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a. ldentify the plant transient and accident
net
-

establishing AFWS flow requirements,

Loss of Main Feea (LMFW)
LMFW w/loss of offsite AC power
LMFW w/1ass of onsite and offsite AC power

\

/

A\

/

\

} Plant cooldown

) Turbine trip with and without bypass
) Main steam isolation valve closure
) Main feed line break
) Main steam line break

) Small breax LOC

0) Other transient or accident conditions not listed above.

b. Describe the nlant protecticn acceptance criteria and corresponding
technical bases usad for each initiating event identified above.
The acceptance criteria should address plant limits such as:

1) Maximum RCS pressure (PORY or safety valve actuation)

2) Fuel temperature or damage limits (ONB, PCT, maximum fuel cen-
tral temperature)

3) RCS ccoling rate limit to avoid excessive coolant shrinkage

4) Minimum steam generator level to assure sufficient steam genera-
tor heat transfer surface td remove decay heat and/or cocl down
the primary system.

Response to l.a

The Auxiliary Feedwater System serves as a backup system for supplying
feedwater to the seccndary side of the steam generators at times when
the feedwater system is not available, thereby maintaining the heat sink
capabilities of the steam generator. As an Engineered Safeguards Sys-
tem, the Auxiliary Feedwater System is cirectly relied upon to prevent
core damage and system overpressurization in the evert of transients
such as a loss of normal feedwataer or a secondary system pipe rupture,
and to provide a means for plant cooldown following any plant transient.

Following a reactor trip, decay heat is dissipated by evaporating water
in the steam generators and venting the generated steam either to the
condensers through the staam dump cr to the atmosphere through the steam
generator safety vaives or the power-operated relief valves. Steam
generator water iaventary must be maintained at a level sufficient to
ensure agaquata heat transfer and continuation of the decay heat removal
process. The water lavel is maintained uncder these circumstances Dy the
Auxiliary Feedwater System which delivers an emergency water supply to
the steam generators. The Auxiliary Feedwater System must de capable of
functioning for extanded periods, allowing time either to restore nurmal
feedwatar flow or to proceed with 2n orderly cooldown of the piant to




the reactor coolant tamperityre where the Residyal Heat Rwemoval System
can assume the Durcen Of Cecay heat removal. The Auxiliary Feedwater
System flow and the smergency water supply c20acity must Se sufficient
t0 remgove Core Jeciy heat, raactor coolant pump heat, and sensible heat
during the 2lant <ooldown, The Auxiliary Feedwater System can also be
used to maintain tne steam generator water levels 25ove the tutes fol-

lowing a LOCA, [n the latter function, the water head in the steam
generators serves as a darrier to prevent leakage of fission products
from the Reactor Coolant System into the secondary plant.

DESIGN CONDITIONS

The reactor plant conditions which impose safety-related performance
requirements on the design of the Auxiliary Feedwater System are as
follows for the McGuire Unit No. 1.

- Loss of Main Feedwater Transient
- Loss of main feedwater with offsite power available
- Station blackout (i.e., loss of main feedwater without offsite
power available)
- Secondary System Pipe Ruptures
- Feedline rupture
- Steamline rupture
- Loss of all AC Power
= Loss of Coolant Accident (LOCA)
- Cooldown

Loss of Main Feadwater Transients

The design loss of main feedwater transients are those caused by:

- Interruptions of the Main Feedwater System flow due to a malfunction
in the feedwater or condensite system

n faedwater transients are characterized by a reduction in
tor water leveis which results in a reactor trip, a turbine
uxiliary feedwater actuation by the protection system logic.
reactor trip from a high initial power level, the power
quickly falls to decay heat levels., The water levels continue %o
Jecrease, progressively uncovering the steam generator tubes as decay
heat is transferred and discharged in the form of steam either through
the steam dump valvas t0 the condenser or through the steam generator

safatv or sower-operatad relief valves t5 thne atmospnere, The reactor
:20lant temperiture increases as the resigual heat in sxcess of that
dissipated thriugh the steam genarators is absorded., With increasesd
temperitlure, the volume of reaclicr co0Tint expands and btegins filling



the pressurizer, dJithout the addrtion of sufficient auxiliary faed-
water, further eccansion will resylt in water bHeing discharged through
the pressurizer safaty and/or ralief va':es. .f the temperature rise
and the resulting voiumetric exdansi of the orimary C021ant are per-
nitted to continue, then (1) a'ess,r‘:=' safaty valve canacities may be
@xceeded Ciusing overgrassurization of the Reactor Ccolant System and/or
(2) the CJﬂ"ﬂu;ﬁg gss of flyid from the ori mary caclant system nay
result in bulk Soiling in the eactor Coolant System ana eventually in

core unccvering, loss of natural circylaticn, and core damage. If such
3 sityation were ever to occur, the Emer,ency Core Cooling System would
be ineffectual Decause the primary coclant systam pressure axcseds the
shutoff head of the safety injection pumps, the nitrogen overe-pressure
in the accumulator tanks, and the dasign pressure of the Residual Heat
Remcval Loop. Hence, tne timely introducticn of sufficient auxiliary
feedwater 15 necassary td arrest the decrease in the staam generator
water levels, to reverse the rise in reactor coolant temperatyre, %o
prevent the pressurizer from filling to a water solid conditicn, and
eventually to establish stable hot standby cenditions. S..sequentTy, a
decision may 5n made to procead w~ith plant cooldown if the prodlem can-
not be satisfacterily corrected.

The blackout transient differs from a simple loss of main feedwater in
that emergency power sources must be relied upon to operate vital equip-
ment., The loss of power to the electric driven condenser circulating
water pumps results in a loss of condenser vacuum and condenser dump
valves. Hence, steam formed Dy decay heat is relieved thrcugh the steam
generator sa‘e’/ :alves or the power-operated relief valves. The calcu-
?sted transient is similar for Doth the loss of main feedwater and the
blackout, excent that reactor coolant pump heat input is not a consid-
eration in the Dlackout transient following lcss of power to the reactor
coolant pump bus.

Secondary Svstem Pipe Ruptures

The feedwater line rupture accident not only results in the loss of
feedwater flow to the steam generators but also resylts in the complete
nlowdown of ¢one steam generator within a short time if the rupture
should occur downstiraam of the last nonreturn valve in the main or auxe
iliary feedwater pi p\ﬂc t0 an individual steam generator. Another sig-
nificant rasult of 2 feedline ruptyre may be the spiliing of auxiliary

faedwater %3 the faulted staam generater. Such situations can resul® in
the injestion of 1 disoroportionataly large fractisn of <ne total auxe
Tiary f2edwitar flow (the system :re‘er=":fai‘g Jumss ~ater 0 the
aw2st pressura ~egion) to the faulted | Cop ratner than :: The afface.
tive s%aanm generatars which are at re! t vely high pressure. Tne system
design must allow for terminating, limiting, or mi ﬁ!ﬂ"wnc that fractie
of auxiliary faecwater flow which is delivered %o 1 faylted loop or
spilled through 2 dreak in order to ensure that sufficient flow will de
delivered t3 the remaining effactive steam generator(s). The concerns
are similar for the main feedwater line rupture as those explained for
»
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Auxiliary Feedwater System to !imit, contr

Mafn ste:mline rupture accident conditions are characterized initially
by alant zIo0idown and, feor Draaks inside containment, 5y increasing
containment prassure and tamoératyre, Auxtliary feadwater 's not needed
during tne 2arly phasa of tne transient Sut Flow ta the faulted looo
will contribute %0 2 2xcassive algase ¢f mass and 2nergy to containe
ment, Thus, steamline rupture conditions establish the upper limit on
auxiliary feedwater flow dalivered %0 a faulted lcop. Sventually, how-
ever, the Reactor Coolant System will neat uo 2again and auxiliary feed-
water flow will be required to De delivered to the non-fauited loops,
but at scmewhat Icwer rates than for the loss of feedwater transients
described previously. Provisions myst Je made in the design of the
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l, or terminate the auxiliary
feacwater flow to the faulted logcp as necessary in order to prevent
containment cverpressurization f2llowing a steamiine bSreak inside con-
tainment, and to ensure the minimum flow to the remaining unfaulted
loops.

Loss of All AC Power

The laoss of all AC power is postulated as resulting from accident con-
ditions wherein not only onsite and offsite AC power is lost but also AC
emergency power is 1ost as an assumed common mode failyre. Battery
power for operation of protection circuits is assumed available. The
impact on the Auxiliary Feedwater System is the necessity for providing
both 2n auxiliary feedwater PUmp Dower and con;roi scurce which are not
dependent on AC power and wnhich are capable of maintaining the plant at
hot shutdown until AC power is restored.

Los' of-Coolant Accident (LOCA)

The loss of coolant accidents do not impose cn the auxiliary feedwater
system any flow requirements in addition to those required by the other

accidents addressed in this response. The fo! ’*w.ﬂﬂ *es:r’"‘w*n ¢f the
small LOCA is provided here for the sake of completeness to explain the
role of the auxiliary feedwater system in this t’&r"an

Smail LOCA's are characterized Sy reiatively slow rates of decrease in
reactor coolant system pressure and liquid volume. The principal con-
tribution from the Auxiliary Feedwater System following such small LOCAs
is Sasfcally the same as the system's function during hot shutdown or
fallowing spurigus safety infection signal which trips the reagtor.
Maintaining 1 watar 'ave  faventary in the s2cancdary sisa of the staam
jeneratare provides 2 neat siac for removing Jecay neat anc establisnhes
the zapability for sroviding 1 Sugyancy nead for natura’ =sirzgulation.
The auxiliary feedwatar system may be utilized to assist in a system
coolicwn and Zepressurization following 2 small LOCA while bringing the
resctor %0 3 Cold shutlown Zondition,
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Zocidown may be required following expectas transients, 7ollewing an
accident such 2s 2 mi3in feedline Dreac, or :-f‘ﬁ; 2 normal cooldown
prigr to refueiing or performing reactor 2730t maintenance. [ tne
reactor is tripped fa!lowing extended cleration at rated power leval,
the AFWS is capable of delivering sufficient AFW to remove decay heat
ind reactor coolant sump (RCP) heat following reactor trip wnile maine

taining the steam generator (SG) water level. Following transients or
accidents, the recormenced cooldown rate is consistent with expected
neads and at the same time does not impose additional requirements on
the capacities of zne auxiliary feedwatar pumps, considering a single
failura. In any event, the process consists of being able to dissipate
plant sensible heat in addition to the decay heat produced by the
reactor core,
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Ressonge %3 1.5

Taole 12-1 summarizas the critaria which 2re the general design dases
far s3ch avent, discussad in the response to Question 1.2, atove. Spe-
cific assumptions ysed in the 2nalyses to verify that the design bases
are met are 3i1scyss2d 'n response to QJuestion 2.

The primary function of the Auxiliary Feedwater System is to orovide
sufficient heat removal :“abunxty follcwing ~eacsor triz and %9 remgve
the dJec2y heat generat2d by the core and prevent system cver-pressuriza-
tion, Other aian’ oratection systems are designed to meet short term or
pre-s~ip fuel failure critaria. The effects of excessive coolant
shrinkage are evaluated by the analysis cf the rupture of a main steam
pipe transient. The max‘mum flow reguirements determined Dy other Ddases
are incorporated into this analysis, resulting in no additional flow
requirements,
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Condition
or
Iransient

Loss of Main Feedwaler

Statiron Blackout

Steamline Rupture

teedline Rupture

Loss of all A/C Power

Loss of Coolant

Cooldown

TABLT 18B-1

Criteria for Auxiliary Feedwater System Design Basis Conditions

Additional Design

Classification* Criteria __ Criteria
Condition 11 Peak RCS pressure not to Pressurizer does not bedcome
exceed design pressure. No water solid

consequential fuel failures

Condition 11 (same as LMFW) Pressurizer does notl become
water solid

Condition IV 10CFR100 dose limits
containment design pressure
not exceeded

Condition IV | 10 CFR 100 dose limits, No hot leg bulk boiling prior
Containment design pressure to transient turnaround
not exceeded

N/A Note 1 Same as blackout assuming
turbine driven pump

Condition [I1 10 CFR 100 dose limits
10 CFR 50 PCT limits

Condition IV 10 CFR 100 dose limits
10 CFR 50 PCT limits

N/A 1009F /hr
5579F to 350°F

*Ref: ANSI N18.2 (This information provided for those transients performed in the FSAR).

Note 1 Although this transient establishes the basis for AFW pump powered by a diverse power source, this is not
evaluated relative to typical criteria since multiple failures must be assumed to postulate this

transient.
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corresponding technical justi-
nsicerad in 1.3 above including:
Maximum reactor power (including instrument error allowance) 3t the
time of the initiating transient or accident,

Time delay from initiating event to reactor trip.

Plant parameter(s) which initiates AFWS flow and time -delay between
initiatine .vent and introduction of AFWS flow into steam
generator(:,.

Minimum steam generator water level when initiating event occurs.

[nitial steam generator water inventory and depletion rate before
and after AFWS flow commences -- identify reactor decay heat rate
used,

Maximum pressure at which steam is released from steam generator(s)
and against which the AFW pump must develop sufficient head.

Minimum number of steam generators that must receive AFW flow; e.g.,
1 out of 27 2 out of 47

h. RC flow condition -- continued operation of RC pumps or natural
circulation.

i. Maximum AFW inlet temperature.

j. Following a postulated steam or feed line break, time delay assumec
to isolate break and direct AFW flow to intact steam generator(s).
AFW pump flow capacity allowance to accommodate the time delay and
maintain minimum steam generator water level, Also identify credit
taken for primary system heat remove! due to blowdown.

k. Volume and maximum temperature of water in main feed lines between
steam generator(s) and AFWS connection tn main feed line.

1. Operating condition of steam generator normai blowdown following
initiating event

y and secondary svstem water and metal sensible heat used for

-

wn and AF4 flow sizing.

n. Time at hot standdby and time to coclidcwn RCS to RHR system cut in
temperature to size AFW water source inventory.
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-« Loss of Main Feedwater [Station S8lackaout)
- Rupture of a Main Feedwatsr Pipe
« Rupture of - Main Steam Pipe Inside Ccntainment

In addition to the above analyses, calculaticns have been performed
specifically for McGuire Unit No. | to determine the plant cooldown flow
gtorage capacity! requirements. The Loss of All AC Power is evaluated
via a comparison to the transient results of a 3lackout, assuming an
available auxiliary pump having a diverse [ncn-AC) power supply. The
LOCA analysis, as discussed in response l.b, incorporates the system
flows requirements 2s cefined by other transients, and therefore is not
performed for the purpose of specifying AFAS flow requirements. Each of
the analyses listed above are explained in further detail in the fol-
lcwing sections of this response.

Lass of Main Feedwater (Blackout)

A loss of feedwater, assuming 2 loss of power to the reactor coolant
pumps, was performed in FSAR Section 15.2.9 for the purpose of showing
that for a station blackout transient the peak RCS pressure remains
below the criterion for Condition [I transients and no fuel failures
gccur. Table 2-1 summarizes the assumptions used in this analysis. The
transient analysis begins at the time of reactor trip. This can be done
because the trip occurs on a steam generator lavel signal, hence the
core power, terperatures and steam generator level at time of reactor
trip do not cepend on the event sequence orior to trip. Althoug the
time from the lcss of feedwater until the reactor trip occurs canngt te
jetermined frcm this analysis, this delay is evpected to be 20-30 sac-
onds. The analysis assumes tnat the plant is initially operating at
102% (calorimetric error) of the Engineered Safaguards design (ESD)
rating shown or the table, a very conservative assumption in defining
decay heat and stored energy in the RCS. The reactor is assumed to be
tripped on low-low ste2am generator water level, allewing for level

: " ol ol o | -~ i ; e - : % 4 <
gngartainty. The FS5AR shows that there is 2 censicderable margin with
respest to filling the pressurizer

i3 ¥ Yuil
Aupture o ain
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he Jouble nded rupture of a main feedwatsr pipe downstream of the main
feedwater line check valve is analyzed in FSAR, Section 15.4.2.2.

Yan'la 2. % - PR - y %P '

adie 2-1 summarizes the assumptions usad in this analysis. Reacter

- : - - - N e - & - - : - - % A
trip is assumed %O 2ccur w~hen the faulted generator is 2t the icweiCw
leyal setagint [adiustad Far errors This consarvative assumpticn
ﬂ"....-as —..e .~ A raa- -~ - - yo - - EE el o - s - 3,.\‘ ..1.,..'<,.,=S :,.n ;: ‘_
na zes the itore 2at orior to reactor trip and minimize he adbil
ity of the steam generator to remove heat from the CS following reactor
fmtn Hud T3 3 Spnsarvatively ‘-:‘ Sabat ~a2im fangritor nyentory ‘:3




A tha 1a¢s 5f agrmal ‘eedwatar analysis, the initial 2cwer rating was
assumed 0 e 122% of the £I0 rating., Auxiliary ‘sedwater flow of 350
10m w3s a3sumed o De c2liverad tz the I nonefaultad staan gereraters
{ minute sfter reactor trip. The criteria listed in Tizle 18-l are met
This analysis estadiishas requirements for layout to prec’ude indefinita
j0s8s of auxtitary feedwater 20 the postulatec bSreak, and estadlishes
train association requirements for egquipment so that the AFWS can
deliver the minimum flow required in | minute assuming the worst single

failure.

Rupture of a Main Steam Pipe Inside Containment

3acause the steamline break transient is a cooldown, the AFWS is not
needed to remcve heat in the short term, Furthermore, 2addition of
excessive auxiliary feedwater to the faulted s.ean jenerator will affect
the peak contairment pressure following a steamline Dreak *'s ide con-
tainment. This transient is performed at three power levels for several
break sizes., Auxiliary feedwater is assumed to be initicted at the time
of the dreak, inaependen' of system actuation signals. The maximum flow
is used for this analysi s. considering a case where runout orotection
for the largest pump fails, Table 2-1 summarizes the assumpticns used
in this anaTjs*s. At 10 ~inu'es after the break, it is assumed that the
operator nas isolated the AFAS from :he faulted steam generator which
subsegquently blows down to ambient pressure. The criteria stated in
Table 18-1 are met.

This transient establishes the maximum allcwable auxiliary feedwater
flow rate to a single faulted steam generator assuming al! pumps opera-
tvng. establishes the basis for runout protection, if reeged, and estab-
lishes lavout requirements so that the flow requirements may de met
considering the worst single failure.

Plant Cooldown

“axiﬂUﬂ and minimum flow requirements from the previcusly Jiscusse
1ts meat the flow reguirements of plant cooldown. This cpera-

.-’.‘r. WAL m S - o‘iqes uqe :as 3 -nr a—‘ka e Sqwn S3ca4 An ’na ﬁa"v~ueH
IR cwever, d { - : v - a0 g «Sy wSIT e ¥ .S
- b < - < - - x - - v - o - - .
cooldown duration, maximum decay heat input and maximum stored heal in
- - - \ L . 4..- - . a - %2 y é 4
vhe system, As previgusiy 2iscussad I1n response la, The 2uxiiliary Teec-
watar svsism 2a~t1ally cools the system to the point wnere the RHRS m2
- s® e - - - . W A . - - - . = - el
compiata tThe 200idcwn, .80, JOVOF 1n the R(S. i 2« shews the
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assumotisns uss2d %3 catermine the cogldown heat capacity of the 2uxe
iliary fag4yatar gyctom
b - 2 a - - - : o - " -,
ne zoo0ldown s assumed Lo commence at the maximum ~atag DCwer, anc

' “«s'a - - - cmiman nan *

nacimum trip d2lays and deciy heat scurce terms are assumed wne the

- s e é Vs 4 w 1 3 s A aye -
reacior is Sripoed. Primary metal, primary water, sacondary system

. : Yot - .
metal 3nd s2candary system water are 2ail incluced in tna sTorec neat to
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Trenstent

Max reactlor power
Time delay from
even! to Ax trip
MWS actuation sig-
nal/time delay for
AFWS flow

5G water level at
time of reactor trip

Initial 56 inventory

Rate of change before
L after AFNS actuation

Decay heat

AW pump design
pressure

Mini~ = I of SGs
whi h must recelve
AFd flow

RC pump status
Maximum AFW

temper ature

Opevator action

MEW purge volume/
S/6 and temperature

Normal blowdown
Sensible heat

Tiome at stanthy/time
to cooldown to RIR

MW flow rate

TABLE 2-1

Summary of Assumptions Usud in AFWS Design Verification Analyses

Loss of Feedwaler
(station blackout)

1022 of £SO ratin
(1022 of 3579 Mt

2 sec

1o-10 56 level
I minute

Tow low SG water
level minus § percent
of span

49,050 1ba/SG (at
trip)

See FSAR
Figure 15.2.8-1

FSAR Figure 15.1.8-1
1225 psta

2of 4

Tripped at reactor trip

1200F

nnne
135 re)zaa) 10¢

none assumed
see cooldown
2 he/d W

450 GPM - constant

fmin  reantroment)

Coo)down
851

2 sec

FSAR Flqure 15.1.8-)
1225 psia

N/A

Tripped
160°F

N/A
150 1Yy
4400¢

none assumed
Table 2-2
2 he/d bre

variable

Maln Feedline Bresk

102% of ESD ratin
(192% of 3579 Mt

2 sec

Tow-low 56 level
1 minute

low low 56 water level
minus 12 percent of
wpan

08 830 Tha/ruptured 56
78,570 T/ intact SG

turnaround at 2754 sec
with of fsite power
turnaround at 1986 sec
without offsite power
FSAR Figure 15.1.8-1

1225 psiha

Jof &

Operating and tripped
at reactor trip

120°¢

none

50 f117443.301

none assuned
see cooldown
2 he/A e

450 ggm - constant

LA Y "> \

Maln Steanline Breah
{containment )

0, 0, 102% of rated
(prrcent of 1424 Mit)

variable

Acsumed fomediately
0 sec (no delay)

NA

consistent wilh power

N/A

FOAR Flgure 15.1 8 )

N/A

N/A

All operating
equal to maln feed
Lemper ature

10 minutes

200 £13/100p (for
dr yout time)

none assumed
NA

N/A

1400 GPM (constant) to

w——
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Primary Water Sources (initially at
- iyl
- Ree 4 e

- Pressurizer fluid (liquid and

Primary Metal! Sources (initially at
- Reactor coolant piping, pumps
Pressurizer

Reactor vesse! internals

ible Heat Sources

ESD power temperature and inventory)

£SO power temperature)
an¢ reactor vessel

team generator tube metal and tube sheet
Steam generator metal below tube sheet

Secondary Water Sources (initially at £50 power temperature and

inventery)

- Steam generator fluid (liquid and vapor)
- Main feedwate: purge fluid between steam generator and AFWS piping.

Secondary Metal Sources (initially at £SD power temperature)
- A]l steam generator metal above tube sheet, excluding tubes.
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the AFW pumps in your plant will supply the necessary flow
enerator/s) as cetermined by items 1 and 2 above cone
g atlyre, Identify the margin in sizing the pump flow
for pump recirculation flow, seal leakage and pump wear,

Response %o 3

The AFW pumps will supply the necessary flow to the steam generators
considering a single failure.

A margin of 2% is available to account for pump wear.

Pump recirculation flow is automatically isolated following any automatic
pump start.

Both trains are designed for a total leakage of 2 gpm during the design
basis event (feedwater line break).




