators withovt operator action. Auxiliary feedwater pump flow and direct flow indication
for each steam generator is provided in the centrol room. Flow indication is 2lso available
locally at the discharge of each pump.
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10.2.3 SYSTEM EVALUATION

In the event of complete loss of offsite electrical power to the station, decay heat removal
would continue to be assured for each unit by the availability of either the turbine-driven
auxiliary feedwater pump or one of the two motor-driven auxiliary feedwater pumps, anc'
discharge to the atmosphere via the main steam safety valves or atmospheric relief valves.
One motor-driven pump is capable of supplying sufficicnt feedwater for removal of decay
heat from a unit operating at a power of 1518.5 MW?t. In this case. feedwater is available from
ths condensate storage tanks by gravity feed to the auxiliary feedwater pumps. When the
water in the condensate storage tanks is depleted, suction for tus pumps can be shifted to the

service water system via remotely operated MOVs from the control room to provide makeup
water from the lake for an indefinite time period.

During a Station Blackout (SBO) event, only the turbine-driven pumps would be available for
decay heat removal. The turbine-driven pumps are capable of supplying feedwater to the
steam generators without an AC power source. The steam supply and auxiliary feedwater
discharge valves are powered from diverse sources of vital 125V DC. Cooling water for the
pump and turbine bearings can be supplied from the diesel driven firewater pump. The
Technical Specification minimum amount of water in the condensate storage tanks,

13,000 gallons per operating unit, provides adequate makeup to the steam generators to
maintain each unit in a hot shutdown condition for at least one hour concurrent with a loss of

all AC power. Further information on the SBG event is provided in Appendix A.1.
(Reference 1)

In order to meet the design basis, the limiting accident analysis of LOSS OF NORMAL
FEEDWATER and LOSS OF ALL AC POWER TO THE STATION AUXILIARIES assumes
either that one motor driven auxiliary feedwater pump provides 200 gpm of flow to one steam
generator or split between two steam generators within S minutes following receipt of a
low-low steam generator water level setpoint signal.

These minimum parameters are met or exceeded by system design and verified by required
testing. The three other accident analyses which assume auxiliary feedwater initiation for
mitigation are LOSS OF EXTERNAL ELECTRICAL LOAD, RUPTURE OF A STEAM
PIFE, and STEAM GENERATOR TUBE RUPTURE. For these accidents, minimum
auxiliary feedwater assumptions are not specified and in the latter two, auxiliary feedwater
isolation to the affected steam generator is assumed. Although the auxiliary feedwater system

may be initiated during a SMALL BREAK LOCA, the event has been analyzed with no credit
for auxiliary feedwater.

Based on the operating characteristics of the minimum recirculation flow contrel scheme. a
portion of cach motor-driven auxiliary feedwater pump’s discharge flov: will be automatically
recirculated to the condensate storage tank for approximately forty-five seconds after the
pump starts. The forty-five second time delay in closing the mini-flow recirculation control

valves is incorporated in the design to provide for pump stabilicy and cooling during
coastdown.
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A portulated control failure causing 2 single motor-driven AFW pump recirculation valve
(AF-4007 or AF-4014) to fail open will divert approximately 89 gpm pump flow from the
associated stearn generator back to the Condensate Storage Tank. However, the AFW flow to
the steam generators from the other motor-driven pump and the unit turbine-driven pump are
not affected by this failure. Similarly, if the control failure causes a single turbine-driven
pump recirculation valve (AF-4002) to fail open, the failure will divert approximately

126 gpm of turbine-driven pump flow to the condensate storage tank, but will not affect flov
to the steam generators from either motor-driven pump. For either of these control failures,
the AFW system will be capable of supplying greater than the required 200 gpm per unit.

A failure analysis has been made and the results for the auxiliary feedwater pumps show that
the failure or malfunction of any single active component will not prevent the system from
performing its emergency function. Results are presented beiow.

Malfunction Comments and Consequences

One AFW pump fails to Four AFW pumps provided; each steam-driven

start (following loss of pump is dedicated to one unit and each motor-driven
main feedw ater) pump is shared between units. Any three of the four

AFW pumps provide the required feedwater flow to
remove sufficient decay heat from both units.

Two AFW pumps fail to Each AFW pump is provided with low suction

stop (trip) when required pressure protection following a seismic event.

and subsequently run to Evaluations fer a seismic-induced LONF event show
failure (following a that any two AFW pumps provide the required
seismic- induced loss of feedwater flow to remove sufficient decay heat from
main feedwater event) both units operating at 1518.5 MWt.

10.2.4 REQUIRED PROCEDURES AND TESTS

The AF system components are tested and inspected in accordance with Technical
Specification surveillance criteria and frequencies. Testing verifies motor-dniven pump
operability, turbine-driven pump operability including a cold start. and operability of ail

required MOVs. Control circuits, starting logic, and indicators are verified operable by their
respective functional test.

10.2.5 REFERENCES

1. FSAR Appendix A.1. Staticn Blackout

t2

PBNP Fire Protection Evaluauon Report (IFPER)

ts

IWRC SER "Safety Exaluation on the Resolution of Unresolved Safety Issue A-40 at
Point Beach Nucicar Plant Units i and 2 (TAC Nos. M62472 and M69473)".
Enclosure page 3 of to. dated July 7. 1993

1. NRC SER "ATWS RULE {10/ CFR 30.62y TACS 59128 and 39129." August 1. 1988,
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10.2 AUXTLIARY FEEDWATER SYSTEM (AF)

One turbine (per unit) and two electric-drivea (sharcd by the two units) auxiliary feedwater
pumps are provided to ensure that adequate feedwater is supplied to the steam generators for
heat removal under all circumstances, inciuding loss of power and normal }.eat sink.
Feedwater flow can be maintained until power is restored or reactor decay heat removal can
be accomplished by other systems. The auxiliary feedwater system is designed as a Class I
system. A backup supply of auxiliary feedwater can be provided from the Class I portion of
the service water system by nositioning remotely-operated valves from the control room.
See Figure 10.2-1.

10.2.1 DESIGN BASIS

The auxiliary feedwater system is designed to supply high-pressure feedwater to the steam
generators in order to maintain a water inventory for removal of heat energy from the reactor
coolant system by secondary side steam release in the event of inoperability or unavailability
of the main feedwater system. In order to meet the design basis required in the Loss of
Nommal Feedwater/Loss of All AC analysis, one motor driven auxiliary feedwater pump

| provides 200 gpm of flow either to one st~am generator or split between two steam generators
within 5 n....utes following receipt of a low-low steam generator water level setpoint signal.
Redundant supplies are provided by two pumping systems using different sources of power
for the pumps. The design capacity of each system is set so that the steam generators will ot

boil dry nor will the primary side relieve fluid through the pressurizer relief valves. following
a loss of main feedwater flow witn a reactor trip.

The AF system performs the following safety-related functions:

The AF system shall automatically start and deliver adequate AF system fiow to maintain
adequate steam generator levels during accidents which may result in main steam safety
valve opening. Such accidents include; LOSS OF NORMAL FEEDWATER (LONF),
FSAR Chapier 14.1.10, and LOSS OF ALL AC POWER TO THE STATION
AUXILIARIES (LOAC), FSAR Chapter 14.1.11, events. LONF and LOAC are
time-sensitive to AF system start-up.

The AF system shall automatically start and deliver sufficient AF systemn flow to maintain
adequate steam generator leveis during accidents which require rapid reactor coolant system
ceoldown te achieve the cold shutdown condition within the limits of the analysis. Such
accidents include: STEAM GENERATOR TUBE RUPTURE (SGTR). FSAR Chapter 114.2.4,
and MAIN STEAM LINE BREAK (MSLB). FSAR Chapter 11.2 3.

The AF system shall be capable of isolating the AF steam and feedw ater supply lines
ruptured stean generator followng a SGTR event.

e,

e inge

]
o1
T
3



T 7> B R e L)
e RS o,

PBNP FSAR (06/01) Auwniliary Feedwater System (AF) Pags 10.2-20of 8

The AF system also performs the following functions related to regulatory commitments:

In the event of a station blackout (prolonged loss of ofisite and onsitc AC power) affecting
both units, the AF system shall be capable of automatically supplying sufficient feedwater to

remove decay heat from both units without any reliance on AC power for one hour
(Reference 1). -

In the event of plant fires, including those requiring evacuation of the control room, th
AF system shall be capable of maunual initiation to provide feedwater to a minimum of one
steam generalor per unit 2t <ufficient flow and pressure to remove decay and sensible heat
from the reactor coolant system over the range from hot shutdown to cold shutdown

conditions. The AF system shall support achieving cold shutdown within 72 hours
(Referer.ce 2).

10.2.2 SYSTEM DESIGN AND OPERATION

The auxiliary feedwater system consists of two electric motor-driven pumps, two steam
turbine-driven pumps, pump suction and discharge piping, and the controls and
instrumentation necessary for operation of the system. Redundancy is provided by uiilizing
iwo pumping systems, two different sources of power for the pumps, and two sources of water

supply to the pumps. The system is categorized as seismic Class I and is designed to ensure
that a single fault will not obstruct the system function.

One system utilizes a steam turbine-driven pump for each unit (1/2P-29) with the steam
capable of being supplied from either or both steam generators. This system is capable of
supplying 400 gpm of feedwater to 4 unit, or 200 gpm to each steam gererator through
rormally throttled MOVs AF-4000 and AF-4001. The feedwater flowrate from the
turbine-driven auxiliary feedwater pump depends on the throttle position of these MOVs.
Check valves are provided to help prevent backflow when the pumps are not in service. Each
pump has an AOV (AF-4002) controlled recirculation line back to the condensate storage
tanks tc ensure minimum flow to dissipate pump heat. The pump drive is a single-stage
turbine. capable of quick starts from cold standby and is directly connected to the pump. The
turbine is started by opening either one or both of the isolation valves (MS-2019 and
MS-2020) between the turbine supply steam header and the main steam lines upsiream of the
main steam isolation valves. The turbine and pump are normally cooled by service water with
an alternate souce of cooling water from the firewater system.
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The other system is common to both units and uiilizes two simiiar motor-driven pumps
(P-38A and P-38B), each capable of obtaining its electrical power from the plant emergency
diesel gerneraiors. Each pump has & capacity of 200 gpm with pump P-38A capable of
supplying the A steamn generator in either or both units through an AOV back-pressure control
valve AF-4012 and normally closed MOVs, AF-1022 and AF-023. and with pump P-38B
capable of supplying the B steam generator in either or both units through an AOV
back-pressure control valve AF-4019 and normally closed MOVs AF-1020 and AF-4021.
Both back-pressure control valves fail open when instrument air to the valves is lost. The
valves are provided with a backup nitrogen supply to provide pneumatic pressure in the event
of a loss of instrument air. This backup supply assures that the valves do not move to the full
open position which combined with low steamn generator pressures may cause the pump motor
to trip on time overcurrent due to high flow conditions. Each pump has an AGV. AF-1007 for
P-38A and AF-40i4 for P-38B, controlled recirculation line back to the condensate storage
tanks to ensure minimum flow to prevent hydrzulic instabilities and cissipate pump heat. The
discharge headers also provide piping, valves, and tanks for chemical additions to any steam
generator. The pump bearings are ring lubricated and bearing oil is cooled by service water.
Chemicals may be added using the tanks installed in the discharge headers or via a cart built
to carry the chemicals and irnject them into the suction headers. The use of the cart is preferred
for reasons of personnet safety and ease of addition.

The water supply source for the auxiliary feedwater system is redundant. The normai source is
by gravity feed from two nominal capacity 45.000 gallon condensate storage tanks while the

safety-related supply is taken from the plant service water system whose pumps are powered
from the diesel generators if station power is lost.

It is possible that a loss of normal feedwater initiated by a szismic event could also result in
the interruption of the nonmal scurce of auxiliary feedwater from the condensate storage tanks
because the condensate storage tanks are not classified as seismic Class I. The plant operators
would be alerted to this problem by receipt of low suction pressure alarms on the suxiliary
feedwater pumps. Pump protection is ensured by providing a low suction pressure trip. This
trips the motor-driven pump treakers and the turbine-driven pump trip/throttle valves
IMS-2082 and 2MS-2082. to ensure that the pumps are available, after a loss of condensate
suction, to be switched to the safety-related water supply. Switchover to the altemnate source
of seismically qualified auxiliary feedwater, the service water system. can be accomplished by
the cperators in five minut=s or less (Reference 3).

The auniliary feedwater sy stem has no functional requirements during normal. at power. plant
operation. It is used dLn g ;! nt startup & nd shutdown znd dunno hot shutdown or kot
e ad

standby conditions w t.gn dditions or small {feedw ater tiow requiremenis 4o not
warrant the operation ot the mzin feedwater 2ad condensaie systems.
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. During normal plant operations, the auxiliary feedwater system is maintained in a standby
condition ready to be placed in operation automatically when conditions require. The
@ auxiliary feedwater pumps are automatically started on receipt of any of the following signals:

Turbine-driven feedwater pumps

1. Low-low water level in both steam generators in one unit starts the
corresponding pump.

2. Loss of both 4.16 kv buses supplying the main feedwater pump motors in
one unit starts the corresponding auxiliary feedwater pump.

3. Trip or shutdown of both main feedwater pumps or closure of both feedwater
regulating valves in one unit starts the corresponding pump. These signals are
processed through AMSAC at power levels above 40%.

Motor-driven feedwater pumps

1. Low-low water level in either associatea steam generator.

2. Trip or shutdown of both main feedwater pumps or closure cf both feedwater

regulating valves in one unit. These signals are processed through AMSAC at
power levels above 40%.

3. Safeguards sequence signal.

The Anticipated Transients Without Scram Mitigating System Actuation Circuit (AMSAC) is
further discussed in FSAR Section 7.4.

The motor-driven auxiliary fecdwater pump discharge motor operated valves are configured
to open automatically, based upon the same signals that start the motor-driven pumps. This
ensures automatic delivery of auxiliary feedwater flow to an affected unit’s steam generators
without operator action. Auxiliary feedwater pump flow and direct flow indication for each
steam generator 1s provided in the control room. Flow indication 1s also available locaily at
the discharge of each pump.
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. 10.2.3 SYSTEM EVALUATION
@ In the event of complete loss of offsite electrical power to the station, decay heat removal

would continue to be assured for each unit by the availability of either the turbine-driven
auxiliary feedwater pump or one of the two metor-driven auxiliary feedwater pumps. and
discharge to the atmosphere via the main steam safety valves or atmospheric relief valves.
On= motor-driven pump is capable of supplying sufficient feedwater for removal of decay

| heat from a unit operating at a power of 1518.5 MW¢. In this case. feedwater is available from
the condensate storage tanks by gravity feed to the auxiliary feedwater pumps. When the
water in the condensate storage tanks is depleted, suction for the pumps can be shifted to the

service water system via remotely operated MOVs from the control room to provide makeup
water from the lake for an indefinite time period.

During a Station Blackout (SBO) eveat, only the turbine-driven pumps would be availabie for
decay heat removal. The turbine-driven pumps are capable of supplying feedwater to the
steam generators without an AC power source. The steam supply and auxiliary feedwater
discharge valves are powered from diverse sources of vital 125V DC. Cooling water for the
purnp and turbine bearings can be supplied from the diesel driven firewater pump. The
Tecknical Specification minimum amount of water in the condensate storage tanks.

13,000 gallons per operating unit, provides adequate makeup to the steam generators 1o
maintain each uait in a hot shutdown condition for at least one hour concurrent with a loss of

all AC power. Further information on the SBO event is providad in Appendix A.l.
(Reference 1)

In order to meet the design basis. the limiting accident anaiysis of LOSS OF NORMAL
FEEDWATER and LOSS OF ALL AC POWER TO THE STATION AUXILIARIES assumes

‘ either that one motor driven auxiliary feedwater pump provides 200 gpm of fiow to en2
eenerator or split between two steam generators within 5 minutes following receipt of 2
low-low steam generator water level setpoint signal.

seam

These minimum parametsrs are met or exceeded by system design and verified by required
testing. The three other accident analyses which assume auxiliary feedwater initiation for
mitigation are LOSS OF EXTERNAL ELECTRICAL LOAD. RUPTURE OF A STEAM
PIPE. and STEAM GENERATOR TUBE RUPTURE. For these accidents, minimuin
auxiliary feedwater assumptions are not specifizd and in the latter two, auxiliary feadwater
isolation to the affected steam generator is assumed. Although the auxiliary feedwater system
may be initiated during a SMALL BREAK LOCA. the cvent hes been analyzed with no credit
for auniliary feedwater.

Based on the opsrating characteristics ef the minimum recirculziior flow control schzme. a
rorrion of cach motor-driven aunliary feedwiter pump’s discharge fow will br autematicadiy

recirculated to thie condensate storage tank for approximaraly fomy-five seconds af
pump stats. The forty-tive second ume delay inclesiag the mini-fow recirculatior oon
valves s ipcorporated o the desipn torprov.de tor pump stoniiny od coolimy duny

B WL

.
LOANTHON O,



M
L

us' :l)f},( i’m .‘:?j’; ‘.,

PRNP FSAR (0A/01) Auxiliary Feedwater System (AF) Page 10.2-6 08

A postulated control failure causing a single motor driven AFW pump recirculatioa valve
(AF-4007 or AF-4014) to fail open wiil divert approximately 89 gpm pump flow back to the
associated steam generatcr. However, the AFW flow to the stezm generators from the other
motor-driven pump and the unit turbine-driven pump are not affected by this failure.
Similarly, if the control failure causes a single turbine-dnven pump recirculation valve
(AF-4002) to fail open, the failure will divert approximately 12€ gpm of turbine-driven pump
flow to the condensate storage tank, but will not affect flow to the steam generators from
either motor-driven pump. For either of these control failures, the AFW system will be
capable of supplying greater than the required 200 gpm per unit.

A failure analysis has been made and the resulis for the auxiliary feedwater pumps show that
the failure or malfunction of any single active component will not prevent the system from
performing its emergency function. Results are presented below.

Malfunction Comments and Consequences

One AFW pump fails to Four AFW pumps provided; each steam-driven

start (following loss of pump is dedicated to one unit and each motor-driven
main feedwater) pump is sharcd between units. Any three of the four

AFW pumps provide the required feedwater flow to
remove sufficient decay heat from both units.

Two AFW pumps fail to Each AFW pump is provided with low suction

stop (trip) when required pressure protection following a scismic event.

and subsequently run to Evaluations for a seismic-induced LONF event show
failure (following a that any two AFW pumps provide the required
seismic- induced loss of feedwater flow to remove sufficient decay Leat from
main feedwater event) both units operating at 1518.5 MWt.

10.2.4 REQUIRED PROCEDURES AND TESTS

The AF system components are tested and inspected in accordance with Technical
Specification surveillance criteria and frequencies. Testing verifies motor-driven pump
operability, turbine-driven pump operability including a cold start, and operability of all
required MOVs. Control circuits, starting logic, and indicators are verified operable by their
respective functional test.

10.2.5 REFERENCES
1. FSAR Appendix A.1, Station Blackout

2. PBNP Fire Protection Evaluation Report (FPER)

(93

NRC SER "Safety Evaluation on the Resolution of Unresolved Safety Issuz A-16 at
Point Beach Nuclear Plant Units 1 and 2 (TAC Nos. M69472 and M69-173)".
Enclosure page 3 of 10, dated July 7, 1998,
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1 10.2-4

Figure 10.2-1
Sheets 1-2

CHAPTER 11

11.1-6

Figurc 11.1-1

Figure 11.1-2

Figure 11.2-1
Sheets 1-3

Figurc 11.2-4

11.8-1

11.8-1

CHAPTER 12

12.2-1

Description of Changes

Licensing Basis Change. Added discussion of the ATWS function for the AF system, including
assumed AF system delay times. Although this information is already part of the Point Beach
licensing basis, adding it to the FSAR is not considered an editerial change per NP 5.1.8. NRC
SER (NPC-37920), “Compliance with ATWS Rule 10 CFR 50 62", FCR 01-052 (J. Olvera).

Licensing Basis Change. Revised description of SG blowdown valve close logic that was

modified per MR 01-052. SG blowdown valves close autematically on an awo start of the motor
driven AF pumps. SER 2001-0034, FCR 01-037 (C. Drescher). )

Editorial Change. Revise first seatence to specify that the flow path of the AF recirculation line is
to the Condensate Storage tank, not back to the steam generator. FCR 01-039 (J. P. Schroeder)

Licensing Basis Change. Added Reference No. 4, the NRC SER on the PBNP compliance with
the ATWS Rule. Although this information is already part of the Point Beach licensing basis,
adding it to the FSAR is not considered an editorial change per NP 5.1.8. NRC

SER (NPC-37920), “Compliance with ATWS Rule 10 CFR 50.62", FCR 01-052 (J. Olvera).

Updated figure to reflect approved P&ID changes of record on February 15, 2002.

Licensing Bzsis Change. Change “Technical Spzcification 15.7.6” to “Control Manua! (RECM)™.

The administrative requirements have been moved to the RECM section of the REMCAP. NRC
SER 2001-0C07, FCR 01-041 (J. Sell).

Updated figure to reflect approved P&ID changes of record on February 15, 2002.

Updated figure to reflect approved P&ID changes of record on February 15, 2002.

3,

Updated figure to reflect approved P&ID changes of record on February 15, 2002.

Updated figure to reflect approved P&ID changes of record on February 15, 2002.

Editorial Change. Revised “Nuclear Power Business Unit” to “Point Beach Nuclear Plant.”
FCR 02-013 (D. Black).

Licensing Basis Change. Revised “Technical Specifications™ to “the PBNP Technical
Requirements Manual (TRM), Section 3.7.4.” NRC SER 2001-007. F{CR 01-C+41 (J. Sell).

Editorial Change. Added text referring to the added References 1 and 2. FCR 02-014 (D. Black).

Licensing Basis Change. Added discussion that the Site Vice-President is responsible for both
Point Beach and the Kewaunee Nuclear Power Plant. and that NMC is the authorizad hicensez for
Kewaunze. NRC SER 2000-007, FCR 02-014 (D. Bluck).




