
F '

The Light
COE f Ifouston Lighting & Power 110. Box 1700 llouston, Texas 77001 (713) 228-9211

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

Mr. Vincent S. Noonan, Project Director
PdR 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 Washington on March 6,1986.
These revised 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) F93-1328.

Ver uly yours,

M. R.'Wisenburg
Manager, Nuclear Licensir
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TABt.1f.1-1
*

REACTOR DESTCN COMPARTSON TAB 1.E ,

i
*

!
' W. B. McCuire South Texas Projec't

THEUlf.f. AND HYDRAU1.fC DESICH PARAHETERS Ui41TS 1 & 2 IINITS 1 & 2

i

| 1. ReactorCoreHeatOutput.MWg 3.411 3.800
2. Reactor Core Heat Output. 10 ETU/hr 11.641 12.969 _

3. Heeted Cenerated in Fuel. I 97.4 97.4
4. System Pressure. Nominal, pela 2.250 2.250
5. System Pressure. Minimum Steady State, pela 2.220 2.220
6. Minimum Depari;ure f rom Nucleate Boiling Ratio

for Design Transients >1.30 >1.30 |18
| 7. DNB Corraintion "R" (W-3 with "R" (W-3 with

Nodified Spacer Modified Spacer'

Factor) Factor)
4

fERKIM0 ff< Tots To PAfvfWY PAfg
|

7. I N.se les y Es/4e/ A.'se/4t%arlhefar,f|, j, $$ , gg
\

Shate (C4tyenf Ces tue feek t. %e)
Zz h;a/ Pewer

s) at M. cons / Fair Pewev- ope ya f;e,, ,, y g / 5s
.

f, gr~

Cendifiens 7, S S
<D af coerfewer

.

!

C00t. ANT Ft.0W W /f/.ST |44 h
_N!;

. 140.3
Total Thermal Flow Rate. 10 lb,/hr 6

lb /hr 134.0 W f 35, o | lis 378.
| Effective Flow Rate for Hent Trannfer, 10 $3,3 $g,g
I 9. Ef fective Flow Area for licat Transfer, f t o

16.7 16.7
18 $210.

Average Velocity Along Fugl Rode, ft/sec 9,442,44 ,

2.62
12. Average Mase Velocity. 10 lb,/hr-ft' D11.

=

I
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TABLE 4.1-1 (Continued)
.

'

REACTOR DESTCN COMPARISON TABLE

i
*

, .

W. M. McCutre South Texas Protect
THERMAL AND NTDRAtfLTC DESICN PARAMETERS trNTTS I & 2 UNITS 1 & 2

COOLANT TEMPERATURE *F + -

13. Nominal Inlet $58.1 560.Jr
14 .' Average Rise in Veneet 60.2 y d(,2 18;

! 15. Average Rise in Core 62.7 em,0 s7, f

i 16. Average in Core (Based on average enthal y) 592.1 546,6.Spl(, 6 | 44F

| . 17. Average in vessel 588.2 3.0 | gg
. .

,
'

HEAT TRANSFER
:

! 18. Active Heat Transfer. Serface Area, ft' 59.700 69.700 e,

* 19. Average Heat Flux. Sto/hr-ft' 189.800 181.200 4| ,

| ';- 20. Maximus Nest Flux for Normal Operation. Stu/hr-ft' 440.300 453.100
g* 21. Average Linear Power, kW/ft 5.44 5.20

22. Fenk Linear Power for Normal Operation, kW/ft 12.6 13.0
4 ,

23. Feak Linear Power Resulting free Overpower Transiental .
+

Operator Errora (annoming a maximum overpower of g 10.0 "II
118%). kW/ft 18.0

fb6 II
.

24. Heat Flux Not Channel Factor. F 2.32 2.50
25. FeakFuelCentralTemperatureakPeakLinearPower

'

for Prevention of Centerline Melt. *F 4.700 4.700,
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1aa s 2.2-1 '

socion 1Rrr smal mmunntar10N 1 RIP SmODft5

e Total Somer -

j j Rauctional thit Allesmee (TA) 2 Drift (5) 1 Yip Seepoint A11mable vehse
i

| = 1. Mme=1 Reactor tvip m m m m m
: o

] y 2. Ptmer Rege, semenn Plue. 7.5 4.56 0 Stort of Rtraa s itt.1% d strya*

n, ,

s. High setpoint
.

b. tar 4:..;. 8.3 4.56 0 6 252 d MITa* 6 27.2 d RIFa*.

3. Pturr margy. Iemeron Flest, t.6 0.5 0 GR d Itrya* with a tims 56.2 W Itryne ,gth a time

High Pbnitive Rete e nstant 2 2 seendo c astant E 2 seconds

'

4. Fewr Resp. Ismtron Fhar. 1.6 0.5 0 6 51 d Itlyes with a tem 66.2 of ItIFa* with a time
High McRetive Rete constant A 2 seconds constant t 2 seconds 3

I *W
*

5. Intmediate ange, 17.0 8.4 0 525% of Itiram n 30.9 of RIyee .,
"

lesutron Flus s'

6. Source Rege. lesmeron Fha 17.0 10.0 0 $10' cys 61.4m1[cys i

6.8 4.44 2.380.7 See note i See note 2g 7. Omtamperatame{
4-

y 8!. Oserpomer T 5.5 1.4 0.2 See sete 3 See snee 4

9. Ptumeuriser Pressee - tar 3.1 0.71 1.5 P.1870 pets 2182.3ymig -a u)
- $ %>

k '

62380 pois $2391.7 pets rn,1_g
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| g Marttemm1 thit Allemenee (11) _Z Drtft (S) Wip Se ,.,0.4 A11mehle Value

"

| *

e 12. Rometor Coolat h 2.5 2.1 0.6 E 90t of loop desty a 99.6 of loop defy
1

3 riawn flowa flewa -

O

2 13. Stems cervator meer 15.0 12.18 1.5 2 3R of nursew nues m31.3E of nerver rurque
invel - IW instnesnt span instnamt gen

*
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.
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E f6
POWER DIST1t18UT10N LIMITS,,

.

BASES

EEAT FLUX MOT CHANNEL FACTOR, SCS FLOW RATE AND NUCLEAR ENTRALFY RISE EDT

Q ANNEL FACTOR (Continued)

c. The control rod insertion limits of Specification: 3.1.3.5 and
3.1.3.6 are maintained; and

d. The axial power distribution, empressed in terms of AXIAL TLUX
DIFFERENCE is maintained within the limits.

will be maintained within its limite provided conditions a through 4
above re maintained. The e ination of the RCs flow requirement (309600
spa) and the requirement en guarantes hat the DNBR used in the safety
analysis will be met. The re ation of , as a function of TEDMAL POWER ,

allove changes in the radial power shape r all permissible rod insertion
limits.

The F requirement of 1.52 includge a 21 uncertainty in design and a 41
certainT,y on the asasured value of F"In.Therefore, the measured value of

should be increased by 41 before g compared with the required value of

217/ The. flow requirement 389600 gym already includes a measurement uncertainty
of N I. Therefore no adjustment of the measured flow-value is necessary
before comparing against the flow requirement > C r,a/Id

en tat fenete't maw * *
*

Fuel rod bowing rfuces the value of the DNB ratio. is avai ble to!
offset this reduction..... .._ r' 1.. - - The South Texas Project generic
margins, totaling 3.31 DNBR. coupletely offset any rod how penalties. This
margin includes the following:

[de ONi 1. Design limit DNBR of I.30 vs 1.28.
2. Grid Spacing Es of 0.059 vs 0.066.
3. Thermal diffusion coefficient vs 0.061. ,g g,

The applicable values of rod bow penalties are explained in FEAR Section

M 4. + .1.1. Se
When an F, measurement is taken, an allowance for both experimental error

and manufactuYing tolerance suet be made. An allowance of' 31 is appropriate
for a full-core map taken with the incere detector fluz mapping system. and a-
31 allowance is appropriate for manufacturing tolerance.

The 12-hour periodic surveillance of indicated RCS flow is sufficient to
detect only flow degradation which could lead to op ration outside the accept-
able region of operation shown in ";r-- ? " 5 f ec.ific die n 3. 2. 3

South Texas Project B 3/4 2-3 July 1985

*k.*
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*

Question 410.18N

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

(a) A review of the AW system design against Standard Review Plan Section
10.4.9, and Branch Technical Position ASB 10-1.

.

(b) A review of the AW system design, Technical Specificatie.a and operating
procedures against the generic short-term and long-tarts requirements
discussed in the March 10, 1980 letter..

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

Response

(a) Tables Q410.18N-1 and Q410.10N-2 summarise 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. _

Coldberg). A ::r'_er :;; 'r:: t'e ' technical Specificationsf.ic --- r r ; te |
n 1. .....,__. 2 .m. _ _ _ - - - _ _ . . . .m --- .>____,... .m. .. __ ..

L.. .k. s_....k ......-- _s_,k. -_m-

,

(c) A -- ;rn : r'11 he ;- r'orf in the '=rth x :::: ;f 1" 5 .

The respense is provided in FSAR Section 7A ite. II.E.1.1

w+ -| Jfor the AF.iS have been prepared and wi-11 Lt crevided by-the
end-of-the-fourth quarter-of 198h y ,

\chw iT - tk- A L - (W 1 b A bm d , 6 b (. .

.

.

Vol. 3 Q&R 10.4-9N Amendment 51

. - . - __ _ _ - - _ - - - . - _ . _ .
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Table 410.18N 1
*

Standard Review Plan, Section 10.4.9

Acceptance Related STP Reference' -

fran Criteria to Position FEAR Section
,

1. II.2 CDC 2 Conforms 10.4.9.2 & 10.4.9.3
,

2. 11.2 CDC 4 Conforms 3.5, Table 3.5-1, 3.6
& 10.4.9.2

3. II.3 CDC 5 Conforms 10.4.9.2(1)

4. 11.4 CDC 19 Conforms 7.4.1, 7.4.1.1 & 10.4.9

5. 21.5 (a) CDC 34 & 44 Conforms 10.4.9.1

II.5 (b) CDC 34 & 44 Conforms 10.4.9.1, 10.4.9.2,
10.4.9.3 & Table 10.4-3

11.5 (c) CDC 34 & 44 Conforms 10.4.9.2 (paraSraph 7 & 11),
6.2.4, 10.4.9.3 and Appendix
10A (later).

6. II.6 CDC 45 Conforms 6.6

7. II.7 CDC 46 Conforms 10.4.9.4, 14.2 & STP Tech

{{} Specs (later)

.-

.

.'

*Note:
,

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

Vol.'3 Q&R 10.4-10N Amendment 51

- _ . _ - _ - - _ _ _ _ .
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STP FSAR 1

*

Table 410.18N-2

Branch Technical Position ASB 10-14

.

ASB 10-1 Related STP Reference
fram Fosition to Position FEAR Eactions

1. 3.1 Independency Conformsg} 10.4.9.2
& Diversity

2. B.2 Diverse & . Conforms 10.4.9.2, 7.4.1.1,
Separate Motive Table 10.1-1
Power

3. B.3 Train Separation Meetstg 10.4.9.2, Fig.
& Crossconnect intent. g 10.4.9.-1,

10.4.9.1.4, 10.4.9.3

4. B.4 Redundancy Conforms 10.4.9.1.4,
10.4.9.3

5. B.5 AW Flow Following Conforms 10.4.9.1.4
HEI.B

.

O

o & a L q; s * @A-a-, -M r?. f.

Am e n . :%.) f ffs
.LM .

-

.

Nott

p #i The STF AW system with its four independent trains is designed to
function (provide the required AW owt) 110 wing a postulated piping
failure with or without off site r aM lable considering, at the same
, fine, any single failure.

**"b *
Additionally the AW trains er provided with a cross-connect for use f
durin This allows one , two, GT"

g%g nomaafety-actuated AW system operation.operating pumps to feed all four SCs. In addition, thec. \
aross-connect valvas are provided with manual, actuators vhich would allow

*

any operable AW pump to be aligned with anyfeffective 80 during an
entreme accident and failure combination. , ,

'hotrdhopededh

Vol. 3 Q&R 10.4-11N Amendment 51

.. .-. - , _ _ - . . - - _ _ . - _ - _ _ _ . . . _.- - ._ _- . _ . _ _ _ . _ _ _ . - - . - . . . ._
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.

II.E.1.1 AUXILIARY FEEDWATER SYSTEM EVALUATION

Position
.

The Office of Nuclear Reactor Regulation is requiring reevaluation of the
auxiliary feedwater (AFW) systems for all PWR operating plant licensees and
operating license applications. 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 system
failure under various loss-of-main-feedwater-transient conditions.
Particular emphasis is given to determining 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 ASB 10-1 as principal guidance; and

'

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

Clarification

Operating Plant Licenses--Items 1 and 2 above have been comp 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 I and 2, letters were issued to these plants that
required the implementation of certain short- and long-term AFW system upgraderequirements. Included in these letters was a request for additional informa-
tion regarding item 3 above. The staff is now in the process of evaluatingi licensees' responses and commitments to these letters. *

! The remaining B&W operating plants (Oconee 1-3, Crystal River 3, ANO-1, andl

Davis-Besse 1) have submitted the analysis described in item 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-ters AFW system upgrade requirements based on
item 1 above. Included in these letters will be a request for additional
information regarding items 2 and 3 above.

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

,

STP Response

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

> -
- _ _ . _ _ _ _ . . - . - _ - .-.._ . - ____ - - _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ __-
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.

4. Identify the plant transient and accident conditions considered in
*

establishing AFWS flow requirements, including the following events:

1) Loss of Main Feedwater (LMFW)
2) LMFW w/ loss of offsite AC power

3) LMFW w/ loss of onsite and offsite AC power -

4) Plant cooldown
5) Turbine trip with and without bypasss

6) Main steam isolation valve closure -

7) Main feedline break
8) Main steamline break
g) Small break LOCA

10) Other transient or accident conditions not listed above.

'

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

1) Maximum RCS pressure (PORY or safety valve actuation)
.2) Fuel temperature or damage limits (CNB, PCT, maximum fuel central

temperature)

3) RCS cooling rate limit to avoid excessive coolant shrinkage
4) Minimum steam generator level to assure sufficient steam generator

heat transfer surf ace to remove decay heat and/er cool down the
primary system. *

'

Resoonse to 1.a

:

The Auxiliary Feedwater System serves as a backup system for supplying
feedwater to the secondary side of the steam generators at times when the
feedwater system is not available, thereby maintaining the heat sink '

capabilities of the steam generator. As an Engineered safeguards system, the
Auxiliary Feedwater System is directly relied upon to prevent core damage

,

-
.

,

,

!
'

|

g3180:10/121085

i
'

- _ _ - - . . - _ _ . _ _ . _ _ _ . _ - - . , . . . - - - _ . _ . ~ _. _ . - _ _ _ _ _ _ . _ _ _ . _ . . _ - - . . _ _ _ _ _ _ _ _
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| and system overpressuritation 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 a reactor trip, decay heat is dissipated by evaporating water in the
steam generators and venting the generated steam either to the condensers
through the steam dump or to the atmosphere through the steam generator safety

valves or the power-operated relief valves. Steam generator water , inventory i

aust be maintained at a level sufficient to ensure adequate heat transfer and
continuation of the decay heat removal process. The water level is 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 periods, 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 Residual
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 a LOCA. In 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.

>

CESIGN CONDITIONS

i

| 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 (i.e., loss of main feedwater without offsite-

,

; power available)

.

.

1

i

93180:10/121085

.

- - - _ - , - , - - - , , , - - - - - - - - . - - - - - - - - - - - , , , - , , - - - - - - - - - - - ~ - - - - - - - - - - - - - -
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QLAMpgSecondary System Pipe Ruptures. -

j
' Feedlico rupture-

Steam 11ne rupture-

.

.

Loss of all AC power-

Loss of Coolant Accident (LOCA)-

.

Cooldown '-

Loss of Main Feedwater Transients
.

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

Interruptions of the Main Feedwater System flow due to a malfunction in-

the feedwater or condensate system

Loss of of fsite 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.
;O

Loss of main feedwater transients are characterized by a reduction in steam,

i generator water levels which results in a reactor trip, a turbine trip, and
auxiliary 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 is transferred and dischamed in the -

:

! form of steam either through the steam dump valves to the condenser or through
i the steam generator safety or power-operated relief valves to the atmosphere.

The reactor coolant temperature increases as the residual heat in excess of
that dissipated through the steam generators is absorbed. With increased
temperature, the volume of reactor coolant expands and begins filling the
pressurizer. Without the addition of sufficient auxiliary feedwater, further
expansion vill result in water being discharged through the pressurirar safety
and/or relief valves. If the temperature rise and the resulting volumetric

:

) g3180:10/121085
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expension of the primary coolant are permitted to continue, then (1)-

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 in bulk boiling in the Reactor Coolant
System and eventually in core uncovering, loss of natural circulation, and
tore damage. If such a situation were ever to occur, the Emergency Core
Cooling syste' would be inef factual because the primary coolant systems

pressure exceeds the shutoff head of the safety injection pumps, the nitrogen
ever-pressure in the accumulator tanks, and the design pressure of the

; Residual Heat Removal Loop. Hence, the timely introduction of sufficient
I auxiliary feedwater is necessary to arrest the decrease in the steam generator |

water levels, to reverse the rise in reactor coolant 14mperature, to prevent |
the pressurizer from filling to a water solid condition, and eventually to !
establish stable hot standby conditions. Subsequently, a decision may be made
to proceed with plant cocidown if the problem cannot be satisfactorily
corrected.

The LOOP transient differs from a simple loss of main feedwater in that
, emergency power sources must be relied upon to operate vital equipment. The

loss of power to the electric driven condenser circulating water pumps results

{ in a loss of condenser vacuum and condenser dump valves. Hence, steam formed

j by decay heat is relieved through the steam generator safety valves or the
power-operated relief valves. The calculated transient is similar for both

'

the loss of main feedwater and the LOOP , except that reactor coolant pump
heat input is not a consideration in the LOOP transient following loss of
power to the reactor coolant pump bus,

i

|

! Secondarv Svstem Pine tuntures -

?

|
| The feedwater line rupture accident not only results in the loss of feedwater
i

flow to the steam generators but also results in the complete blowdown of onei

steam generator within a short time if the rupture should occur downstream of

the last nonreturn valve in the main or auxiliary feedwater piping to an
; individual steam generator. Another significant result of a feedline rupture

.

.

|-

93180:10/121085

1

- - - - _ _ - - - _ _ _ _ _ . _ - _ - _ - _ _ _ - , . _ _ _ _ _ _ - - _ , _ _ _ _ _ _ - _ - _ . . - _ - - _ _ _ _ _ _ _ _ - - _ _ _ . _ _



- __ -- _ -. _ . _ __ _-. _

Nt'AUC~ihl
PAGE /6 OF, P f

any be the spilling cf auxiliary feedwater to the faulted steaa generator.,

With a ' typical" headered AFS arrangement, such situations can result in the
injection of a disproportionately large fraction of the total 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
spill through a break and ensures that sufficient flow will be delivered to
tne remaining effective steam generators. The concerns are similar for the
main feedwater line rupture as those explained for the loss of main feedwater
transients. .

Main steam 11ne rupture accide t conditions are characterized initially by
plant cooldown and, for breaks inside containment, by increasing containment
pressure and temperature. Aux liary feedwater is not needed during the early
phase of the transient but f1 to the faulted loop will contribute to an

, excessive release of mass and e ergy to containment. Thus, steamline rupture
conditions establish the upper on auxiliary feedwater flow delivered to a
faulted loop. Eventually, however, the Reactor Coolant System will heat upb again and auxiliary feedwater flow will be raquired to be delivered to the
nonfaulted loops, but at somewh&t lower rates than for the Icss 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 ficw to the remaining unfaulted loops.

,

; Loss of All AC Power

Although the AFS must be designed to cope with a complete loss of ac power,i

i.e., the loss of both of f site and onsite ac power sources, this event is not
>

coesidered to be a design basis event for overall plant design by current
industry standards and government regulations.

.

.

!,
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The South Texas AFS prcvided three motor-driven pumps and ene turbine-driven,

. pump. Each pump is 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 is designed with diversity in pump motive
power sources and essential instrumentation and control power sources. The !

AFS is 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.

'

Loss-of-Coolant Accident (LOCA)

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 small LOCA is 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 liquid volume. The principal contribution from

*

the Auxiliary Feedwater System following such small LOCAs is basically the.

same as the system's function during hot shutdown or fc11owing 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

j removing decay heat and establishes the capability for providing a buoyancy
.

head for natural circulation. The auxiliary feedwater system may be utilized
to assist in a system cooldown and depressurization following a small LOCA
while bringing the reactor to a safe shutdown condition.

.

i ,.

Cooldown
,

'

The cooldown function performed by the Auxiliary Feedwater System is s partial
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
is the maximum temperature recomended for placing the Residual Heat Removal
System (RHRS) into service. The RHR system completes the cooldown to cold,

f shutdown conditions.
| .

.

|
i

|
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Cooldown may be required following expected transients, following an accident
such as a main feedline break, or during a normal cooldown prior to refueling
or performing reactor plant maintenance. If the reactor is tripped following-

j

extended operation at rated power level, the AFWS is capable of delivering
sufficient AFW to remove decay heat and reactor coolant pump (RCP) heat
following reactor trip while maintaining the steam generator (SG) water
level. Following transients or accidents, the r:, commended cooldown rate is
consistent with expected needs and at the same time does not imp'ose additional
requirements ori the capacities of the auxiliary feedwater pumps, considering a
single failure. The Auxiliary Feedwater System is provided with a seismic
Category I Auxiliary Feedwater Storage tank which is sized with sufficient
capacity for 4 hours of standby, followed by a 10 hour natural circulation
cooldown, with an additonal 8 hour soak period.

i

'

O

.

.

.

.

.

.

.
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,. Resoonse to 1.b PAGE /9 OF /f8

Table II.E.1.1-1 Summarizes the criteria which are the general design bases
.

for each event, discussed in the response to Question 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

'

410.1SN.)

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 system overpressurization. Other
plant protection systems are designed to meet short-term or pre-trip fuel
failure criteria. The effects of excessive coolant shrinkage are evaluated by
the analysis of the rupture of a main steam pipe transient. The maximum flow
requirements determined by other bases are incorporated into this analysis,
resulting in no additional flow requirements.

-
.

O
|

i

|

|

| -

1
-

,

,

.

i

| '

1

i

|
|
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{yjfffggouestion 2
.

Describe the analyses and assumptions and corresponding technical
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. |
-

|
c. Plant parameter (s) which initiates AFWS flow and time delay between '

,

initiating event and actuation of AFWS flow.

d. Minimum steam generator water level when initiating event occurs.

e. Initial steam generator water inventory and depletion rate before and
af ter AFWS f ?ow connences - identify 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.-

O Minimum numeer of steam generators that must receive ArW fiow e.g., i outg.

of 27 2 out 47
:

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

1. Maximum AFW inlet temperature.
,

! .

| j. Following a postulated steam or feed line break, time delay assumed to
isolate break and direct AFW flow to intact steam generator (s). AFW pump

flow capacity allowance to ac,ccanodate the time delay and maintain minimum
steam generatcr water level. Also identify credit taken for primary
system heat removal due to blowdown.

. .

|

93180:10/121085t
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k. Volume and maximum temperature of water in main feed lines between steam *

generator (s) and AFWS connection to main fced line..

1. Operating condition of steam generator normal blowdown following
*

initiating event,

s. 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.

ATTACHMENT
ST HL AE 1631
PAGE d2| OF fif
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|

|
-
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"

Analyses have been performed for the limiting transients which define the AFWS.

performance requirements. These analyses have been provided for review in the;

FSAR. Specifically, they include:

Loss of Nain Feedwater/ Loss of Offsite Power (LOOP)-

Rupture of a Main Feedwater Pipe -
-

Rupture of a 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 All AC Power is evaluated via a
temparison to the transient results of a LOOP , assuming an available
auxiliary 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 is not performed'

for the purpose of specifying AFWS flow requirements. Each of the analyses
listed above are explained in further detail in the following sections of this,

response.

O
'

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 difference between

'

the two events is that, for the LOOP case, power to the Reactor -

Coolant Pumps is assumed to be lost following reactor trip. The acceptance
criteria for these ANS Condition 11 events, as listed in Table II.E.1.1-1,*are
all met. The following assumptions, concerning the AFWS, have been made.
51sts seconds following generation of the ow steam generator water level
signal, auxiliary feedwater is initiated. auxiliary feedwater pumpi kare.
assumed to provide auxiliary feedwater t sje a generator 4" - -"" ' L

# f''" Z ;p. It takes approximately@Tseco[dstoeliminatethe90cubicfoott

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

| the steam generator. Table II.E.1. -2,suunarizes the assumptions used in
i these analyses. In addition, FSAR ction 15.2.7 provides more detail
; concerning the Loss of Maln Feedwate */ LOOP analysis.

33180:10/121085
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Runture of a Main Feedwater pine {*yl g

'

The Main Feedwater Pipe Rupture event was ans.lyzed for the South Texas Units
and is 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 listed in Table II.C.1.1-1, are all met. The following
assumptions.,concerning the AFWS..have been made. Sixty seconds following
generation of the low-low steam generator water level signal, auxiliary

{
feedwater is initiated. One auxiliary feedwater pump is assumed to provide '

i

auxiliary feedwater to one nonfaulted steam generator at a rate of 540 gpm.
| It takes approximately@ seconds to eliminate the 100 cubic foot purge volume

before the relatively to d auxiliary feedwater C@PF) reaches the steam
generator. Table II.E.1 1-2 sulunarizes the assump ions used in this
analysis. In addition F R Section 15.2.8 provid more detail concerning
the Main Feedwater Pipe Ru ture analysis.

bk t Ito
Ruoture of a Main Steam Pine Inside Containment

. Because the steamline break transient is a cooldown, the AFWS is not needed to
* remove heat in the short term. Furthermore, addition of excessive auxiliary
feedwater to the faulted steam generator will affact the peak containment

b pressure following a steamline break inside containment. This transient is
performed at four power levels for several break sizes. Auxiliary feedwater
is assumed to be initiated at the time of the break, independent of system
actuation signals. The maximum flow is used for this analysis. Table
II.E.1.1-2 sunnarizes the assumptions used in this analysis. At 30 minutes
af ter the break, it is assumed that the operator has isolated the AFWS from -
the faulted steam generator which subsequently blows down to ambien't
pressure. The criteria stated in Table II.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 ba' sis for runout protection, if needed, and establishes layout
requirements so that the flow requirements may be met considering the worst
single failure.

e

93180:10/121085
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Plant Cooldown PAGE M OF 198,

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 i

cooldown, i.e., 350'F in the RCS. Tabla II.E.1.1-2 shows the assulaptions used
to determine the cooldown heat capacity of the Auxiliary Feedwater System.

.

The cooldown is 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 metal and secondary
system water are all included in the stored heat to be removed by the AFWS.
Set Table II.E.1.1-3 for the items constituting the sensible heat stored in
the NSSS.

i

This operation is analyzed to establish minimum tank size requirements for.

auxiliary feedwater fluid source which are normally aligned.

O
i

i
.

,
I

i

.

-

.

.

.

I
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nuestion 3 PAGE A5 OF I #8,

Verify that the AFW pumps in your plant will supply the necessary flow to the "

steam generator (s) as determined by items 1 and 2 above considering a single
*

failure. Identify the asrgin in sizing the pump flow to allow for pun.p
recirculation flow, seal leakage and pump wear.

.

Resnonse to 3
.

The South Texas Auxiliary Feedwater System flow design capabilities,
considering various single failures, are documented in the Failure Mode '

Analysis for the AFW System provided in Table 10.4-3 of the South Texas FSAR.

The South Texas AFW pump sizing is based on delivering the required flow at
the lowest steam generator safety relief valve set pressure plus accumulation
(1339 psta). The required flow does not include a continuous recirculation

j flow because of the system use of Automatic Recirculati 'c Control (ARC) valves
which provide 100% forward flow when the flowrate is above the puso minimum
flow requirements. Likewise, the seai leakage is not considered in the pump,

etsign flow since the pumps are provided with mechanical seals. The AFW pump
desi n wear margin is based on head rather than flow, and when converted to
flow this wear margin is approximately 45,

.

.-

.

i

.

r

.

.

.

i

4

'
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j TASLE II.E.1.1-1
;

.

I
,

j
CRITERIA FOR ASRILIARY FEttMATER SYSTEM DESIGN 8A515 CONDITIONS:

)

| Conditten .

1 or Additional Design
j Transient Classification * Criteria Criteria
i

| Loss of Main Feedwater Condition !! Peak RCS pressure not to Pressurizer does not fill
i exceed design pressure +105
{ No consequential fuel failures

Loss of Offsite Power Condition II (same as LMFW) Pressurizer does hot fill
,

Feedline Rupture Condition IV 10CFR100 dose limits Core does not uncoveri

Containment design pressure
not exceeded (LCOP

} Loss of all A/C Power * N/A Note 1 Same as assumi'
Containment design pressure urbine driven pump A
not exceeded '%,

|Loss of Coolant Conditlen 111 10 CFR 100 dose limits M'
10 CFR 100 PCT limits U.

Condition IV 10 CFR 100 dose limits
'

10 CFR 100 PCT limits

Cooldown N/A
'

100*F/hr
567'F to 350'F

* ANSI N10.2 (This information provided for those transients performed in the FSAR.)
- ,

j Note 1: Although this transient establishes the basis for AFW pump and instrumeetatten/ controls powered h< by a diverse power source, this is not evaluated relative to typical criteria since multiple mhgfailures must be assumed to postulate this transient. g
OE

-
,

i
' %

! ;

{ s31so:le/1210es
I

.

I
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i TABLE II.E.1.1-2

|
'

'

SUNRARY OF ASSUMPTIONS USED IN AFWS DESIGN VERIFICATION ANALYSES

'
Loss of Feedwater/ Main Steamline Break-

.

Transient stet 4es>44eehoot-1CCP Cooldown Main Feedline treak (Containment)

! a. Max NSSS power 1025 of nominal rating 4100 MWt 1025 of nominal rating 0, 30, 70, 1005
| (1025 of 3817 NWt) (1025 of 3817 NWt) (percent of 3817 NWt)
,

j b. Time delay from X sec 2 sec ItQsec variable
Fwgp gg|

event to Rx trip ,7 g L.

| c. AFWS actuation sig- low ow G 1evel/ N/A low-low SG 1evel/ Assumed inmediately
! nal/ time delay for 1 minute 1 minute 9 0 sec (no delay)

AFWS flow
6%

d. SG water level at (low-low SG 1evel) N/A (low-low SG 1evel) N/A
time of reactor trip .PM51.NR span M M NR span

.
.

L63 Ild[6f
e. Initial SG inventory M Wi400 lbs/SG 98,100 lbm/SG Broken Loop - %003974 1he consistent with power

147g63r at $56.3*F Intact loop - Ibn

Rate of change before See FSAR Figure 15.2-10 N/A See Figure II.E.1.1-1 N/A
& after AFWS actuation -

Decay heat ANS-5.1-1979 + 2e N/A ANS-5.1-1979 + 2e ANS + 205

M |H a q toss) h
f. AFW puso design 1339 psia 1339 psia 1339 psia N/A

N
suiz :

g. Minimum # of SGS )( of 4 N/A 1 of 4 N/A
$ ~*? '

-

''hwhich must receive -

ZAFW flow
.

REE
.

y
- T

:
i

.
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TABLE II.E.1.1-2 (Continued)

.

SUISIARY OF ASSUMPTIONS USED-IN AFWS DESIGN VERIFICATION ANALYSES
'

Loss of Feedwater/ Main Steam 11ne Break
,

| Transted $*=+ian a1* %e*3 trcP Cooldown Main Feedline Break (Containment)

h. RC pump status * Tripped at reactor Tripped * Tripped 9 reactor All operatingtrip (2 second delay) trip (2 second delay)

1. T.aximum AFW 13DE(** 120*F Same temperature as
temperature lh p [ main feedwater at

|
j initial operating

power
!

j. Operator action None N/A None Aux. feed flow
terminated after*

30 minutes
,

3 3k. MFW purge volume / 390 ft /440*F 30 ft /440*F 100 ft /440'F 450 ft / loop (for
S/G and teinperature dryout time),

1. Normal blowdown none assumed none assumed none assumed none assumedj

! m. Sensible heat see cooldown Table II.E.1.1-3 see cooldown
. N/A

; n. Time at standby / time 2 hr/10 hrs * 2 hr/5 hrs 2 hr/5 hrs N/A
to cooldown to RHR gg

I o. AFW flowrate gpm*** variable 540 gpm * 1210 gpm (constant)
constant constant to broken SG

muts,

$Nwith offsite power not available*;

120*F is maximum temperature rish**
,

*** system design is 550 gpm per train g
kz

. W'

1
-

C

,
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TABLE 11.E.1.1-3 PAGE. - OF /88

SUMMARY OF SENSISLE HEAT SOURCES
.

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

RCS fluid-

.

Pressurizer fluid (liquid and vapor)-

,

Primary Metal Sources (initially at rated power temperature)

Reactor coolant piping, pumps and reactor vessel-

Pressurizer-

Steam generator tube metal and tube sheet-

Steam generator metal below tube sheet-

Reactor vessel internals-

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

{ Steam generator fluid (liquid and vapor)-

Main feedwater p.irge fluid between steam generator and AFWS piping-

Secondary Metal Sources (initially at rated power temperature)
i

All steam generator metal above tube sheet, excluding tubes-

.

l

.

!
.

,

.

.

I

i
>

.

:
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0

Figure II.E.1.1-1 Fer111ne Break
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STP FSAR

:

2. Average Reactor Coolant 1 4*F allowance for controllerSystem temperature a en n ar ,

3. Pressuriser pressure + 30 pounds per square inch allowance_

for steady state fluctuations and

l4* 7:"; 7 M : L seuiA.M)Initial values for core power, average RCS temperature and pressuriser 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 sumarises the initial conditions and computer codes usedj in the accident analyses.

15.0.3.3 Power Distribution. The transient response of the reactor
system is dependent on the initial power distribution. The nuclear design of
the reactor core minimises adverse power distribution through the placement of
control rods anj operating restrictions. Power distribution may be character-
1:ed by the radial factor (FA and the total peaking factor (Y The peak-ingfactorlimitswillbegiveN)intheTechnicalSpecifications.9).

| 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 Pa isuincluded in the core limits illustrated on Figure 15.0-1. All transienEs that
may be DNB limited are assumed to begin with a F Ou consistent with the ini-~

tial power level defined in the Technical SpecificMtions.
. "
! 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 overpower limited are assumed Io
begin with plant conditions including power distributions which are consistent
with reactor operation as defined in the Technical Specifications.

i

| For overpower transients which are slow with respect to the fuel rod thermal
time constant, the fuel rod thermal evaluations are performed as discussed in
Section 4.4. Examples are the CVCS malfunction that results in a decrease in

i the boron concentration in the reactor coolant inventory which lasts many
minutes, and the excessive increase in secondary stess flow incident which may
reach equilibrium without causing a reactor trip. For overpower transients
which are fast with respect to the fuel rod thermal time constant, a detailed

'

fuel heat transfer calculation must be performed. F.mamples are the uncon-
trolled RCCA bank withdrawal from suberitical or low power startup and RCCA4

| ejection incidents which result in a large power rise over a few seconds.
Although the fuel rod thermal time constant is a function of system condi-
tions, f uel burnup and rod power, a typical value at beginning-of-life for

j high power rods is approximately five seconds.

h*

,

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 (MWt)
See Table 15.0-2

Core inlet temperature ('F)
560.0

Vessel average temperature (*F)
593.0 |18

Reactor Coolant Syster pressure (psia)
2250

Reactor coolant flow pet loop (gym)
94,100

|18

Steam flow from NSSS (Ib/hr)
16,960,000 |18

Steam pressure at steam generator outlet (psia)
1100

Maximum steam moisture content (2)
0.25

Assumed feedwater temperature at steam generator inlet ('F) 440

Average core heat flux (8tu/hr-f t2)
181200

.

l

i

.

:

* Steady state errors discussed in Section 15.0.3 are added to these values
to obtain initial conditions for transient analyses.

'

4A f/w o-( 95,400 a wao M An W N
-
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Re ence 15.2-4 presents additional results of analysis for a conplete s
of he sink including loss of main feedwater. This analysis shows th over-
pressur rotection that is afforded by the pressurizer and steam ge stor
safety va s.

15.2.3.3 diological Consequences. There are only minim radiological
consequences ass ated with this event, therefore, this even is not
limiting. The rad ogical consequences resulting from atmo heric steam dump
are less severe than e steam line break 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 t plant design is such tha a turbine trip without
a direct or immediate reacto trip presents no haza to the integrity of the
RCS or the main steam system. essure relieving evices incorporated in the
two systems are adequate to limi he maximum p saures to within the design
limits.

The DNBR remains above 1.30 for all ca .alyzed; thus, the DNB design basis 18

as described in Section 4.4 is met. Th ove analysis demonstrates the abil-
ity of the NSSS to safely withstand a 11 ad rejection.

15.2.4 Inadvertent closure of M n Steam Iso tion Valves

The inadvertent closure of mai steam isolation va s would cause a turbine
trip and other consequences described in Section 2.5 below.

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

Loss of condenser va e is one of the events that can cause turbine trip.
Turbine trip initi ng events are described in Section 10.2. loss of con- 43denser vacuum we preclude the use of turbine bypass to the con nser; how-
ever, since tu'.ine bypass is assumed not to be available in the tu ine trip
analysis, no dditional adverse effects would result if the turbine t were
caused by ss of condenser vacuum. Therefore, the analysis results an con-
clusion .ontained in Section 15.2.3 apply to loss of condenser vacuum.
addit .n, analyses for the other possible er.uses of a turbine trip, as lis 4
in etion 10.2, are covered by Section 15.2.3. Possible overfrequency |43

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 Identification of Causes and Accident Description. A complete
loss of nonemergency ac power may result in the loss of all power to the plant

'

auxiliaries, i.e., the reactor coolant pumps, condensate pumps, etc. The loss
of power nay be caused by a complete loss of the offsite grid accompanied by a
turbine generntor trip at the plant or by a loss of the onsite ac distribution
system.

This transient is more severe than the turbine trip event analyzed in Section
15.2.3 because for this case, the decrease in heat terroval by the secondary ys psysten is accotpanied by a flow coastdown which further reduces the capaefty
of the primary coolant to renove heat from the core. The reacter will trip

15.2-7 .W ..N n t ;
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due toX (1) turbine trip; ( reaching one of the trip setpoints in the

primary and secondary systems a g)a result of the flow coastdown and decreasein secondary heat removal; or (3 ___ 2: loss of power to the control rod
drive mechanisms (CRD as a result of the loss of power to the plant.

Following a loss of ac power with turbine and reactor trips, the sequence
describedbelowwilloccur).
1. Plant vital instruments are wppif ed from emergency de power sources.

2. As the stea;n system pressure rises following the trip, the stean genera-
tor power-operated relief valves may be automatically opened to the
atmosphere. Thecondenserisassumednottobeavaila(leforturbine
bypass. If the steam relief through the power-operated 4. relief valves 43 y
is not available, the steam generator safety valves may lift to dissipate
the sensible heat of the fuel and coolant plus the residual 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 power-operated
relief valves are not available) are used to dissipate the residual decay
heat and to maintain the plant at the hot standby condition. f3

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

Three motor-driven and one turbine-driven auxiliary feedwater trains deliver k >( |water to their respective steam generators on any of the following: |

43 '

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

2. Safety injection s1Fnal .

hM h4 M* D3. Manual actuation

The motor-driven a_uxilia y feedw er cumps are supplied power by the Diesel
generators. TheQErbine-auxf11arvTorivDicedwater purp utilizes steam from h3the secondary system. Both types 71%nos are destgned to start within one
minute of the actuating signal. The 6rbine-aux 111eryfdrive9feedwater pump
exhausts the secondary steam to the atnosphere. The auxiliary feedwater pumps
take suction froe the auxiliary feedwater storage tank for delisery to the 43
stean generators,

l'pon the loss of power to the reactor coolant pumps, coolant ' flow necessary
for core cooling cnd the removal of residual heat is maintained by natural
circulation in the reactor coolant loops.

A loss of nonemergency ac power event, as, described above,1*. a more liniting
esent than the turbine-trip-initiated decrease in cecondary heat renoval
witheut loss of ac power, which was analyzed in Section 15.2.3. However, a
loss of ac power to the plant auxiliaries as postulated above also rer.ults in g"a loss of nornal feedwater since the feedvater booster pumps lose their power
supply. A loss of normal feedwater caused by a loss of ac power is the nost

.
.

15.2-S a:. ,,n: ;, 3
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liniting Condition II event in the decrease in secondary heat removal catego-
r and is analyzed in Section 15.2.7. Therefore, detailed analytical results M -

for a loss of ac power transient will not be presented here. The results of
the analysis in Section 15.2.7 are applicable to the loss of ac power event.

7o11owing 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 frem the core, aided by auxiliary feedvater in the secondary systen. An
analysis is presented to show that the natural circulation flov in the RCS
following a loss of ac power event is sufficient to remove residual heat from
the core.

A block diagram summarizing various protection sequences for safety actions 2
i required to mitigate the consequences of this event is provided in Figure Q2}}15.0-11. .6

The plant systems and equipment available to mitigatt the consequences of a
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 Analysis
-

c zAdetailedanalysisusingtheLOFTRAN/ ode (Reference 15.2-3)isperformedto
obtain the natural circulation flow following a loss of offsite power. The | 43simulation describes the plant thernal 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:

1. The plant is initially operating at 102 percent of the nominal NSSS
designratingj A

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

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

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

; S -- m , e... nr, run .e -9--r---- 2: ;1; n ,,,::;-- -i m
m.., L ; g r:r-t'-- ret:: r ; r: > e- -!! !t - ; _ ; _;.d ;, . . ;; :: t '! h M ,;

[ .}.2 {.. . ; r_1 :fr::!::f:- fir _ t' n;t A m,.. 2. mm J.J .i, . ;! ;-
...: ..-

Results

The transient response of the RCS following a loss of ac power is Icss severe
than for the 1ons of normal feedwater event analyzed in Section 15.2. and
the resulen are not reproduced here. *

,

15.2-9 kn ' , ; .
.
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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), i.e. , <: ore damage due to rapidly
increasing core temperatures is prevented by promptly tripping the reactor.
After the reactor trip, stored and residual decay heat must be removed to
prevent damage to either the RCS or the core.

f.. . 1 s.u ol.uvo ^1m .= . f x::i n ;f x id..! .._:::: 1. y . . u u Mg...

m inuie i ." 1. The 1,0M-6 ...u h. .'.._ 2 9 *b utural efren1=*':- f!:u
-

# ---'1 6 1: i: ..!! abo, ;; p;;.id; ;f:;r-t- - r: '---" ' :t ----"-! foliv- N;;
P ----t : 0 ;f p ...J . ..uu. so.1 x: p..,p ;n;;f n.. .

15.2.6.3 Radiological Consequences. A loss of nonessential 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 /1 ' / 1.oss of Normal Feedwater Flow 7

1. 7.1 Identification of Causes and Accident Description. A los o
norn al fee ater (f rom pump f ailures, valve malf unctions, or loss of of it ;

powe -) resul in a reduction in capability of the secondary system reme ce
the 1 eat gener d in the reactor core. If an alternative supply o feedwa ter
were not supplie the plant, core residusi heat following rea r trip
would heat the prim system water to the point where water r e f f rom the
press arizer would occu resulting in a substantial loss of ter from the
RCS. Since the plant is ipped well before the steam ge ator heat trans for
capat 111ty is reduced, the mary system variables nev apptoach a DNB co ,-'

ditic n.

Thet.frstpostulatedlossofnorma cedvater av c is one initiated by a 1 ,ss

of ol iafte power as described in Sec n 15.2 This is due to the decrea red.

capab: lity of the reactor coolant to re v esidual core heat as a result sf
the re actor coolant purp coastdown.

As sta ted in Section 15.2.6.1, the lowing o ur upon loss of ac power:

1. 1 1 ant vital instruments e supplied from ess ial de power sources.

2. ,s the steam syst pressure rises folloviry the t , the steam genere -
4

or power-oper d relief valves are automatically o med to the atmos-
>here. Tur ..e bypass to the condenser is assumed not be available. g3
[f the s n flow through the power-operated relief valve is not avail -

sble, ue stenn rencrator safety valves may lift to dissipa the sensJ -

al acat of the fuel and coolant plus the residual decay heat reduced in

.e reactor.j
\As the no-loaitemperaturc is appic.A b l. - - '*-=- eencrator

^-

'

power-operated rc3fef vcives (or the safety valves, if the power-creso d

|
: : . .'- 10 .\ end ert 4}
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The fi few seconds of the transient will closely resemble the .plete loss |43of flow in nt (see Section 15.3.2), i.e., core damage due apidlyincreasing co mperatures is prevented by promptly tri the reactor.After the reactor stored and residual decay heat. t be removed toprevent damage to eit the RCS or the core.

Natural circulation flow as nction of re al reactor power is presented
in Table 15.2-2. The LorTRAN re s show at the natural circulation flowavailable is sufficient to provido - e core decay heat removal following
reactor trip and reactor coolant pu edown.

15.2.6.3 Padfological C equences. A = of nonessential ac power to
plant auxiliaries would r t in a turbine and r tor trip and loss of con-
denser vacuum. He t r al from the secondary syst vould occur through the
steam generator pov perated relief valvea or safety '"es. Since no fuel 43damage is postui to occur from this transient, the rad ical conse-quences are 1 severe than the steam line break accident.

15 .4 Conclusions. Analysis of the natural circulation capa ty of.

the _ has demonstrated that sufficient heat removal capability exists i
1 .ng reactor coolant pump coastdown to prevent fuel or clad damage.

%J15.2.7 Loss of Normal Feedvater Flow

15.2.7.1 Identification of Causes and Accident Description. A loss of
normal feedwater (from pump f ailures, valve malfunctions, or loss of offsite
power) results in a reduction in capability of the secondary system to remove
the heat generated in the reactor core. If an alternative supply of feedvater
were not supplied to the plant, core residual heat following reactor trip
would heat the primary system water to the point where water relief from the
pressurizer would occur, resulting in a substantial loss of water from the
RCS. Since the plant is tripped well before the steam generator heat transfer
capability is reduced, the primary system variables never approac'. . DNB con-
dition.

The verst 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 decreased
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 follo. ring occur upon loss of ac power:

1. Plant vital instruments nre supplied from essential de power sources.

2. As the steam systen pressure rises follovirr the trip, the stean genera-
tor power-operated relief valves are automatically opened to the atmos-
phere. Turbine bypass to the condenser is assumed not to be available.

33If the stean flow through the powe.r-operated relief valv== is not avail-
able, the stonn renerator safety valves may lift to dissipate the senst-
ble heat of the fuel and coolant plus the residual decay hent produced in
the reactor.

3. As the no-load temperature is approached. the recan generator
pr.,er-operated relief valves (or the r,afety valves,. if the power-operated

13,?-Je A en! .cnt 4 3
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| relief valves are not available) are used to dissipate the residual decay,) heat and to maintain the plant at the hot standby condition.
43

4. The standby diesel generators, started on loss of voltage on the plant
emergency buses, begin to supply plant vital leads.

A loss of normal feedwater is classified as an ANS Condition 11 ovent. fault,

6f moderate frequency. See' Section 15.0.1 for a discussion of Condition II'

i events.

1

Reactor trip on low-low water level in any steam generator provides protection
for es of normal feedvater.

The AFWS is started automatically as discussed in Section 15.2.6.1. The
steam-driven auxiliary feedwater pump utilises steam from the secondary system

i and exhausts to the atmosphere. The actor 4 riven anziliary feedwater pumps
! are supplied power from the standby diesel generators. The pumps take suction

directly from the auxiliary feedvater storage tank for delivery to the steam 4: |
'

generators.

! .Upon loss of power to the reactor coolant pumps, coolant flow necessary for*
core cooling and removal of residual heat is maintained by natural circulation,

in the reactor coolant loops. The analysis presented in Section 15.2.6 demon-
strates the natural circulation capability of the RCS.

1 g ekob Q h DS pWb&Y |O
A loss of normal feedwaterg -_ H by : E n c' -''= ha ; m is the most lim- f p
iting Condition II event in the decrease in see ry heat removal category.

; -Sherefore, *a full analysis of the system transien a presented below to show
| that followi'ng a loss of normal feedwater, the AFW system is capable of

removing the stored and residual heat thus prevent ng ither overpressurisa-
| tion of the RCS or loss of water from the reactor core, nd returning the
'

plant to a safe condition.

15.2.7.2 Analysis of Effects'and Conseeuences.!

: .
'

Method of Analysis
, C.

| A detailed analysis using the 1.0FIRAN tode (Reference 15.2.3) is performed in
order to obtain the plant transient following a loss of normal feedwater. The
simulation describes the plant thermal kineties. RCS including natural cireu-
1stion, pressuriser, steam generator and feedwater system. The digital pro-
gram computes pertinent variables includina the steam generator water level. |4*pressuriser water level, and reactor coolant everage temperature.

,

Assumptions made in the analysis are: *

'
.

i 1. The plant is initially operating at 102 percent of the moninal NSSS
pg design rating.

,

t 1
A conservative core residual heat generation is based upon long-term.

operation at the initial power level preceding the trip.

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

I.

|

15.2-11 Amendment 43
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4. Re:ctsr trip oesure en etcan 3:nsrctor low-low watcr 10vol. We credas as f

taken for famediate release of the control rod drive mechanisms caused by,

a loss of offsite power. j g- g-

The worst single failure in the AFW occurs (:_ 1112 7 f::'- t::

e 4 w ' p -- ;_' % , 4' u. - ,

= = = > .
eau. wJw 49g W. Auxiliaryof edwater is de, livered by eus auxiliary fee 4, to euo steam

-
% % - .m _mc; ;' --- ; ' _ Lr ( L ' L .~ _.

generatorf. .S - & h Ae c _ q e___

*

7 'A-r -% _ .f b. /-

q g . Secondary system steam relief is achieved through the steam generator
safety valves. 4,1

p . The initial reactor coolant svarage temperature is F lower than the
nominal value since this assumption results in a greater expansion of the
RCS water during the transient sad, thus, in a higher water level in the

at the time of maximum insurge. tad. L,l M prde)Ur fddddMpressuriser,ly A 34Pkbe4h
The loss of normal feedwater analysis is performed to demonstrate the adequacy
of the RTS and R$y (e.g., the AFW) in removing long-tern decay heat and
preventing excessive 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 system and to maximise the possibility of
water relief from the coolant system by maximizing the coolant systes expan- 43

sion, as noted in the assumptions listed above.

One such assuurption is the loss of offsite power. This assumption results in
coolant flow decay down to natural circulation conditions and a corresponding
reduction in the steam generator heat transfer coefficient. Following a loss
of offsite power, the first few seconds of a loss of normal feedwater 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 to nt fisw.. ,,, j. f ug

J -
- - -

,43
_.._

|wouldremainatitsnormalvalud.:-eiincident,thereactorcoolantflow
If offsite power were not los

and the reactor would trip via the low-low
steam menerator water level trips The DNBR never falls below the value at the 43

' start of the transient. O : ::::=: :::12 ^ ,_ ,. m - -... 11; c..';; f :-
^

-

'_^ ^ 1 - -- :"__
-

' y -__-- ff N i---- !:r - r'-- : _ n _^__ 1: ;^M (M
-

; :- -M --
-

p

An additional assumption made f the loss of so 1 feedwater evaluation is
that the pressuriser power-oper ted relief valves,are assumed to fonetton
normally. Operation of the - ... :'sintains peak RCS pressure e+-ee*below the

throughout the transient.
actuation setpoint (4He psia)i 4 ek evenw.w % w.19%'tfoo

If these valves were assumed not to function, the coolant system pressure
during the transient would rise to the actuation point of the pressuriser
safety valves C 00 pf- T The increased RCS pressure, however, results in
less expansion of the coolant and, hence, more margin to the point where water
relief from the pressuriser would occur. plant characceristics and initial
conditions are further discussed in section 15.0.3.

15.2-12 Amendment 43
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A blsek di: gree summarising various prstcetion s:quences for safety actions.

.

required to mitigate the consequences of this event is provided in Figure {15.0-12.;

. .

Plant systems and equipment which are available to mitigate the effects of a'

loss of normal feedwater accident are discussed in section 15.0.8 and listedin Table 15.0-6. Normal reactor control systems are not required to function.
Prersuriser power-operated relief valves are assumed to function in order to
provide a more limiting transient, as described above. The tr$ ta required to
f

" N: unction following a loss of normal feedwater as analysed here. The AFW eys-ea is required to deliver a minimum anziliary feedwater floGate. In the
3iiScars after automatic actuation of the AFW system, feedwater addition is
annually controlled to maintain proper steam generator water level. No single

-

*

active failure will prevent operation of any system required to function. A
: discussion of ATWI considerations is presented in Reference 15.2-2.

I'*"I'*
,g, g.g A % 6k8Fl*9D.

Figures O. qand 15.2-10 show the significant plant parameters following a
j loss of normal feedvater.
l .

*
| . Following the reactor and turbine trip from full load, the water level in the

steam generators will fall due to the reduction of the steam generator void
fraction and because steam flow through the safety valves continues to dissi-

! pate the stored and generated heat. Within one minute fell ng the low-lov'

water level signal, at least auxiliary feedwater trai delivering 43
( flow automatica11 reducing /the te of water level decrease.
! J M JU
| The capacity of uxiliary feedvater pumpf is such that t?.e water level in
j the steam generato being fed does not recede below the Irwest level at which
'

sufficient heat transfer area is available to dissipate core residual heat
j without water relief from the RCS relief or safety valves. Fr= Figure 7
1 -1L 2 " - '*15.2-10;it can be seen that at so time is the tubeeheet uncovered

inthesteamgeneratorQ:.eceivingauxiliaryfeedwaterflow.am'^t:0 :: = L^-
M au ..... . 1:.: p a . . . 1. . . .' [gge

h g h The calculated sequence of events for this accident is listed in Table 15.2-1.
q h 1 As shown on Figures".L f.nd 15.2-10 the plant approaches a stabilised

condition following reactor trip and auxiliary feedwater initiation. Plant
[ '''** D j procedures may be followed to further cool down the plant.

15.2.7.3 Radiolonical Consequences. The steam release and resulting
radiological consequences from this transient would be the same as that for
the loss of offsite power, and, similarly radiological consequences resulting
from this transient are less severe than the steam line break accident
*

15.2.7.4 Conclusione. Results of the analysis show that a loss si nor-
mal feedwater does not adversely affect the sere, the RCS, or the sieam syster.
since the auxiliary feedwater capacity is such that reactor asolant water isy not to teved from the ressuriser relief or safety valves, sad the water level
y team generato receiving auxiliary feedwater is maintained above the

4 tubesheet . The radio ical consequences of this event are not limiting.

Jh A4
|

.
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TABLY 'Ir-2-1 (Co't 'd)
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TIMF SEQUENCE OF EVENTS FOR INCIDENTS WHICH CAUSE A DECREASE
IN BEAT REMOVAL SY TWE SECONDARY SYSTEM

Accident Event Time (seeL

Rods begin to 6.4
rop .

Min DNBR (1)
occurs

1stion of 8.0 18
steam relasse
from steam sen-
erator safety
valves

* Peak pressuriser
pressure occurs

Loss of Normal Main feedwater |0.0 4M)
Feedwater Flow flow stops

M
Low-low steam gen- $3.1

. .

' 02 a - 43
erster water level
trip

M
Rods begin to N1 M
drop'

| L l. L M
Reactor coolant M, .

@ N = d = (23
' pumps begin to

w E- r=^ ''~==
. . . . n. . , _ _ . ,. ... . .. .-

____,.--_ium . .

-- : : - r - .=-.y1_ . .

..r u r-v -- -.___ _ __ ___

.- 111. . y ^.....i=r

W*

teco-

Core decay heat =e e z,,4 0 o
decreases to
auxiliary feedwater
heat removal capacity

-

TWO GAWI f|0#y 0 *b

% 2.y ski &sk-pA
hah >%

~
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TABI.E 15.2-1 (C-t'd)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WRICR CAUSE A DECREASE
_IN MEAT 3EMOVAL SY THE SECONDARY SYSTD1

Accident Event Time (see)

% %
'

u. w madpg Peak water sowoF- 2;;'.0 *
in pressuriser }| goccurs

"^ _ _ 2, . . ; , _ 2_ _ _ ^ ,

1. W Offsite Power Main feedline rupture 1 .

Avai le occurs

Low-lov steam generator water 27 4

level reactor trip set-
point reached in affected.

steam generator

Rods begin to drop 29

iliary feedwater is 87
de red to intact ste
gener rs

Low steam pres e 652 32
setpoint rea d

Q211.*affected steam erator

All main ste 660 43
isolation va es close.

Pressuris power-operated 788 | 43
relief v ve setpoint |
reache *

Ste generator safety 60
va e setpoint reached

intact steam generator
ceiving sumiliary feedwater

Pressuriser water relief 2544
,

begins

/

15.2-23 Amendment 43
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TABLE 15.2-2 -

TURAL CIRCUIATIO

Natural Circulation
Power (percent) Flow (percent)

4.0 .45
3.5 6.

5.86.

2.5 5.53
2.0 5.15

h ) p 'x T 6 f L 1 7. L - L

.

.

15.2-25 Amendment 43
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15.2.3 Feedwater' Systen Fire Break

'
''

15.2.3.1 Identification of Causes and Accident Descristion. A major
feedwater line rupture le defined es a break in a feedwater line large enough
to prevent the addition of sufficient feedwater to the steam generators to
maintain ohell-side fluid inventory in the steen generators. If the break is
postulated in a feedwater line between the theek valve and the steam genera-
ter, fluid free the steam generator may ateo be discharged through the break.
(A break upstream of the feedwater line theek valve would affect the 5555 only
as a toes of feedwater. This case is severed by the evaluation in Beetion
@ /s. .r . 7 .)
Depending upon the eine of the break and the plant operating sendittens at the
time of the break, the break could cause either a RC5 eeoldown (by excessive
energy discharge through the break) er a RCS heatup. potential RCS teeldown
resulting fres a escendary pipe rupture is evaluated in section 15.1.5.
Therefore, only the RCS bestup effects are evaluated for a feedwater line
wwyture.

A feedwater line rupture reduces the ability to resove beat generated by the
eers' from the RCS for the following reasons:

1. Feedvater f1w to the stone generators is reduced. Since feedwater is
subceoled. its less may cause resetor testant toeparatures to increase
prior to reacter trip;

i 2. Fluid in the steam generator may be discharged through the break and
would not be available for decay heat reerval after trip

'
3. The break may be large enough to prevent the addition of any main

i feedvater after trip.
|

The Ayvs (section 10.4.9) se provided to assure that adeguate feedwater will
f be available such that:

I 1. No substantial everpressurisation of the BCS shall occur and

2. Sufficierit liquid in the RCS shall be maintained in order to previde
adequate deca,' best removal.

A major feedvater line rupture is classified as an AMS Condition IV event. See
Section 15.0.1 for a discussion of Condition IV evente.

'

T,e .everity of ths f.edwater li.e r.,ture transient de,ende en a e ber of
systes parameters including break else, initial reacter power and eredit
taken for the functirming of various sentrol and safety systems. A number of
esses of feedwater line break have been analysed. Based en these analyses it *

bee been shown that the ocet limiting feedwater line rupture is a double-ended
rupture of the largest feedwater line. Analysee beve been performed at full
power with and without less of effette power. These esses are analysed below.

15.2-14 Arendrent 41
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The following provide protection for a main feedwater rupture:

1. A reactor trip on any of the following conditions

a. Wish pressuriser pressure.

b. Overtemperature A7.

Low-lov atsar, generator water level in any staan generator,c.

d. Safety injection signals from any of the folleving:

1) 2/3 Lov steam line pressure in any loop

2) 2/3 Nigh containment pressure (MI-1)

(Refer to Chapter 7 for a description of the actuation 931 g y sh m .)t

2. An ATV syster to provide an assured source of feedvater to the stear
generators for decay heat renoval. (Refer to Section 10.4. .

13.2.8.2 Analysis of Effects and Consequences.

Wthod of Ansiveis

A detailed analysis using the LOT 7RAN cede (Reference 13.2-3) is performed in
order to determine the plant transient fc11oving a feedwater line rupture.
The code describes the plant therss! kinetics. RC5 including natural circula-
tien, pressuriser. stear generators and feedwater systen and computes perti-
ment variables including the pressuriser pressure, pressuriser water level,
and reactor coolant everage torperature. 32,

C211
The ca6sa analysed assume a double-ended rupture of the largest feedvater pipe .7'
at full power. Njor assveptions made in the analyses are as follows:

1. The plant la initially operating at 102 percent of the montaal Will
design rating.

.

2. Initial reactor coolant averare temperature is W above the mesinal
value, and the initial pressuriser pressure is M psi above its aosinal

*value. 34
3. No credit is taken for the pressuriser spray centrol systes.

4. Initial pressuriser level is at the socinal programeed value + percert
(error): initial stens generator water level is at the soninal value *$
percent in the faulted steas generator and at the mestaal value -$ par-
sent in the intact steam generators.

5. No credit is taken for the high pressuriser pressure reacter trip.
6. m in feedvater to all stest generators is assumed to step at the time the

break occurs (all main feedwater spills out through the break).

15.2 13 Arendment O-
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7. The weret poselble break area is asevoed. This easteless the blev'down
discharge rate following the time of trip which manistees the resultant ,

bestup of the reacter seelant. |

3. A senservative feedwater line break discharge quality is eseused prior to
the time the reacter trip ecture. thereby meninteing the time the trip
sospoint is reached. Af ter the trip occure, a esturated liquid discharge
to assumed wat11 all the water inventory la discharged free the affected |
steen generator. This ministees the heat rencval capability of the |

affected steam generater.

9. Reacter trip to eseused te be actuated when the low-low steam generator [
water level trip setpoiet minus 10 percent'of marrow range span in the '3 ;

affected steam generater se reached. jy
20. The ATV is actuated by the low-lev stese fator water level signal. 32

The AFV is assumed to espply a total of gal / min to eve fatact steam Q211.74
'

generator. A 60-second delay was assume felleving the low-low water
ilevel signal to allev time for startup of the standby diesel generatere 43

, and the suniliary feedvater pumps. An additional seconde wee soeusedi

ly sold (309'F)
before the feedwater(*:.._. -::. purged and the relatti L4sumiliary feedwater tered the Satact etese generater.

% was gg
-

11. No credit le taken for heat energy deposited in RCi metal during the RC1 '

bestup.
I

12. We tradit is taken for sharging er letdown.
j

13. Steam generator heat transfer area is assumed to decrease as the }
ehell-side liquid inventory decrosses. i

4 naarvative eeJ due14 st.genosat.ien%eeM iMo long- y ,a n t g '
e m ,e,a u.n at initisi ,ever ie.ei .ree. m . the tri,.

- -

y-

,

,

IS. No credit is taken for the fe11eving potential protection logic sipale
to attigate the consequences of the accidents

a. Righ preneuriser pressure

b. Overteeperature AT .|

te. Righ pressuriser level
l

*

! d. Wish Centainewnt pressure ;

i

teceipt of a low lev steam generator water level signet in at least one steaa !

j generator starts the motor-driven and turbice-driven aust11ery feedvetor sX ,

pwepe, which is turn inittste muniliert feedvetor fasw to the steam geners-
ters. gimilarly, reestyt of a low et(iaalise pressure etsnal ta at least one
steseline initiates a safety injection signal which eteees all main etees 43
f eelet ten valves.nf inf-f:::: S -~ d h ;.nf __;.; _: $; -- . m-

,

4 ..%g ;;;b. .:. O L. . e 0 2:^i: ef " ;:r ^- r_.

| \
,

c.

!

15.2 16 Amendeent 43
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hersency operating precedures following a main feedwater itne tvpture require
|3

1

'

the operator to Aeolate feedwater flev se111gns free the ruptured feedvater
sin. y

<

c

A blech eingrare enumerseing verteus protection sequestas ret safety acteens '2seguired to attigate the seseequences of this event se provided in Figure
Q15. D-13.

;

plant sharacteristics and initial tendittene are further discussed in Section
1* * 3 wwuaq% ek imdy 70t2,

i

) De rearter sentrol systeskere asemed to function he RTS to required to
function felleving a feedvator line rupture se analysed here. We single

,

Isetive failure will prevent operaties of this opetes. '

Only one suulliary feedwater peep is eseused to function felleving receipt ofan int:1 sting signal. Felleving initiation, the sanitiery pump is eseused todeliver 1/s of easiliary feedvater to one inteet steen generator. y

t
.74 ,

Calculated plant parametere following a major feedveter line twpture are shavn,

i en Figures 15.2-11 through 35.2-24 Reevlte for the ease with ef f ette power
,| ovellable are presented on Figures 1$.2-11 through 15.2-17 Results for the j

ease where effette power is lost are presented en Figures 15.2-18 through;

15.2-24 '

The calculated esquence of events for both esses analysed is listed
-

in Table 15.2-1.
,

The systes reopense following the feedvetor line twpture is staller for both
as analysed. Resulte presented en Figures 15.2-11 and 15.2-15 (with

!ite power available) and Figures 15.2-19 and 15.2-22 (without effettee
; ) show that pressures in the RCS and main steam syetes remata below 110

-

j percent of the respective design pressures. Pressuriser pressure increasee
matti reseter trip en low-lev stese generator water level. Pressure then

|43
'

i idecreases, due to the less of heat input. Coelant esponeten escura due to '

( reduced best transfer espebility in the steam generatoreg the pressuriset yW&- (j operated relief valves open to maintain SC8 pressure et en esseptable value.
'I

,
,

Dir3R reasine above 1.30 et all times during the trenstente. es shown en Fig. | 18i eres 15.2-17 and 13.1-24: thus, the DNS design beste es described in Seetten (4.4 is met. .

t,

| The reseter eere reasine severed with water throughout the trenaient es water f
)

j relief due to thermal espaneten is Itained by the heat removat estability of
the AFW eyetes. gg

: The major difference b ween the eve seees analysed een be seen in the piste
| ef het and sold les tem retores. Figures 15.2-13 and 19.2-14 (with effettei power evelleble) and F ree 13.2 20 and 15.2-21 (without effette power). It !| Se parent that for the trenesenW:: ...___^.ie she seee without
! of i

its power reevile in higher toeperatures in the het Seg., ye. :.-..NI ,,
. ......____..........,._.,.......-....,,...7-..s'-- *- n ,u.' n _n M i :: " n ,__,: ... ... d ;;;. L

-...
;.

,

; .

|

!
15.2-17 hendeerit 43 i

i
'

;
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The operation of the PORVs serves to worsen the transient via
t

minimizing the saturation temperature and therefore minimaring the
margin to subcooling. It also allows a greater discharge of mass from ;

the primary system, thus maximizing the 11guld volume in the

pressurizer. {.
| t

i i
| |
t <

1

l e
|

,

>

and to control the RCS temperature which also prevents the pressurarer !

j from fil1ing. I

i

|

t

!

I
i

i

i
i

t

r

>

l

|

;
r
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I
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|
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15.2.0.3 Radiolosteel Conseque ees. The f;edw; tor line erest-WITh'ha $,
most significant conseg;e;cco wo:Id be one that occtrrcd 1:sid] the Cont:12- 43ment between a etaan generator and the feedwater check valve. In this case, gij
the contents of the steam generator would be released to the Containment. ,43gince no fuel failures are postulated, the radioactivity released is less than
that for the' eteam line break. Furthermore, automatic isolation of the Con-

tainment would further reduce any radiological conseguences from this postu-
lated event. '

15.2.8.4 Cene1usions. Results of the analyses show that for the postu-
lated feedvater itne rupture, the assumed ATV capacity is adequate to remove
decay heat. to prevent everpressurising the RC5 end to prevent uncovering the

, reactor tert. , Radiological doses free the postulated feedvater line rupture
, ... inst tWan those previously presented for the postulated steam line break.
All applicable acceptance criteria are thus met. The radiological conse-
vences of this event are act liatting. .

L .

>
'

>.

) .

>

s 1, th(- .
-.

.. - -. - .,

.

.
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TAttt 15.2-1 (Cent'd)

TIME SEQUENCE Or tvtWT5 FOR tu:1DT)ffs UNICN CAV5! A DECREA$t
IN Nt.At REMOVAL SY tnt SECo@ARY SYlfD1

"

Accident svent Time (see)
_

'
- -.- .

_

\
.

Feedwater Systes Pipe Break

1. NithOffsitePower Main feedline rupture 10

Available occurs

Low-lev stees generator water W30 42
level reactor trip set-
point reached in effected
steen generator

t Rods begin to drop M 31
t-

su
Lev stensline pressure $g );

setpoint reached in gy 3 3, y,
effected stees generator

J74
All main etess Wg |43
feeletten valves slees lifD
Pressuriser power-operatec #G h |g3:

rettet velve setp61st I
,

*
reached

stees geserater safety 994 #*

valve setpoint reetbed 13db
As intact steen generater.

receiving emaillary feedwater
. _ _ _ __. 4

(Ms W '" ">
fen k udt! Vo lw M N W4 N

OLCu e /(,feetW att'
'

k cwxiliary 90'

bd4m *.slu
.

sydWu #^- .ende.ni o
.

3JWN
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'TABLE 15.2-1 (cont'd)

TIMY StQt'rWCE or tyrwis FOR 1NCIDrWTs WH1cm CAUST A DECREASE
3N ELAT REMOVA1 SY TMF $1CONDARY $Y$7Di

.

A:cident Event Time (see)
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15.3 DECRI.ASE IN REACTOR COOLANT SYSTI* FLOW RATE

A number of f aults are postulated which could result in a decrease in reactor
coolant system (RCS) flow. These events are discuased 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. Comp 1ste Loss of Forced Reactor Coolant Flow

3. Reactor Coolant Pump Shaft Saisure (Locked Rotor)

4. Reactor Coolant Pump Shaft Break

Item 1 above is considered to be an American Nu lear Society (ANS) Condition
11 event, item 2 an ANS Condition III event, and items 3 and 4 ANS Condition
IV events (see Section 15.0.1).

15.3.1 Partial Loss of Forced Reactor Coolant Flow

15.3.1.1 Identification of Causes and Accident Description. A partial
loss of coolant flow accident can result from a mechanical or electrical fail-
ure in a reactor coolant pump, or from a fault in the power supply to the pump
or pumps supplied by a reactor coolant pump bus. If the reactor is at power
at the time of the accident, the immediate effect of loes of coolant flow is a
rapid increase in the coolant temperature. This increase could result in
departure from nucleate boiling (DNB) with subsequent fuel damage if the reac-
tor is not tripped.

Normal power for the pumps is supplied through individual buses connected to
the generator. When a generator, turbine, or reactor trip occurs, without an
electrical fault, the generator circuit breaker automatically opens and
back-feed of off-site power occurs through the main transformer and unit eux- 43
iliary transformer. Thus, the pumps will continue to supply coolant flow to
the core.

This event is classified as an ANS Condition II incident (an incident of mod-
erste frequency) as defined in Section 15.0.1.

The necessary protection for a partial loss of coolant flow accident is
provided by the low primary coolant flow reactor trip which is actuated by two
out of three low flow signals in any reactor coolant loop. Above interlock (3P-8, low flow in any loop will actuate a reactor trip. Between approximately
10 percent power (interlock F-7) and the power level corresponding to inter-
lock F-8, low flow in any two loops will actuate a reactor trip. Above inter- 43lock F-7, two or more reactor coolant pump circuit breakers opening will actu-
ate the corresponding undervoltage relays. This results in a reactor trip
which serves as a backup to the low flow trip.

A block diagram summarising various protection sequences for safety actions 2

required to mitigate the consequences of this event is provided in Figure Q21
15.0-14 6

.

15.3-1 Amendment 43
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15.3.1.2 Analysis of Effects and Conseiuences.

Method of Analysis

caseX i_. 5::: analyzedJr Id N
' ;. i::: of one pump with four loops in operation.

- 82 n ;;;; ; ; -- .. o4.s .s.o 1- 4 ., - 72 %

This transient is analyzed by three digital computer codes. Firsty the 1.0FTRAN )(
code (Reference 15.3-1) is used to calculate the loop and core flow during the
transient, the time of reactor trip based on the calculated flows, the nuclear
power 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 flow from LOFTRAN. Finally, the
THINC code (Section 4.4) is 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 minimum 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 DNB; 1.e., maximum steady state power level, minimum
steady state pressure, and maximum steady state coolant average temperature.

#
-. ;L a. .. Iv;y :p:rr** ;. "'- ---i_-. ym... I r:2 Mr.:!rf f ;; : ::::? 211rf

? .'m. ;L...,1::;27:::tfr-1- r '. h g g g gdg
fC ef i ta ha k-] f.

The most negative Doppler-only power coefficient is used (see Figure 15.0-2).
This is the equivalent of a total integrated Doppler reactivity from 0 to 100
percent of 0.016 percent Ak,

,

The least negative moderator temperature coefficient (see Figure 15.0-6) is
assumed since this results in the maximu= core power during the initial part
of the transient when the minimum DNBR is reached.

Flow Coastdown

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

Plant systems and equipment which are available to altigate 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.

I

15.3-2 Amendment 43

- _ _



AT TACHMENT
ST HL AE. / 62/
PAGE 87 OF IM

STP FSAR

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 shows the
DNBR to be always greater than 1.30 IIB

"
- 7;.... 13.5-3 so. ..i S ' * ^- i . _...L; ; - :;:n:: L . ; L ! = c f m..."

1.u. .Mi S -:: Ly.r ., .u vyu.6avn. Tuw ..n;... "" S 11. . . . .
-" ......a.u 1.3v .. vnown on Faav.. M. 0. |18
#

7. . L ;; ::::: _;.Q :f. gince DNB does not occur, the ability of the primary
coolant to remove heat from the fuel rod is not significantly reduced. Thus,
the average fuel and clad temperatures do not increase significantly above
their respective initial values.

MThe calculated sequence of events . . ;L .. _... .... ,- :f is shown in Table
15.3-1. The affected reactor coolant pump will continue to coast down, and
the core flow will reach a new equilibrium value corresponding to the number
of pu=ps still in operation. With the reactor tripped, a stable plant condi-
tion vill eventually be attained. Normal plant shutdown may then proceed.

15.3.1.3 _ Radiological Consequences. A partial loss of reactor coolant
flow from full load would result in a reactor and turbine trip. Assuming 3 1n V
addition;that the condenser is not available, atmospheric steam dump may be Xrequired.

There are only minimal radiological consequences associated with this event.
Therefore this event is not limiting. The radiological consequences resulting
from atmospheric steam dump are less severe than the steam line break event
analyzed in Section 15.1.5 since fuel damage as a result of this transient is
not postulated. '_

15.3.1.4 Conclusions. The analysis shows that the DNBR will not
decrease belov 1.30 at any time during the transient. Thus, the DNB design [ggbasis as described in Section 4.4 is set.

The radiological consequences of this event are not limiting.

15.3.2 Complete Loss of Forced Reactor Coolant Flov

15.3.2.1 Identification of Causes and Accident Description. A complete
loss of forced reactor coolant flow may result from a simultaneous loss of
electrical power to all reactor coolant pumps. If the reactor is at power at |43the time of the accident, the immediate effect of loss of coolant flow is a
rapid increase in the coolant temperature. This increase could result in DNB
with subsequent fuel damage if 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 generator, turbine, or reactor
trip occurs, without an electrical fault, the generator circuit breaker auto-
matica11y opens and back-feed of off-site over occurs through the main trans-
forner and unit auxiliary transformer. . the pumps will continue to sup- 43
ply coolant flow to the core.

>
.
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This event is classified as an ANS Condition !!! incident (an infrequent inci-
dent) as defined in Section 15.0.1.

The following trips provide protection for a complete loss of flow accident:
|43

1. Reactor coolant pump power supply undervoltage or underfrequency

2. Low reactor coolant loop flow

The reactor trip on reactor coolant pump undervoltage is provided to protect
against conditions which can cause a loss of voltage to all reactor coolant
pumps (i.e., loss of offsite power).
mately 10 percent power (interlock P-7).This function is blocked below approxi- -|43

The reactor trip on reactor coolant pump underfrequency is provided to trip
the reactor for an underfrequency condition. resulting from frequency distur-
bance on the power grid. Reference 15.3-3 provides analyses of grid frequency
disturbances and the resulting Nuclear Steam Supply System (NSSS) protection
requirements which are generally applicable to South Texas Project.

The reactor trip on low primary coolant loop flow is provided to protect
against loss of flow conditions which affect only one reactor coolant loop.
This function is generated by two out of three low flow signals per reactor
coolant loop. Above interlock P-8. low flow in any loop will actuate a reac-
ter trip. Between approximately 10 percent power (interlock P-7) and the 4)
power level corresponding to interlock F-8. low flow in any two loops will
actuate a reactor trip. If the maximum grid frequency decay rate is less than
approximately5Hz/secon4thisunderfrequencytripfunctionwillprotectthe |43core from underfrequency events. This effect is fully described in lieference
15.3-3.

2
A block diagrac suunarizing various protection sequences for safety actions Q211.
required to mitigate the consequences of this event is provided in Figure 615.0-14 gg

"Ill
15.3.2.2 Analysis of Ef f ects and Consequences. -4=se. casel( S::: 5-- ",

analyze % M Q fg33
89 . 1: n of four pumps with four loops in operation.

1. :~.,. J h : ; --- " k--- 1::; i ;rnf ra

This transient is analyzed by three digital computer codes. First the LOITRAN pj

code (Reference 15.3-1) is used to calculate the loop and core flow during the
transient, the time of reactor trip based on the calculated flows, the nuclear
power transient, and the primary system pressure and temperature transients.
The IACTRAN code (Reference 15.3-2) is then used to calculate the heat flux
transient based on the nuclear power and flow from LOFTRAN. Finally, the
THINC code (Section 4.4) is used to calculate the DNBR during the transient
based on the heat flux from FACTRAN and flow from LOTTRAN. The DNBR tran-
sients presented represent the minimum of the typical or thimble cell.

1ne method of analysis and the assumptions made regarding initial operating
conditions and reactivity coefficients are identical to those discussed in I

~

.
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Section 15.3.1. except that following the loss of power supply to all pumps at
power, a reactor trip is actuated by either reactor coolant pump power supply
undervoltage or underfrequency.

Results

Figures 15.3-9 through 15.3-12 show the transient response for the loss of
power to all reactor coolar.t 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 always greater than 1.30

$ ;.... 15.2 !? t' r f 15.? 15 . ~. .: , u ......... ...r- ;; f e; * im ;I-
,.......m . .. . _ : = 3 a em ' = : # :. 3 = e == . m- -

,.

" .. .......;.. ...__:f tr 5so. i. . id;;;f :: -x?;.-;;;;;.. .... 1. L ;f : f -- - M
-

.. ......;.00. .. . Lum. 7;... 15. 2 IL.m

-" 7.; i; O ;;;;; rr ';se6 gince DNB does not occur the ability of the primarye

coolant to remove heat from the fuel rod is not greatly reduced. Thus, the
average fuel and clad temperatures do not increase significantly above their
respective initial values,

bg gNThe calculated sequence of events v. 6.m .-. = ' :M is shown in Table
15.3-1. The reactor coolant pumps will continue to M do"v5h and natural
circulation flow will eventually be established. as demonstrated in Section
15.0.6. 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 reactor coolant
flow from full load results in a reactor and turbine trip. Assuming,in addi- A
tiony that the condenser is not available. atmospheric steam dump would be yrequired. The quantity of steam released would be the same as for a loss of
offsite power.

There are only minimal radiological consequences associated with this event.
Therefore, this event is not limiting. Since fuel damage is not postulated,
the radiolos,1 cal consequences resulting from atmospherie steam dump are less
severe than the steam line break, discussed in Section 15.1.5.

15.3.2.4 Conclusions. The analvsis 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 design basis as

|11described in Section 4.4 is set.

15.3.3 Reactor Coolant Purp Shaf t Seizure (Locked Rotor)

15.3.3.1 Identificatioi of Causes and Accident Description. The acci-
'

dent postulated is an instantaneous seizure of a reactor coolant pump rotor,

such as is 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 a
low reactor coolant flow signal, b,

Following initiation of the reactor trip, heat stored in the fuel rods contin-
ues te be transferred to the coolant causing the coolant to expand. At the
same tire, heat transfer to the shell side of the steam generators is reduced.

15.3-5 Amendment 43
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One variation between this analyst s and that of the previous

section is that the RCCA insertion time to dashpot entry is
2.58 seconds. This is a conservative insertion time under the

,

reduced flow conditions that exist when the RCCAs are inserted
for this transient.

,

h

|

!

!
i
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first because the reduced flow results in a decreased tube side film coeffi.
cient and then because the reactor coolant in the tubes cools down while the
shell side temperature increases (turbine steam flow Sa reduced to sero upon
turbine trip). The rapid expansion of the coolant in the reactor core, coe.

|43bined with reduced heat transfer in the steam generators causes an insurge
into the pressuriser and a pressure increase throughout the 3C5. The insurge
into the pressuriser compresses the steam volume, actuates the automatic spray
systes, opens the power-operated relief valves, and opens the pressuriser
safety valves. in that seguence. The two power-operated relief valvko are
designed for reliable operation and would be expected to function properly
during the accident. Bowever, for conservatism, their pressure reducing effect
as well as the pressure redo:ing effect of the spray is not included in the
analysis.

This event is classified as an ANS Condition IV incident (a limiting fault) as
defined in Section 15.0.1. i

*

15.3.3.2 Analysis of Effecte end Consecuences.

Method of Analysis
* P

| Three digitalecomputer codes are used to analyse this transient. The LOTTRAh
sede (Raference 15.3-1) is used to calculate the resulting loop and core flov
transients following the pump seisure, the time of reactor trip based on the .

leep flow transients, the suelear power following~ reactor trip, and to deter-
| Jine the peak pressure. The thermal behavior of the fuel located at the core
I not spot is investigated using the TACTRAN code (Reference 15.3-2), using the,

core flow and the suelear power calculated by LOTTRAh. The FACTRAN code
includes the use of a film boiling heat transfer coefficient. The FACTRAN
eode is also used to calculate the heat flux transient based on the suelear

| power and flow from LOTTRAN. Finally, the THINC code (Section 4.4) is used
to calculate the DNBR distribution in the core during the transient based on
the heat flux fres FACTAAN and flow from LDTTRAh. The DNBR distribution is-

used to calculate the number of rods in DNB.
NMf4

See cases are analysed:
Two .

2. Tour loops operating, one locked rotor .

l o- - _- .____ _ _..,__ _ _ . _ _ _ _

IW b k /dbh[s hrd E70Uroh. $+:At the beginnini of)the potkated locked rotor accident]. i.e.at the time

C.

(,,nt.A t
the shaf t in one of the reactor coolant pumps is assumed to satse, the pasnt p~ ~ u

; is assumed to tee in operation under the most adverse steady state operating 8 F
sendition (i.e., maximus steady state power level, maximus steady state pres-|

| sure. and maximus steady state coolant everage temperature). plant charac-
teristics and initial conditions are further discusend in Section 15.0.3.

$- 5
- z 5tWhen the pea pressure is evalsated the initial pressure is conservatively

.

estimated as psi above seminal pressure (2250 psia) to allow for errera in
the pressuriser pressure seasurement and control channels. To obtain the |18

| maximus pressure in the primary aide, senservatively high loop pressure drops n

.

"WW |
15.3-6 Amendment 43
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For the case without o site power available, power is lost to
the unaffected pumps 2 after reactor trip. (Note: Crad

\. stability analyses show that the grid will remain stable and
that offsite power will not be lost because of a unit trip from* -

200-percent power. The delay is a conservative assumption
* based on grid stability nalyses.)
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-

.

.

.

O

.

-
-

O

e

\

--. _ _ _ _ . - _ _ _ _ _ . _ _ - _ - _ _ . - _ _ _ _ _ _ _ - _ - _ _ _ . . _ . . _ _ _ _ _ _ _ _ . __ _- __. -. . _ . _ _ . - _ _ _ _ _ ._
_



_ _ - _ - _ _ _ _ _ _ _ _ _ _ - --

ATTACHMENT '

ST HL AE /4 Al
PAGE9;OF/88

.

O
The pressure uncertainty used an these analyses is 34 psi and the
coolant average temperature uncertainty is 4.7'F.

.
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are added to the calculated pressuriser pressure. The pressure respenser !

ahown en Figurgf 15.k18 -' O.0-Wre the responses at the point in the 1t5.having the maximus pressure.
,

!
Rvaluation of the pressure Transtent

'

Af ter yvsp esisure. the neutron flum is rapidly reduced by'sontrol ved inser-
i

,sien.
Red motion begins one escend after the flev in the affected loopreaches 87 percent of meninal flow. No credit is taken for the

reducing effect of the prassuriser power-operated relief valves pressure
pressuriser

spray, steam day or sentrolled feedwater flow after reacter trip.
these are espected to secur and would result to a lever peak pressure. anAlthough
addittomal degree of senservatism is provided by ignorlag their effects.

The pressuriser safety valves are full open at 2575 pela and their sapacity
for steam relief is as described in Seetten 5.4.

Eve 19stion of DNS in the Core Durina the Accident 'I\ .

'

For this accident. DN3 is assumed to occur as the eers. and therefore, an '

evaluation of the senseguences with respect to fuel ved thermal transients is :

performed.
Results obtained free analysis of this "het spot" sendition repre- !

'

seat the apper limit with respect to stad samparature and streenius water
reacties.

*

In the evaluation, red power at the het spot to assumed to be 2.50 times the
.

everage red power (i.e.. F = 2.50) at the tattial sore power level.
!

Fils Boilina Coefficient .
4.

Thefilmbot/ingeseffic'.estiscalculatedintheFACTRANsedeusingthe
>

Bishop-Sandbfrg-Teng film boiling serrelaties. The fluid properties are eval- J[
mated at film tempers'.ure (average between wall and bulk temperatures). The

-

progras calculates the film toefficient at every time step based spen the
actual heat transfer asaditions at the time. The neutres flux, systes pres- !eure, bulk density and mass flew rate as a function of time are need asprogram input. ;

i

For this analysis, the initial values of the pressure and the bulk density are
need throughout the transient since they are the mest senservative with** ;

respect.to elad temperature response. For senservaties. SW3 was assumed to |start at the beginaias of the accident.

Fuel Clad See teefficient
;

The magnitude and time dependence of the best transfer soefficient between
fuel and slad (gap seefficient) has pronounced safluence on the thermal ;

results. The larger the value of the gap soefficients the more best is trans- !

!ferred between pellet and clad. Based on investigations sa the effect of the
gap soefficient spen the maximus elad teoperature during the'tressient. the
gap toefficient was assumed to increase free a atgewith initial fuel temperature to 10.000 Bau/hr-f t gy state value eensistentF at the initiation of thei

transient. Thus the large amount of energy etered in the fuel beteuse of the
-

i

small Aaltial value is released to the slad at the tattiation of the tran-sient. (
l

.

|
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Isrconfus Stess Reaction

The streenius steam reaction can become significant above 1800' F (cladtemperatu're).
define the rate of the streeniva steam reaction.The Baker-Just parabolic rate eguation shown below is seed te

-

en=na10*e.,q;gr
.
.

where:
,

W = 2aneust reacted, ag/ce
.

. = ti.e. sec t

. .T = temperature. F *

i \,
The reaction heat is 1510 sal /sm.

The effect of strcoalum steam reaction is tacluded in the calculatten of the" hot opet" slad temperature transient.
,

accident are discussed in Section 15.0.8 and 11ste8 in Table 15.0-6.Flant systema and equipment which are eva11able to mitigste the effects of the
.

i

|
It

the sensequences of the accident.gle active failure in any of these systems or equipment will adversely affectWe sin-.

Besulte
!

:

Locked Roter with Fevr Loess Operatine 1i

The transient results for this sese arc shown en Figures 15.)-17 threwsh
|1J

i - 15.k20.
The results of these calculations are mise eussarised in table15.k24.. The peak RC8 pressure reached during the tressient is less than that

which would sause stresses to aseeed the faulted sendition stress limits.*k
Alte, the peak stad surface temperature is sensiderably less than 2700* F.i
ehev1d be meted that the clad temperature was senservatively sales 1sted as-

<

It f'

suming that IW3 occurs at the tattistien of the tressient.
i

sa 958 was senservatively salculated as 7 percent of the total rods in theThe number of ress;sere..

s

!.
k

leese-4seve64sw

t_. :n : := r-- * - 8--i ;

7 . ,;;i "" ;::::_:. T,. .".;;t:1; ''f:: "'- "- 05:*M - ::: = ; ;" n- s. 70;.;;; l'.! !! Ci: n #.~*00.0 0:. .

" i _: 1:
f _ .."..-'^:^:!!!

1:;; ti:: -'-* * =h H ' t r::: ;;;.f::: :::;. .

'
'

-

::::: l'-1 ;. "': -' ' . --**- *:*:::::'n ;; :;.:.0 :M f n! n- :- 0; ;";.".aly ;e
_ n ':: ti: p;.;:_; ___.- .

7
_

p A*,Q pw as hW ,
The salestated sequesse gf events for the**se, eU.3-1.

Figurep 15.3-1N' 1".! 0; shedthat he sore flow reaches a new
es analysed is shows in Table.

cguilibriue value by 20 escends.
condities will eventually be attained.With the reacter tripped. a stable plant i

M -'; n ! ;I r t zi. . L . , :1_ _ -,

| ,

:

i
' iM 6 .

i

l
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15.3.3.3 Bad:elemical Conseevenees. The postulated accidents ihn3vss;;

release of steam from the ascendary systes do not result in a release af'

radteactivity unless there is leakage from the Beacter Coolant Systes (RCS) to
the secondary system in the steam generators (gCs). A senservative analysis
of the potential offsite deses resulting free a reacter toelant pump shaf t'

seizure accident is presented using the technical specification limit secon-
. dary eeolent eencontrations. Parameters used in the analysis are listed in

|Table 15.3-3.-

The conservative assumptions and parameters used to enleviate the activity'

released and offsite doses for a pump shaft seisure accident are the fol- |3 ewing:

1. Frier to the accident, the primary seelant eencontrations are assumed te
be equal to the technical specification limit for full power operatten
following an iodine spike (1-131 equivalent of 60/lC1/3). These senten-
tratie,ns are presented in Table 15.A-4. |

- ;

2. Prior to the accident, the secondary coolant specific activity is agus1
i tothetechnicalspecificationlimitof0.10/lci/gzdoseequivalent-

i 1-131. This dose equivalent specific activity is presented in
* Table 15.A-5.

t

' 3. Seven percent of the total eers fuel eladding is damaged, which results
in the release of the vesctor coolant of seven percent of the total gap
inventory of the core. This activity is assumed uniformly mined in thei

-

primary eselant.i

4. The primary-to-secondary leakage of 1 gal / min (technical specification
limit) is assumed to sentinue for 8 kra felleving the accident.

3. Offsite power is leets 885 condensers are set available for steam durp...

6. Eight hours after the accident, the Residual Best Removal Syster (RMP.5)-

;
- starts operation to seel down the plant. No further steam er activity is

released to the enviressant.

7. The iodine partitlen facter la the SGs is equal to 0.01.
&

The steam releases and meteorelegical parameters are given la Table 15.b3.
,

'

The thyreid, samma and beta doses for the reacter toelant pump shaf t seisure
accident are given la Table 15.>4 for the Emelusion Eene Soundary (E25) of |4 '2430 meters and the tav populetten Rome (LP1) of 4800 meters.

i

15.3.3.4 Conclustens. Since the peak RC5 pressure reached during any of
the transients is less than that which would cause stresses to ascoed the i

faulted sendition stress limits, the integrity of the primary seelant systes
se set endangered. !-

.

Since the peak eled surface temperature calculated for the het spot during the !

worst transient remains considerably less than 1700* F. the eers will ressin i

in place and intact with'se less of core seeling espability. j

i

!

15. b 9 Amendment 43
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Figure 15.3 20. Maximum Clad Temperature at Hot Spot for Four Loops in Operation.
One Locked Rotor (1 of 1)
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TABLE 15.3-1
..

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH RESULT
IN A DECREASE IN REACTOR COOLANT SYSTEM FLOW

Accident Event Time (see)

Partial Loss of Forced
Reactor Coolant Flow

% Four loops operating, Coastdown begins M 0
_ one pump coasting Wreactor coolant flow trip 3,45' l.3 0 |43't down Rods begin to drop b6E ~2,3 0

s

Minimus DNBR occurs )>tQ 3,40 18

"2 . Io... ^.. r . . r. . . i ... . __;:f = i:;;2: M-
-

.

[ 7 - r--r --= = uns 6j: ^rr}_r}_'h ::d; 3. |43- - - - -

x =_._. =___: r.
. . . . . _ _ _ _ _..

.
l,

Complete Loss of Forced.

Reactor Coolant Flov

Four Loop b'y
,

' ') All operating pumps O flose power and begin
coasting down

.

%Reactor coolant pump 0
undervoltage trip
point reached

Rods begin to drop 3.5 @MMinimus DNBR occurs )s4
| 13~

-

Reactor Coolant Fusp 33
Shaft 5 sure (Locked
Rotor). .+L e//ro4e'

gewer- '

Rotor on one pump 0 $locks,

floa
Low reactor coolant, 9At{ @ |43g reached

ge+ yon t 01
-

.
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TABLE 15.3-3 (Cont 'd)

l
Time (see)

Four leep t. ; . , - - -
Accident Event Operetten 0:nsi.b7

| Rods begin to drop I 07 3b47 M |3g
k nimus RCS pres- 3,3 M Ksure occurs

m i... a., . - 3.73 .3= x p.
; perature occurs

RudvCM Pug -

,

.%.f4.sa ure.
.-

s -

% l*W).
(u, u + . assa.

E* b " P' T C \f, .,, , . ) .

.I44dd

La4 ru &.

0'*16 %.gy4y c.1.1

bh bu,Lf. dog ' I.07) %
-

,

.,

(LP.s Ac.1s.p % 3.07 \.

; cuo/hu qG
Hc5 " iL.5 .>4 3.3

*

pr% occuo -
-

I

bbNM
Qick occua 3, 9

i i

.

4

i .
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TABLE 15.3-2 1
*

BLHMARY OT RESULTS FOR LOCKID 3070R TRAN51th*fS

( wifk e M ;ft.r w ) -

4 Loops Operating 3 (Qj{^" CInitially --.......--1

Maximus Reactor Coolant % Z,.581 MSystes Pressure (psis)

hanimus Clad Yesperature d DOCl@>F ) Sat.reNetSpotg 18

,

2r-N 0 reaction at ore2 M ,f4)potfpot(1bywet t)

.

TAkE /J.3 -L6

.5AHHkti cF 9e%T5 Fos. Loc 4tD E4TOL TMrJJIcW
(.wi%.d ohs;k pn)

*

. .
'

4 by ofwAq
l&R%.

~

tb:- u 4(.,4 h e$ zrai
Sysk . P< w (pi).

l

%~ UaJ TQ J J1481680
cm. M S & (T)f

2r-ILD r4,+ 4 ,)f4 ,(g g
M 4e4 (*h 6 uu@)
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TABLE 15.3-3

PARAMETERS USED IN RC PUMP SHAFT SEIZURE ACCIDENT ANALYSIS

Parsneters

Core thermal power, MWt 3,800

SC tube leak rate prior to accident 1.0 gmand initial 8 hrs following accident

GWPS operating prior to accident No

Offsite power Lost

Fuel defects 1.0%

Primary coolant concentrations Table 15.A-4
Secondary coolant concentrations Table 15.A-5
Failed fuel (following accident) 7.0% of fuel 43

rods in core
Activity released to reactor 7% of total gapcoolant from failed fuel and inventory of nobleavailable for release gases and iodines

lodine partition factor in SG's 0.01during accident
,

Steam release from four 614,000* (0-2 hr)SGs, Ib 1,264,000 (2-8 hr)
Heteorology 5 percentile

Table 15.B-1
Dose model Appendix 15.B

* Condensers assumed unavailable for steam dump.
.

.

.
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104.1 INTRODUCTION

10A.1.' purpose

This Appendix describes the reliability evaluation of the STP aualliary
feed.ater system. The evaluation was performed in a manner consisten,t with
WUREG 0611 to allow a comparison to other plants of the reltahility of the STP
system for specific initiating events. The results of the evaluation sho. the
system compares favorably with other designs and has a high reliability for
the initiating events considered.

This reliability evaluation reflects the auxiliary feedwater system desion at
the time it was performed. Subsecuent modifications will not result in
revision of this appendia unless they could have a significant impact on the
results presented.

10A.1.2 Objectives

The obiectives of the evaluation are:

o To perform an analysis to evaluate the reltabtlity of the AFW5
in accordance =1th the guidelines contained in huRIG 0611.

o To provide indication of the contributors of the aus111ery
feed.ater syster. unavailability for the initiating events
described in huhtG 0611.

104.1.3 5eoee

Three initiating events are analyzed:

Case !! Loss of esin feed ster (LWW)

Case !!! Loss of esin feed. ster coincident with loss of offsite
power (LMTW/ LOOP)

Case !!!! Loss of pain feed.ater coincident with loss of all At
power (LMFW/LOAC)

10A.1.4 General Aporoach

The principal technioue used in the cuantitative evaluation is the
construction and analysis of fault trees which represent the AFW5' failure
leetc. A surpary of the basic tasks in the evaluation is presented in
Figure 10A 1.

4754c/0181c 1
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Fault trees representing the AFWS f ailure looic are presented in
Section 10A.3.2. AFWS unavailability is based on the Boolean logic associated
with the system fault trees. The fault trees are reduced to a list of
cut sets to identify the failure modes. Failure rate data (see Section
10A.3.4) are inserted to evaluate system unavailability. Although th'e failure
data are derived primarily from hUREG-0611, secondary sources of failure data
are WASH 1400 (Ref. 2), hUREG/CR-1362 (Ref. 3), and the Zion Probabilistic
Safety Assessment (Ref. 6).

Fault tree development is consistent with the procedures and data available in
NUREG 0611, and is limited to AFWS unavailability per demand. STP technical
specifications a110w continued operation of the plant with AFWS Train A
out-of-service for an indefinite period of time. Aiheh.-4adoev43 at4cn
as;;;; thet Tr.in A J ret b; evei4aM; et the -tW M Am ettlet4en. b. p-fgt f
eed$ty, 4' is e -ted that Irate 2 ::ald-Mwe-en-4vallebility similer-to-the
er Sr;; tretes-*(-#W. This-esse;;the-e++vits ia syst-flebility
betaa-consonattvedy atleast 33bfer-Cetes-1-end-2. In this appendix,

unavailabilityissynonymouswithunreliabilityIluremodesisexamined,asareand the terms are used
interchanceably. The importance of specific fa
the interrelationships between and significance of hardware failure, test and
maintenance cutaces, and human errors.

In addition to the cuantitative evaluation described above, a cualitative
Cvaluation is performed in a manner consistent with hUREG 0611. This
evaluation rates syster reliability based on desion features such as eovipeent
redundancy, manual versus auto actuation, single-point failure vulnerability,
and technical specification limits on train cutage time. The ratino is done
to coecare the South Texas desion with other U.S. plants using a Westinghouse
nuclear steam supply system.

The success criteria used for LMFW, LWW/ LOOP, and LWW/LOAC recuire that
there be a minimum flow of 44 GPP delivered to at least one steam generator.

590
There are four ATW trains, each of which is dedicated to a sinole stes*
eerarator. Three of the AFW trains (Trains A, 8. and C) are motor driven; the
fourth (Train D) is turbine driven, tech AFW train is designed to deliver $50
SPM within one minute of actuation. Only the 'D' Train is operable under

LOAC. Translating the success criteria in the precedino paragraph into
failure criteria for fault tree development " failure" reduces to *no flow to

any SG" in the case of LWW and LWW/ LOOP, and "no flow to 5G D' in the case
of LW W/LOAC.

10A.1.5 Assumettons

Allumptions used in this evaluation are consistent with those specified in
WUREG 0611. Specific assumptions used in the evaluation are:

1. Hardware and Human Error Failure Data

The hardware and human error f ailure data, taken priearily
from huREG 0611, are used in the evaluation of basic events in
this study. These data are presented in Section 10A.3.4.

4754c/0181c 2
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The Train A pump is identical in design and installation to the
Train B and C pumps and thus would have similar operating
characteristics and failure modes. Operational needs (minimize the
potential for Steam Generator A to dry out) result in similar
maintenance and outage practices. Thus, it is expected that Train A
would have an availability similar to the other three trains of AFW.

i

s
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2. Test and Maintenance Outage Contribution'

The study uses the calculational approach and the outage
duration data presented in Table III-2 of NUREG-0611 These :

data are presented in Section 10A.3.4

3. Power Availability
! Consistent with NUREG-0611, the following assumptions are used

to model power availability.
;

; o Offsite power is assumed to have availability toual to
1.0 for Case I and zero for Cases II and III.

o Olesel generator availability for Case I is not relevant,
since offsite power availability is 1.0.* ' '--- !!.
tha eumilak"?ty Of e e diese! ;;;;;r;ter (Tr,iir, C) is gM !

: ase m d ::::1 0: 1.0 ("ef. 1) e-d the eu... ... (Tr.h> B)
e:::1 te 0.% (Teti: 10A U. Mr C;;;; II ::: !!!,;

| 4ass 5 t. .ndine 4- en.acy e 5 te Ar g;;__(s ;;; = : 5;
r3ste ed -ith4= e M-ied ef ? 'eu%-,

o DC and battery-backed AC are assumed to have availability
ecual to 1.0 (Ref. 1) for all three cases.'

4. Saftple and Test Lines ,

;

! The only sample or test line providing a significant flow
' diversion and/or leakape path is 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, sionificant flew may be diverted if this normally
* locked-closed valve is inadvertently left open after testing

the pump.

5. Passive Piping Components

All pioing components (e.g., pipe sections, flanges, reducers,
etc.) are assumed available with a probability of 1.0. They
are not considered in the fault tree development.

6. Degraded Cocoonent Failures

Deoraded component failures are not considered in this
evaluation; that is, components are assumed to operate
properly or are treated as total failures. Component failures
are assumed to occur instantaneously and completely.

t

4754c/0181c 3
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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.

. _ _ _ - ._. . . . , _ - . _ -.



r ,

|. .

| ATTACMMENT
/fo9I|

ST.HL AE 0F in
'

PAGElsn
'

AUXILIARY FEEDWATER 51. ITEM RELIABILITY EVALUATION
i

7. Uncoupling of Human Errors

This study assumes that test and maintenance activities are
staggered. That is, redundant AFWS components are not tested
by the same personnel on the same shift, but in general, tests
and/or maintenance of redundant components involve time anc/or
personnel changes (e.g., different personnel and shifts, or
the same personnel on a different day, etc.) In addition, a
double-check procedure is assumed to assure the correct status 'i

,

of locked open valves after test and maintenance. This
i

significantly reduces the probability of human error in two or ;
more trains simultaneously. Given that test and maintenance
activities are stagoered and the use of a double check
procedure, it is reasonable to assume that human errors for
test and maintenance are uncoupled.

i '

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
failure scenario.

8. Technical Specification

The auxiliary feedwater system design is evaluated in ;

accordance with the STP Technical Specifications (Ref. 7).

jhS2ri3Train A - L,1 ef 5;ni;;, y
Trains B C, and D - Operable except for the scenarios

illustrated in the fault trees in
Section 10A.3.+.

R
9. HVAC Support

:

The motor driven auxiliary feedwater pump rooms are cooled by
safety-related HVAC units powered by their respective trains.
The turbine driven pump room is cooled by a Train A HVAC unit,
however, the turbine driven pump is qualified for operation
following the loss of all HVAC. Consistent with NUREG-0611
methodology. HVAC support to the pumps is not considered in
this evaluation.

10. Auxiliary Feedwater Storage Tank !

nt;r 'r;;- th; AMT is esi md te Le evaiisble si, all ti ;s.
The AFWST capacity is sufficient allow the RCS to remain atl

hot standby for 4 hours followed by a 10 hour cooldown.p ad on g
! which point further RCS cooldown is performed by the residual *f*

i heat removal system. If additional quantities are needed, 94M
water can be provided to the AFWST from the domineralized
water storage tank, the condenser hot well, or an alternate i

4754c/0181c 4
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Train A - Availability is assumed to be degraded since there is no
Technical specification requirement on Train A.

,

e
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,

onsite source. The AFWST has level instrumentation with
control room indication and annunciation to warn operators of
low AFWST water inventory.

104.2 SYSTEM DESCRIPTION *

|

10A.2.1 Introduction
,

This AFWS description sumarizes the more extensive description given in
Section 10.4.9. Emphasis is placed on operation following the three loss of
normal feedwater : i - d coverec by this reliability evaluation. The water hvfd5

, for the AFWS is supplied from the auxiliary feedoster storage tank (AFWST).
Water is supplied to the AFW inlet norrles on the secondary side of the steam!

generators following a loss of normal feedwater flow as described in
Section 10A.2.3. The AFWS serves as a backup to the main feedwater system
during normal startup and shutdown operations.

The AFWS maintains the steam generators' water inventory during periods when
the main feedwater system is unavailable. The system is 6 safety-related-

i system. The AFW5 is activated by an auto-start and is designed to deliver
flow water to the steam generators within one minute. A ein! mum flow of S M 5 % D
pal / min must be supplied to any one steam generator on a loss of feedwater
transient.

) Four pump trains are utilized, each taking suction from the AFWST by separate
'

suction lines. A P&lD for the AFWS is shown on Figure 10A-2. *F4ewn 10M is ;

a_C-a"f t:d reli;tilit;r bic:a die;-** ef this-system. Fip. . iGut-is the
detailed -eliebility41eck-diagram-from-which-Be-44mplif 6ed seliability-block
dier** (rt;;e.,1cL3) ;;s_ger-tved. 4 =at4ad emeltar, this inalysis Mgfj-

te%+rvatively-assumes-that-Train A-4s-out1f-service-et-%e enset of the
; t;enLi;nt fer 0;;e; ; * |1. Setter .! di;;;.;ni::: eith rnn:t 0; the
I ;eentit:ti= :n;1,its weieine; E Gii e.;1e:ti:n de :t ir:!rde ef AGS

Te *, .
A

Trains ^,8 and C of the AFWS have motor-driven pumps. Train D has a steam
.

turbine pump. Initiation of the system is automatic upon actuation of two out
of four low-low water level instrument channels in any steam generator.
frossover lines are provided downstream of the pumps to interconnect the e o$,tg
trains and are operable from the control room 1;r feae G The valves

pg e (&scT)connecting the crossover lines to the AFW pump discharge lines are normally omtWeclosed, fail closed upon loss of instrument air and close on AFWS actuation.

h__Thecrossoverlinevalvescanbeopenedmanuallyfromoutsidethecontrolroom.$ The air operated crossover valves are expected to remain operable fromp ~ the control room after loss of offsite power for a period of time due to
p stored air in the instrument air receiver tanks. Thus, loss of offsite power

does not result in instantaneous loss of crcssover valve operation from the
I control room. However, since the instrument air system is a non safety-

related system which is not innediately operable following LOOP, no credit for j

remote manual operation of the crossover valves is taken in the Case !!
evaluation. T5: ;;1= e-e enred te M ==:d !ecel4y ir tM-aulysis. For

> Al%ou h no c(tdk & CJOS50M lones Wd.S 0%Vmeb
4754c/0181c 5
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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 unavailability due to maintenance of the
Train A pump, the train's availability is degraded.

i

. . _ . .. .- _ . - . . - . - . . . _ .
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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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Case III (LMFW/LOAC), no crossover capability is assumed since there are three
valves reouired to be opened locally to establish a flow path to a second
steam generator.

Each AFW train provides feedwater to a, single dedicated steam generatbr
following an actuation signal. No hardware components are conenon between
trains other than the aforementioned crossover lines. Each train, which
consists of suction piping, pump / driver combination, discharpe piping,
c'ross-connect piping between trains and test and recirculation piping, is
housed in a reparate Seismic Category I compartment.

Pump pressure and flow testing is accomplished through a 3-inch diameter
recirculation line connected to the 4-inch diameter g g flow line downstreamaf the flow element. Flow through this line is 6 ..... by a normally :

,

locked-closed globe valve downstream of the recirculation connection to the
main line. Opening this valve allows recirculation to the AFWST for pump
testing.

10A.2.2 Component Description

1. Motor-Driven Pumps:

The motor driven pumps are driven by AC-oowered electric'

! motors. Each motor receives power from an independent Class
| 1E power supply bus and its corresponding standby diesel

generator. The pumps are horizontal, centrifugal, multistage
units.

2. Turbine-Driven Pump:

The turbine pump is a horizontal, centrifugal, multistage,
noncondensing steam turbine-driven unit. A steam line

| connection is taken frorn the Safety Class 2 section of the
Steam Generator D main steam line upstream of the main steam
isolation valve. The turbine steam inlet line is providec ,

with remote manual isolation and throttle valves. The turbine
discharge stest exhausts directly to atmosphere. Overspeed of
the AFW pump turbine automatically trips the turbine. Once
this occurs, the mechanical overspeed trip latching mechanism
must be manually reset in order to restore the turbine to an
operable status. Power for all controls, valve operators,
trip solenoid and other support systems is from the Train D
Class 1E DC System. The major support system is the lube oil
pump and cooling system. The lube oil pump is direct driven
off the turbine shaft. The cooling water supply for the
turbine lube oil cooler comes from a first stage bleedoff
point on the turbine driven pump, passes through the lube oil
heat exchanger, and at n; 10 tM Meth ;J W i,. .;; ;rp.

ns desch0cjed -to a d(OC,

| 4754c/0181c 6
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3. Piping and Valves

The safety-related AFWS piping is manufactured and installed
in accordance with the ASME Code. Motor operated valves AFdoq%
AF0019 AF0065, M50143, AF0085 and solenoid valve FV0143 are
normally closed. No r perated valve XM50514 is normally
open. Valves AF006 a AF0085 are AC powered. Valves
M50143. FV0143, AF001g, and XM50514 are DC powered. CEnsert 5)

4. Auxiliary Feedwater Storage Tank (AFWST)

The Seismic Category I auxiliary feedwater storage tank
provides water to thf AFW sumos. It it a raarrete. stainlett
steel lined. 07,^^7 gallon tank which has sufficient capacity T8 #s

: to allow the RCS to remain at hot standby for 4 hours followed
' by a 10 hour cooldown*at wntch point furtner m.s cooldown is id e!hosperformed by the residual heat removal system. g g,a

The AFW5T is designed to withstand environmental design,

conditions, including floods, earthquakes, hurricanes, tornado
loadinos, and tornado missiles. The AFW5T is designed so that

; no single active failure will preclude the ability to provide
I water to the AFW system. Each train has a dedicated suction
"

line from the AFWST to the AFW pumps. The water level in the
| AFWST is indicated in the control room as well as at the
'

auxiliary shutdown panel. A low level alarm is also provided
,

in the control room.

I 10A.2.3 Emeroency Operation

The AFWS is designed for automatic actuation in an emergency. Any of the
followinc conditions automatically starts the three Class 1E motor-driven
pumps: -

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

2. Safety injection signal

3. 4.16 kV bus undervoltage. The AFW pump is started in
conjunction with diesel pencrator starting and load
sequencing. Water is not automatically fed to the steam
generator until condition 1 or 2 above exists.

| The turbine-drive'n auxiliary feedwater pump starts automatically on any of the
following signals:

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

2. Safety injection signal

4754c/0181c 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 solenoid operated valve (FV0143)
and orifice is provided around the steam inlet valve (M50143). This bypass
valve (FV0143) 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 steam
inlet valve is opened which allows rated steam flow to the turbine. This
arrangement precludes an overspeed trip due to excessive steam flow prior to
governor warmup. This bypass line is not dependent upon AC power to operate.

Automatic jog control of the aux 111ery feedwater flow control valves operates
to initially limit the maximum and minimum flow to any SG when the system is
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. 13.8 kV Auxiliary Power System (non-Class 1E)

2. 13.8 kV Standby Power System (non. Class 1E)

3. 138 kV Emergency Transformer Systems (non-Class 1E)

4. Onsite Standby Power System (Class 1E)

The arrangement of the AC Power Distribution Systems provides sufficient
switching flexibility and equipment redundancy to ensure reliable power supply
to the Class 1E and non-Class 1E plant loads during startup, normal operation,
and shutdown following a design basis event.

The Onsite Standby Power Supply Systems of Units 1 and 2 each consist of three
independe9t, physically separated, standby DGs supplying power to three
associated load groups designated Train A Train 8, and Train C. Each load
proup consists of a 4.16 kV ESF bus and the electrical Icads connected to that
bus. The Onsite Standby Power Supply Systems of Units 1 and 2 operate
independently of each other. Each standby DG and load group of a particular
unit is also physically separated and electrically independent from the other

j two standby DGs and their load proups.

Each 4.16 kV ESF bus is provided with switching that permits energization of
the bus by five alternate sources:'

1. The respective unit auxiliary transformer

2. No. 1 standby transformer

3. No. 2 standby transformer

4754c/0181c 8
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4 Standby DG

5. 138 kV emergency transformer

When neither standby transformer nor the respective unit auxiliary tr'ansferrer
is available, the standby DGs supply the power required by the ESF loads to '

safely shut down the reactor. The 138 kV emergency transformer provides an
additional means for supplying power to these systems if for any reason the
above power sources are unavailable. The 138 kV emergency transformer is
immediately available; however, its use is cperator controlled.

Each standby DG is automatically started in the event of loss of offsite power
or safety injection (SI) signal, and the recaired Class 1E loads connected to
that ESF bus are automatically connected in a predetermined time secuence.
Each standby DG is ready to accept load within 10 seconds after the start
signal.

The Class 1E 125V DC battery systems of each unit consist of four independent,
physically separated buses, each energized by two battery chargars and one
battery. Emergency power reouired for plant protection and control is
supplied without interruption by the batteries when the power from the
Class IE essential AC source is interrupted.

Each battery system also supplies power to inverters, two each for channels I
and IV and one each for channels II and III. The inverters convert DC power
to AC power at 118V AC, 60 Hz single phase for the vital instrumentation and
protection system. The six vital AC busses supply power to instrumentation
channels I, II, III, and IV which are associated with electrical trains A D.
8 and C respectively. The two battery chargers associated with each of the
four 125V DC busses are connected to separate Class IE busses of the same
train to enhance the reliability of each DC bus in the event that offsite
power is lost. Following a loss of offsite power AC power to the battery
chargers is supplied by the standby DGs. Coeponents in the turbine-driven
train are powered from the Train D Class 1E DC system. Consistent with WUREG
0611, it is assumed 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 and valve actuators in each trein
are powered by the corresponding Class 1E train. Instrumentation and controli
in each train are provided by DC or AC power from its associated Class 1E
train.

1DA.2.5 Testino

The AFWS inservice testing and inspection frecuencies assumed in this analysis
are described below. The frecuencies are in agreement with Reference 7 with
the exception of automatic valve position verification which is indicated as
at least once every 31 days in the Technical Specifications. This increase in

.

4754c/0181c 9
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test frecuency serves to decrease the auxiliary feedwater system hardware
related unavailability tashtmi4064) without affectin3 human error and test
and maintenance related unavailability. The calculated total auxiliary
feedwater system unavailabilities are therefore conservative. ,

Component Test Test Frecuency

o Motor Driven Pumps Operability Recirculate to AFWST at least once
every 92 days

o Turbine Driven Pump Operability Recirculate to AFW5T at least once
every 92 days

o Automatic Valve Position Verify position at least once
every 92 days

o Non-Automatic Valve Position Verify position at least every
31 days

o Automatic Valve Actuation Verify actuation to correct
position during each refueling

| shutdown

o Motor and Turbine Driven Pump Verify pumps start on actuation
Actuation signal during each refueling

shutdown

o Train Operability Verify so111ty to establish flow
path to each steam generator
following cold shutdowns greater
than 30 days

10A.3 (ETHODOLOGY

This section presents the step-by-step procedure followed in perforring the
AFW5 avantitative reliability evaluation.

10A.3.1 System Review
,

In the first step, the various drawings, P&lDs, and schematics representina
the AFWS were examined. Special attention was given to identifying:

1. Inst, eentation systeers required for system actuation

2. Fluid systems connected directly or indirectly to the AFW5

3. Power sources for each component

4. Any obvious single-point vulnerabilities.:

4754c/0181c 10
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The reliability information described in Appendix III of NUREG 0611 was then
appraised, and AFWS studies of other facilities were reviewed. With this
information, the evaluation boundaries were established.

10A.3.2 Fault Tree Development and Ouantification
.

|

e reliability block diagram for the AFWS (Figure 10A-4) was constructed. A !'

s 11fied version of the reliability block diagram is provided in / J
Fig e 10A-3. Fault trees (Figares 10A-5 through 10) are constryefed from the ;

'relia 111ty block diagram and the P& ids. These trees include e occurrence
of ind idual component failures. Fault trees for test and aintenance, and
human er r after test and maintenance are also construc d (Figures 10A-11
and 12), rom these detailed fault trees, simplified

ees were constructed. d d d 'd-The simpli d trees contain the same system info ion, but basic events

that are und a single OR-gate or AND-pate are ined into a composite pge,

event (hereaft referred to as a supercompon ). By using simplified fault gy
trees, a tree co aining a managenble numb of events is constructed, yet theI

fault propagation ithin and between sy ms is preserved. When consolidating Ng
basic events into c posite events, c e is taken to assure that no basic
event appearing in a posite eve appears elsewhere in the tree. g '.Definitions of composit events e given in Section 10A.3.4. Reduced fault
trees (Figures 10A-13 and 4) e constructed to provide a simple illustration
of the overall logic config ation for each case, but are not used in the
cuantification process.

! Quantification of th AFW5 fault es is done by two computer programs, FTAP
| and IW ORTANCE. er to Section 10 3.5 for a description of these computer

{
programs.

| Three disti contributions to AFWS unavai 111ty are cuantified in the
evaluatio Unavailability due to random har re failures is cuantified.

using i AFW5 hardware-related fault tree (Figur 10A-5 through 10). AFWS
unavai ability resulting from system downtime for te and saintenance is also
cuan fled. In addition, system unavailability resulting from human errors
as cisted with test and maintenance activities is cuantif The total AFW5 -

availability (per demand) is the sum of the unava11 abilities to random
ardware failure, test and maintenance, and human error.

10A.3.3 Connon Cause Failure Evaluation

The evaluation and design provisions of connon cause factors such as floods
(Section 3.4), fires (Section 9.5.1), earthquakes (Section 3.2), sabotsoe and

| high energy oipe breaks (Section 3.6) are outside the scope of this AFW5
unavailability study. The only connon cause factor considered is 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
personnel changes (e.g., different personnel and shifts or the same personnel
on a different day, etc.). This assumption is also supported by Technical

4754c/0181c 11
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Fault trees are constructed from the P& ids. These trees include
component failures ( mechanical and control circuit), test and
maintenance outages, and human errors (from testing, maintenance 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 ATWS 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.

I

;

i

.

I
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Specification limitations on plant operation associated with coincident test
and maintenance activities that reduce train availability to an unacceptable
level.

10A.3.4 Failure Data *
,

.3.4.1 Description of Supercomponents

groucngsofeauipmentwithineachtrainoftheAFW5thatfunctionay[anThe etailed reliability block diagram illustrated on Figure 10A-4 sho

identi able unit, and whose failure locic can be represented in a ault tree g|ggas basic vents cennected under a single OR-pate or AND-pate. T se equipment
groupinos, referred to as supercomponents, can be used to gener te simplified 6(th(6,
fault trees n which the supercomponents are used to represen basic events
rather than a h individual piece of eautpment. MyuM

,

. The following s ols represent supercomponent abbrevia ons used in Fioure
| 10A-4 I

Mil, MC1, MDI = hardwar related failu-e of motor- riven and turbine-
driven AFW pum and associated valv in Trains B, C, and D,
respectively upst am of the cross er valves.

MB2, MC2, MD2 = hardware-related allure flow elements and associated
valves on the steam pen ato side of AFW Trains 8, C, and D,
respectively downstream o he crossover valves.

MD3 = hardware-related failure of alves entrolling steam supply to'

turbine-driven W pump fo Train D.

DG12. DG13 = hardware-relat failures and tes or maintenance
unavailabiliti s causing inability o diesel penerators for Trains

,

; 8 and C (res etively) to start.
i

$8 = Failure of both utomatic and manual backup actu ton signals for Train B,

j (ASB, on Figure 10A-4).

SC = failure e both automatic and manual backup actuation ignals for Train C
( , MSC on Figure 10A-4).

! SD = f ai re of both automatic and manual backup actuation signa for Train D
(ASA, MSD on Figure 10A-4).

i BVL = CVLC = DVLC = Human error related unavailability due to operato 'sx
| f Ivre to restore the bicek valves on the pump suction or discharge lines
1 11owing maintenance.

4754c/0181c 12
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T.Lk ?^? 1 er: e'at the individual niaras er -aef mt a--he:d egg 4 each
M * h* " YJ: IIiiwd avve r.pmponent groupi.y . " vi g:.! = f rm ak - 4. e5 !

'

t *M - *^--- ---' ^ ^" e ;te r, : . e i;;r; 10:4
I'

10A.3.4/ Failure Rate Data
-

t.

10A.3.4/.1 Hardware

Hardware-related failure data used in this evaluation are presented in Table
10A// Unless otherwise intitcated, all failure data are taken directly from
NUREG-0611.

10A.3.4.f.2 Human Error

Since the AFWS is automatically actuated, the treatment of human error is
limited to mispositionino manual valves based on the human error probabilities
given in NUREG-0611. Valves considered are **^^'' ' ' ^ ^ " " ' ^ ^ " ;J M 2,

n'a^'"----9friual valves in the recirculation lines to the AFST.arnare --a

d h5 e =^' S -a e- the det:ike relt.t,ili';f b43 ciegra (figure 10' ').h

During maintenance, valves AF0024 AF0053, AF0073 AF0012, AF0059,fF003I AFiLX4|and Al0078 1

must be closed in order to drain the water.from pumps._ They may inaevertentlyLpwt%be left closed.w a ':ilar: :::- u : : '0-' :r n ;;n: u ;; d 5- tSts
' Och;htic . During the testing of a pump, the manual valve in the

recirculation line must be open.3 The manual valve may inadvertently be left,

open. A failure rate of 5 x 10- per demand is used in this calculation. i
i
' For Train D, the trip and throttle valve overspeed trip mechanism must be

manually rgset after maintenance or a previous overspeed trip. A failure rate
of 5 x 10-J per demand is used for this calculation.

10A.3.4.f.3 Test and Maintenance
,

The approach presented in NUREG-0611 is used. Testing and maintenance (TV.)'

activities that remove components and/or the system from service can be '

sipnificant contributors to overall AFWS unavailability. The most comon
forms of valve maintenance performed during power operation are packing
adjustments and repairs to the MOV and ADV control circuits and operators.
Nearly all of these activities are performed with the valve in the safe
position during the maintenance interval. Therefore maintenance of MOVs and i

ADVsisnotconsideredtocontributetovalveunavailability,er::;t1:eth:
-5ince se .:h:: - e ---=e "; t h eed .w . -,, . . . - - ............m..

-swiMYTfrg.;; re 1d di d u er.j h :31 *antrol circut* eff**tively f eiling that,

w den vi Oh; C Check valves and manual valves are expected to recuire
very little maintenance. The low test and maintenance impact on this part of

j the AFWS is the basis for not includir.g a human error contributor to
unavailability for the manual valves in the individual steam generator fice-,

paths. Although testing and maintenance contributions are not treated for the
valves associated with the branch flowpaths to a specific steam generater,i

unavailability from testing and maintenance of the pump subsystem is treatec.
,

4754c/0181c 13'
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Due to the fact that this failure mode will only occur after
maintenance, that procedures require the position of these valves be
double checked after maintenance as well as periodically checked
(every 31 days), and that flow tests on the pump are required after
maintenance, this failure mode was assumed to be insignificant.

.

e

i
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In the subsystem part of the fault tree, testing and maintenance are treated
as a distinct composite basic event. Unavailability due to T&M is calculated
using outage durations from NUREG-0611 and the test frecuencies as presentec
in Section 10A.2.5. T&M unava11 abilities r each train are compriseo of
contributions due to testing of the trai sintenance of the pumpf eme-
u .-- s .63 ..-- m t ' d ;ti . d :- T u r e' t'e'^ - n*-ib'M ons
constiteit th: tetel-4est-end-ma4Menence-tenne 11ebi+4ty-of pert?cder

*--i-J TP e us''ebiltti::. ;r; pe;,in: 4- Table 20*A.pM %)
$TP Technical Specifications (Reference 7) do not allow coincident test or
maintenance of components of more than one AFW pump train. Therefore, the
analysis explicitly accounts for maintenance in one train and : ' :innt nof' In-f'he
M-16: --'eted fe419-es ia 'he -- :1-i ; tre t-e' ;. - other-tfdins Ey use of 4be ''tJCT'

1

ganz . ,

107,.3.0.3 C r nted " ;w;iletilit':: fer Cae;;ite [.ents

Tha amawailabiltty-per-demand $f each uf the separeseen;nt; 42;crite -4Ti
| Seettaa inA J ,4,1 i; c;1culeted by ;.t;t4twtiaji it.; 1+44vre--r4ts 44ta in

TaHet 10A-2 en; 10^-3 inte the Lepereve;n:nt-empeessions given-in-Teble

,Y I h..]..];;..r U..'PNi .per - .nu M ;;3 5.psrcs+;;;nt ;;r..M ai,-tsM
_ _. . ois wa-..

10A.3.5 coeouter Procra-s
61ec YIC O f WWWestqhoOQr .ne-]etten computer programs are used inM jThe followino *- hte.

performing the evaluation of auxiliary feedwater system unavailability. '
;

10 ' . 0 . ', .1 MAP Th4b
TG - ;--- M sted _to generate f ault tree ts * sete

families are generated by one =:... estias nethods; (1) top-down (2)
*

-

bottom up, or f3 method. FTAP results have been verified Ty.
~

campsfTson with hand calculations.

i tai u ' :~ "'E

Th M esa tthe minimum cut sets y TAP and basic nt data,

failure rates an T J - 5 *a determine system and subsystem
;

prograrr has been verified by comparisun itbhandun ,

!
i 10A.4 RESULTS OF THE RELIABILITY EVALUATION

The results of the AFWS reliability evaluation are provided in two forms. The
first is a peneral cualitative evaluation based on system design features.

.

The second part is a cuantitative evaluation based on the fault tree represt ,-'

tation of the AFWS design.

. 4754c/0181c 14
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In order to decrease the availability of Train A relative to the
other trains, the maintenance outage time fer 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 previded 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 interectively. 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 traes. The
computer keyboard is used to move to different locations within the
fault tree.

10A.3.5.2 WISCUT

| WESCUT is a computer code written in FORTRAN 77. 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 cutsats. The
cutsats 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 containing up to 320 gates and 320
basic events.

,

I
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10A.4.1 Ous11tative Evaluation

In the cualitative characterization of the reliability of AF systems,
NUREG-0611 assumes that the traits identified in Table 10A mist for
specific reliability ratings. These characterizations are reviewed for each
of the three initiating events considered in NUREG-0611.

10A.4.1.1 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 is due to a single manual
valve through which all AFW flow passes, where a human error of failing to
reopen the valve after maintenance is found to be the cominant failure
contributor. The South Texas design has four lines supplying water to the
four pump trains. Thus, no single human error could disable the system. The
only sincle failure that could disable the system is rupture of the auxiliary
feedwater storage tank. The unavailability due to this failure is extremely
small and this event would be readily detected by tank level indication and
low level alarms in the main control room.

The NUREG-0611 plants classified in the high-reliability range for this:

transient generally have three AFW pumps (two motor and one steam turbine,

driven) which are actuated automatically, with manual backup signal.i

Since the South Texas AFWS desi
actuated crossover capability (C~gn includes all these features and_co.ntrol_ room 1t receives a high reliabillty rating for this l<xtihos
transient ever the:P TreWA-4 :::md cut Of-Service. h p fk)

I 10A.4.1.2 Loss of Main Feedwater with Loss of Offsite Power
|

The major difference between this and the previous LMFW event is that offsite
! power sources are not available and the systee must rely on onsite power
j sources (i.e.. diesel generators, batteries and steam).
|

The reliability of various AFWS designs for this event are generally found to
be suite similar to those for the prev'ous initiating event (LMFW). The major
difference is that onsite AC power sources are required and the potential
impact of degrading these power sources (e.g., the loss of one or more
eneroency diesel-generators) on the AFWS reliability is ev'eluated.

Csmpared to other Westinghouse NS$5 plants evaluated in NUREG-0611 the South
Texas AFWS contains a greater number of motor driven pump trains (3 versus the
typical 2)*; t;.ever, th!: On:ly;44 00ntervatively -e!!r :3-that ;;; trata-45-
ee* e' !=rwie*- This redundancy reduces the likelihood cf AFWS unavailability
during a LMFW/ LOOP event.

i

|

!

.
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<

; For this reason and the local manual crossover capability, the evalitative
reliability rating given the South Texas AFWS is comparable to that of other
high reliability Westinghouse N555 plants as reported in NUREG-0611.

10A.4.1.3 Loss of Main Feed =ater with Loss of All AC Power
*

The major feature of this initiating event is the total dependency of the AFWS'

;

en steam power. Low and medium reliability classifications under this event '

are generally due to systems having AC power dependencies in the steam L

turbine-driven pump train. Such dependencies may include lobe oil cooling
power to steam turbine admission valves, or air-operated valves which fail, At !

I

closed on loss of air. Those systems characterized as having a relatively ;
hioh reliability are usually automatically actuated and have no potentiallyi

'

degrading AC power dependencies (except HVAC)..

'

.

! When comparing the STP AFWS to the NUREG-0611 plants which have a high
: reliability character 1 ration, the STP design has a comparably high reliability |

,

because the turbine pump train has no AC dependency in order to function. t

However, since no credit is taken for the steam turbine driven pump to servei

'

other than SG-D (due to absence of control room activated crossover capability
,Iand the recuisite manual actuation of the stop check isolation valves in the

other trains), the South Texas AFWS is rated slightly. lower than some of the
hiphest rtted other Westinchouse N555 plants as reported in NUREG-0611 (refer I

i

10 % r to r igure -6, '5 ). As noted earlier, it is possible to manually initiatei

crossover from outside the control room if the need should ever arise. The
i turbine driven pump is cualified for operation in the environment resulting
| from a loss of HVAC.

,

I10A.4.1.4 Qualitative Comparison with other Designs ;

gg f, FFigurth is a reproduction of the reliability characteristic chart!
!

presented in NUREG-0611 for AFWS designs in plants using the Westinghouse !i N555. An added row presents the results of a qualitative evaluation of South (
Texas AFWS reliability. The figure shows the relative reliability ranking of |

South Texas AFW5 for each of the three cases studied and compares these I.

results to those obtained by the NRC. This cualitative evaluation is included |to complement the results of the cuantitative analysis.,

i
j
>

10A.4.2 Quantitative Evaluation (
i The eventitative characterization of the South Texas AFW5 reliability is

developed using the methods and data provided in NUREG-0611. The syst W s |

,

conditional unavailability is eventified for three initiating events: LMF W,
|LWW/ LOOP and LWW/LOAC. System unavailability is associated with hard.are
ifailure, human error, and test and maintenance sowntime.
(

| 10A.4.2.1 Quantitative Results l

The results of the cuantitative evaluation are presented in Table 10A
.

I lab?: "? ? t e t mes 9e WMAM eMett:n e' here iemeerhuman '
'

\ 1

) 4754c/0181c 16
l

l
r

(
-- - - - - - - .- -_-- _ - - - _ .



- -_ _ _ - _ - - . _ - - . - - - _ _ - - - - - _ _ . _ - _ _ - - - _ _ _ -_ _

!* ATTACHMENT
*

- ST ML AEJ6JI
PAGEistDF/ffs

'

AUXILIARY FEEDWATER SYSTEM RELIABILITY EVALUATIch
'

i

este and am4n#* 3;; ;, (h, g ," yri,,,jjgy *j{y 7,i 07;;----- and

i 1H;;;;;' ; :::-** (!"u. L"E/L^^^ t-d tww! Md . System unavailability for !

the LMFW and LWW/ LOOP events is approximately"2 m Z-? :-! ^ ; "" per 3 DE-6 ond !

| demand, respectively. Even for the LMFW/LOAC event, where all AC power is 3 be5-
lost and the system is totally dependent on the steam turbine driven pump to ;

'

j supply water to the steam generators, the system unavailability of lb '

j At.C _ approximateiy*E a 10-Z per demand is p|e w: hen compared with other designs ance. These results semonstrate that .

; the South Texas AFWS design is relieb
! the USNRC acceptance Criteria of 10-8 to 10-4 per demand for the LMFW

,

transient (Ref. 5) Eertic le,-1, ., hen e.e ceneters test the 5e.th-Yemss-AFWS
| ; .;;,eis e c!. ;; en; trein fie sene+deration.

!
- 10A.4.2.2 Failure Modes

l,

; There are many possible combinations of random hardware failures, component ,

i unavailabilities due to test or maintenance, and human error which can result
; in the unavailability of the AFWS. Since each system component (e.g., pump,

valve) penerally has a different failure rate, there are certain combinations ,

'

j of failure modes that contribute significantly more to the total
j enavailability of the AFWS than others. These are the most significant
i failure modes. Unavailability per demand of each of the possible combinations
| of failure modes is computed by evez if11... e.ch ef the ;e k.i s.;-i+15

! ,;r.; ete; by the computer code *Pf*F". Once the unavailabilities associatec WM,
;

with each einimal cut set have been computed, their percentage contribution to |' total AFWS unavailability can be determined, and significant failure modes
identified. L'

Ii w G u T"
1 The AFWS reliability evaluation uses the computer code ftile to generate
; minimal cut-sets based on Boolean empressions ivr iew r... e her;-..e is W re,
1 ;..i a; e.ietenence, ;;; i.r:n ;rrer-fewit-W ees P : - *= h etton 30A.3 2. i

j In general, higher-order cut-sets contribute less to the top event than do I
'

lower order cut-sets if the failure rates of the basic events are similar. bM
'

i fed With tM ee separate pump' trains, the aggregate of in re-order cut-sets
| (representing various combinations of pump and valve failures affecting

,

different trains) contribute significantly to the failure of the entire AFWS. !
'

j Nigher order cut-sets (e.g., feweth orser) involve other basic events with fif+h j
' such smaller failure rates, and their aggregate contribution to total AFWS :
| unavailabilty is numerically small. (
1 !
i The following sections present a sumary of failure modes associated with the |

|
LWW, LWW/ LOOP, and LWW/LOAC f ailure scenarios.

|

j 10A.4.2.2.1 Loss of Main Feed. ster (Case !)

for-4he.J,MFW scenario (Case !), the 'FTAP" codept:;. iT [
| cut-set, r cut-setynd_10-4Mrt-order cut-sets for the hard are dPL% |
! failure fault tree s s 10A 6 through 10A-10. The 'FTAP' run for ;

i the tesWMenance fault tree s vn-enJ.isure 10A-11 results in no |
: {1r.S44rder cut-set and 34 third-order cut-sets. 'The hDman erpor-fault. trees i

!

|

l 4754c/0181c 17 [i
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igure 10A-12) produce no first or second-order cut-sets, and 23 third-order
cu ts. From Table 10A-6, it can be seen that the hard.are faDure cut-sets
(in ago ste) contributes about 25 percent to total AFWSynedflability;
human erro t-sets about 51 percent; and test and mjintenance cut-sets about
24 percent. W n each group of cut-sets, no one ferticular failurer mode
could be character as a true dominant co3tenutor. The single first-order
cut-set for the hard a allure fault re(represents ungvailability of the
AFWST which is numerically all ( ximately 3.6 a 10-8 per demand). To
simplify the discussion. AFW5 vailability (here and in the following two
sections) will be treated a ha are-related failure. Third-order cut-sets .lIS (

-

for the hardware fai fault tree r sent various combinations of failures n
of pumps and va in different AFW tra Because failure rates assigned V
to pumps an ves are numerically similar, rical values of the 10
third-or cut-sets are close to one another, with ngle contributor'

bein ominant. Human error is the largest contributor to unavailabilityi

Case 1 (LW W).

10A.4.2.2.2 Loss of Main reed.ater Coincident with Loss of Offsite Po.er'

Icase II)

r the LMFW/ LOOP scenario (Case !!), the 'FTAP" code produces 1 first-or
! cu et.Osecond-ordercut-sets,and14 third-ordercut-setsforthe)dre.are
; fail fault tree shown on Figures 10A-6 through 10A-10. The prester number
i of har ce failure cut-sets for Case !! versus Case I is attrib ble to

combinati of pump and valve failures in addition to failure the diesel
penerator to tart (diesel penerator ooeration is recuired f Case !! but not

! Case 1). From e test and maintenance and human error f t trees (Figures p
10A-11 and 12), a ambined total of 0 first-order cut- s, 0 second-order g, 6,
cut-sets, and 65 th -order cut-sets are generated y *FTAP". Considering
the soprecate contribu n of hardware failure, st and maintenance, and p I

human error to total AFW availability for se ll, hardware failure
(|

1

cut-sets contributes 40 pere ttothetoya unavailability, test and
saintenance contributes about rce , and human error contributes 45

| percent (refar to Table 10A-6). r Case I, no cut-sets belonging to the l'
'

test and maintenance group are n contributors. In the category of 6
,

hardware failure, various e ations failures of one diesel generator
effecting one train and val failures dis ling a second and third train are
responsible for 66 perce of tne total unav ability attributable to;

; hardware-related fait es. For the human error ntribution to total AFW5
; unavailability, h n error affecting one train, p s failure of one diesel

generator disab g a second train, and a valve fail disabling a third
| train repres 39 percent of the total human error con ibution to AFWS ;
i unavailabt ty.

,

, 1

'

From e quantitative analysis of Case !!, it is concluded that 11ure of
die generators to start, hardware failures associated with valv in the

o discharge lines, and human error are the most important factors e inc
i

W5 unavailability.

|

i :
.

; 4754c/0181c 18
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10A.4.2.2.1 Loss of Main Feedwater (Case I)

For the LMFW scenario (Casa I), the AFWS unavailability was
calculated as 3.2E-06/d. The dominant contributors to system
unavailability are fourth-order cutsats 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 a 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.) Other dominant basic events are the
failure 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 is approximately one percent.
Thus, the conclusion can be drawn from this analysis that the South
Texas AFWS is highly reliable in the event 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 (Law. 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 and 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.

i

i
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'

10A.4.2.2.3 Loss of Main Feedwater Coincident with Loss of All AC Power
#* 5 ' *

enuailabilm/ = 4.sc-7/d)
AFWS unavailability for the LMFW/LOAC scenario (Case !!!)^1s attributable to
any hard are-related f ailure, test or maintenance unavailability, or human
error that could disable Train D, since this is the only AFW train which can
operate independently of AC power. The percentage contribution of each to
total AFWS unavailability for Case III is as followsW... ._ .. .- ,,. hrt Q
M-Mea-rehted failur.e, 52 ;;rcent, tei;t ;r.d =iM. n:n::, '' ;;rcenti- and
5 : :rr: S' n :;r.t.

10A.4.2.3 Conclusions

The cuantitative evaluation of auxiliary feedwater system reliability
concludes the system reliability is high and in accordance with the guidelines
contained in Standard Review Plan 10.4.9, Rev. 2. The qualitative evaluation
also shows the system reliability to compare favorably with that of other

i plants described in NUREG 0611. With the exception of the loss of the AFWST
(an extremely low probability event), no single point vulnerabilities were
identified in the system. Furthermore, no second order cut-sets were
identified and 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 ACPower

Tiain D notor-operated valve failure (62%), operator errer in
failing to reset the trip and throttle valves or failing to clone a
manual valve after test (22%) and the unavailability of the turbine
driven pump due to maintenance (11%).

v,

9

9

i

.

k

6

- - --- . - _ - . . . _ _ , . . _ _ _ _ m_--._ _., .-.__ _.



,

..

ATTACgEgT
~

A Ei57 or / t ATABLE 10A-1

CONSTITUENTS OF SUPE ONENTS(a)

MB) = 095 + AF0053 + PFA02 + AF0058 + 0059

BC1 = AF009 AF0073 + MPA03 + AF00 + AF0078

P01 = AF0093 + AFO + MPA04 + 0011 + AF0012 *

982 = FV7524 + AF0061 + 5 + AF0065 + AF0120 g
MC2 = FV7523 + AF0080 + F 523 AF0085 + AF0121

MD2 = FV7526 + AF0014 FE7526 + AF 9 + AF0122

MD3 = Governor Valve + XM50514 + M50143

58 = ASB x M5B

SC = ASC x ;

SD = AS x PSD

(a) For oeneral description of supercomponents, refer to Sect 10A.3.4.1 and
Ficure 10A-4

.

I
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Table 10A.f PAGE152 OF 3

Component Basic Event Failure Probabilities *

1. Check valve. Failure to open.
AF0122, AF0120, AF0121. AFoll9
AF0011, AF0058, AF0091, AFcc% 1 x 10-4/d(s)

2. Automatic actuation signal. .

ASA, ASB, ASC 7 x 10-3/d

3. Manual backup signal.
(Cor)ditional prahability
given automatic signal
fails)
MSB, MSC, MSD 1 x 10-2/d

4 Flow element plugging.
FE7526. FE7524 FE7523, F67GS~
(This failure rate was taken from
NASH-1400 for pluggino of the flow
orificeTableIII4-1). 3 x 10-4/d

5. Gate valve. Pluggina contribution.
AF0014, AF0012 AF0024. AF0093
AF0061, AF0059, AF0053, AF0095,
AF0080. AF0078, AF0073. AF0096 1 x 10-4/d
APCCHin h%3o PFOO3s ; AFOO94

6. Air operated valve (crossover valves) /
FV7515. FV7516, FV7518, '/se I: (Control room operation)

. chanical components [ 3 x 10- /d
Ploeg'ter f ailureing contribution 1 x 10- /d g g

1 x 10- /dOpera
(MaTn al backup sign )

Local controh:4 vit 6 x 10-3/d
Total 1.64 x 10-2/d,

Case 11- ocal Manual Operat on)
,

j uggina contribution 1 x 10-4/d
| Local manual actuation .34 x 10-2/d** (Ref. 6)

Total 2.35 s .10 /d
|
. [ Solenoid valve failure
! FV0143
| Mechanical components 1 x 10 d
| Plugging contribution 1 x 10- /d (WASH-1400)

Local control circuit 6 x 10 /g
Total 7.1 x 10-J/d

* Data Source, NUREG-0611 except as noted.
** The median value presented here was calculated from the mean value

and the variance contained in Reference 6. .

10A-2
4759:/0181c
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Table 10A-/ (C:ntinued)

Comoonent Basic Event Failure Probabilities
7
f. Motor-operated valve, failure to open.

AF0019. AF0065, AF0085 M50143. Are97
FV7523, FV7524, FV7526, Fv75af

Mechanical components 1 x 10 /d
Plugging contribution 1 x 10- /d
Control circuit (local) 6 x 10 /d

Total 7.1 x 10-3d
pf Motor-driven pump.

WA02, MPA03,01FA01
Mechanical components 1 x 10- /d
Control circuit (local) 7 x 10- /d

Total 8 x 10 /d
Turbine-driven pump.
WA04

Mechanical Components 1 x 10-3/d
Overspeed Trip:

Solenoid Yalve Failure 7.1 x 10-3/d
(See Item 7)

3 x 10-4 g/d
Orifice Plugged /

Total 8.4 x 10-g
% Motor-operated valve.

XM59514 Pluccino contribution. 1 x 10-4/d

. Auniliary feedwater storace tank (unavail- 3.6 x 10-8/d
ability per derrand estimated from that given

p for condensate storace tank in WASH 1400)

d. Diesel oenerator.
DG13 -e- 4 &X6M
DG12 4.8 x 10-2/d
D6II 4 8 yIc"*, d

The hardware failure rate of diesel-generators (4 x 10-2/deund) is
taken from Ref. 3. Total diesel generator 12 unavailability is the sue
of unavailabilities due to hardware failure
totp1 unavailability =4x10-4+1.9x10-3+ test,andmaintenance;i.e.,6.4 x 10-3 = 4.8 x
10- (Refer to Table 10A-3).g

)4'. Governor Valve
Plugging Contribution 1 x 10-4/d

(ajd = semand

10A-3
4759c/0181c
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Table 10A-

Unavailability of Components Due to Testing or Paintenance

Mrs/ Test / Hrs /
Component Test Yr pla int. Otest(s) Omaint(b).

,

Pump 6,C D 1.4 4 19 6.39 x 10-4 cIC) 5.8 x 10-3/dj /

Valve 7 2.1 x 10-3/d---

Diesel 1.4 12 21 1.9 x 10-3/d 6.4 x 10-3/dGenerator

Pump A l.4 'l 33b l> Sqy.p /d, I.O E-l/d

.

(a) O est . (# hrs / test)(# tests / year) [See NUREG-0611, Table !!!-2)t

(#nrs/ year)

(b) Or.aint. . (0.22)(# hrs / maintenance activity) [SeeNUREG-0611. Table!!!.2)
720

(c) d = demand

(d) 6fc explandflon 10 9 Chm IOb ' D' N'I'3

.

10A-4
4759c/0181c
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Table 10A-4
,

Composite Event Unavailability (per Demand)

Probabilit!cfFailureercomponent

Hardware: 1 x 10-3

MCI 8.4 x 10-3 *
.

MDI 8.8 x 10-3

ME2 1.47 x 10-3

K2 1.47 x 10-3 O-

MD2 1.47 x 10-3

MD3 7.3 x 10-3

SB x 10-5

SC 7x -5

5 7 x 10

'NHuman Error. 8vLC 1 x 10-2 y
CVLC 1 x 10-2

DVLC 1 x 10-2

!
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Table 10A

AFWS Qualitative Reliability Characterization Traits

Low-Reliability Pedium-Reliability High-Reliability
a. m nual system a. Auto actuation with a. Auto actuation withactuation manual backup senval , backup

b. Two-pump system b. System with more than b. System with more
two pumps than two pumps and

reduced AC dependence

c. Single-point c. Single-point c. No sincle-point
vulnerabilities vulnerabilities vulnerabilities
present may be present present

d. Technical d. Technical Specifica- d. Technical
Specifications tions permit Specifications
permit unlimited unlimited outape do not allowoutace time for time unlimited outage-

system maintenance, time
tests, etc.

.

10A-6
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Table 10A-

AFWS Unavailability (per Demand)

LMFW LMFW/L OOP LMFW/LOAC

''r s . ... r . n m.. 4,; ,;c-6 4.57 x iu-5 3.^5 ;; 10- ?
,

.t--- S r . e .
-

-0.33 a 10-3 1.65 m iu-5 t,;; ; ;;-?

Teet :nd ":inten;n;e 4.26 x 10-6 g,;7 ,;g-6 -0.52 x M
Total 4 .62 , 10-5 ;,;; , ;;-5 e en - in-2

3. 93 E-(o 3 57 E-5 454E-Q

|

|

10A-7,

4759c/0181c
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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
A Auxiliary Feedwater

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

COMPONENT
AFST Auxiliary feedwater storage tank
FL Flow element
PM Motor driven pump
PT or TDP Turbine driven pump
CV Check valve
MV Motor operated valve
XV Manual valve
DG Diesel generator
ESFAUTO Automatic ESF signal
ESF}DJi Manual ESF backup signal
GV Governor valve

FAILURE MODE
P Plugging
OE Operator error
MAIN Maintenance
TST Test
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I i 1A5x i i I
I

DEFINE SYSTEM
BOUNDARIES

I

TASK 2 AMT TREE
DEVELOPMENT

I

TASK 3 MINIMAL CUT SETS

I

TASK 4 DATASEARCH

I

yagg g F# ULT TREE
DUANTIFICAT10N

_

TASK $ IMPORTANCE-

EVALUATION

I

TASK 7 RESULTS, CONCLUll0NS,

SOUTH TEXAS PROJECT
UNITS 1 & 2

BASIC TASKS OF
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AFWS RELIABILITY EVALUATION
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