my Houston Lighting & Power P O. Box 1700 Houston, Texas 77001 (713) 228-9211

March 11, 1986
ST-HL-AE-1621
File No.: G9.17

Mr. Vincent S. Noonan, Project Director
PWR Project Directorate #5

U. S. Nuclear Regulatory Commission
Washington, DC 20555

South Texas Project
Units 1 and 2
Docket Nos. STN 50-498, STN 50-499
Auxiliary Feedwater Requirements

Reference: Letter ST-HL-AE-1609 dated 2/20/86; J. H. Goldberg to R. D. Martin

Dear Mr. Noonan:

Attached for your information and use is a copy of revised sections of
the STP FSAR as transmitted to the NRC staff in wWashington on March 6, 1986.
These tevised sections reflect the commitments as outlined in the referenced
letter.

If you should have any questions on this matter, please contact
Mr. M, E. Powell at (713) €93-1328.

Very truly yours

WU 2
M. R.'Wisenburg
Manager, Nuclear Licensi
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Houston Lighting & Power Company
cc:

Hugh L. Thompson, Jr., Director
Division of PWR Licensing - A
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Robert D. Martin

Regional Administrator, Region IV
Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 1000
Arlington, TX 76011

N. Prasad Kadambi, Project Manager
U.S. Nuclear Regulatory Commission
7920 Norfolk Avenue
Bethesda, MD 20814

Claude E. Johnson

Senior Resident Inspector/STP
c/0 U.S. Nuclear Regulatory
Commission

P.0. Box 910

Bay City, TX 77al4

M.D. Schwarz, Jr., Esquire
Baker & Botts

One Shell Plaza

Houston, TX 77002

J.R. Newman, Esquire
Newman & Holtzinger, P.C.
1615 L Street, N.W.
Washington, DC 20036

Dizector, Office of Inspection

and Enforcement
U.S. Nuclear Regulatory Commission
washington, DC 20555

T.V. Shockli:y/R.L. Range
Central Power & Light Company
P.0. Box 2121

Corpus Christi, TX 78403

H.L. Peterson/G. Pokorny
City of Austin
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the State of Texas
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Lanny A. Sinkin

Christic Institute
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washington, D.C. 20002

Oreste R. Pirfo, Esquire

Hearing Attorney

Office of the Executive Legal Director
J.S. Nuclear Regulatory Commission
washington, DC 20555

Charles Bechhoefer, Esquire
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REACTOR DESTCN COMPARISON TABLE

THERMAL AMD WYDRAULIC DESIGN PARAMETERS

| Reactor Core Heat Output, nw;

2. Reactor Core Heat Cutput, 107 BTD/hr

3 Heeted Cenearsted in Fuel, I
4. System Fressure, Yominal, peia

S. System Pressure, Minimue Steady State, paia
6. MHinfmum Deparzure fros Nurleate Boiling Ratio

for Design Transients
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9. Effective Flow Rate for ﬂant Tr
10. Effective Flow Area for licat Tran
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afer, ft?
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12. Average Mass Velocity,
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TABLE 4.1-1 (Continued)

REACTOR _DESTCN COMPARISON TABLE

THERMAL AND HYDRAIMLTC DESICN PARAMETERS

COOLANT TEMPERATURE, °F

Nominal Inlet

Average Rime in Vessel

Average Rise in Core

Average in Core (Based on average enthalpy)
Average in Vessel

AEAT TRANSFER

Active Heat Transfer, Surface Ares, ft?

Average Heat Plux, Btu/hr-fe?

Maximum Heat Flux for Normal Operation, Btu/hr-ft?
Average Linear Power, kW/ft

Peak Linear Power for Normal Operation, kW/ft :
Peak Linear Power Resulting from Overpower Transients/
Operator Errors (sssuming ¢ maxisum overpower of
118%), kW/fe

Heat Flux Hot Channel Factor, P

Peak Fuel Central Temperature .? Peak Linear Power
for Prevention of Centerline Melt, °F

W. B, McCuire
UNITS 1 & 2

558.1
60.2
62.7
592.1
588.2

59,700
189,800
440,300
5.44
12.6

1.0'*!

2.12'%

§£,700

South Texas Project
UNITS | & 2

69,700
181,200
453,100
5.20
13.0
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TANE 2.2-1
REACTOR TRTP SYSTEM INSTRIMENTATION TRIP SETPOINTS

Total [omu—
Anctional Unit Allowsnce (TA) 2 Drife (S) Trip Setpoint
1. Meuml Reactor Trip " “ M "
2. Power Range, Meutron P, 2.5 0% 0 <109T of XTPe
a. MWigh Setpoimt
b. low Setpoint 5.3 X" 0 < 25 of KIPe
3. Power Rage, Netron Phax, 1.6 0.5 0 <5 of WIP* with & time
High Positive Rate conetant = 7 seconde
. Power Range, Nestron Phsx, 1.6 0.3 0 £ ST of XIP* with & tise
High Negative Rate conetant 2 7 seconde
S. Interwediste Rarnge, 17.0 8.4 0 < 25T of wIPee
Newtron Flux \
6. Source Range, Neutron Pl 1.0 10.0 0 210° cpn
7. Owertespersture 6.8 (W ) 2.30.7 See rote |
., 1u-nn-sf;-_!:-—’a 5.5 1.4 0.2 See note 3
9. Premmrirer Presmms - Low 21 o.n 1.5 21870 patg
10. Premmrirer Pressre - Righ 1.1 o.n 1.5 2780 peig
I, Presurizer Vater Level - Bigh 5.0 2.18 1.3 <971 of iretrumee epan
e e (55, 0

Allosblc Valie

L]
SILIT of KIPee

£77.22 of KIP™e

S$6.3X of XIP* with ¢ tise
constant T 2 seconds

6.1 of XIP*™ yith a cime
constant ~ 2 seconds

£3.9 of XIP™

Slax IO’ >~

See rote 2

See wote &
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L291.7 peig
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Reactor Coolant Flowdlow

Stesn Cenerwtor Water
Level - Lowdlow

Undervoltage - Reactor
Coolant Pump

Under{ requency - Resctor
Coolant Pumps

Nabire Trip

A. low Bergency Trip
Fludd Presmmoe

TARLE 2.2-1 (Contirued)
REACTOR TRIP SYSTPM INSTRIMPNTATION TRIP SPTPOINTS

B. TNabine Stop Valve Clomse  Later
Safety Injection Input
from FSFAS

Total Serwor
Allowance (TA) 2 Drife (S) Trip Setpoint
2.5 2.1 0.6 > 90T of loop dewign
flow* flow
15.0 12,18 1.5 2 IR of rarrow renge
instrsent span
10.6 0.3 0 210,50 wolts
3.4 0.01 0 2572 ®e
Later Later Latey Later
 Fer Later Later
. - T

Alloamble Value
289.6 of loop demign
flow

231X of narrow range
{netrnment span

Z 9815 wolts
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TARE 2.2-]1 (Continued)
REACTUR TRIP SYSTPM INSTRUMENTATION TRIP SFTFOINTS
Sensor

Total
Allowce (TA) Z  PBrvor (S) Trip Setpoint

Alloash le
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POWER DISTRIBUTION LIMITS

Basts

BEAT FLUX ROT CHANNEL PACTOR, RCS FLOW RATE AND NUCLEAR ENTEALPY RISE BOT
CEANNEL FACTOR (Contioued)

€. The control rod fosertion limits of Specification:z 3.1.3.5 and
3.1.3.6 are maintained; acd

d. The axial pover distribution, expressed io tarms of AXIAL FLUX
DIFFERENCE, 1s maintained within the limits,

f' will be maintaiced within ts limitse provided conditions & through 4
dwuqn saintained. The copbination of the RCS flow requiresent (385600
gra) and the requirement on guarantee ghat the DNBR used in the safety
avalysis will be met. The tﬂluttoa of as a function of THERMAL PONER
;nan changes in the radial pover shape !%‘ all permissible rod fnsertion

iaits.

The l’! requirement of 1.52 fncludgs & 2% uncertainty in design and a 42
:coru!u’y on the measured value of s Therefore, the measured value of

‘! should be increased by 4I before h!u compared with the required value of
1.52.

The flov requirement 389600 gpz already includes & messuresent uncertainty
of "™iI. Therefore no adjustment of the measured flow-value is necessary

before comparing against the flow requirement. - Cred' ¢
n The ’Cﬁff:( '4""0 W
Puel rod bowing ttucu the value of the DNB ratio, is available to

offset this reduction The South Texas Project generic
margins, totalisg 3.3% DNBR, completely offset any rod bow penalties. This
margio includes the following:

1. Design limit DNBR of 1.30 ws 1.28. 0.05)
2. Grid Spacing Ks of 0.059 ve 0.066. /

3. Thermal diffusion cocﬂteicntrl LO8%Y vs 0.061. J.‘f-'c/ spacer £¢1‘¢>

(Sev use in me
The applicable values of rod bov penalties are explained in PSAR Section

il 4.4,2,2.5,

Vheo ao 7, measurement is taken, an allowance for both experimental error
and unuhctu?tng tolerance wust be made. An allovance of 5% 1s appropriate
for a full-core map taken with the incore detector flux wmapping systes, and a
32 allovance is appropriate for manufacturing tolerance.

The 12-hour periodic surveillance of indicated RCS flow {s sufficient to
detect only flov degradation which could lead to ?cuuon outside the accept~

able region of operation shovn in Fgused-lad. fec .‘f;c‘f;.,, 3,.2,.3 ®

South Texas Preoject B /4 2-) July 1585
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Question 410 18N

covide a response to the staff’'s March 10, 1980 letter to near-term operating
license applicants concerning your AFW system design (TMI-2 Task Action Plan,
NURLG-0737, Item II.E.1.1). This response should include the following:

(a) A reviev of the AFV systenm design against Standard Reviev Plan Section
10.4.9, and Branch Technical Position ASB 10-1.

(b) A reviev of the AFV system design, Technical Specificati~mi and operating
procedures against the generic short-term and long-ters requirements
discussed in the March 10, 1980 letter..

The design basis for the AFV flov requirements and verification that the
AFV system will meet these requirements (refer to Enclosure 2 of the
March 10, 1980 letter).

Response

(a) Tables Q410.18N-1 and Q410.18N-2 summarize the STP conformance to SRP
10.4.9 and BTP ASB 10-1.

(b) The draft STP Technical Specifications were submitted on June 17, 1985
(reference letter ST-HL-AE-1271 to Mr. Hugh L. Thompson from J. H.
Goldberg) . —A—weviev—ageinst—the Technicail lpcciﬂutionl‘bm,-lq

kOB plalethe Feiponse i 15 ARLicipaied Lhe Sesponie wiii—be provided
—by she dourih Quartes—eof Lho-mees—

() —A-response willbe-provided in—she—fourch quarser—of 1585 /

} Trne resnense is provided in FSAR Section 74, ite~ 1I1.L.1.1 {

Jewnt -
for tne ATWS have beer prepared and wili—be provided by-the
and of the fourth guerter of 1985 4

(’ﬁ'ﬁ.“v' .‘- [ N S “"f A M A A AR = 15 “Be .

|

Vol. 3 Q&R 10.4-98 Anendment 51
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Table 410.18N-1

Standard Review Plan, Section 10.4.9

Acceptance Related STP Reference
Isem _ Cxiterls S0
1. 11.2 eoC 2 Conforms 10.4.9.2 6 10.4.9.3
2. 11.2 CDC 4 Conforms 3.5, Table 3.5-1, 2.6
& 10.4.9.2
). 11.3 Gc 5  Conforms - 10.4.9.20)
6. 11.4 6D 19 Conforms 7.4.1, 7.4.1.1 & 10.4.9
5. 11.5 (a») CDC 34 & &4 Conforms 10.4.9.1
11.5 (b) CDC 34 & 44 Conforms 10.4.9.1, 10.4.9.2,

10.4.9.3 & Table 10.4-3
31.5 (¢) CDC 34 & 44 Conforms 10.4.9.2 (paragraph 7 & 11),
6.2.4, 10.4.9.3 and Appendix
1CA (later).
6. 11.6 GDC 45 Conforms 6.6

;g 31.7 CDC 4«6 Conforms 10.4.9.4, 14.2 & STP Tech
Specs (later)

Rote:

(1) Each unit has an entirely independent Auxiliary Feedvater System.

Vol. 3 Q&R 10.4-10N Amendment 51
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STP FSAR
Table 410.18N-2
Branch Technical Position ASE 10-1
*ASB 10-1 Related 8T? Reference
dsax _ __ Position 50 2
1. k.1 Independency CGn!orl%q\ 10.4.9.2
& Diversity
8. B.2 Diverse & - Conforms 10.4.9.2, 7.4.1.1,
Separate Motive Table 10.1-1
Power
3. B.3 Train Separation Meets ¢t 10.4.9.2, Fig
& Crossconnect intent. (2) 10.4.9.-1,
10.4.9.1.4, 17 . 4.9.3
4. B4 Redundancy Conforms 10.4.9.1 .4,
10.4.9.3
5. B.5 AFV Flov Following Confottc(’\ 10.4.9.1.4
KELB
' (h'fpwt" cx:fr".u—'.\ wa AL&,N_J t M‘t&«; /0&{":% 9""&*
A DB apanriaten, PO MM—{ ArGAA {A"— A““’J‘”
Sty
Nots
2. 4. The STP AFV system with its four independent trains is designed to

o

function (provide the required AFV ov "'1lov1n. & postulated piping
fallure with or without off site ladble considering, st the same

time, any single faillure.

Iw

Additionally the AFV trains ary provided with a cross-comnect for use

during nomsafety-actuated AFV system operation. This allows one, two, 62"(/
red) operating punps to feed/all four $Gs. In addition, the

cross-connect valves are provided with manual sctuators hich would allow

any operable AFV pump to be aligned with any effective G during an

extreme accident and failure combinstion.

(e u\s op“d"—d /

Vol. 3 Q&R 10 .4-11K Amendment 5)



IT.LE.1.1 AUXILIARY FEEDWATER SYSTEM EVALUATION
Position

The Office of Nuclear Reactor Regulation is requiring reevaluation of the
suxiliary feedwater (AFW) systems for all PWR operating plant licensees and
operating license ap.lications. This action includes:

(1) Perform a simplified AFW system reliability analysis that uses event-tree
and fault-tree logic techniques to determine the potential for AFW systen
failure under various loss-of-main-feedwater-transient conditions.
Particular emphasis is given to determinin potential failures that could
result from human errors, common causes, single-point vulnerabilities,
and test and maintenance outages;

(2) Perform a deterministic review of the AFW system using the acceptance
criteria of Standard Review Plan Section 10.4.9 and associated Branch
Technical Position ASE 10-1 as principal guidance; and

(3) Reevaluate the AFW system flowrate design bases and criteria.

Clarification

Operating Plant Licenses=-Items 1 and 2 sbove have been comj .eted for Westing-
house (W), Combustion Engineering (C-E), and two Babcock and Wilcox (B&W)
operating plants (Rancho Seco, short-term only, and TMI-1). As a result of
staff review of items 1 and 2, letters were issued to these plants that
required the implementation of certain short- and long-term AFW system upgrade
requirements. Included in these letters was a request for additional informa-
tion regarding item 3 above. The staff is now in the process of evaluating
licensees responses and commitments to these letters.

The remaining B&W operating plants (Oconee 1-3, Crystal River 3, ANO-1, and
Davis-Besse 1) have submitted the analysis described in ftem 1 above. The
analysis is presently undergoing staff review. When the results of the staff
reviews are complete, each of the remaining B&W plants will receive a letter
specifying the short- and long=term AFW system upgrade requirements based on
ftem 1 above. Included in these letters will be a request for additiona)
information regarding items 2 and 3 above.

‘Operating License Applicants--Operating Vicense applicants have been requested
to respond to staff letters of March 10, 1980 (W and C-E) and April 24, 1980
(B&W). These responses will be reviewed during the normal review process for
these applications.

STP Response

The following information responds to the MRC letter of March 10, 1980,
enclosure 2, relating to the Auxiliary Feedwater System Design Bases.



Question 1

ST HUAE 762 )
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4. ldentify the plant transient and accident conditions considered in
establishing AFWS flow requirements, including the following events:

L))
2)
3)
4)
5)
6)
7
8
9)

Loss of Main Feedwater (LMFW)

LMFW w/loss of offsite AC power

LMFW w/l0oss of onsite and offsite AC power
Plant cooldown

Turbine trip with and without bypass

Main steam 1solation valve closure

Main feed)ine break

Main steamline break

Small break LOCA

10) Other transient or accident conditions mot 1isted above.

b. Describe the plant protection acceptance criteria and corresponding
technical bases used for each initiating event 4dentified above. The
acceptance criteria should address plant 1imits such as:

L)
2)

3)
4)

Maximum RCS pressure (PORV or safety valve actuation)

Fuel temperature or damage limits (CNB, PCT, maximum fuel centra)
temperature)

RCS cooling rate Yimit to avoid excessive coolant shrinkage
Minimum steam generator level to assure sufficient steam generator
heat transfer surface to remove decay heat and/~r cool down the
primary system.

Response to 1.2

The Auxiliary Feedwater System serves as a backup system for supplying
feedwater to the secondary side >f the steam generators at times when the
feedwater system s not available, thereby maintaining the heat sink
capabilities of the steam generator. As an Engineered Safeguards System, the
Auxiliary Feedwater System s directly relied upon to prevent core damage

9318Q:10/121085
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ond system overpressurization in the event of transients such as a loss of
normal feedwater or a secondary system pipe rupture, and to provide a means
for plant cooldown following any plant transient.

Following & reactor trip, decay heat s dissipated by evaporating water in the
steam generators and venting the generated steam either to the condensers
through the steam dump or to the atmosphere through the steam generator safety
valves or the power-operated relief valves. Stcam generator water inventory
sust be maintained at a level sufficient to ensure adequate heat transfer and
continuation cf the decay heat remova) process. The water level 1s maintained
under these circumstances by the Auxiliary Feedwater System which delivers an
emergency water supply to the steam generators. The Auxiliary Feedwater
System must be capable of functioning for extended perfods, allowing time
either to restore normal feedwater flow or to proceeed with an orderly
cooldown of the plant to the reactor coolant conditions where the Residua)
Heat Removal System can assume the burden of decay heat removal. The
Auxiliary Feedwater System flow and the emergency water supply capacity must
be sufficient to remove core decay heat, reactor coolant pump heat, and
,sensible heat during the plant cooldown. The Auxiliary Feedwater System can
‘also be used to maintain the steam generator water levels above the tubes
following & LOCA. 1In the latter function, the water head in the steam
generators serves as a barrier to prevent leakage of fission products from the
Reactor Coolant System into the secondary plant.

The reactor plant conditions which impose safety-related performance
requirements on the design of the Auxiliary Feedwater System are as follows
for the South Texas Units 1 & 2.

- Loss of Main Feedwater Transient
= . Loss of main feedwater with offsite power available
- Loss of Offsite Power - LOOP (1.e., loss of main feedwater without offsite

power available)

93180:10/121085
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- Secondary System Pipe Ruptures %AGEJ OF 3

= Feedline rupture
- Steamline rupture

= Loss of al)l AC Power
= Loss of Coolant Accident (LOCA)
- Cooldown
i water Transien
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 condensate system

= Loss of offsite power or LOOP  with the consequential shutdown of the
system pumps, auxiliaries, and controls

These transients are discussed in Sections 15.2.6 and 15.2.7.

Loss of main feedwater transients are characterized by a reduction in steam
generator water levels which results in a reactor trip, a turbine trip, and
suxiliary feedwater actuation by the protection system logic. Following
reactor trip from a high initial power level, the power quickly falls to decay
heat levels. The water levels continue to decrease, progressively uncovering
the steam generator tubes as decay heat s transferred and discha=ged in the
form of steam either through the steam dump valves to the condenser or through
the steam generator safety or power-operated relief valves to the atmosphere.
The reactor coolant temperature increases as the residua) heat in excess of
that dissipated through the steam generators s absorbed. With increased
tclporituru. the volume of reactor coolant expands and begins f1114ng the
pressurizer. Without the addition of sufficient auxiliary feedwater, further
expansion 111 result in water being discharged through the pressuriz~r safety
and/or relief valves. If the temperature rise and the resulting volumetric

9218Q:10/121085
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expansion of the primary coolant are permitted to continue, then ()
pressurizer safety valve capacities may be exceeded causing overpressurization
of the Reactor Coolant System and/or (2) the continuing loss of fluid from the
primary coolant system may result 4n bulk boiling in the Reactor Coolant
System and eventually in core uncovering, loss of natural circulation, and
core damage. If such a situation were ever to occur, the Emergency Core
Cooling System would be ineffectual because the primary coolant system
pressure exceeds the shutoff head of the safety injection pumps, the nitrogen
over-pressure in the accumulator tanks, and the design pressure of the
Residual Neat Removal Loop. Mence, the timely introduction of sufficient
auxiliary feedwater 1s necessary to arrest ths decrease in the steam generator
water levels, to reverse the rise in reactor coolant témperature, to prevent
the pressurizer from f1111ng to a water solid condition, and eventually to
establish stadble hot standby conditions. Subsequently, a decision may be made
to proceed with plant cooldown 1f the problem cannot be satisfactorily
corrected.

The LOOP transient differs from a simple loss of main feedwater 1n that

,emergency power sources must be relied upon to operate vital equipment. The
Toss of power to the electric driven condenser circulating water pumps results
in & Yoss ef condenser vacuum and condenser dump valves. Hence, steam formed
by decay heat 1s relieved through the steam generator safety valves or the
power-operated relief valves. The calculated transient 1s similar for both
the Toss of main feedwater and the LOOP , except that reactor coolant pump
heat input 1s not & consideration in the LOOP  transient following loss of
power to the reactcr coolant pump bus.

secondary System Pipe Ruptyres

The feedwater 1ine rupture accident not only results in the loss of feedwater
flow to the steam generators but also results in the complete blowdown of one
steam generator within a short time 1f the rupture should occur downstream of
the last nonreturn valve in the main or suxilfary fesdwater piping to an

individual steam generator. Another significant result of a feed)ine rupture

9318Q:10/121085
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may be the spilling of auxiliary feedwater to the faulted steam generator,.
With a "typical® headered AfS arrangement, such situations can result 1n the
injection of a disproportionately large fraction of the tota) auxiliary
feedwater flow (the system preferentially pumps water to the lowest pressure
region) to the faulted loop rather than to the effective steam generators
which are at relatively high pressure. However, the South Texas units have
four auxiliary feedwater pumps, with associated independent piping trains.
Each auxiliary feedwater train delivers flow to a different steam generator.
This arrangement allows the flow from only one auxiliary feedwater pump to
spil1l through a break and ensures that sufficient flow will be delivered to
tae remaining effective steam generators. The concerns are similar for the
main feedwater 1ine rupture as those explained for the loss of main feedwater

transients. xm-}

Main steamline rupture accident conditions are characterized initially by
plant cooldown and, for breaks inside containment, by increasing containment
preisure and temperature. Auxiliary feedwater 1s not needed during the early
phase of the transient but flow to the faulted Toop will contribute to an
excessive release of mass and energy to containment. Thus, steamline rupture
conditions establish the upper n auxiliary feedwater flow delivered to a
faulted loop. Eventually, however, the Reactor Coolant System will heat uwp
again and auxiliary feedwater flow will be required to be delivered to the
nonfaulted loops, but at somewhut lower rates than for the loss of feedwater
transients described previously. Provisions must be made in the design of the
Auxiliary Feedwater System to limit, control, or terminate the auxiliary
feedwater flow to the faulted loop as necessary in order to prevent
containment overpressurization following a steamline break inside containment,
and to ensure the minimum flcw to the remaining unfaulted loops.

11 r

Although the AFS must be des1gneq to cope with a complete loss of ac power,
1.e., the loss of both offsite and onsite ac power sources, this event 1s not
corsidered to be a design basis event for overal) plant design by current
industry standards and government regulations.

$318Q:10/121085
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The South Texas AFS provided three motor-driven pumps and one turbine-driven
pump. Each pump s capable of delivering a minimum of 550 gpm at a pressure
equivalent to the accumulation pressure of the lowest setpoint of the steam
generator safety valves. The AFS 1s designed with diversity in pump motive
power sources and essential instrumentation and contro) power sources. The
AFS 1s capable of delivering the required flow of 550 gpm to at least one
steam generator, assuming the loss of both onsite and offsite ac power.

f lant A n A

The loss of coolant accidents discussed in Section 15.6.5 do not impose on the
auxiliary feedwater system any flow requirements in addition to those required
by the other accidents addressed in this response. The following description
of the smal) LOCA 1s provided here for the sake of completeness to explain the
role of the auxiliary feedwater system in this transient.

Small LOCAs are characterized by relatively slow rates of decrease in reactor
coolant system pressure and 1iquid volume. The principal contribution from
the Auxiliary Feedwater System following such small LOCAs 1s basically the
same as the system's function during hot shutdown or fcilowing spurious safety
injection signal which trips the reactor. Maintaining a water level inventory
in the secondary side of the steam generators provides a heat sink for
removing decay heat and establishes the capability for providing a buoyancy
head for natura) circulation. The auxiliary feedwater system may be uti)ized
to assist in a system cooldown and depressurization following a small LOCA
while bringing the reactor to a safe shutdown condition.

£ooldown

The cooldown function performed by the Auxiliary Feedwater System is a partia)
one since the reactor coolant system is reduced from normal zero load
temperatures to a hot leg RCS temperature of approximately 350°F. The latter
1s the maximum temperature recommended for placing the Residua) Meat Remova)
System (RHRS) into service. The RHR system completes the cooldown to cold
shutdown conditions.

9318Q:10/121285
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Cooldown may be required following expected transients, following an accident
such as @ main feedline break, or curing a norma) cooldown prior to refueling
or performing reactor plant maintenance. 1If the reactor is tripped following
extended oneration at rated power level, the AFWS 1s capable of delivering
sufficient AFW to remove decay heat and reactor coolant pump (RCP) heat
following reactor trip while maintaining the steam generator (S6) water

level. Following transients or accidents, the rucommended cooldown rate is
consistent with expected needs and at the same time does not impose additiona)
requirements on the capacities of the auxiliary feedwater pumps, considering a
single failure. The Auxiliary Feedwater System 1s provided with a seismic
Category 1 Auxiliary Feedwater Storage tank which 4s sized with sufficient
capacity for 4 hours of standby, followed by a 10 hour natural circulation
cooldown, with an additonal 8 hour soak period.

9318Q:10/121285
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Table I1.E.1.1-1 summarizes the criteria which are the general design bases
for each event, discussed in the response to Questicn 1.a. Specific
assumptions used in the analyses to verify that the design bases are met are
discussed in response to Question 2. (See also the response to NRC Question
410.18N.)

The primary function of the Auxiliary Feedwater System is to provide
sufficient heat removal capability following reactor trip and to remove the
decay heat generated by the core and prevent sysicn overpressurization. Other
plant protection systems are designed to meet short-term or pre-trip fuel
fatlure criteria. The effects of excessive coolant shrinkage are evaluated by
the analysis of the rupture of a main _team pipe transient. The maximum flow
requirements determined by other bases are incorporated into this analysis,
resulting in no additional flow requirements.

93180:10/121085
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Describe the analyses and assumptions and corresponding technica)
Justification used with plant condition considered in 1.a above including:

a. Maximum reactor power (including instrument errors allowance) at the time
of the initiating transient or accident.

b. Time delay from initiating event to reactor trip.

€. Plant parameter(s) which initfates AFWS ‘Iou4|nd time delay between
initiating event and actuation of AFNS flow.

d. Winimum steam generator wate: level when initiating event occurs.

e. Initia) steam generator water inventory and depletion rate before and
after AFWS f'ow commences -- {dentify reactor decay heat rate used.

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

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

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

1. Maximum AFW inlet temperature.

J. Following a postulatec steam or feed 1ine break, time delay assumed to
1solate: break and direct AFW flow to intact steam generator(s). AFW pump
flow capacity allowance to accommodate the time delay and maintain minimum
steam generatcr water level. Also identify credit taken for primary
system heat removal due to blowcown.

9318Q:10/121085




k. Volume and maximum temperature of water in main feed 1ines between steam
generator(s) and AFNS connection to main feed line.

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

®. Primary and secondary system water and metal sensible heat used for
cooldown and AFW flow sizing.

n. Time at hot standby and time to cooldown RCS to RHR system cut‘in

temperature to size AFW water source inventory.
' ACHMENT
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Response to 2

Analyses héve been performed for the 1imiting transients which define the AFWS
performance requirements. These analyses have been provided for review in the
FSAR. Specifically, they include:

- Loss of lhn Feedwater/Loss of Offsite Power (LOOP)
= Rupture of a Main Feedwater Pipe
= Rupture of & Main Steam Pipe Inside Containment

In addition to the above analyses, calculations have been performed
specifically for the South Texas Units to determine the plant cooldown flow
(storage capacity) requirements. The Loss of A1) AC Power 1s evaluated via a
comparison to the transient results of a LOOP , assuming an available
suxiliary pump having a diverse (non-ac) power supply. The LOCA analysis, as
@discussed in response to Question 1.b, incorporates the system flow
requirements as defined by other transients, and therefore 1s not performed
for the purpose of specifying AFWS flow requirements. Each of the analyses
1isted above are explained in further detat) 4n the following sections of this
response.

-

Loss of Main Feedwater/Loss of Offsite Power (LOOP)

The Loss of Main Feedwater/ LOOP events were analyzed for the South
Texas Units and are presented in FSAR Section 15.2.7. The differences between
the two events 1s that, for the LOOP case, power to the Reactor

Coclant Pumps 1s assumed to be lost following reactor trip. The acceptance

criteria for these ANS Condition Il events, as Visted in Table I1.E.1.1-1, are

a1 met. The following assumptions, concerning the AFWS, have been made.

Sixty seconds following generation of the 1gw-low steam generator water leve)

signal, auxiliary feedwater 1s initiated. suxiliary feedwater pump ¥9-arc

essumed to provide auxiliary uc@nor‘t.cwgr stepm generatory
€309 -gpn. 1t takes approximately econds 1o elim minate the 90 cubic foot

purge volume before the relatively|cold auxiliary feedwater (%f) reaches

the steam generator. Table I1.E.1.0-2 summarizes the assumptions used in

these analyses. 1In addition, FSAR Section 15.2.7 provides more detal)

concerning the Loss of Main Feedwatey/ LOOP analysis. /

15
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Ruptyre of & Main Feedwater Pipe

The Main Feedwater Pipe Rupture event was anzlyzed for the South Texas Units
and 1s presented in FSAR Section 15.2.8. Cases were analyzed both with and
without offsite power available. The acceptance criteria for this ANS
Condition IV event, as 1isted in Table 11.£.1.1-), are all met. The following
assumptions, concerning the AFNS, have been made. “ixty seconds following
generation of the low-low steam generator water leve) signal, auxiliary
feedwater 1s initiated. One auxiliary feedwater pump is assumed to provide
suxiliary fesdwater to one nonfaulted steam generator at a rate of 540 gpm.
It takes approximately (®3) seconds to eliminate the 100 cubic foot purge volume
before the relatively colld auxillary feedwater (IBD"F) reaches the steam
generator. Table 11.E.1.1-2 summarizes the assumptions used in this
analysis. 1In addition, FSAR Section 15.2.8 provides more detai) concerning
the Main Feedwater Pipe Rupture analysis.

D T 1o
Rupture of in mP ntainmen

, Because the steamline break transient 1s a cooldown, the AFWS 1s not needed to
‘remove heat in the short term. Furthermore, addition of excessive auxiliary
feedwater to the faulted steam generator will affect the peak containment
pressure following a steamline break inside containment. This transient s
performed at four power levels for several dreak sizes. Auxiliary feedwater
1s assumed to be initiated at the time of the break, independent of system
actuation signals. The maximum flow 15 used for this analysis. Table
I1.E.1.1-2 summarizes the assumptions used in this analysis. At 30 minutes
after the break, 1t 1s assumed that the operator has 1solated the AFWS from
the faulted steam generator which subsequently blows down tc ambient
pressure. The criteria stated in Table 11.E.1.1-1 are met.

This transient establishes the maximum allowable auxiliary feedwater flow rate
to a single faulted steam generator assuming all pumps operating, establishes
the basis for runout protection, 1f needed, and establishes layout
requirements so that the flow requirements may be met considering the worst
single fatlure.

93180:10/121085
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Maximum and minimum flow requirements from the prevously discussed transients
meet the flow requirements of plant cooldown. This operation, however,
defines the basis for tank size, based on the required cooldown duration,
maximum decay heat input and maximum stored heat in the system. As previously
discussed in the response to Question 1.a, the Auxiliary Feedwater System
(AFWS) partially cools the system to the point where the RHRS may complete the
cooldown, 1.e., 350°F in the RCS. Table I1.E.1.1-2 shows the assumptions used
to determine the cooldown heat capacity of the Auxiliary Feedwater System.

The cooldown 1s assumed to commence at the maximum rated power, and maximum
trip delays and decay heat source terms are assumed when the reactor is
tripped. Primary metal, primary water, secondary system meta) and secondary
system water are all included in the stored heat to be removed by the AFNWS.
Sec Table 11.E.1.1-3 for the 1tems constituting the sensible heat stored in
the NSSS.

zTh1s operation 1s analyzed to establish minimum tank size requirements for
auxiliary feedwater fluid source which are normally aligned.

93180:10/121085



(:‘

ET.HL.A[. [ ad

lATTACHMENT
AGEL2 OF [ ¢

Question 3

Yerify that the AFW pumps 1n your plant will supply the necessary flow to the
steam generator(s) as determined by items | and 2 above considering a single
fatlure. Ildentify the margin in sizing the pump flow to allow for pump
recirculation flow, seal leakage and pump wear.

Response to 3
The South Texas Auxiliary Feedwater System flow design capabilities,

considering various single fatlures, are documented 1n the Failure Mode
Analysis for the AFW System provided 1n Table 10.4-3 of the South Texas FSAR.

The South Texas AFW pump sizing 1s based on delivering the required flow at
the lowest steam generator safety relief valve set pressure plus accumulation
(1339 psia). The required flow does not include a continuous recirculation
flow because of the system use of Automatic Recirculat‘~ Contro) (ARC) valves
which provide 100% forward flow when the flowrate 1s above the pumo minimum

. flow requirements. Likewise, the sea’ leakage 1s not considered in the pump

g2sign flow since the pumps are provided with mechanical seals. The AFW pump
desion wear margin is based or head rather than flow, and when converted to
flow this wear margin 1s approximately 4%,

$319C:10/121085



Condition

Transient
Loss of Main Feedwater

Loss of Offsite Power
Feedline Rupture
o

Loss of all A/C Power

Loss of Coolant

Cooldown

O
TABLE 11.£.1.1-1

-

CRITERIA FOR AUXILIARY FEEDWATER SYSTEM DESIGN BASIS CONDITIONS

Classification*

Condition 11

Condition 11
Condition 1V

N/A

Condition 111

Condition 1V

/A

Criteria
Peak RCS pressure not to

exceed design pressure +10%

Additional Design
—Lriteria

Pressurizer does not f11)

No consequential fuel fallures

(same as LWFW)

TOCFRI00 dose 1imits
Containment design pressure
not exceeded

Note )
Containment design pressure
not exceeded

10 CFR 100 dose Timits
10 CFR 100 PCT 1imits

10 CFR 100 dose 1imits
10 CFR 100 PCT Yimits

Pressurizer does not fi11
Core does not uncover
LOOP

urbine driven pump &

2

100°F /hr
S67°F to 3I50°F

*ANST N18.2 (This Information provided for those transients performed in the FSAR.)

Note 1: Although this transient establishes the basis for AFW pump and Instrumertation/controls powe rad
by a diverse power source, this is not evaluated relative to typical criteria since multiple

fallures must be assumed to postulate this transient.

93180:10/121085
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TABLE I1.E.1.1-2

-

SUMMARY OF ASSUMPTIONS USED IN AFWS DESIGN VERIFICATION ANALYSES

Transient

a. Rax NSSS power

b. Time delay from
event to Rx irip

c. AFNS actuation sig-
nal/time delay for
AFWS flow

Loss of Feedwater/

Stettommdlaskout | (CV

102% of nominal rating
(102% of 3817 mWt)

sec

.bl_w‘vc %ﬁd/ LQOC
Tow-low gﬁ Tevel/
1 minute

3%
d. SG water level at \(lu-lu S& level)

time of reactor trip
e. Initial SG inventory

Rate of change before
& after AFNS actuation

Decay heat

S6 provugy wsd b
f. AFN pusg design
FTEScwer

9. Winimum § of SGs

which must recelive
AFW flow

9318Q:10/121085

2R MR span

X

178,82 1dm/S6

14¥ 635

See FSAR Figure 15.2-10
ANS-5.1-1979 + 2¢

1339 psia

X of 4
2

Main Steamline Break

Cooldown Main Feedliine Break {Containment)
4100 Mt 102% of nominal rating 0, 30, 70, 100%

(102X of 3817 mut) (percent of 3817 Mwt)
2 sec 3 sec variable
o Lo Jec
N/A Low-Tow SG level/ Assumed immediately

1 minute ® 0 sec (no delay)
N/A XZ {Tow-low SG level) N/A

(3% ap=e® WR span

£ ™ s

98,100 Tbm/SG Broken Loop - 85894 1bm consistent with power
bm

at 556.3°F Intact Loop - 1
119,433
N/A See Figure 11.£.1.041 N/A
N/A ANS-5.1-1979 + 2¢ ANS + 20%
1339 psla 1339 psia N/A

N/A 1of 4 N/A

4t

5’. 39V
“1H
INTWH Y| W

T5T 400
17213
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TABLE T11.E.1.1-2 (Continued)

SUMMARY OF ASSUMPTIONS USED IN AFWS DESIGN VERIFICATION ANALYSES

Loss of Feedwater/ Main Steam!ine Break
Transient Station Rlackowt? O Cooldown Main Feedld (Containment)
h. RC pump status *Tripped at reactor Tripped *Tripped @ reactor A1l operating
trip (2 second delay) trip (2 second delay)
1. Zaximum AFW 18025 120°F @@ Same temperature as
temperature 1€ 4 main feedwater at
ILO § initial operating
Fi power
J. Operator action None N/A None Aux. feed flow
terminated after
T 30 minutes
k. MFW purge volume/ 90 ft3/440°F 0 ft3/ae0°r 100 ft3/440°F 450 ft3/100p (for
S/6 and temperature dryout time)
1. Normal blowdown none assumed none assumed none assumed none assumed
m. Sensible heat see cooldown Table 11.£.1.1-3 see cooldown ) N/A
n. Time at standby/time 2 Ar/10 hrs* 2 hr/S hrs 2 hr/S hrs N/A
to cooldown to RMR , 0 o
0. AFN flowrate gom e variable 540 gu-"“' 1210 gpm (constant)
constant constant to broken SG

*  with offsite power not avallable
** 120°F s saximum temperature
*a® system design 1s 550 gpm per train

9318Q:10/121085
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SUMMARY OF SENSIBLE MEAT SOURCES

Primary Water Sources (1nitially at rated power temperature and inventory)

- RCS fluid
~ Pressurizer fluid (11quid and vapor)

Primary Metal Sources (initially at rated power temperature)

Reactor coolant piping, pumps and reactor vesse!
Pressurizer

Steam generator tube metal and tube sheet

Steam generator metal below tube sheet

Reactor vesse) internals

. Secondary Water Sources (initially at rated power temperature and inventory)

(:' =  Steam generator fluid (11quid and vapor)
= Main feedwater pirge fluid between steam generator and AFWS piping

Secondary Metal Sources (initially at rated power temperature)

= A1) steam generator metal above tube sheet, excluding tubes

9318Q:10/121085
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2.  Average Reactor Coolant 3 4°F allovance for controller
System temperature eadbpnd and measurement ergor ,
fu-n[u» M Speen Kd b dush)
3. Pressurizer pressure * 30 pounds per square inch allowance

for steady state fluctuations and

linlew Plsaae. Speuhod tndde Jort )

Initial values for core power, average RCS temperature and pressurizer pres-
sure are selected to minimize the initial departure from nucleate boiling
ratio (DNBR) unless otherwise stated in the sections describing specific acci-
dents. Table 15.0-2 summarizes the initial conditions and computer codes used
in the accident analyses.

15.0.3.3 Power Distribution. The transient response of the reactor
systen is dependent on the initial power distribution. The nuclear design of
the reactor core minimizes adverse power distribution through the placement of
control rods anl operating restrictions. Power distribution may be character-
ized by the radial factor (FA,) and the total peaking factor (F ). The peak-
ing factor limits will be givcg in the Technical Specifications.9 l 27

For transients which may be departure from nucleate boiling (DNB) limited, the
radial peaking factor is of importance. The radial peaking factor increases
with decreasing power level due to rod insertion. This increase in VA, 1s
included in the core limits 1llustrated on Figure 15.0-1. All tranc!cngo that
may be DNE limited are assumed to begin with a FQ, consistent vith the ini-
tial pover level defined in the Technical Spccific!tiono.

The axial power shape used in the DNB calculation is discussed in Section 4.4,

The radial and axial power distributions described above are input to the
THINC Code as described in Section 4.4,

For transients which may be overpower limited the total peaking factor (F ) is
of importance. All transients that may be overpover limited are assumed Pfo
begin with plant condicions including power distributions which are consistent
vith reactor operation as defined in the Technical Specifications.

For overpower trensients which are slov with respect to the fuel rod therwal
“ime constant, the fuel rod thermal evaluations are performed as discussed in
Section 4.4, Examples are the CVCS malfunction that results in s decrease in
the boron concentration in the reactor coolant inventory which lasts many
minutes, and the excessive increase in secondary steam flow incident which may
reach equilibrium without causing & reactor trip. For overpower transients
wvhich are fast with respect to the fuel rod thermal time constant, & detailed
fuel heat transfer calculation must be performed, Examples are the uncon-
trolled RCCA bank withdraval from subcritical or low power startup and RCCA
ejection incidents which result in a large power rise over a fev seconds.
Although the fuel rod thermal time constant is a function of systenm condi-
tions, fuel burnup and rod power, a typical value at beginning~of -11fe for
kigh power rode 1is approximately five seconds.

15.0-6 Amendment 43
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TABLE 15,0-3

NOMINAL VALUES OF PERTINENT PLANT PARAMETERS
\

UTILIZED IN THE ACCIDENT ANALYSES®
\‘

Thermal output of NSSS (Mwe )

Core inlet temperature (°F)

Vessel average temperature (°F)

Reactor Coolant Syster pressure (psia)

Reactor coolant flow pe: loop (gom)

Steam flow from NSSS (1b/hr)

Stean pressure at Steam generator outjet (psia)

Maximum steam moisture content (2)

Assumed feedwater temperature st steam generator inlet (°F)

Average core heat flux (ltu/hr~ftz)

. Steady state errors discussed in Section 15.0.3 are added to

to obtain initial conditions for transient analyses,

+ A lLr:‘: $low of ‘?!in!f?%:zirn. Who Uded A

"1Lp;|;;-t’0‘\ db~al~1hkb.

See Table 15.0-2
560.0

593.0 | 18
2250

94,100% [18
16,960,000 [18
1100

0.25

440

181200

these values

U Lovhed Potw

Amendment 18, 5/1/81
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RefWgence 15.2-4 presents additional results of analysis for a complete Lof:
of hedy sink including loss of main feedwater. This analysis shows thegfover-
pressur@®grotection that is afforded bv the pressurizer and steam genfrator
safety val¥Wgs.

15.2.3.3 §pdiological Consequences. There are only mini radiological
consequences assyJjated with this event, therefore, this event/is not
limiting. The radfN\Jogical consequences resulting from atmopbheric steam dump
are less severe than YWe steam line bhreak event discussed Section 15.1.5.

|

|

|

\
15.2.3.4 Conclusio Results of the analyses, luding those in Ref-

erence 15,2-4, show that tMy plant design is such thayfa turbine tiip without

a direct or immediate reactof\yrip presents no hazapf to the integrity of the

RCS or the main steam system. Wressure relieving fevices incorporated in the

two systems are adequate to limif\the maximum ppfssures to within the design

limits.

The DNER remains above 1.30 for all ca 'alyzed; thus, the DNB design basis IIB
as described in Section 4.4 1s met. Th bove analysis demonstrates the abil-
ity of the NSSS to safely withstand a JUl]l Ygad rejection,

15.2.4 Inadvertent Closure of Mpfn Steam Isodgtion Valves

The inadvertent closure of maipg/fsteam isolation valWgs would cause & turbine
trip and other consequences described in Section 2.5 below,

15.2.5 Loss of Conden Vacuum and Other Events Causifg a Turbine Trip

Loss of condenser vagfum is one of the events that can cause Mturbine trip.

Turbine trip initiglfing events are described in Section 10,2, oss of con- 43

denser vacuum woyld preclude the use of turbine bypass to the condgnser; how-

ever, since tuglfine bypass is assumed not to be available in the tuNgine trip

analysis, no Mdditional adverse effectrs would result if the turbine tNp wvere

caused by Jfse of condenser vacuum, Therefore, the analyeis results an®con-

clusiongMontained in Section 15.2.3 apply to loss of condenser vacuum,

addit)fn, analyses for the other possible cavses of a turbine trip, es 1lis

in J€ction 10.2, are covered bv Section 15.2.3. Possible overfrequency I43
ects due to a turbine overspeed condition are discussed in Section 15.2.2.

and are not a concern for this type of event,

15.2.6 Loss of Nonemergency AC Power to the Plant Auxiliaries (Loss of
Offsite Power)

15.2.6.1 1ldentification of Causes and Accident Description. A complete
loss of nonemergency ac power may result in the loss of all power to the plant
suxiliaries, 1.e., the reactor coolant pumps, condensate pumps, etc. The loss
of power may be caused by a complete loss of the offsite grid accompanied bv a
turbine generator trip at the plant or by a loss of the onsite ac distribution
system,

This transient 1s more severe than the turbine trip event analyzed in Section

15.2.3 because,for this case,the decrease in heat removal by the secondarv N e
system is accompanied by a flow coastdown which further reduces the capacity

of the pri=arv coolant to remove heat from the core. The reactcr will trij
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due toX (1) turbine trip; (;;‘-p- reaching one of the trip setpoints 1in the

primary and secondary systems & result of the flow coastdown and decrease
in secondary heat removal; or (;715'0-00 loss of power to the control rod
drive mechanisms (C s) as & result of the loss of power to the plant,

Foliowing & loss of ac power with turbine and reactor trips, the sequence
described below will occur) .

1. Plant vitel instruments are surolfed Icom emergency dc power sources.
2. As the steam system pressure rises following the trip, the steam genera-

tor power-operated relief valves may be automatically opened to the
atmosphere. The condenser is assumed not to be svailable for turbine L

bypass. If the steam relief through the power-operated W relief valves

is not available, the steam generator safety valves may 1ift to dissipate

the sensible heat of the fuel and coolant plus the residua) decay heat

produced in the reactor.
3. As the no-load temperature is approached, the steam generator

power-operated relief valves (or the safety valves, if the pover-operated

relief valves are not available) are used to dissipate the residual decay

heat and to maintain the plant at the hot standby condition.
&. The standby diesel generators, started on loss of voltage on the plant

emergency buses, begin to supply plant vitel loads.
Three motor-driven and one turbine-~driven auxiliary feedwater trains deliver > X
water to their respective steam generators on any of the following:

43
1. Low-low water level in any steam generator
2. Safety injection signal m .(‘.
“.h', ¢~ €<, X a.n/
3. Manual actuation
x

The motoredriven guxiliagy duater pumps are supplied power by the Diesel
generators., TheCQurbine=suxiliary¥drives feedwater purp utilizes stean from }’-3
the secondary system. Both types o ™ designed to start within one

winute of the actuating sigral. The rbine—auxiliery[crivep feedvater pump
exhauets the secondary steam to the atmosphiere, e auxiliary feedwater pumps

take sucticn fror the auxiliary feedwater storage tank for deliverv to the 43
stean generators,

Upon the loss of power to the reactor coolant pumps, coolant fiow necessary
for core cooling and the removal of residual heat is ma‘ntained Yy natural
circulation in the reactor coolant loops.

A losr of nonemergency ac power event, as described above, 1+ a more liriting
event than the turbine-trip-initiated decrease in recondary heat removal

vitheut loss of ac power, which was analyzed in Section 15.2.3. However, »

loss of ac power to the plant sauxiliaries as postulated above aleo reeults in a
& loss of normal feedwater since the feedwater booster pumps lose their power }'
cupply. A loss of normal feedvater caused by a lose of ac power is the most



ATTACHMENT ’
STP FSAR ST-HL-AE /6.2
PAGE 3L OF (18
liniting Condition I1 event in the decrease in secondary heat removal catego- o

and 1s snalyzed in Section 15.2.7. Therefore, detailed analytica) results
for a loss of ac power transient will not be presented here. The results of
the analysis 4n Section 15.2.7 are applicable to the loss of ac power event,

¢ollowing the reactor coolant pump coastdown caused by the loss of ac power,
the natural circulation capability of the RCS will remove residual and decay
heat from the core, aided by auxiliary feedwater in the secondary system. An
analysis is presented to show that the natural circulation flow in the RCS
following a lnss of ac power event 1s sufficient to remove residual heat from

the core.

A block diagram summarizing various protection sequences for safetv actions 2
required to mitigate the consequences of this event is provided in Figure Q211
15.0-11, 6

The plant svstems and equipment available to mitigate the consequences of e
loss of ac power event are discussed in Section 15.0.8 and listed in Table

15.0-6-

15.2.6.2 Analysis of Effects and Consequences.

Method of Analvsis

¢
A detailed analysis using the LOFTRAN ‘kde (Reference 15.2-3) 1s performed to X
obtain the natural circulation flow following a loss of offsite power. The I 43
eimulation describes the plant thermal kinetics, RCS including natural circu-
lation, pressurizer, steam generators and feedwater system. The digital pro~
gram computes pertinent variables including the steam generator water level,
pressurizer water level, and reactor coolant average temperature, ';3

The assumptions used in the analysis are as follows:

I The plant is initially operating at 102 percent of the nominal NSSS
cdesign rntingj P

2. A conservative core residual heat generation is based upon long-term
operation at the initial power level preceding the trips

3. A heat transfer coefficient in the stear generator is sesociated with RCS
natural circulation,

Plant characteristics and initial conditions are further discussed in Section
15.0.3.

'-‘;'00‘9-A&l&t.sllll.Axl.xnn_A&-a-o-boa..4.,-u..-&oooio-oonsio.on&aut&h—oho
'J"U!!u7-h-o-'uoo0n"a-—oo0oo-oup.‘ao4--lqu644t!4uw—vva‘tetawo—nvo—oo‘ah&‘ohod,
N o

Results

The transient response of the RCS following a loss of ac power is less sevore

than for the lons of normal feedwater event analyzed in Section 15.2. an!
the resulrs are not reproduced here.
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The first few seconds of the transient will closely resemble the complete loss |43
of flow incident (see Section 15.3.2), 1.e., =ore damage due to rapidly

increasing core temperetures is prevented by promptly tripping the reactor.

After the reactor trip, stored snd residual decay heat must be removed to

prevent damage to either the RCS or the core.

SR esiiorartp et et T T TTO b ant —pump—eonatdewn |

15.2.6.3 Radiological Consequences. A loss of nonessentisl ac power to
plant auxiliaries would result in a turbine and reactor trip and loss of con-
denser vacuum. Heat removal from the secondary system would occur through the
steam generator power-operated relief valves or safety valves. Since no fuel 43
damage is postulated to occur from this transient, the radiological conse-
quences are less severe than the steam line break accident,

15.2.6.4 Conclusions. Analysis of the natural circulation capability of
the RCS has demonstrated that sufficient heat removal capability exists fol-
loving reactor coolant pump coastdown to prevent fuel or clad damage.

43

15 Loss of Normal Feedwa‘er Flow — ,

1571 ldentification of Causes and Accident Description. A los o,'
norup]l feeWyater (from pump failures, valve malfunctions, or loss of offfit
povel) resul®y in a reduction in capability of the secondary system remope
the Reat generaWgd in the reactor core. If an alternative supply off feedvarter
vere jnot supplied the plant, core residual heat following reagsbr trip
would heat the prima¥y system water to the point where vater rpfief from ¢t
presqurizer would occuly resulting in a substantial loss of yfiter from the
RCS. | Since the plant 1s Wgipped well before the steam gengfator heat trangfer
capaility 1s redured, the Pglmary system variables neves appioach a DNB coh~
ditiqy.
The tvirst postulated loss of normalNfeedvater evpfit is one initiated by a lpse
of orgsite pover as described in Secthgn 15.2,0° This is due to the decreaped
capabllity of the reactor coolant to refyefesidual core heat as a result pf
the rqactor coolant pump coastdown,
As stgted in Section 15.2.6.1, the S€lloving odgur upon loss of ac power:
1. lant vital instrumente pfe supplied from ess®Mgial dc power sources,
2. & the steam syst pressure rises followirg the t , the steam generq-

or power-opergm®d relief valves are automatically ofyged to the atmos

phere. Turl# ¢ bypass to the condenser 45 assumed not Ng be available 43

f the sge®r flow through the power-operated relief valveMis not avai
ble, Me stear generator safety valves may 11ft to dissipa the sens§-
bl eat of the fuel and coolant plus the residual decay heat oduced Jin

€ reactor,
K

s the no-load terperature 18 " z nerator
power~operated relicf valves (or the safety valves, {f the pover- e




A HMEN
ST-HL-AE- /6.2 |
STP FSAR PAGE 22 OF |V )

The f few seconds of the transient will closely resemble the go®lete loss ILJ

of flow in nt (see Section 15.3.2), 1.e., core damage due apidly
increasing co mperatures is prevented by promptly tripps® the reactor.
After the reactor » stored and residual decay heat t be removed to
prevent damage to eit the RCS or the core,

Natural circulation flow as nction of re bal reactor power 1is presented
in Table 15.2-2., The LOFTRAN re s sho at the natural circulation flow
available 1s sufficient to provide ‘ e core decay heat removal following
reactor trip and reactor coolant g gt down ,

15.2.6.3 Pad’ological Cgeequences. A . of nonessential ac power to
plant auxiliaries would r t in a turbine and tor trip and loss of con-
denser vacuum, He-t regpfal from the secondary syst®gwvould occur through the
Steam generator povepfMperated relief valves or safety VINgyes. Since no fuel
damage is postul “ to occur from this transient, the radiMgeical conse-
quences are 1 severe than the steam line break accident.

15, 070.4 Conclusions. Analysis of the natural eirculation capab y of
the has demonstrated that sufficient heat removal capability exists
Prng reactor coolant pump coastdown to prevent fuel or clad damage.

15.2.7 Loss of Normal Feedwater Flow

15.2.7.1 Identification of Causes and Accident Descri tion. A loss of
norwal feedwater (from pump failures, valve malfunctions, or loss of offsite
pover) results in a reduction in capability of the secondary system to remove
the heat generated in the reactor core. If an alternative supply of feedwater
vere not supplied to the plant, core residual heat following reactor trip
would heat the primary system water to the point where wvater relief from the
pressurizer would occur, resulting in & substantial loss of water from the
RCS. Since the plant is tripped well before the steam generator heat transfer
capability 1s reduced, the primary system variables never approar’, . DNB con-
dition.

The worst postulated loss of normal feedwater event is one initiated by a loss
of offsite power as described in Section 15.2.6. This is due to the decreassed
capability of the reactor coolant to remove residual core heat as a result of
the reactor coolant purp coastdown.

As stated in Section 15.2.6.1, the foll. ing occur upon loss of ac power:
1. Plant vital instruments are supplied from essential dc power sources.

2. As the steam syrtem pressure rises followiry the trip, the steam genera-
tor power-operated relief valves are automatically operned to the stmos=-
phere. Turbine bypass tn the condenser fs assumed not to be available.
If the steam flow through the power-operated relief valves 1s not avail~-
able, the steam penerator safety valves mav 1ift to dissipate the sensi-
ble heat of the fuel and coolant plus tie resicdual decav heat produced in
the reactor,

3. At the no-load temperature s approached, the eteam generator
prwer-operated relief valves (or the rafcty valves, 17 the power-operated

1D ae A=um f=ont &

| a3



INSRT

I — ]

relief valves are pot available) are used to dissipate the residual decay
heat and to maintain the plant at the hot standby condition. I43

&.  The standby diesel generators, started on loss of voltage on the plant
emergency buses, begin to supply plaent vital loads.

A loss of normal feedvater 1s classified as an ANS Condition II event, fault
of moderate frequency. See Section 15.0.1 for a discussion of Condition 11
events,

Reactor trip on lov-lov water level in any steam generator provides protection
for X loss of norma) feedvater.

The AFWS 1s started automatically as discussed in Section 15.2.6.1. The
stean-driven suxiliary feedvater pump utilizes eteaz from the secondary systen
and exhausts to the atmosphere. The motor-driven suxiliary feedvater pumps

are supplied pover from the standby diesel gencrators. The pumps take suction
directly from the suxiliary feedvater storage tank for delivery to the steax l‘
generators,

‘Upon loss of power to the reactor coolant pumps, coolant flow necessary for
core cooling and removal of residusl heat 1s maintained by nmatural circulation

in the resctor coolant loops. The analvsis presented in Section 15.2.6 demon-

strates the natural circulation capability of the RCS. ‘ olad
Witho SubSpatoad W20 0¥ porwis b, The 1ty oo

A loss of mormal feedvater, is the most lim- " ¢

iting Condition 1] event in the decrease 1n sec ry heat removal category.

Therefore, # full analysis of the systen transientis presented belov to shov

that folloving a loss of normal feedvater, the AFV system is capable of

removing the stored and residual heat, thus preventing wither overpressurize-

tion of the RCS or loss of water from the reactor core, and returning the

plant to a safe condition.

15.2.7.2 Analysis of Effects

Method of Analysis

A detailed analysis using the LOFTRAN Gode (Reference 15.2.3) 1is performed in
order to obtain the plant transient following a loss of normal feedvater. The
simulation describes the plant thermal kinetics, RCS including natural cireu-
lation, pressurizer, stear generator and feedvater system. The digital pro- .
granz computes pertinent variables including the stean generator water level, "-
pressurizer water level, and reactor coolant average temperature.

Assumptions made in the analysis are:

1. The plant 1is initially operating at 102 percent of the mominal WSSS
design rating.

operation at the initial power level preceding the trip.

i ‘*Kz?_’ A conservative core residual heat generation is based upon long-ters

3. A heat transfer coefficient in the stean generator is associated with RCS
natural circulation.

15.2-11 Anendment &)
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4. Resctor trip occurs on steanm generator low-lov water level !—WTA‘/

W taken for {mmediate release of the control vrod drive mechanisms caused by

& loss of offeite pover. (& SA s 474;...4 -“
The worst single failure in the AYW occurs (

to mou H ‘

1 ﬂ Secondary systex steax relief is achieved through the steam generator
safety valves, 4.1

6 F7. Auxiliary f edvater is ‘cunnd by ewe asuxiliary feed,
generato

% ‘pf The initial reactor coclant sverage tempe~aturs is ﬁl lover than the
nominal value since this assumption results in & greater expansion of the
RCS water during the transient and, thus, in a M gher mur level in the

pressurizer at the time of maximus insurge. p"@“ﬁ)ﬁ/ pr oL

< & .
The loss of normal feedvater analysis 1is performed to demonstrate the adequacy |
of the RTS and ESF (e.g., the AFW) in removing long~term decay heat and |
preventing excesrive heatup of the RCS with possible resultant RCS |
overpressurization or loss of RCS water,

As such, the assumptions used in this analysis are designed to minimize the |
energy removal capability of the systez and to maximize the possibility of

water relief from the coolant system by maximizing the coolant system expan- |‘3
sion, as noted 4in the assumptions listed above.

One such assumption is the loss of offsite pover. This assumption results in
coolant flov decay down to natural circulation conditions and a corresponding
reduction in the steax generator hest transfer coefficient, Yollowing a loss
of offaite pover, the first fev seconds of a loss of normal feedvater tran-
sient will be virtually identical to the transient response (including DNBR
and neutron flux versus time) presented in Section 15.3.2 for the complete

. loss of forced reactor e;ﬁ:m flow,

1f offeite pover were not losta
would remain at 4ts normal valu

stean generator water level trip,.-
““start of the transient.

and the reactor would trip via the lov-lowv .3

|
|
incident, the reactor coolant flow |‘3
The DNBR never falls belov the value at the
\

prossvsdser. —< Por ( )

An additional assumption made f¢r the loss of normd]l feedvater evaluation s
that the pressurizer power-operpted relief valves_ are assumed to function
normally. Operation of the intains peak RCS pressure st-er’belov the

actuation setpoint (0”0 psia), throughout the transient.
14 NP“’-f-\w gabedny valves ‘
\
|
|

If these valves were uo_d not to function, the coolant system pressure

during the transient would rise to the actuation point of the pressurizer

safety valves €23500-peial’ The incressed RCS pressure, hovever, results in

less expansion of the coolant and, hence, more wrpin to the point vhere water

relief from the pressurizer would occur. Plant characceristice and initial |
conditions are further discussed in Section 15.0.3. |

Amendment &3
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A block diagrar summarizing various protection sequences for safety actions
Tequired to wmitigate the consequences of this event is provided in Figure
15.0-12,

Plant systems and equipment which are available to mitigate the effects of o
loss of normal feedvater accident are discussed in Section 15.0.8 and 1isted
in Table 15.0-6. Wormal reactor control Systems are not required to function.
Prersurizer pover-operated relief valves are assumed to functior in order to
provide & more limiting transient, as described above. The RIS 4s required to
function following & loss of normal feedvater as snalyzed here. The AFV gys-
‘K% required to deliver a minimum suxiliary feedvater floy Pate. In the
ere after sutomatic actuation of the APV system, feedvater addition is
manually controlled to maintain proper steam generator water level. No single
active failure will prevent operation of any systen required to function. A
discussion of ATWT considerations 1s presented in Reference 15.2-2.

M!."‘.qg bhrw‘\ Is1-0

FPigures ¥5v8=9,and 15,2-10 shov the significant plant parameters folloving a
loss of normal feedvater,

- Following the reactor and turbine trip frow full load, the water level in the
Stean generators will fall due to the reduction of the stean generator void
fraction and because stear flow through the safety valves continues to dissi-
pate the stored and generated heat. Within one minute foll ng the low-low

water level signal, at least auxiliary feedvater trai delivering
flov automatically, nductnﬂhc rate of water level decrease.
3 b Yoot " fet

The capacity of suxiliary feedvater pumpd 1s such that the water level in
the stean generatorf being fed does not recede belov the lewest level at which
sufficient heat transfer ares is available to dissipate core residual heat
vithout water relief from the RCS relief or safety valves. Frowm n(unf
Bhviafiand”15.2-10,1t can be seen that at no time s the t\ besheet uncoversd

, THLAT IL

shown on Figures d 15.2-10, the plant approaches a stabilized
condition following reactor trip and auxiliary feedwater initiation. Plant
procedures may be followed to further cool down the plant.

15.2.7.3 Radiological Consequences. The stean relesse and resulting
radiological consequences # transient would be the same as that fo;
the losr of offeite pover, and, similarly, radiological consaquences resulting
from this transient are less severe than the stear line bresk accident

15.2.7.4 Conclusions. Results of the analysis show that & loss ¢i nor-
mal feedvater does not ﬂvnuly affect the core, the RCS, or the s.eam syster

since the suxiliary feedvater capacity 1s such that resctor eoolant water is
JW pot relieved from the pressurizer relief or safety valves, and the water level
/}g tean generatord receiving suxiliary feedvater 1s maintained above the
"‘C%h- tubesheet]., The radioliopical consequences of this event are mot limiting.

\slet Shed

15.2~1) Amendment 43

43

in the stean generatorf receiving auxiliary feedvater ﬂw.’nw
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\
Accident Event
Rods begin to
()
L.0 |u
steas release
from steaz gen-
erator safery
valves
Peak pressurizer
pressure occurs
Loss of Normal Maio feedvater 0.0 22
Feedvater Flowv flow stops
Lov-lov steaz gen- 63 7.“,'" "3
erator water level
trip
Rods begin to 63 1 geae
drop
1L PR
. Reactor coolant VR
@ pumps begin to
<wrtdown(2)
Lot
Coma-Twe stoan gon- m\t lbl
werator) begimben
suxtitary-fuvturter
e}
’ Ivar
Core decay heat ~ 30> 2400
decreases to
suxiliary feedvater
heat removal capacity
Two amxi liary 123.2

freduntss poag sha At ond
Spply 2 SMTWAM
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TIME SEQUENCE OF EVENTS POR INCIDENTS WHICR CAUSE A DECREASE
VAL BY THE SEC Y §Y

o &

o S

. W v
Avai

Offsite Pover
ble

B.ﬂt

ub\-vnl
Peak wvater devels
in pressurizer
occurs

Main feedline rupture
occurs

Lov-low stean generator water
level reactor trip set-

point reached in affected
steaz generator

Rods begin to drop

iliary feedvater i»

de red to intact ote
generiNgQTS
Lov sten presufre

setpoint realihgd
affected stean herator

All main ste
isclation va)lles close

Pressurisgh pover-operated
relief wfive setpoint
reache

Steny generator safety

valJe setpoint reached
intact steam generator
ceiving suxiliary feedvater

Pressurizer water relief
begins

15.2-23
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15.2.0 Feedvater Systex Pipe Brask

15.2.0.2 . A majer
fesdvater 1ine vupture £o defined an o Braak In o Teedvater Tine large enoyp
to preavent the addition of sufficient faedvater to the stean generators to
saintain shelleside fluid dnventory fn the stear generators. If the bresk 1s
postulated o o feadvater 1ine batween the cherk valve ané the stean genera-
tor, fluid from the stear generator may aleo be discharged through the brask.
(A break upstrean of the fesdvater line check valve would affect the WSS enly

loss of loolﬂ;t:;. This cane 10 covered by the evaluation in Bection
éé!D‘ Ir.2.7.

Depending wpon the sire of the break wnd the plant operating conditions ot the
time of the broak, the break could couse sither o RCS cooldown (by excessive
anargy discharge through the brask) or & RCS heaatup. Potential RCS cooldown
resuiting from & secondary pipe rupture 15 evaluated 1n Section 15.1.5,
Therafore, only the RCS bestup effects are evalusted for o fesdvater line

Tupture.

A fesdwater 1ine vupture reduces the adility to remove heat generatad by the
core from the RCS for the folloving reasons:

1. Veedvater flew to the stear genarators 1o reduced. Bince fosdvater s
subtooled, fte loss may couse reasctor coolant temperatures to Increase
prier to veacter trip;

2. Viuid in the stenz generator may be dlacharged through the braak and
would not be avalleble for decey hest vercval after trip;

3. The brask may be large enoug® to prevent the addition of any matr
fosdvater afrer trip.

The APVS (Section 10.4.9) 1o provided to assure that sdaguate fosdvater wil)
be available such that:

1. %o substantial overpreassurisation of the RCS shall eceur; and

2. Buffictent Jiquid dn the RCS shall be maintained n order te provide
adequate decay heat removal,

A najor fesdvater Line vupture £ closnifind o an AXS Condition IV avent, Bee
Section 15.0.1 for o discusnion of Condition IV avents,

The sevarity of the fesdvater line rupture transient depends on & mumber of
Systen parametars Including break sine, dnftial venctor power, and eredit
takan for the functioning of wvarious control and safaty systens. A number of
canes of fondvater Jine bhreak bave baen analyned.  Baned on these analvses, 1t
Bar baen shown that the west Jimicing feedvater Jine rupture 10 o doudle-ended
rupture of the largest fosdvater Jine. Analyses have beer performed at ful)
povar with and without loss of offatte powver, Thease canes are snalysed belov.

15.2-04 Arendnent &)
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The folloving provide protection for & main fesdvater Tupture:
1. A vesctor trip oo any of the felloving conditions:
8. Migh pressurizer pressure,
b, Overtesperature AT,
€. Low-lov stear generator water level in ANy Stear genaratoer,
4.  Bafety injection signale from any of the foellowing:
1) 2/3 Low stear line pressure in any loop
2) /3 Wigh containment pressure (H1-1)
(Refer to Chapter 7 for o description of the sctuation @‘ ,,,4....,)

2. Ar ATV ayster to provide an sssured source of fesdvater o the stear
generators for decay haat removal. (Refer 1o Bection M.l.u

15.2.0.2 Anslyets of Rffects end Conssquences.
Rethed of Anelvefe

A detatled analyntn "'"'{ the LOFTRAX code (Rafarence 15.2-3) o performe? in
order to determine the plant transfent folloving & feedvater line rupture.

The code describes the plant thermal kinetics, RCS Including matural etrcule-
tion, pressuriser, stear generators and feedvater Systen and computes parti-

ment variables, dncluding the pressuricer pressure, pressuriner water level,

and resctor coolant avarage temperature. . ;H
The conre analyred asoume o doudlecanded rupture of the largest fosdvater pipe ¢
ot full power. Major assumptions made 4n the analyses are ¢ follovs:

1. The plent 4n tnicially eperating st 102 pereent of the noninal Wiss
desigr vating. q 1'F

2. Inftia) resctor coolant averaps temperature fs SvOM above the noning!
value, and the Inftial pressurizer pressure 1o X pel above 1t moming!
value, i4

3. Mo eredit 1s taken for the pressuriser epray eontrel systen. IS

4. Indeial pressuriner level 4s ot the nowing) programmed value 0’ pereert
(error); dnfedal steas generator water level 4o ot the soninal value #}
percant An the faulted stean generator and ot the soninal valus =8 pere
eant An the Intact stesn generators.

S, Vo eredit g0 taken for the Mgh Pressuriner prassure vescter trip.

6. Matn feedvater te all stess genarators 10 sonumed 1o Step ot the tine the
broak occurs (al] matn foedvater optlle out through the brasd).

15,2415 Arendment &)
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7.  The worst possible break ares 1o assumed. This maximizes the blovdown
discharge vate folloving the time of trip which manimizes the resultant
heatup of the vesctor coolant,

8. A conservative fesdvater 1ine breaak discharge quality 10 sssumed prior to
the time the rasctor trip occurs, theredy saxinizing the tisme the trip
setpoint fs reached. After the trip occurs, & saturated liquid discharge
fo assumed until all the water fnventory &s discharged from the affectes
stean genarator. This winimires the heat removal capadility of the
affected stoan ganarator.

9.  Resctor trip 1o assumed te be actuated when the lov-lov stean generator
water leval trip setpoint minus 10 parcent of sarrow vange span in the ‘

affected stons generator fo reached.

-f*/?l
10, The ATV 4 sctuated by the lov-lov stesr ator water level sipgnal. 3
The ATV 18 asrumed to supply & total of gel/min to one Intact steas ooy 9y
!onotntor. A 80-pacond delay war anvuned folloving the lov-lov water
evel signal te allov time for startup of the standdy dienel generators I‘)

and the suxiliary fesdvater pumps. An additionsl seconds was avsumed
before the fasdvatar purged and the relativgly cold (DOO'T)
suniliary feedvater dntered the fntact steas gensrater, § | Le
Line wWae 5
11, WMo eredit 1o taken for heat enargy deposited dn RCS metal during the RCS
beastup.

12. Wo eredit 1s taken for charging or letdown,

shell-aide Jiquid invantory decresses,

tv LT Egat geecation Toarine? Viee! Wpe =g
e i e e e ) oo @

.
15, Mo eredit 1o taken for the following potential protection logic signals
to mitigate the consequances of the sccidant:

13, Stean genarator heat transfer ares 10 assumed to decrasse o the

o, Nigh pressurieer prassurs
b, Overtemperaturs A7

€.  Nigh pressuriner leval

4. Wigh Containment pressurs

Recatipt of & love-lov stean genarator water leval signal dn ot least one steas

genarator starts the sotor=driven and turbiredriven suniliary fesdvater A
pumps, which dn turn dnitdate suniliary fosdvater flow te the stemn T

tors. Bimtlarly, veceipt of & lov anfeanline prossurs algnal dn st Jeast ons
stesnline fntetates o safaty fnjection aignal which closes all maln stoan &)

fsclation walves,

15.2-16 Anenduent &)
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Beergency operating procedures folloving & main feedvater 1ine vupture require
the operator to fsclate foedvater flov spillgng from the ruptured fesdvater

1ine ’@

)
¢
A Mlock dfagram sumsarizing varsous Protection saquences Tor safety sce@ons 2
:;.::;;o to mitigate the consequences of this avent 4s provided dn Tigure ,o

Plant characteristics and tnittal conditions are further ddocunned on Bection
15.0.). “hh,.“'ﬁ, ot o iy PORVs,

Pe reactor gcontrel Bysteng,ore avoumed to function he RIS 4o vequired te
function folloving o feedvater iine Fupture as analveed bare. Mo aingle
sctive fatlure will prevent eperation of this systen,

Only one suxiliary fesdvater pump 10 assumed to function felloving reaceip: of

On dnitiating edgral. Polloving tnfrdiation, the suniliary pump 1 sssune? to 3
‘ollnr&.lhu of suxiliary foedvater to one Intact steas generater, "
40 s

Besulte :

n [

Caleulated plant parameters following & major feedvater 1ine Tpture are showr
on Figures 15.2-11 through 15.2-24. Results for the cane with offntte pover
avalladle are prosented o Figures 15.2-12 through 15.2<17, Results for the
cane where offatte pover 10 lost are proasented on Figures 15.2-10 througt
15.2-24, The caleulated sequence of events for Both caner analyred 4o Jatet

o Table 15,241,

The systen vesponse folloving the feosdvater line rupture fs siniler for both
(] enalysed. Results prasented on Figures 18.2-17 and 15,2418 (wirtr
. te pover available) and Pigures 15,2419 and 15,2427 (vithout offaite

) ohow that pressures dn the RCS and malr steas fyetew remaln belov 110
percent of the vespective destign prossures. Pressuriser Pressure Ancresnes
wntil veactor trip on low-lov stean generator water level. Pressure ther ‘)
facraanen, due to the loss of Meat faput. Coolant expanstion scevrs dur 1o
reduced baat tranafer capadility 1o the steas penarators; the prassuriner Pras ~
operated valief walves open to maintats BCE PrOssure ot a0 acceptadle wvalue.

DFRR remaing above 1.30 ot 11 times during the tranetents, o shown on Tig- | f
ores 15,217 and 15,224, thus, the DX) donign banin a0 dencrived o Bection

IR

The vesctor eore vemaine eovered with water throughout the transfent, a0 water
veliefl due to therwal enpansion 1o Yimited by the baat removal capabiliny of

the APV systen. bfl/"‘m .‘_m

The major diffarence wean the twe caner analyred ean b seen 10 the plote
of hot and cold dog ¢ Tatures, ':zwn 15.0<00 and 15,0404 (wieh offnite

¥ owvatleble) and Phgures 15,2420 and 15.2-21 (withowt offaiee power). It
srant that for the transien o Uhe mane without
10 pover vosules 0 Mgher tonparatures 1o the hot dag.

.21 Amandnert &)



The operation of the PORVS serves to worsen the transient via
minimizing the saturation temperature and therefore minimizing the
margin to subcooling. It alsc allows & greater discharge of mass from

the primary system, thus maximizing the ligquid volume In the

pressurizer.,

®

and to control the ALS temperature which also prevents the Pressurizer

$rom $1l111ng.
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15.2.0.)
most significant consequences wou one that eccurred inside the Contain-
sent batwaen & stean genarator and the fesdvater check valve. In this cane,
the contants of the stean geverator would be veleased to the Contatnment.
Since no fuel fallures are postulated, the radionctivity released 1o less thar
that for the stean line break. Purthermore, sutomatic feclation of the Con-

tainment wou'd further reduce any radiclogical consagquences from this posry-
lated avent,

15.2.0.4 5*3&1!!1!2!- Resulte of the analvaes shov that for the postu-
lated feedvater 1ine rupture, the assumed APV capacity fs adequate to remove

decay baat, to ::ovont overpressurising the RCS, end to prevent unctovering the
T diological doses from the postulated fesdvater line rupture
those previously presented for the postulated steas line brask.
All applicable sccoaptance criteris are thus set. The radiological conse-
quences of this event are not limiting.

15.2-10 Anenduent &)
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2. WVithout Offsite Main feedline rupture 10
Pover occurs

Lov-lov stess generator water X So 'u
level vescter trip set-

point veached do wffected

Stess generator
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Available (2013
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Figure 15.2.13 Reactor Coolant Temperature Transient for the Fauhed Loop for Main
Feediine Rupture With Offsite Power Available (1 of 1)
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Figure 15.2-14 Reactor Coolant Temperature Transients for an intact Loop for Main
Feediine Rupture With Offsite Power Available (1 of 1)
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15.3 DECRLASE IN REACTOR COOLANT SYSTI FLOW RATE

A number of fsults are postulated which could result in & decrease in reactor
coolant systes (RCS) flow. These events are discussed in this section.
Detailed analyses are presented for the most limiting of these events,

Discussions of the following flow decrease events are presented:
1. Partial Loss of Forced Reactor Coolant Flow

2. Complete Loss of Forced Reactor Coolant Flow

3. Reactor Coolant Pump Shaft Seizure (Locked Rotor)

4. Reactor Coolant Pump Shaft Break

Iter 1 above is considered to be an American Nu:lear Society (ANS) Condition
11 event, item 2 an ANS Condition 111 event, and items 3 and & ANS Condition
IV events (see Section 15.0.1).

15.3.1 Partial Loss of Forced Reactor Coolant Flow

15.3.1.1 ldentification of Causes and Accident Description. A partial
loss of coolant flov accident car result frow & mechanical or electrical fail-
ure in & reactor coolant pump, or from a fault in the power supply to the pump
or pumps supplied by # reactor coolant pump bus. If the reactor is at pover
at the time of the accident, the immediate effect of loss of coolant flov is @
rapid increase in the coolant temperature. This increase could result in
departure frow nucleate boiling (DNB) with subsequent fuel damage 1f the reac-
tor is not tripped.

Normal pover for the pumps 1is supplied through individual buses connected to

the generator. When a generator, turbine, or reactor trip occurs, withovt an
electrical fault, the generator circuit breaker automatically opens and

back- “eed of off-site pover occurs through the main transformer and urit sux- 3
iliary transformer. Thus, the pumps will continue to supply coolant flow to

the core.

This event 1s clessified as an ANS Condition 11 incident (an incident of mod-
erate frequency) as defined in Section 15.0.1.

The necessary protection for a partial loss of coolant flow accident 1s
provided by the low primary coolant flow reactor trip which is actuated by two
out of three low flow signals in any reactor coclant loop., Above interlock
P-8, low flow in any loop will actuate a reactor trip. Between approximately
10 percent power (interlock P-7) and the power level corresponding to inter-
lock P-8, low flow in any two loops will actuate a reactor trip. Above inter- l
lock P-7, two or more reactor coolant pump circuit breakers opening will actu-
ate the corresponding undervoltage relays. This results in & reactor trip
vhich serves as & backup to the lov flow trip.

A block disgrar summarizing various protection sequences for safet; actions I?

required to mitigate the consequences of this event is provided in Figure Q1
15.0-14, 6
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15.3.1.2 Anslysis of Effects and Conseguences.
Method of Analysie

-& casel heve-been analyzeds Ao ul..b‘&

Aedre—boos of one pump with four loops in operation,

R prborroionepunpaith three loops lo eperesdes

This transient is analyzed by three digital computer codes. First,the LOFTRAN
code (Reference 15.3-1) 1s used to calculate the loop and core flow during the
transient, the time of reactor trip based on the calculated flows, the nuclear
pover transient, and the primary system pressure and temperature transients.
The FACTRAN code (Reference 15.3-2) is then used to calculate the heat flux
transient based on the nuclear power and flov from LOFTRAN., Finally, the
THINC code (Section 4.4) 1s used to calculate the DNBR during the transient
based on the heat flux from FACTRAN and flow from LOFTRAN. The departure from
nucleate boiling ratio (DNBR) transients presented represent the winimum of
the typical or thimble cell.

Initial Conditions

Plant characteristics and initial conditions are discussed in Section 15.0.3.
Initial operating conditions assumed for this event are the most adverse with
respect to the margin to DNE; {.e., maximun steady state powver level, minimum
steady state pressure, and maximum steady state coolant average temperature.

""li1h-!tr'v-i.'9o-opoooi&..-aho-.ntuuvrfuvvr-io

W o 84 ooy aad the
activity ocfhcimc .

a0 47°F.
The most negative Doppler-only power coefficient is used (see Figure 15.0-2).
This is the equivalent of a total integrate’ Doppler reactivity from 0 to 100

percent of 0.016 percent &k,

lA#‘fih’p-

The least negative moderator temperature coefficient (see Figure 15.0-6) {s
assumed gince this results in the maximun core power during the initial part
of the transient when the minimum DNBR s veached.

Flow Coastdown

The flow coastdown analysis is based on a momentum balance around each reactor
coolant loop and across the reactor core. This momentum balance is combined
vith the continuity equation, & purp mosentum balance and the pump character-
istics and 1s based on high estimates of system pressure losses.

Plant systems and equipment which are avaflable to mitigate the effects of the
accident are discussed in Section 15.0.8 and listed in Table 15.0-6, No sin-

gle active failure in any of these systems or equipment will adversely affect

the consequences of the accident,

15.3=2 Amendment 43
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Results

Figures 15.3-1 through 15.3-4 show the transient response for the loss of one
reactor coolant pump with four loops in operation. Figure 15,3-4 ghows the I8
DNBR to be always greater then 1,30,

TR T T T i dal s houthe—tranetent-—reopent—for—thotoos—etome
ST T T AT RN T P TR TTe—tbrit ' I8

W ince DNB does not occur, the ability of the primary

coolant to remove heat from the fuel rod 1s not significantly reduced. Thus,

the average fuel and clad temperatures do not incresse significantly above
their respective initial values.

The calculated sequence of onnm is shown in Table
15.3=1. The affected reactor coolant pump will continue to coast down, and
the core flow will reach a nev equilibrium value corresponding to the number
of pumps still in operation. With the resctor tripped, a stable plant condi-
tion will eventually be attained. Normal plant shutdown may then proceed.

15.3.1.3 Radiological Consequences. A partial loss of reactor coolant
flow from full N & reactor and turbine trip. Assuming, in »

addition, that the condenser 1s not svailable, stmospheric steanm dum; may be X
required

There are only minimal radiological consequences associated with this event.
Therefore this event 1s not limiting. The radiological consequences resulting
from atmospheric steam dump are less severe thar the steam line break event

analyzed in Section 15.1.5 since fuel damage a5 & result of this transient s
not postulated,

15.3.1.4 Conclusions. The analysis shows that the DNBR vill not

decrease below 1,30 at any time during the transfent. Thus, the DNB design

g
basis as described in Section 4.4 is met.

The radiological consequences of this event are not limiting.
15.3,2 Complete Loss of Forced Reactor Coolant Flow

15.3.2.1 1ldentification of Causes and Accident Description. A complete
loss of forced reactor coolant Ow may result from # simultaneous loss of
electrice] power to all reactor coolant pumps. If the resctor is at power at Je3
the time of the accident, the immediate effect of loss of coolant flow 1s a
rapid increase in the coolant temperature. This incresse could result in DNB
with subsequent fuel damage 1f the reactor were not tripped promptly.

Normal power for the reactor coolant pumps is supplied through buses from a

transformer connected to the generator. When a generstor, turbine, or reactor

trip occurs, witiout an electrical fault, the generator circuit breaker auto-

matically opens and back-feed of off-site pover ocecurs through the main trans- 43

former and unit auxiliary transformer. + the pumps will continue to sup-

ply coclant flow to the core. T‘
w)
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This event is classified as an ANS Condition 111 incident (ar Infrequent incy-
dent) #s defined in Section 15.0.1.

The following trips provide protection for a complete loss of flov accident: |&3
1. Reactor coolant pump power supply undervoltage or underfrequency
2. Lowv reactor coolant loop flow

The reactor trip on reactor coolant pump underveltage 1s provided to protect
against conditions which can cause & loss of voltage to all resctor coolant

pumps (i.e., loss of offsite pover). This function s blocked below approxi-
mately 10 percent power (interlock P-7), las

The reactor trip on reactor coolant pump underfrequency 1s provided to trip
the reactor for an underfrequency condition, resulting from frequency distur-
bance on the pover grid. Reference 15,33 provides analyses of grid frequency
disturbances and the resulting Nuclear Steas Supply System (NSSS) protection
requirements which are generally applicable to South Texas Project.

The reactor trip on lov primary coolant loop flow 1is provided to protect

sgainst loss of flov conditions which affect only one reactor coolant loop.

This function is generated by two out of three lov flow signals per resctor
coclant loop. Above interlock P-8, low flow in any loop will actuate & reac- ,‘3
tor trip. Between approximately 10 percent pover (interlock P-7) and the

pover level corresponiing to interlock P-8, low flowv in any two loops will

Sctuate a reactor trip. 1f the maximum grid frequency decay rate 1s less than
spproximately 5 Hz/second this underfrequency trip function will protect the |4} )‘
core from underfrequency events., This effect is fully described in %Zeference

15.3-3,

A block diagrar summarizing various protection sequences for safety actions 211.
required to mitigate the consequences of this event is provided in Figure
‘s-o-l‘-

Tt
15.3.2.2 Analysis of Effects and Consequences. “Swe casel hove-bossn-e

analyzedX .o s

evdwwr of four pumps with four loops in operation,

R tovr-oithese-puapiiith-thtesteopsdaoperesion

This transient is analyzed by three digital computer codes. 'ttot,cho LOFTRAN ‘;\
code (Reference 15.3-1) 1s used to calculate the loop and core flow during the
transient, the time of reactor trip based on the calculated flows, the nuclear

pover transient, and the primary systes pressure and temperature transients.

The FACTRAN code (Reference 15.3-2) 1s then used to calculate the heat flux

transient based on the nuclear pover and flov from LOFTRAN. Finally, the

THINC code (Section 4.4) 1s used to calculate the DNBR during the transient

based on the heat flux from FACTRAN and flow from LOFTRAN. The DNBR tran-

slents presented represent the minimus of the typical or thisble cell.

Tne method of analysis and the sssumptions made regarding initisl operating
conditions and reactivity coefficients are identical to those discussed in

15.3~4 Amendment &3
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Section 15.3.1, except that following the loss of power supply to all pumps at
power, & reactor trip is actuated by either reactor coolant pump power supply
undervoltage or underfrequency,

Results

Figures 15.3-9 through 15.3-12 ghow the transient response for the loss of
pover to all reactor coolart pumps with four loops in operation. The reactor
is again assumed to be tripped on undervoltage signal. Figure 15.3-12 shows
the DNBR to be alvays greater than 1,30,

-‘.-!o'-i.oh-o.ooo-‘n.i9.o‘s ince DNB does not occur, the abtility of the primary

coolant to remove heat from the fuel rod 1s not greatly reduced. Thus, the
average fuel and clad temperatures do not increase significantly above their

respective initial values. : " '
y

The calculated sequence of events is shown in Table
15.3-1. The resctor coolant pumps will continue to end natural
circulation flow will eventually be established, as demonstrated in Section
15.2.6. With the reactor tripped, a stable plant condition will be attained.
Normal plant shutdown may then proceed.

15.3.2.3 Radiological Consequences. A complete loss of resctor coolant
flov from full n & reactor and turbine trip. Assuming,in edd. X
tion, that the condenser is not svailable, stmospheric stean dump would be pe
required. The quantity of steam released would be the same as for a loss of
offsite power.

There are only minimal radiclogical consequences associated with this event.
Therefore, this event 1s not limiting. Since fuel damage 18 not postulated,
the radiological consequences resulting from atmospheric steam dump are less
severe than the stean line break, discussed in Section 15.1.5,

15.3.2.4 Conclusions. The analveis performed has demonstrated that for
the complete loss of forced reactor coolant flow, the DNBR does not decrease
below 1.30 at any time during the transient. Thus, the DNB denign basis as i
described in Section 4.4 15 wmet,

15.3.3 Reactor Coolant Pump Shaft Seizure (Locked Rotor)

15.3.3.1 ldentification of Ceuses and Accident Description. The acci-
dent postulated is ar Instartaneous seizure of & reactor coolant pump rotor
such as 1s discussed in Section 5.4, Flow through the affected reactor cool-
ant loop is rapidly reduced, leading to an initiation of a reactor trip on &
lov reactor coolar: flow signal. "

Following inftiation of the reactor trip, heat stored in the fuel rods contin-
ues tr be transferred to the coolant causing the coolant teo expand. At the
same t.re, heat transfer to the shell side of the stean generators s reduced,

15.3-5 Amendment &)
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One variation between thas analysis and that of the previous
section 1s that the RCLCA insertion time to dashpot entry 1s
2.58 seconds. This 1s a conservative insertion time under the
reduced flow conditions that exist when the RCCAs are insertecd

for this transient.
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first because the veduced flov vesults 4n o decreased tudbe side file conffy.
cient and then bacause the veactor coclant In the tubes cools dovn while the
shell oide temperature Increases (turbine steow flov 32 veduced to sero wpon
turbine trip). The rapid expansion of the coclant 4n the resctor core, cor- lLJ
Bined with reduced heat transfer dn the steas generators cavses an insurge
into the pressurizer and & pressure Incresse throughout the RCS. The insurge
into the pressurizer compresses the stean volume, actustes the sutomatic pray
system, opens the pover-operated velie! valves, and opens the pressuriser
safety valves, 4n that sequence. The tvo pover-operated velief walves are
designed for reliadle operation and would ba expected to function properly
during the sccident. Hovever, for conservatise, their pressure veducing effect
88 well as the pressure vedvcing effect of the spray 1s vot dncluded n the

analysis.

STP ThAx

This event fs classified as an ANS Conditfon IV fncident (s liwiting fault) as
defined 4n Section 15.0.1, ’

15.3.3.2

thed of Analysis

Three digitadeconputer codes are used to analyze this transfent. The LOFTRAY
eode (Reference 15.3-1) 1s weed to calculate the resulting loop and core flov
transients following the pump seizure, the time of reactor trip based on the
loop flov transients, the muclear pover folloving resctor trip, and to deter-
_%!:uo the peak pressure. The thermal behavior of the fuel located at the core
t spot s dnvestigated weing the FACTRAX code (Reference 15.3-2), weing the
core flov and the puclear pover ealculated by LOTTRAN, The FACTRAX code
includes the woe of o fils bofling heat transfer coefficient. The FACTRAX
eode 19 alec ueed to caleulate the heat flux trancient based or the muclear
povar and flov from LOTTRAX., Finally, the THINC code (Section 4.4) 4» weed
to ealeulate the DNEF distribution n the core during the transient based on
the beat flux from FACTRAN and flov from LOFTRAN., The DNBR distribution 1s

#ed to calculate the mumber of rods 4n DNB,
? cases are snalyszed:
v

. PYour loopi operating, ene locked rotor

. 5 opirathey, Pra lodhid rob, lwq prer fp He ol recetor
At the baginning of the pon:"oto‘ locked rotor accident," 1.0., ot the time cavke r
the shaft 4n one of the resctor coolant pumps 15 assumed to seine, the plant
is sssumed to Le in operation wnder the most adverse steady state oparating f f'
condivion (f.e., maximus steady state pover level, muxinuz steady state pres-
sure, and maxiwun steady state coolant average temperature). Plant charac~
teristics and dnitial conditions are further discuserd 4r Section 15.0.).

2lvsis of Effects anc Consecuences. -

WVhen the peaX pressure s evaluated, the Initial pressure 1o comservatively
ertinated as psi above mominal pressure (2250 pats) te allow for errors in
the pressurizer pressure messurement and control channels. To ebtain the Is
saxizue pressure 1o the prisary side, conservatively high loop pressure drops \

'h&*® 15.%¢ Anendment 4)



TACHMENT

Setpnds-

For the case wvithout olfsite powver available, povér is lost to
the unaffected purmps 2 after reactor trip. (Note: Orid
stability analyses show that the grid will remain stable and
that offsite pover will not be lost because of & unit trip frow

100-percent pover. The delay is & conservative assumption
"based on grid stability gnalyses.)
. Jetml
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The pressure uncertainty used i1n these analyses 1s 34 psi and the

coolant average temperature uncertainty 1s 4.7%.
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are added to the caleulated Pressuriser pressure. The pressuce Teiponses -,
shown on Figurex 15.3-18 STe the Tesponses ot the pofny gy the RS
having the maximue pressure.

valustion of gh eRsuTe nesent

After puep sefzure, the meutron flux is vapidly veduced by contrel you fnser-
tion. Rod motfon begine ene second after the flov In the affected loop
veaches 87 percent of mominal flov. Fo credit 1 taken for the Pressure
veducing effect of the prossuriser pover-operated relief walves, Pressuriser
Spray, stesz dump or econtrolled feedvater flov after vesactoer Erip. Although
these are expected to occur and wvould result 4o & lower peak pressure, an
additional degree of conservatisn is provided ¥y fgroring their offects.

The pressurizer safety valves are full open at 2575 pets and their capaciny
for steax velief £ as descrided in Bection 5.4,

valu on B dn the ring the n

For this sccident, DX} 45 sssumed to Sccur dn the core, and therefore, o
evalustion of the consequences with respect to fuel vod thersmal transients 4
performed. Recults obtained from analysis of this “hot spot™ eondition Tepre-
sent the swpper limit with Fespect to clod temparature and sirconfus water
Teaction.

In the evaluatien, rod Pover at the bot spot fs assumed to be 2.50 times the
svarage vod pover (1.e., l. ® 2.50) ot the fnitia) core pover levael,

13 ng € nt '

The file boiYing coefficient 1o caleulated in the FACTRAN code woing the
Bishop-Sandbfrg-Tong f1in boiling correlation. The fluid properties are aval-
nated at fils temperature (everage betveen wall and ik temperatures). The
progras calculates the file coefficient at every time step based wpon the
Sctual Beat transfer conditions at the time. The Seutren flux, systes pres-
oure, bulk deusity ané mass flov vate os & function of time are woed as

prograx faput.

Yor this svalysis, the fnftial values of the Pressure and the bulk density are
wsed throughout the transfent sisce they are the most consarvative with
Tespect to clad temperature Tesponse. For comservatism, DKD was sssumed to
Start at the beginning of the sccident.

Zued Cla¢ Cup Cosfffcient

The magnitude and time dependence of the baat transfor coeffictiant Detwesn
fuel and clad (gap confficient) has pronounced fnfluence on the thersal
Tesults. The larger the value of the 849 coeffictont, the more hest 15 trans-
farved betveen pellet and clad. Based on investigations en the affect of the
80p confffcient wpon the maximue clad temperature during the transient, the
80p coefficient was ansumed to fncresse from o stgedy state value consistent
with inftfal fuel tesperature to 10,000 Bru/br-fe°"F gt ehe gutttattion of the
transient. Thus the large asount of Snergy stored An the fuel Decause of the
all dnirde) valoe 15 veleased to the clad St the fnitiattion of the tran-

5.7 Anendpent &)
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The sirconiue stear Teaction gan

temperature). The Baker-Just

paradolie
defive the vate of

the sircontus Steas rvesction,

‘j“fl “ 33 x 10% oxp '-‘{-?f}gl

vhere:
. - &mount vescted, uln’
t - tine, sec
T - temperature, ‘l

The veaction heat 1s 1510 col/g=.

The effect of sirconium stear vesction s focluded 1o

"hot spot™ elad Cemparature transient.
Plant systems and squipment
Sccident are discussed 4n Bection 1%.0.8 and
Sle active fatlure 4n any of these systens or
the consequences of the accident,

Basylte

© h

n

The transfent
15.%20.

Pressure resched during the

which would cause SETesses te axcend the foulted condittion Strens limics,
surface temperature 4s considerably less than 2700° 7.

the clad tewperature was Conservatively calevlated as-
Suming that DND occurs at the inftdation of the transient,

the peak clad
should be moted that

in DN} was Conservativaly calevlated as 7 percent
core,

5.3,

*quilidrive value by 10 seconds. With the Teactor
condition will eventually be attatned.
Preveet <

Inoud B

15.9%0

wvhich are availadle te nitigate the
1ietel 1o Table 18,
oquipment wil) Sdvarsely affact

resules for this case arc shown on Figures
Tesults of these Calevlations are also
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become aignificant above 1800° ¥ (clae
Tote squation

shove balow 4, weed o

the caleculation of the

effects of the
&‘- .° .‘h.

15.3-17 through
ummarised 4o Teble
transient 4s less thar that

I
P
It

The musbder of roes
of the total rods in the

. .
W.,g.gu ,

The calevlated Sequence of events for the“swe 20{;.17-“ s shown 1n Table
1. Pigurex u.’-tM Shond that The core flov Teachas & nev

Eripped, & otadle plant
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15.3.3.) 0 uences. The postulated sccidents gh alvis,
velease of steaz from the secondary systen do not vesult 4n & velease ¢f
vadicactivity unless there 1o leakage from the Resctor Coolant Bystez (RCS) o
the secondary syster in the stean gensrators (5Cs). A conservative analysis
of the potential offeite doses vesulting from & veactor ceolant p shaft
seirure accident 4» presented wsins the technicel specificetion Jdwit secon-

. :.ri c;:l;:; concentrations. Paramcters wsed in the analysis are Jisted 1 |
able . .

The conservative assumptions anéd parameters wsed to calculate the activity
velessed and offaite doses for o pump shaft seizure accident are the fol- |

loving:

1. Prior to the accident, the primary coclant concentrations are sssumed te
be aqual to the technical specification limic for full power eperatien
folloving an fodine spike (1-13] aquivalent of SOLICI/g). These concen-
trations are presentsd in Table 15.A-4,

2. Prier to the accident, the secondary coolant specific activity 1s equsl
to the technical specification limit of 0.10 LCi/ge dose egquivalent
:-::1.131\1; dose equivalent specific sctivity s presented in

] . o‘. .

3.  Seven percent of the total core fuel clodéding fs damaged, which vesults
in the relesse of the vesctor coclant of sever percent of the total gap
inventory of the core. This activity 4s sssumed unifornly mized 1o the

primary coclant,

4. The primary~to-secondary leakage of 1 gal/min (technical specification
limit) 4» assumed to continue for § brs following the sccidant,

5. Offsite pover 1s lost; NS condensers are not svailable for stess durp.

6. Eight bours after the sccident, the Rasidusl Beat Removal Syster (RNRS)
starts eparation te cool down the plant, Wo further stesm or sctivity &

released to thy enviromment,
7. The fodine partition factor 4n the BCs 19 equal to 0.01. .
The stean valeases and meteorclogical paraseters are given 4o Table 15.3-),

The thyroid, gamms anéd beta doses for the veactor coolant pump shaft sefrure
sccident ave given in Table 15.3-4 for the Exclusion Zone Boundary (E20) of | .

1430 metars and the Lov Population Zone (LP2) of 4000 meters.

15.3.3.4 igg!}‘llgaz. Since the peak BRCS pressure veached during any of
the transients 45 less than thet which would cause stresses to axceed the
foulted condition stress limits, the integrity of the primary coclant systes
£s not endangered.

Since the peak clad surface tamperature calewloted for the hot spot during the
worst transient vemains considerably Jess than 2700° 7, the core will remain
in place and intact with no loss of core cooling capabiliey.

15.%% Amendment &)
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Figure 156.3.20 Maximum Clad Temperature at Mot Spot for Four Loops in Operation,
One Locked Rotor (1 of 1)
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TABLE 15,31

TIME llSUtNC! OF EVENTS FOR INCIDENTS WHICH RESILT
N A N REA LANT SYSTE™ FLOW

Accident

Partial loss of Forced
Reactor Coolant Flow

“®34v PFour loops operating,

one pump coasting

Lrw resctor coolant flov trip

Event Time (0ec)

Coastdown begins 26y

Rods begin to drop
Minimum DNBR occurs

Corplete Loss of Forced
Reactor Coolant Flow

Reactor Coolant Pump
Shaft Sefrure (Locked
lotor).Su.'oL eilrrte

’owl'.

hres Locy

All operating pumps 0 ’
lose pover and begin
coasting down

Your Loop

Reactor coolant pump 0 )

undervoltage trip
g |18

point reached

Rods begin to drop 1.5

Minimuz DNBR occurs p o2
33
Rotor om ene pump 0 -
locks
flow
Lov resctor coolant, O] i o
reached
j’.#,.m? 0' 07
15.3-12 Anendment 4)
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Accident Event Operatior Opossvbens=
Rods begin to drop 107 ey . p | e
Maxisus RCS pres- 3.1 At

Sure occurs

Maxisus clad ten- 390 > b BT {

perature occurs

Readhv Levta 4 Piwp
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Maximuz Reactor Coolant 20l 2329
Systex Pressure (psia)
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PARAMETERS USED IN RC PUMP SHAFT SEIZURE ACCIDENT ANALYSIS

Parameters
Core thermal powver, Mwt

SC tube leak rate prior to accident
and initial 8 hrs following accident

CWPS operating prior to accident
Offsite powver

Fuel defects

Primary coolant concentrations
Secondary coolant concentrations
Failed fuel (following accident)
Activity released to reactor
coolant from failed fuel and
available for release

lodine partition factor in $G's
during eccident

Steam release from four
$CGs, 1b

Meteorology

Dose model

*Condensers assumed unavailable for steam dump .

15.3-15

3,800
1.0 g»

Ko

Lost

1.02

Table 15.A-4
Table 15.A-5

7.02 of fuel
rods in core

72 of total gap
inveutory of noble
gases and fodines

0.01
614,000 (0-2 hr)
1,264,000 (2<8 hr)

5 percentile
Table 15.B-)

Appendix 15.B
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Figure 1534 L
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1041 NTR 1

104.)."  Purpose

This Appencix describes the reliadility evaluation of the STP suxiliary
feeowater stttan. The evaluation was performed in & manner consistent with
NUREG-D611 to allow & comparison to other plants of the reliabiiity of the ¢
syster for specific Inftiating events. The results of the evaluation shos the
Syster compares favorably with other designs anc has & high relfabiiity for
the Inftiating events consigered.

This redfad )ity evaluation reflects the auxiliary feedwater syster desior at
the time 1t was performed. Subseauent modifications wil) not result in
revision of this appendix unless they could have o sfenificant fmpact on the
resuits presentes,

104.1.2 ectiy
The ot fectives of the evaluation are:

o To perforr an analysts 10 evaluate the reliat i1ty of the Afyt
in accorgance with the guidelines contatned n NUREG 0611,

0 To provide ingication of the contributors of the suriltiary

feedwater syster uravailatility for the Initiating evenrts
described 1n NUKEG-DEYY,

104,73 Scope

Three Initiating events are onalyrec:
Case 11 Loss of mair feedwater (LW

Cose 110 Loss of main fTeeduater coincident with Yoss of offsite
power (LW w/L00F)

Cose 1110 Loss of matn feedeater cotncident with loss of o)) AL
power (LM u/ 0AL)

ma‘o. .‘ﬂ"!‘ ‘l!’g!s’

The princion) technigue used 1n the ousrtitative evalustion 15 the
‘::itruction 0 na ysis of Tault trees which represent the AFNS' fallure
T, A summary of the hasic tasks In the evalustion 15 presented in

"“" ‘0‘-‘.

A784c/0 8¢ |
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Fault trees representing the AFWS fatlure Yooic are presented in

Section 10A.3.2. AFNS unavailability 15 basec on the Boolean logic associates
with the system fau't trees. The fault trees are reduced to ¢ 118t of
cut-sets to fdentify the fatlure modes. Fallure rate dats (see Section
YOA.3.4) are inserted to evaluate systerm unavailability, Although the failure
Gata are derived primarily from NUREG-0611, secondary sources of fallure cate
ore WASK-1400 (Ref, 2), NUREG/CR-1362 (Ref, 3), anc the Zion Probabilistic
Safety Assessment (Ref, 6).

Fault tree development 15 consistent with the procedures and dats availatle ir
NUREG-0611, ang s Vimitec to AFWS unavatilability per demand. STP technica)
specifications allow continued operation of the plant with AFNS Train A

out-of-service for an indefinite period of HN.‘W___MQ';“ et 1

SLARR. This wssumption resuvits 4n aysten ynavetiebtiit,
being conservalive Sy at least 338 for Coses 1ond 2. In this appendix,
wnavailability 15 syronymous with unrelfability, and the terms are used
Interchanceably. The importance of specific fallure modes 15 examined, as are
the interrelationships between and significance of hardware failure, test anc
saintenance outaces, and humar errors,

In agdition to the ousrtitative evalustion described above, o oualitative
evaluation 15 performec 1n & manner consistent with NUREG-0611. This
evaluation rates syster relfability based on desfor features such a5 ecuipmenrt
redundancy, manual versus auto actuation, sinole-point fatlure vulneratility,
ONC technice) specification Timits on train outage time. The rating 15 dore
to compare the South Texas deston with other U.S. plants using o Westinghouse
nuclear stear supply syster,

The success criterfa used for LW W, LW N/LOOP, and LW W/LOAL reguire that
there be & minimum flow of 6t3_ﬁ" gelivered 1o ot Teast one stear generator,
S
There are four APk traing, each of which 15 dedicated to o sinale stes~
gererator, Three of the Afk tratns (Trains A, B, and C) are motor Oriver; the
fourth (Tratn D) 15 turbine driven. Each AFW trafn 15 designed to deliver 55¢
6PM within one minute of actustion, Only the 'D' Train 15 operable under
LOAC, Translating the success criteria In the preceding paragraph into
fotlure criteria for fault tree development, *fatlure” reduces to *no flow to
Ony S6* An the coase of LWu and LM N/LO0P, and *no flow to 56 D* 1n the case
of LW N/LOAL,

10A.1.5% Assumpt ions

Assumpt fons used In this evaluation are consistent with those specified in
NUREG-0DEY), Specific assumptions used 1n the evaluation sre:

1. Wardware and Wumar Error Fallure Dats
The hardware and humar error fatlure dats, taken primerily

from NUREG-DE)), are used in the evaluntion of basic everts ir
this study. These data are presented 1n Section 104.0.4,

A754c /0180 ¢ ?
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The Train A pump is identical in design and installation to the

Train B and C pumps and thus would
characteristics and rfailure modes.
potential for Steam Generator A to
maintenance and outage practices.

would have an availability similar

have similar operatcing
Operational needs (minimize the

dry out) result in similar

Thus, it is expected that Train A
to the other three trains cof AFWw.
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Test and Maintenance Outsge Contribution

The study uses the calculational approach and the outage
duration data presented in Table 111-2 of NUREG-D61), These
data are presentec in Section 10A.3.4.

Power Availability

Consistent with NUREG-0£11, the following assumptions are used
to mode) power availability.

© Offsite power 15 assumed to have availability eaqua) to
1.0 for Case ] and zero for Cases 11 anc 111,

(] Diesel generator availability for Case | 1s not relevant,
since offsite power avatlability 1s 1.0.4 for Lase 34,
.WMW) it )-'j}vﬁe/'f&
S5unel aaudi—te—0{Ref - 1) ang-the-otheromef{train$
eovdl 4o 6095 {Feie 3042}, Forfeses—tene 111,
offsite and/or emergency onsite AL power 45 #s3umed to-be
reslorel mithin 3 perios of 2 hours,

° OC anc battery-backed AC are assumed to have availatility
equa) to 1.0 (Fef. 1) for a)) three cases.

Sample and Test Lines

The only sample or test iine provicing a significant flow
diversion and/or leakage path s the pump test return line,
which was considered in the human errors analysis. Since this
3-inch return line discharges to the AFWST at atmospheric
pressure, sfonificant flow may be diverted 1f this normally

" locked-closed valve 1s inadvertently left open after testing

the pump.
Passive Piping Components

A1l piping components (e.a., pipe sections, flanges, reducers,
etc.) are assumed availahle with o probability of 1.0. They
are not considered in the fault tree development,

Degraded Component Failures

Dearaded component faflures are not considered n this
evaluation; that 1s, components are assumed to operate
properly or are treated as tota) failures. Component failures
are assumed to occur instantaneously and completely.
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For Case II, the unavailability of each diesel generator is
calculated to be 4.8E-02/d (see Table 10A-1). For Case III, the
components in Train D are independent of all AC power ( the
components are DC-powered). For Cases II and III, offsite and/or
emergency onsite AC power is assumed to be available within a period
of two hours.
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7. Uncoupling of Muman Errors

This study assumes that test and maintenance activities are
stacgered. That 1s, redundant AFWS components are mot tester
by the same personnel on the same shift, but fn genera), tests
anc/or maintenance of redundant components involve time anc/or
personnel changes (e.g., ¢ifferent personnel and shifts, or
the same personnel on & different day, etc.) In adoition, @
double-check procedure 1s assumed to assure the correct status
of locked open valves after test and maintenance. This
significantly recduces the probadbility of human error in two or
more trains simulteneously. Given that test and maintenance
activities are stagoered and the use of a double check
procedure, 1t 15 reasonable to assume that human errors for
test and maintenance are uncoupled.

For the above reasons, the evaluation does not consider
concurrent disabling of multiple trains because of human error
in conjunction with test or maintenance to be a credible
fatlure scenario.

8. Technica) Specification

The auxiliary feedwater system desiagn s evaluated in
ccordance with the STP Technica) Specifications (Ref. 7).

Train A - Gut-otServiee;, ¢ gheert D
Trairs B, C, and D - Operable except for the scenarios

f1lustratec 1n the fault trees in

Section IOA.S.':R'.

§. HVYAL Support

The motor driven auxiliary feedwater pump rooms are cooled by
safety-related WVAL units powered b{ their respective trains.
The turbine driven pump room 1s cooled by @ Train A WVAC unit,
however, the turbine driven pump 15 qualified for operation
following the loss of a1l KVAC, Consistent with NUREG-D61]
methodology, HVAC support to the pumps 15 not considerec in
this evaluation.

10, Auxiliary Feedwater Storage Tank

Weter—from-the AFNSTts—arsumed-tobe avatiable st ot times.

The AFWST capacity is sufficient allow the RCS to remain at 4 and
hot standby for & hours followed by & 10 hour cooldown ar\h,_ v sk
which point further RCS cooldown 15 performed by the resicual "' cii
heat removal system, If acoitfona) quantities are needed, Ve

water can be provided to the AFWST from the demineralizec

water storage tank, the condenser hot well, or an alternate

4754c /08¢ “
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Train A - Availability is assumed to be degraded since there is no
Technical Specification requirement on Train A.
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onsite source. The AFWST has level instrumentation with
control room fngication and annunciation to warn eperators of
Tow AFWST water fnventory.

10A.2 SYSTEM DESCRIPTION

0A.2.1 Introduction

This AFWS description summarizes the more exiensive description given in
Section 10.4.9. Emphasis 1s placed ratyon ing the three loss of
norma] feedwater Covered by this reliability evaluation. The water Events
for the AFWS 1s supplied from the auxiliary feedvater storage tank (AFWST).
Water 1s supplied to the AFi inlet nozzles on the secondary side of the stea~

nerators followine a loss of norma) feedwater flov as descrided in

ction 10A.2.3. The AFWS serves as a backup to the main feedwater systen

during norma) startup and shutdown operations.

The AFWS maintains the steam generators' water inventory during periods when

the main feedwater system 15 unavailable. The system 1s & safety-related

system. The AFWS s activated by an auto-start and 1s desianed to deliver

flow water to the stear generators within one minute. A minimum flow of 535 <40

:ol/r:n must be supplied to ary one stear generator on a loss of feedwater
ransient,

Four pump trains are utilized, each taking suction from the AFNST by separate
suction Tines. A PLID for the AFWS 1s shown on Figure 10A-2. aFfgume 0k-3 45
[ - L this syster. Figure YOR<¢ 15 the
Oetlailec reliability block giagram from which the simplifiec reliabil ity block
@lacran (Figure 10A-3) wes erived. A mentioned sarlier, this analysis T« ,,:1— c}
conservativaly assumes that Train A 4s out of service ot the onset of the 4 N%=
transientfor Cosesr 143 Subsecuent @isussions wi

5 respect to the
Quentitativeenttysis conteined in thiseveivetiondo-not-tnclude of AFS
Teatn-a,

A,

Trains”B and C of the AFWS have motor-driven pumps. Train D has a stear
turbine pump. Inftfation of the system 1s sutomatic wpon actuation of two out
of four low-low water level instrument channels 1n any stear generator.

rossover lines are provided downstream of the,:::g:’:S{Jgg;ggggggsxgxng_.___—-“»graa#;*t
trains and are operable from the control room . e valves Pewe (S
connecting the crossover lines to the AFW pump discharge lines are normally avalaple (et T,
closed, fail closed upon loss of instrument air and close on AFWS actuation.
The crossover 1ine valves can be opened manually from outside the contro)
room.s The afr operated crossover valves are expected to remain operable fror

¢ control room after loss of offsite power for & period of time due to
stored afr in the instrument air recefver tanks. Thus, lYoss of offsite power
does not result in instantaneous loss of cressover valve operation from the
control room. However, since the instrument air system 15 a mon safety-
related system which 15 not immediately operable following LOOP, mo credit for

remote manual operation of the crossover valves 1s taken in the Case 1!
evaluation. The velves 4re 255umed Lo be openad Jocally 1n the analysis. For

Althouah no cred 5‘0( Cros50ver |ines was assvmed

4
S4c/0181¢ — ﬂdJ-/tu‘))
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As mentioned earlier, this analysis conservatively assumes that
Train A is out of service more than the other three trains.
Therefore by increasing the unavailabi'ity due to maintenance of the
Train A pump, the train's availability is degraded.
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However, this action must be accomplished within thirty minutes
after the initiating event. The ability to diagnose and implement
this action outside the control room is highly unlikely; therefore,

no credit is taken.
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Cese 111 (LMFW/LDAC), no crossover capability is assumed since there are three
valves reauired to be opened locally to establish a flow path to 8 seconc
steam generator.

Each AFW train provides feedwater to & single dedicated steam generator
following an actuation signal. No hardware components are common between
trains other than the aforementioned crossover lines. Each train, which
consists of suction piping, pump/driver combination, discharge piping,
cross-connect piping between trains and test and recirculation piping, is
housed in a separate Seismic Category I compartment.

Pump pressure and flow testing is accomplished through a 3-inch diameter

recirculation line connected to the &-inch diameter mpi flow 1ine downstrear

of the flow element. Flow through this line is : by & normally
Yocked-closed globe valve downstream of the recirculation connection to the

:-12‘1$ne. Opening this valve allows recirculation to the AFWST for pump
esting.

10A.2.2 Component Description

1. Motor-Driver Pumps:

The motor driven pumps are driven by Al-powered electric
motors. Each motor receives power from an independent (lass
YE power supply bus and its corresponding standdby diesel
generator. The pumps are horizontal, centrifugal, multistage
units.

2. Turbine-Driven Pump:

The turbine pump 1s @ horizontal, centrifugal, multistage,
noncondensing steam turbine-griven unit. A stear line
connection 1s taken from the Safety Cless 2 section of the
Steam Generator D main steam line upstream of the main stear
fsolation valve. The turbine steam inlet line fs provioec
with remote manua) fsolation and throttle valves. The turbine
gischarge stec™ exhausts directly to atmosphere. Overspeec of
the AFW pump turbine automatically trips the turbine. Once
this occurs, the mechanica)l overspeed trip latching mechanism
must be manually reset in order to restore the turbine to an
operable status. Power for all controls, valve operators,
trio solenoic and other support systems is from the Train D
Class 1E DC System. The major support system is the lube oi]
pump and cooling system. The lube of) pump 15 @irect driven
off the turbine shaft. The cooling water supply for the
turbine Tube of) cooler comes from a first stage bleedoff
point on the turbine driven pump, passes through the lube of
heat exchenger, and peturns—4e-the Suction-of the seme puni.
s a.scmrjoa +u a drain.,

4754c/0181¢c €
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Piping and Valves

The safety-related AFWS piping 15 manufactured and insta)lec

in accordance with the ASMi Code. Motor operated valves AF Qoy§,
AFQ01S, AFODES, MSO143, AFOOES and solenoid valve FVOY43 are
normally closed. Motor pperated valve XMSO514 15 mormally

open., Valves AFD06 AFOOBS are AC powered. Valves

MS0143, FV0143, AFOD1S, and XMS0514 are DC powered. (et S )

Auxiliary Feeowater Storage Tank (AFNST)
The Seismic Category I suxiliary feedwater storage tank

provides -atc;’ww_

stee) 1ined, 98TTon tank which has sufficient capacity o!800C
by a 10 hour coold ch pofnt Tu cooldown s | . 10n ¥ hour
performed by the residua) heat removal system, 'SOak-;n/'&

The AFWST {s designed to withstand environmental design
conditions, Including floods, earthauskes, hurricanes, tornado
loadinos, and tornado missiles. The AFWST s designes so that
no single active faflure will preclude the ability to provide
water to the AFW system. Each train has a dedicated suction
1ine from the AFWST to the AFW pumps. The water level in the
AFWST 15 indicated in the control room as well as at the
suxiliary shutdown panei. A low level alarm 15 also providec
in the control roor.

104.2.3 Emergency Operation

The AFWS 1s desioned for automatic actuation in an emergency. Any of the
following conditions automatically starts the three Class JE motor-driven

pumps

Two out of four channels showing low-low water level in any
steam generator

Safety injection signal

4.6 kV bus undervoltege. The AFW pump 15 started in
conjunction with diese] gencrator starting and loac
sequencing. Water 15 not automatically fed to the stear
generator until conditfon 1 or 2 above exists,

The turbine-driven auxiliary feedwater pump starts automatically on any of the
following signals:

1.

2.

4754c/0181c

Two out of four channels showing low-low water level in any
steam generator

Safety injection siena)
7
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Since motor-operated valves 7523, 7524, 7525 and 7526 may be in any
initial position prior to AFW actuation, the valves are assumed to

be closed prior to actuation.
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A one-inch bypass line with a normally closed solencid operated valve (FV0143)
and orifice 1s provided around the steam inlet valve (M50143). This bypass
valve (FVD143) opens upon receipt of either of the above signals to supply
steam to the turbine and allow the turbine to reach governor control speed.
After a time delay to allow governor control speed to be reached, the stear
inlet valve is opened which allows rated steam flow to the turbine. This
srrancement precludes an overspeed trip due to excessive steam flow prior to
governor warmup, This bypass line {s not dependent upon AL power to operate.

Automatic {og control of the auxiliary feedwater flow control valves operates
to inftially 1imit the maximum and minimum flow to any SG when the system s
started by an automatic signal. The operator may assume manual flow control
after resetting the system,

10A.2.4 Power Sources

The onsite AC Power Systems of Units 1 and 2 each consist of four major
subsystems as follows.

1.  13.B kV Auxiliary Power System (non-Class 1)

13.8 kV Standby Power System (non-Class 1E)

138 kV Emergency Transformer Systems (mon-Class 1)

~ w ~N
.

. Onsite Standby Power Syster (Class 1E)

The arrangement of the Al Power Distribution Systems provides sufficient
switching flexibility and equipment redundancy to ensure reliable power supDly
to the Class 1E and non-Class 1E plant loacs during startup, mormal operatior,
and shutdown following & design basis event,

The Onsite Standby Power Supply Systems of Units 1 and 2 each consist of three
independent, physically separated, standby DGs supplying power to three
associated load groups designated Train A, Train B, and Train C. Each load

oup consists of & 4,16 kV ESF bus and the electrical loads connectec to that

us. The Onsite Standby Power Supply Systems of Units 1 and 2 operate
independently of each other, Each standby DG and load group of a particuler
wnit 1s also physically separated anc electrically independent from the other
two standhby DGs and their load proups.

Each 4.16 kV ESF bus 1s provided with switching that permits energizatior of
the bus by five alternate sources:

1. The respective unit auxiliary transformer
2. No. ) standby transformer

3. No. 2 standby transformer

4758c/0181c &
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4., Standdy DG
5. 138 kV emergency transformer

When neither standby transformer nor the respective unit auxiliary transformer
fs available, the stancby DGs supply the power required by the ESF loads to
safely shut down the reactor. The 138 kV emergency transformer provides an
sdditional means for supplying power to these systems {f for any reason the
above power sources are unavailable. The 138 kv emergency transformer f{s
fmmediately available; however, 1ts use 1s cperator controllec.

Each standby DG 1s automatically started in the event of loss of offsite power
or safety injection (S1) signal, anc the required Class 1f loads connectes to
that ESF bus are automatically connected in 3 predetermined time segquence.
!::h :tandby DG 1s ready to accept loac within 10 seconds after the start
sfgnal.

The Class 1E 125V DC battery systems of each unit consist of four independert,
physically separated buses, each energized by two battery chargers anc one
battery. Emergency power reaguired for plant protection and control 1s
supplied without interruption by the batteries when the pcwer from the

Class 1E essentia) AL source 1s interruptec.

Each battery system also supplies power to fnverters, two each for channels |
and IV and one each for channels 1] anc 111. The inverters convert DL power
to AC power at 118y AC, 60 W2 single phase for the vital instrumentation anc
protection system. The six vita) AL busses supply power to instrumentatior
channels 1, 11, 111, and IV which are associated with electrical trains A, D,
B and C respectively., The two battery chargers associated with each of the
four 125V DC busses are connected to separate Cless 1E busses of the same
train to enhance the relfability of each DC bus in the event that offsite
power 1s lost. Followino a loss of offsite power, AL power tO the battery
chargers 1s suppl!iec by the standdby DGs. Components in the turbine-griven
train are powered from the Train D Class YE DC syster. Consistent with NUREG
0611, 1t 1s assumec that offsite and/or onsite AC power are restored within
two hours to supply power to the battery chargers to restore the Train D
battery to full capacity.

In the motor driven trains, the pump motors anc valve actuators in each trais
are powered by the corresponding Class 1E train. Instrumentation and controls
in each train are provided by DC or AC power from 1ts associated Class M
train,

10A.2.% Testine

The AFWS fnservice testing and inspection frequencies assumed fn this analysis
are described below. The frecuencies are in agreement with Reference 7 with
the exception of sutomatic valve position verification which 15 fndicatec o5
at least once every 3) days in the Technica)l Specifications. This increase in
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test freguency serves to decrease the asuxilfary feedwater system hardware
related unavailability (hebdesdPa=®) without affecting human error anc test
and maintenance related unavailability. The calculated total auxiliary
feedwater system unavailabilities are therefore conservative.

Component Test Test Freguency
© Motor Driven Pumps Operability Recirculate to AFNST at least once

every 92 oeays

© Turbine Driven Pump Operability Recirculate to APWST at least once
every 92 days

o Automatic Valve Position Verify position at least once
every §2 days

0 Non-Automatic Valve Position Verify position at least every
31 cays

o Automatic Valve Actuation Verify actuationr to correct
position during each refueling
shutdown

© Motor and Turbine Driven Pump Verify pumps start on actustion

Actuation signa) during each refueling

shutdown

© Train Operadbility Verify aoility to estadlish flow

path to each stear generator
following cold shutdowns greater
than 30 oays

104.3 ME THODOLOCY

This section presents the step-by-step procedure followed in perfurming the
AFNS quantitative reliability evaluation.

104,31 System Review

In the first step, the varfous drawings, PRIDs, and schematics representing
the AFNS were examined. Special attention was given to fdentifying:

1. Inst mentation systems required for syster actuation

2. Fluid systems connected directly or indirectly to the |
3. Power sources for each component

< Any obvious single-point vulnerahilities,
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The relfadbility information described in Appendix 111 of NUREG-0611 was then
appraisec, and AFWS studies of other facilities were reviewed. With this
information, the evaluation boundaries were established.

10A.3.2 Fault Tree Development and Quantification

relfadility block diasgram for the AFWS (Figure 10A-4) was construct A
stmplified version of the reliability block diagram {s proviged in
Fipuxe 10A-3, Fault trees (Figures 10A-5 through 10) are constryeted fror the

reliadility block dfagram and the PEIDs. These trees include the occurrence

of Indi\1oua) component faflures. Fault trees for test anc #aintenance, anc

human erxor after test and maintenance are also constructet (Figures 10A-1)

and 12). Xrom these detailed fault trees, simplified tfees were constructec.

The simplified trees contain the same system informatfion, but basic events deleTe
that are undex a single OR-gate or AND-gete are ined into » composite entic€
event (hereaftdc referrecd to as & supercomponpet). By using simplified fault 75 45
trees, 8 tree cohgaining & manageable number of events 15 constructed, yet the
fault propacation wWithin and between § ms 15 preserved. When consolicating +
basic events into composite events, cpre 1s taken to assure that no basic Inses
evenrt appearing in a posite event appears elsewhere in the tree. o
Definitions of composite events pre given in Section 10A.3.4. Reducec fault

trees (Figures 10A-13 and\d4) afe constructec to provide & simple 11lustratior

ef the overall looic configpxation for each case, but are not vied in the
cuantification process.

Quantification of the AFwS fault es 1s done by two computer programs, FTAP
and IMPORTANCE. er to Section 102 3.5 for # description of these computer

programs.

{11ty are ouantified in the

contributions to AFWS unavai
re fatlures 1s quantifiec

. Unavailability cdue to random har
AFWS haroware-related fault tree (Figu=@s 10A-5 through 10). AFNS
ability resulting from syster downtime for teft _and maintenance s also
ouangAfiec. In addition, system unavailability resulting from human errors
assbciated with test and maintenance activities 1s quantif The total AFKS
availability (per demand) 1s the sum of the unavailabilities to random
sroware failure, test and maintenance, and human error.

Three disti
evaluatio
using t

104.3.3 Common Cause Fatlure Evaluation

The evaluation and desfon provisions of common cause factors such as floods
(Section 3.4), fires (Section 9.5.1), earthquakes (Section 3.2), sabotace anc
high energy pipe breaks (Section 3.65 are outside the scope of this AFwS
unavailability study. The only common cause factor considered 1s that
resulting from human errors during test and maintenance.

This evaluation assumes that human errors are statistically independent.
Tests and maintenance of redundant components will involve time and/or
personne) changes (e.g., @ifferent personnel and shifts or the same personne]
on & ¢ifferent day, etc.). This assumption 15 also supported by Technical
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Fault trees are constructed from the PiIDs. These trees include
component failures ( mechanical and control circuit), test and
maintenance outages, and human errors (from testing, maintenanze and
accident response). The fault trees are constructed using a segment
level approach. A segment is defined as the piping section between
two points of intersection with other pipe segments. Failures
within the segments are characterized and developed into the fault
trees. The fault trees developed for each scenario are presented in
Figures 10A-3 to 10A-5. A table to identify the codes used in the
fault trees is shown in Table 10A-5.

Quantification of the AFWS fault trees is done by two computer
codes, GRAFTER and WESCUT. Refer to Section 10A.3.5 for a
description of these codes.

Each fault tree is quantified. The results of this quantification
include total system unavailability and the failure combinations
(cutsets) that contribute to this unavailability.



TACHMENT
;T‘uL~AE- [y
A F /8

AUXILIARY FEEDWATER SYSTEM RELIAEILITY EVALUATION

Specification 1imitatfons on plant operation associated with coincident test
end maintenance activities that reduce train availadility to an unacceptable

Teve).
10A.3.4 Failure Data

.3.4.1 Description of Supercomponents

tafled relfadility block cfagram 11lustrated on Figure 104-4 sho-4,
group\ngs of equipment within each train of the AFWS that function as an
fdentiRjable unit, anc whose faflure looic cen be representec in a fault tree déléfé
vents connected under a single DR-pate or AND-pate. ):2(39 equipment
referrec to as supercomponents, can be used to generste simplifiec ¢, 1f1/€
n which the supercomponents are used to represant basic events
rather than ewgh individua) piece of equipment. / sechm
{3: :o1lo~1ng s Is represent supercomponent abbreviaifons used in Figure

MEY, (1, MDY = hargwar
driven AFk pum
respectively upst

related failure of motor-driven and turbine-
and associeted valves in Trains B, C, ano D,
ar of the crossover valves.

ME2, MC2, MD2 = haroware-relatecd ailure flow elements and associated
valves on the stear genexator/side of AFwW Trains B, C, anc D,
respectively downstrear ofAhe crossover valves.

MO3 = haroware-relatec failure of Aalves xontrolling stear supply to
turbine-driven AFW pump forTrain D.

DG12, DGY3 = hardware-related faflures and test or maintenance

unavailabilities causing fnability ok diese) generators for Train;
B and C (respeftively) to start,

SE = Fallure of both Automatic and manual backup actustion signals for Train B
on Figure 10A-4).

(ASE,

SC = fatlure of 'both sutomatic and manua) backup actuation
, MSC on Figure 10A-4),

fonals for Trein C

SD = fai)dre of both autometic and manua) backup actuation sfonads for Train D

(ASA, MSD on Figure 10A-4),

® CVLC = DVLC = Human error related unavailability due to operator's
lure to restore the block valves un the pump suction or discharge 11ns
1lowing maintenance.

4754c/0181¢c 12
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each

teoble correspont to-those .
I
104.3.4.7 Failure Rate Date

IOA.S.C,L.I Hardware

Hardware-related faflure dats used in this evaluation are presented in Table
10A2 2 Unless otherwise in"icated, a)) fatlure data are taken directly fron

NUREG-0611.
10A.3.4.7.2 Human Error

Since the AFWS 15 asutomaticelly actuated, the treatment of human error 1s
Timited to mispositioning manual valves based on the human error probabilities
given in NUREG-0DE11. Valves considerec are AFOOR4,—ARDOH3I—AFDO73 M O0T2,
AEDOSS,—ang-ARDO7E-ane WETUR) valves 1n the recirculation 1ines to the AFST.
which3re not Shomn oa-the getetied rettadbtiity dlock Stegram {Figure 1064 ).
AA 0031, AFLOY |
During maintenance, valves AFD024, AFOO53, AFDO73, AFOD12, AFD059. and AfD07E

st be closed in prder to drain the water from $. They may fnacgvertently
be left closea.‘m?m!m%wjal L vt 7)
edleviation

. During the testing of a pump, the manual valve in the
recirculation 1ine must be open._  The manual valve may fnadvertently be left
oper. A failure rate of 5 x 10°3 per demand 1s used in this calculation.

For Train D, the trip anc throttle valve overspeed trip mechanism must be
manudlly reset after maintenance or a previous overspeed trip. A failure rate
of 5 x 10°° per demand 1s used for this ce2lculation,

10A.3.4.7.3 Test and Maintenance

The spproach presented in NUREG-0611 15 vsed. Testing and maintenance (T4V)
sctivities that remove components ano/or the system from service can be
sfonificant contributors to overall AFWS unavatlability. The most common
forms of valve maintenance performed during power operation are packing
adjustments anc repairs to the MOV and ADV control circuits and operators.
Nearly a)) of these activities are performed with the valve In the safe
position during the maintenance interval. Therefore, maintenance of MOvs anc
AOVs 15 not considered to contribute to valve unlv.1‘0b1lity.~oooop%—4o'—0he—

effectivaly failing thet

Check valves and manua) valves are expectec to recuire
very Vittle maintenance. The low test and maintenance impact on this part of
the AFNS 15 the basis for not includirg a human error contributor to
vnavailability for the manua) valves in the individual steam generator flow
paths. Although testing and maintenance contributions are not treatec for the
valves associated with the branch flowpaths to & specific steam generator,
wnavailability from testing and maintenance of the pump subsystem {5 treatec.

4754c/0181¢c 13
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maintenance, that procedures require the position of these valves re
double checked after maintenance as well as periodically checked
(every 31 days), and that flow tests on the pump are reguired after

INSERT 7 PAGE 17 HUMAN EFROR
Due to the fact that this failure mode will only occur after
maintenance, this failure mode was assumed to be insignificant.
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In the subsystem part of the fault tree, testing and maintenance are treatec
85 & oistinct composite basic event, Unavailability due to Té™ 15 calculatec
vsing outage durations from NUREG-06)11 and the test freocuencies s presentes
in Section 10A.2.5. Té™ unavailabilitie r each train are comprised of
contributfons due to testing of the traf sintenance of the pumpy ane
BAiALneree 0L Lhy Slop-ohetadpetotion valve, The sum of Lhate €ontrib lior o
constitute the Lolal test #nd matntenance unaveiiabiiity of o perticvier
teain ) T4k ynavallabilities are A3, (Thser %)

STP Technica) Specifications (Reference 7) do not allow coincident test or

maintenance of components of more than one AFk pump train, Therefore, the

analysis explicitly accounts for maintenance 1n one train and sedacigent not (n the.

Morgwore £410000 £211uras dn the remaining Luo Lrains— othes trains Dyuse of +he MO
gawe .

YA 343 Lomputed Unavetiabitities for Cemposite frents

The ynavailability per demand of sarh TY the supercomponents descridbed 4n
Section W0A.3.4.3 45 cetevieter rate Sats An

Dy substituting the follure
Tobtes a2 ano 10A+3 into the supercomponent expressions given h‘:cble
dercomponent grouning

104,3.5  Computer Procrams )

weéstinGhoJe, Electvic Cor Oma*?m‘\
The following computer programs are used in
performing the evaluation of auxiliary feedwater system unavailability.

Wadsa £ (In=ert 9)

I progean 46 ysec to generate fault tr’ge,mm'f‘vmh’ﬂﬂc;t set
farilies are generatecd by : sing methods; (1) top-down, (2)
-

Ltom up, or method. FTAP results have been verifiec by
compuTTion with hand calculations.
W0A. 2. 5.2 HERORIAN T
Yhhmwuhc minimur cut set 5 FTAP an¢ basic event date,
fatlure rates anc fault 1o getermine syster and subsysten
unavailabd ~2r1% prograr has been verifiec by compivTsom with hand
3 ons.
10A.4 RESULYS OF THE RELTABILITY EVALUATION

The results of the AFnS relfatility evaluation are provided in two forms. The
first 15 o cenera) qualitative evaluation based on syster design features.
The second part 1s a quantitative evaluation based on the faultl tree represt -
tation of the AFWS desigr.

A754c/0181¢ L
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INSERT 8 PAGE 18 TEST AND MAINTENANCE

In order to decrease the availability of Train A relative to the
other trains, the maintenance outage time fcr the Train A pump was
increased from 19 hours to 336 hours ( 2 weeks) per maintenance
activity. This assumption is in general agreement with the
Technical Specifications and is conservative. T&M unavailabilities
are pruvided in Table 10A-2.
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10A.3.5.1 GRAFTER

GRAFTER is a computer code written in FORTRAN and ASSEMBLER
languages to construct fault trees intersctively. It is used in
conjunction with the WESCUT code to carry out fault tree analysis
from the construction stage to the quantification.

The GRAFTER code can be used to construct, store, update and print
fault trees interactively. GRAFTER can construct fault trees
containing up to 2064 boxes (gates or basic events). A menu of
commands is provided to be used to construct the fault trees. The
computer keyboard is used to move to different locations within the
fault tree.

10A.3.5.2 WESCUT

WESCUT is a computer cocde written in FORTRAN77. It identifies the
minimal cutsets of a fault tree. It also quantifies the mean
failure probability and variance of the top event and other
specified lower level events.

For each gate specified when generating the input for cutset
identification, the code will identify and print the cutsets. The
cutsets are listed in order of decreasing probability. The mean
probability and variance for the requested gate or gates is also
calculated and printed.

The code can quantify fault trees cortaining up to 320 gates and 320
basic events.
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10A.4.) Qualitative Evaluation

In the gqualitative characterization of the relfability of AF systems,
NUREG-DE11 assumes that the traits fdentified in Table 10A-FRexist for
specific reliability ratings. These characterizations are reviewed for each
of the three inftiating events considered in NUREG-DE)).

10A.4.1.) Loss of Main Feedwater

In NUREG-0611, some of the plants whose AFWS are found to have low relia-
bility have single-point vulnerabilities. This 1s due to & single manua)
valve through which al)l AFW flow passes, where a human error of failing to
recpen the valve after maintenance 15 found to be the gominant failure
contributor. The South Texas design has four Vines supplying water to the
four pump trains. Thus, no single human error could disable the syster. The
only sincle failure that could cisable the system 1s rupture of the auxiliary
feedwater storage tank. The unavailability due to this failure 1s extremely
small anc this event would be reacily detected by tank level {ngication anc
Tow level alarms in the main contro) roor.

The NUREG-0611 plants classified in the high-relfability range for this
transient generally have three AFk pumps (two motor and one stear turbine
griven) which are actustec automatically, with manua) backup signal.

Since the South Texas AFWS design includes al) these features and gontrp) roon
sctuatec crossover capability{ 1t receives a high reliability rating for this Lond hoe

transient eventhoush Tretn-A 45 as5umes Oul of service. e WO
10£.4.1.2 Loss of Main Feedwater with Loss of Offsite Power pumgs

The major difference between this and the previous LMFW event 1s that offsite
power sources are not available and the system must rely on onsite power
sources (1.e., diese] generators, batteries and stearm),

The relfability of varfous AFWS desfgns for this event are generally found to
be quite similar to those for the previous Inftfating event (LMFW). The major
difference 1s that onsite AC power sources are required and the potentia)
fmpact of decracing these power sources (e.g., the loss of one or more
emercency diesel-generators) on the AFNS reliability 15 evsluated.

Cmpared to other Westinghouse NSSS plants evaluated in NURFG-DE1), the Soutt

Tesds AFWS contains a greater number of motor driven pump trains (3 versus the
typical 2)however, this analycis conservatively S5eumes thot one 4rain 45
ovt of geryice.

This redundancy reduces the likelihood cf AFNS unavatladility
during & LMFw/LO0P event,

4754c/0181¢c 15
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For this reason and the Toca) manue) crossover capadbility, the qualitative
relfadility rating given the South Texas AFwS 15 comparable to that of other
hMgh relfability Westinghouse NSSS plants as reported in NUREG-061).

10A.4.1.3 Loss of Main Feedwater with Loss of A)) AL Power

The major feature of this fnitfating event 15 the tota) dependency of the AFwS
On steam power. Low and medium relfability classifications under this event
are generally due to systems having AL power dependencies 1n the steam
turbine-driven pump train, Such dependencies may include Tube of) coolin , AL
power to steam turbine admission valves, or atr-operated valves which fai
closed on loss of afr. Those systems characterized as having a relatively
hioh reliability are usually automatically actuated and have no potentially
Gegracding AC power dependencies (except WVvAL).

When comparing the STP AFWS to the NUREG-061) plants which have a high
relfability characterization, the STP design has o comparably high reltability
because the turbine pump train has no AL dependency in order to functior.
However, since no crecit fs taken for the steam turbine driven pump to serve
other than SG-D (due to absence of control room activated crossover capatility
onc the recuisite manual actustion of the stop check 1solation valves in the
other trains), the South Texas AFwS 15 rated s)ightly lower than some of the
highest rated other Westinrhouse NSSS plants as reported 1n NUREG-06)) (refer

10p 4, ). As noted earlfer, 1t 1s possible to manually nitiate
crossover from outside the control room 1f the need should ever arise. The
turbine driven pump 15 qualified for operation in the environment resulting
from & loss of MWVAL,

10A.4.1.4 Qualitative Comparison with Other Designs

loA W s 8 reproductior of the relfadility characteristic chart
presented in NUREG-0611 for AFNS ¢¢signs in plants using the Westinghouse
NSSS. An added row presents the results of & quelitative evaluation of South
Texas AFNS relfability. The figure shows the relative relfability ranking of
South Texas AFNS for each of the three cases studied and compares these
results to those obtained by the NRC. This gualitative evaluation 15 includec
to complement the results of the quantitative analysis.

10A.4.2 Quantitative Fvaluation

The quantitative characterization of the South Texas AFWS relfability fs
Geveloped using the methods and data providec in NUREG-06)). The syster's
conditional unavatlability 15 quantified for th-ee inftiating events: LW,
LWFN/LOOF ano LMFW/LOAC, Syster unavailability 1s associated with hardware
fatlure, human error, and test and maintenance downtime.

10A.4.2.)7 Quartitative Results

o
The results of the guantitative evaluation are presented in Table 104.L,
Iablo—&Oﬁ-G—#doa&4£40s-zhc_iaaisidual_znnzrisu$4out—ol-oa'cwtvv~ft44vﬁc;4hﬂﬂ'
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oreor, and test and maintensnce—tothe APWS gnavettat: ity for 4hree
1MWW“JW1 navatlabiiity for

the LMW and LW W/L0O0P events 15 approximate) ﬁ-’:‘d per 3 @aE-6 oA
demand, respectively. Even for the LM W/L0AL event, where all AL power 15 3 €S

Tost and the syster 1s totally dependent on the stear turbine driven pump to

1y water to the sgear generators, the system ynavailability of 1S
45 o»ro"xl!ml x 10°¢ per gemang . These results gemonstrate that
the South Texas AFNS desfon 15 relfadle when compared with other designs ang
the USNRC acceptance criteria of 10°° to 10-4 per demand for the LMFw
transient (Ref. 5) perticuteriy when one considers thet the South Texes AFwC
nriysis - exciudes one trein from considerstion,

10A.4.2.2 Failure Modes

There are many possible combinations of randor hardware fallures, componert
unavailadbilities due to test or maintenance, and hyman error which can result
in the unavatlability of the AFWS. Since each syster component (e.g., pump,
valve) generally has o different failure rate, there are certain combinations
of fatlure modes that contribute significantly more to the tota)
vravailability of the AFWS than others. These are the most significant
fotlure modes. Unavailability per demand of each of the possible combinations
of fatlyre modes 15 computed o i
penersted by the computer cooe * . Once the unavailabilities associates  wWol Ul
with each minimal cut set have beer computed, their percentage contributior to
:::a11::u3 unavailability can be determined, end significant failure modes

ntified.

W e NT

The AFRS relfability evaluation uses the computer code PTRP Lo generate
pinima) cut-sets based on Boolear expressions for-the rendorherdwere fetiure,
testant - meintenence, end -humen error faulitl trees shown in Section 104.3.2.
;n general, Mghcr-or::r Cut;u:s contribute less to the top event than @o

r order cut-sets the fatlure rates of the basic events are similar,

four | iﬁ%_fan separate pump trains, the aggregate of order cut-sets hurth

(representing varfous comtinations of pump and valve fallures affecting
different trains) contribute sfgnificantly to the fatlure of the entire AFul,
Kigher order cut-sets (e.g., foulEh.order) TnvoTve Other Basic events with 444,
such smaller fallure rates, and their agoregate contribution to tota)l AFS
wnavailability 1s numerically sma)l,

The following sections present o summary of faillure modes associated with the
LMW, LMW w/LOOF, anc LW W/LOAC fatlure scenarios.

10A.4.2.2.) Loss of Main Feedwater (Case 1)

—
MN};H scenario (Case 1), the *FTAP* code prodeces T Tirst.order

cut-set, rder cut-sets gnd 10 Ahird-order cut-sets for the hardwire (o (010
fatlure fault tree shown-enfigures 104-€ through 10A-10, The *FTAP* rur for

the test ang-matitenance fault tree shown on Figyre 104-1) results n no

firstetrder cut-set and 34 third-order cut-sets. The human ermgr fault trees

4754c/018)¢c 17
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fgure 10A-12) produce no first or second-order cut-sets, and 23 thirg.order
ts, From Table 10A-6, 1t can be seen that the haroware faflure cut-sets

ste) contributes about 25 percent to tota) AFWS ypavailability;

t-sets about 51 .orcont ond test and mpintenance cut-sets about

could be character s 8 trye ¢°ﬂinlng contributor., The single first.orcer
ailure fault tree represents un.v.1l|b1lity of the
ximately 3.6 x 10°F per gemanc). To
vailability (here ano 1n the following two
re-related fatlure. Thirg-order cut-sets
sent various combinations of failures
Because faltlure rates assignec
rice) values of the 10
ngle contributor
Human error 1s the largest contrlbutOr to wnavailability

AFNST which 1s numerically
simplify the discussion, AFwS
sections) will be treate

in different AFk tra
ves are numerically similar,

Cose 1 (LWw).
10A.4.2.2.2 Loss of Main Feeowater Coincident with Loss of Offsite Power

(Lase i)

the LMW n/LO0OF scenario (Case 11), the *FTAP* code produces ) first-ord//
et, 0 second-order cut-sets, and 14 thirg-order cut-sets for the harowere
"fauit tree showr on Figures 10A-6 through 10A-10. The oreater number
re fatlure cut-sets for Case 1] versus Case 1 15 attribyrtdle to
combinaty of pump anc valve failures in aodition to fallure the diese)
zoncrator tostart (diese! generator operation 1s recuirec fof Case ]] but not

se 1). Fror™the test and maintenance and human error fa- 't trees (Figures
10A-1) and 12), o~ combined tota) of O first-order cut-sets, O seconc-order
cut-sets, anc 65 thiwmg-order cut-sets are generatec by *FTAP*, (onsidering
the asogrecate contribuleon of haroware faltlure, 2€5t and maintenance, anc
human error to tota) AFN avallability for Lase 11, hardware failure
cut-sets contributes 40 percieql to the to unavailability, test anc
saintenance contridbutes about ; On¢ human error contributes 45
percent (refsr to Table 104-6). r Case 1, no cut-sets belonging to the
test and maintenance group are contributors. In the cotegory of
haroware fallure, varfous ¢ fatlures of one diese] generator
offecting one train and va! 11ng & second and thirg train are
responsible for 66 perc of the tota) wnaviilability attributable to
hardware-relatec fallures. For the human error sontribution to tota) AFNS
wnavailability, A error affecting one tratn, phus fatlure of one diese!
penerator disab)Ahg a second train, and & valve fall disabling o thirg
tratin repres 35 percent of the tota) humar error corteibution to AFKS
wnavailabi \\\\\

quantitative analysis of Case 11, 1t 15 concluded tho?\iglluro of

generators to start, hardware fatlures associated with walveg In the
gischarge 1ines, and human error are the most fmportant factors ng

WS wnavatilability,

fallures ais

4754c/018¢ 16
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10A.4.2.2.1 Loss of Main Feedwater (Case 1I)

For the LMFW scenario (Case I), the AFWS unavailability was
calculated as 3.2E-06/d. The dominant contributors to system
unavailability are fourth-order cutsets in which motor-driven pumps
B and C fail due to hardware faults, Train A pump is unavailable due
to maintenance, and a motor-operated valve in Train D fails. Other
contributors include combinations of 2 pump failure (either Train B
or C), a motor-operated valve failure in Train D, a motor-operated
valve failure in Train B or C (the opposite train in which the pump
failure occurred) and the Train A pump unavailable due to
maintenance.

Each fourth order cutset described above has a cutset probability of
approximately 4E-08 and contributes approximately 1.3% to the system
unavailability. Because each individual cutset has a probability
close to the other cutsets, no single cutset contributor is
dominant.

However, when the basic events are examined, approximately 95
percent of the failures of the system can be attributed to the Train
A pump's unavailability due to maintenance in combination with other
failures. (This result is expected based on the restrictions
applied in the analysis.) Cther dominant basic events are the
fallure to start and run of motor-driven pumps in Trains B and C
(30.1%) and the motor operated valves (failing to open) in the
discharge lines of Trains B and C (25.3%). (These basic events are
present in cutsets that contribute 30.1 percent and 25.3 percent
respectively to the total system unavailability.)

One first order cutset was determined for the LMFW event (failure of
the AFST). However, the failure probability is 3.6E-08 and its
contribution to system unavailability ie approximately one percent.
Thus, the conclusion can be drawn from this analysis that the South
Texas AFWS is highly reliable in the even® of a loss of main
feedwater.
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10A.4.2.2.2 Loss of Main Feedwater Coincident with a Loss of Offsite
Power

For the LMFW/LOOP scenario (Case II) (unavailability equal to
3.6E-05/d), most of the failure combinations involve pump or valve
hardware failures coupled with failure of the diesel generators
(diesel generator operation is required during a loss of offsite
power). The top six cutsets contributing to AFWS unavailability are
combinations of two diesel generators failing (for Trains B and C)
with a valve failure in Train D and the Train A pump unavailable due
to maintenance. The top four cutsets have a probability of 1.66E-06
and contribute approximately 4.6 percent to the total system
unavailability. The remaining two cutsets have probabilities of
1.19E-06 and 1.17E-06 ana contribute approximately four percent to
the unavailability. Other failure combinations determined in the
evaluation include failure of three diesel generators coupled with a
failure in the steam turbine driven pump Train D.

When the basic events involved in these failures are examined, the
dominant contributors are the diesel generators (72.3 percent)
followed by Train A motor driven pump unavailable due to maintenance
(59.8%) and the motor operated valves in Train D (17.3 percent
each). These basic events are coupled with other failures in cutsets
that contribute that percentage to the system unavailability.

From this analysis, it can be concluded that the failure of the
diesel generators and not an actual AFWS failure is the most
important factor affecting AFWS availability following a loss of
main feedwater coincident with a loss of offsite power.
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AUXILIARY FEEDWATER SYSTEM RELIABILITY EVALUATIOM

AFWS wnavailability for the LMFw/LOAC scenario (Case 111)'1s attributable to
any hardware-related failure, test or maintenance unavailability, or human
error that could disable Train D, since this 1s the only AFW train which can

operate independently of AL power. The percentage conwgz__;ofu%ﬁh_;o__

total AFNS unavailability for Case 111 15 as followsW : Ihsert I3
harguare-related failyre,—52-percent;—testend mintenpnce,—H-—percent; ang
humen—error, 34 pareent,

10A.4.2.3 Conclusions

The quantitative evaluation of auxiliary feedvater system relfability
concludes the system relfability 1s high and in sccordance with the guidelires
contained in Stancard Review Plan 10.4.9, Rev. 2. The qualitative evaluatior
8150 shows the sysiem relfability to compare favorably with that of other
plants described In NUREG 0611, With the exception of the 1oss of the AFNST
son extremely low probability event), no single point vulneradbilities were
dentified in the syster. Furthermore, no second order cut-sets were
fdentified anc¢ no AC dependencies were found in Train D,
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10A.4.2.2.3 Loss of Main Feedwater Coincident with a Loss of All AC
Power

Train D motor-operated valve failure (62%), operator errcr in
failing to reset the trip and throttle valves or failing to close a
manual valve after test (22%) and the unavailability of the turbine
driven pump due to maintenance (11%).
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MD3 = Governor v./m/ + XMSO514 + MSO1E3
SE = ASE x MSE
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SC = ASC x NSC N

SD = ASAx M5D

Figure 10A-4,
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Table 1042
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Component Basfc Event Faflure Probabilities®

Check valve. Fallure to open.
AF0122, AFD120, AFD121, AF 0119
AFOO11, AFOO5B, AFO0S1 AFco 2

Automatic actuation signal,
ASA, ASE, ASC

Manua) backup sign
(Conditiona prﬂblbil‘ty
91ven sutomatic signal
fails)
MSB, MSC, MSD

Flow element plugging.
FE?526, FE?524, FE?523 ,F& 7535
(This fn11ur¢ rutc wes toten from
WASH-1400 for pluggine of the fiow
orifice Tadble 11] 4.1),

Gate valve. Plugeing contribution,
AFOD14, AFDO12, AFDD2&, AFDOS3,
AFO061, AFOOS5S, AFOO53, AFDOSS,
AFQ080, Aroo7a AFOO?J. AFDOSE
AF i, A 1»0 AFO031 | AFOOG

Air operated valve (crossover valves)

FV7515, Fv7516, FV7518,

se 1: (Control room operation)

. chanical components

Operator failure "
(Manue) ::ciup signal)

Loca) cw%roi/‘t&d
Tots \\\‘\\x,
Case 11: ocal Manua) Operation)
vggina contribution

Local) manual actustion
Tota)

-~

Solencid valve fallure
Fv0143
Mechanical components
P109?1n9 contribution
Local control circuit
Tots)

% Dats Source, NUREG-D61) except #s noted,
** The median value presented here was calculated from the mean value

and the variance contained in Reference 6.
10A.2

4759:/0181¢

vaping contribution o

1 x 10-40(0)

7 x 03¢
1 x 10°2/¢

3 x 1040

1 x 1040

//
v

X ;g“/d
x 10-4¢
x 10°2/¢0 dalote.

x 10-3/¢

3
1
)
.
1.6¢ x 10-%/¢

10-4/0

. 1 x
2.3 x 10°2/g%* (Ref. 6)

2.35 = 10+2/0

1 x 10"3¢

1 x 10°%/¢ (wasw-1400)
6 x 103/

7.1 x 0°%/¢
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Table 10A-Z (Continuec) |

Comporient Basic Event Faflure Probabilities

Motor-operated valve, fatlure to open.
AFO01S, AFDD65, AFOOBS, M50143,AF004T
Fv7523, Fv2524, FV7526, Fv7sas

Mechanical components 1 x 10370
Plugging contribution 1 x 1044
Control circuit (local) 6 x w’/g
Total 7.1 x W07
Motor-driven pump. ‘
WPAD2, MPAD3, MPAD|
Mechanica) components 1 x 10°3/0
Contro) circuit (local) 7 x 10-3/0
Tota) 8 x 10-3/0
Turbine-driven pump.
MADS
Mechanica) Components 1 x 1030
Overspeec Trip:
Solenoid Valve Failure 7.0 x 10°3¢
(See Iter 7)
Orifice Plugged 3x \o-‘/g
Tota) 8.4 x 10°79/¢
Motor-operated valve.

XMS@514 Plugaing contribution. 1 x 1040
Auriliary feedwater storace tank (unavail- 3.6 x 10-8/¢
ability per demand estimated from that given
for condensate storage tank in WASH 1400)

Diese) oenerator, Y
D613 & 4 Sxieid
0612 4.8 x 1020
el PRI

The hardware faflure rate of diesel-generators (4 x \O'zlcen\nc) 1s
taken from Ref. 3. Total diese) generator 12 vhavatlability s the sur
of unavailabilities due to hargware 'liluPC’ test, anc ns1ntcnonco; f.e.,

tot,l unavailability = 4 x 10°€ « 1.9 x 10°7 « 6.4 x 10°9 « 4.8 x
\3 10°€ (Refer to Table 104-3),
M. Governor Valve
Plugging Contribution 1 x 1040
blg * and

104-3

4759¢/0181¢
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Unavailability of Components Due to Testing or Maintenance
Mrs/ Test/ Mrs/
Component  Test Yr Maint, Otest(a) Omaint(b)
Sm———— §
Pump GCO 1.4 4 19 6.39 x 1040(c) .8 x 103/
Yalve 7 . 2.0 x 10+3/¢
Diese) 1.4 12 21 1.9 x 10-3/¢ 6.4 x 10°3/¢
Generator
d ¢d)
Pump A [.4 4 33 6. 3907t/ | 03€-1/
‘.’ Ot.;t - [s.. NUREG-DE1Y, Table !ll'?]
() Omaint. = (O.??)(Ohrs/m01;;;nonce activity) [See NUREG-061), Table 111.2)

(¢) d = demanc

(d) S€e G)\Planahmw in <pcheny 10A 2.4.1.3

104-4
4759¢/0181¢c



Table 104.8

gongosite Event Uhlv011|bilit! ‘E!r oomond)///

ercomponent

Hardware:
L9
Mol
ME2
M2
mo2
mo3
Se

S

7/
Wuman Errors BVLC

cv.C
bviC

4759¢/0181¢

Prodbab 111ty of Faltlure
84 x 10-3

4 ///.o‘ x ‘0.3 L
/
8.8 x 10°3
1.47 x 10°3
1.47 x 103 &MQ

1.47 x 10°3
7.3 x 103
x 10-5

104-5
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AFWS Ouelitative Relfabilfty Characterization Traits

Low-Relfability Pecium-Relfability
Manual system 8. Auto actuation with ..
sctuation manual backup
Two-pump system b. System with more than b.
two pumps
Single-point c. Single-point c.
vulnerabilities vulnerabilities
present may be present
TYechnica) d. Technicea) Specifica- d.
Specifications tions permit
permit unlimited unlimited outace
outaae time for time
syster maintenarce,
tests, etc.
V04-€

4759c/0181¢

High-Reliability

Auto actuation with
®anual backup

System with more
than two pumps anc
reducec Al gepengence

No single-point
vulnerabilities
present

Technica)
Specifications
do not allow
wnlimited outace
time
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Table 10&-!
AFWS Unavailability (per Demand)
LM LMFi/L00P
Worgware Fallure 66-x30-6 5wt
Numan frrer— .33 x o=t 5 oan g | $)at-
Fest-and-Naintensnce €28 1070 5 83 y14pb
Tota) R IS o 3:96x36-°
3 A3E-L 357€e-5
104.7
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INSERT 13 TABLE 10A-5

TABLE 10A-5
FAULT TREE COMPONENT IDENTIFICATION CODES

Nine or ten character codes identify component failures in the fault
trees. The format of component failures in the fault trees is

STCCCXXXXF where:
* S is the system identification code.

* T is the identification of the train to which the component
belongs.

* CCC is the component type identification code.

* XXXX is the number designating the single component in the
P&IDs.

* F is the specific component failure.

The following lists the codes used in this evaluation.

SYSTEM
I Auxiliary Feedwater

TRAIN
Motor driven pump train A
Motor driven pump train B
Motor driven pump train C
Turbine driven pump train D

COMPONENT

Auxiliary feedwater storage tank

Flow element

Motor driven pump

Turbine driven pump

Check valve

Motor operated valve

Manual valve

Diesel generator
ESFAUTO Automatic ESF signal
ESFMAN Manual ESF backup signal
GV Governor valve

FAILURE MODE
Plugging
Operator error
Maintenance
Test
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FOOTNOTES
(N MED S IDENTICA L YO AC EXCEPT THAT MB' VB AND THE WEMEDIATELY CONNECTING “AND“ AND DR’ GATES ARE REMOVED

(2) WOC I IDENTICAL YO AD EXCEPT THAT M8 VB AND THE WMEDIATELY CONNECTING "AND™ AXD "D GATES ARE REMOVED

(3 WO IS IDENTICAL TO AB EXCEPT THAT MB' AND TKE WMEDIATELY CONNECTING “AND" GATES ARE RENMOVED

&) WBD IS IDENTICAL YO AB EXCEPT THAT 01 VE AND THE WMMEDATELY CONNECTING “AND AND "DR” GATES ARE REMOVED

5) DB IS IDENTICAL TO AD EXCEPT THAT WCT VE AND THE MENEDIATELY CONNECTING “AND AND “DF BATES ARE REMODVED

16 WC S IDERTICAL TO AC EXCEPT THAT MCY AND THE ISMEDIATELY CONNECTING “AND” GATES ARE REMOVED

7) MBC S IDENTICAL TO AB EXCEPT THAT MDY WD) VD ARD THE IMEDIATELY CONNECTING “AND AND “DR” GAYVES ARE REMOVID

8) MEB 15 IDENTICAL TO AL EXCEPT THAT MD1 WD) VO AND THE IMEDIATELY COWNECTING “AND™ AND “OR" GATES ARE AEMOVED

) WD IS IDENTICAL YO AD EXCEPT THAT MO WD) AND THE SIMEDIATELY CONNECTING “AND AND “OR" GATES ARE REMOVED
ENTE ARAC AND AD AR (OWN ON FIGURES 1047 1044 AND 10A 9 THE CONTINUATION OF YI!? TREES WHICH SNOW

CowrON
COMPONENTE MET VB MC1 WC WD MDJ AND VO ARESHOwN On FIGURE 10A 10 THE SIGNAL FAILURE TEAMS ARE NEGLIGID. !
AND ARE NOT INCLUDED IN THE QUANTITATIVE ANAL YIS
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