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ET-NRC-93-3985
NSRA-APSI 93-0386 :

Docket No.: STN-52-003

October 8,1993 i

Document Control Desk
'

U.S. Nuclear Regulatory Commission
,

Washington, D.C. 20555

ATTENTION: R.W.BORCHARDT

SUBJECT: WESTINGHOUSE RESPONSES TO NRC REQUESTS FOR ADDITIONAL
INFORMATION ON THE AP600 '

Dear Mr. Borchardt:

Enclosed are three copics of the Westinghouse responses to NRC requests for additional information
on the AP600 from your letters of July 8,1993 and July 19,1993. This transmittal completes the
responses to the July 8,1993 letter. A listing of the NRC requests for additional information
responded to in this letter is contained in Attachment A. Attachment B is a complete listing of the
questions associated with the July 8,1993 letter and the corresponding Westinghouse lettr s that
provided our response.

These respcmscs are also provided as electronic files in Wordperfect 5.1 format with Mr. Hasselberg's
copy.

.

If you have any questions on this material, please contact Mr. Brian A. McIntyre at 412-374-4334.

h

Nicholas J. Liparulo, Manager
Nuclear Safety & Regulatory Activities

/nja
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cc: B. A. McIntyre - Westinghouse
F. Hasselberg - NRR

.

-
-

12 115 ' Bf ;

t\ |,

9310140109 931008 B {e,u
PDR ADDCK 05200003 N
A PDR Ew! j

!



_ _ ._

t

|
* . s

,.

:

ET-NRC-93-3985 !
ATTACIIMENT A i.

AP600 RAI RESPONSES
SUBMITTED OCTOBER 8,1993 - !

,

h

RAI No. Issue

620.078 : Unique HF issues to passive plant |

720.088 : Pipe rupture frequency used for LOCA IEFs 7

720.092 : PRIIR HX tube failure probabilities

I
:

!
!

!
v

b
t

!

:

!

}
,

,

5

|
t
5

,

!

I

i

f
.

i

I

1 !

-i

.. -i

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



'
, .

.

Pnnted: 10/0BS3

ATTACHMENT B
CROSS REFERENCE OF WESTINGHOUSE RAI RESPONSE TRANSMITTALS-

"

.TO NRC LETTER OF JULY 8,1993

Question issue NRC Westinghouse
No. Letter Transmittal Date

620 075 Implernentation guidance for task analysis outputs 07/08/93 10/0493
620.076 Guidance documents 07/08/93 09/03/93
620.077 V&V vs unexpected issues 07/08S3 09/03/93
620.078 Unique HF issues to passive plant 07/08S3 10/02/93
620.079 Detailed validation plan 07/0&93 09/21/93
620 080 HFE issue tracking closure vreification 07/08/93 09/21/93
620.081 Controls /Dir. plays availability analysis 07/08S3 10/0493
620.082 Human actions at local stations 07/08/93 10/0493
620 083 Concept testing functional requirements 07/08/93 09/03S3
620.084 V&V performance measures 07/08/93 09/03/93
620 085 Communications between CR & plant personnel 07/08/93 09/03/93
620 086 Display selection factors 07/08/93 09/21/93
620.087 High-level operator actions 07/OS93 09/03/93
620.088 Role of COL in development of EOF 07/0893 09/21/93
620.089 Low-pressure ieference plant name 07/08S 3 09'03/93
620.090 Plant labebg 07/08/93 09/03/93

Records printed.16
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NRC REQUEST FOR ADDITIONAL INFORMATION

Ouestion 620.78

The issues identified in the V&V plan are all of a general nature as would be expected, given the model-based
approach used to facilitate issue idennlication. lloweser, are there any liF issues that relate uniquely to a passive
plant in general, or to AP600 in particular? Wdl any such issues be mcorporated into the test progmm at a future
date (Section 18.8)?

Response:

The set of test issues that is described in SS AR Subsntion 18.8.2.3 is considered to be comprehensive. Evaluatmn
of tie issues and devt lopment of the test program has not identified the need to add AP600-specific evaluation issues
to the test plan. Differences do exist twtw een current nuclear power plants and the AP600 design. These ditferences
need to be considered in specifying the detailed test program since they affect the selection of test cases and
scenarios used in the validation studies

For the AP600, the role of the operator remains essentially the same as in current plants. The operator plays a
supervisory role m morutoring alanns and venlying automatic system actuation,imtiating protective functions, and
performing manual actions as needed. There is no basic change in the set of relevant human perfccmance issues that
need to be considered in the test plan. This posidon i.s iunher described in Section F of the letter ET-NRC-92-3748
f rom N.J. laparuto to Oairman Selin, dated September 17,1992. The referenced letter provides comments on the
draft NRC policy entitled " Design Cerufication and Licensing Policy Issues Penaining to Passive and Evolutionay
Advanced Light Water Reactor Designs '

Unique aspects of the AP600 design are important in the selection of test scenarios that exemplify dif ferent cogninse
challenges that will be included in the evaluadon studies. The specific test scenanos wd1 be selected based on
consideradon of:

I
AP600 specific design features |

-

Design. basis events specific to AP600 |
*

Identificahon of cntical human performance actions j
-

Identification of AP000-specific scenanos that produce cognitive challenges of the son identified in the test |
*

plan that: j
- May comphcate situatmn assessment by providmg degraded or conflicting plant state information |
- May complicate re.sponse because of muluple conflict;ng goals |

May complicate performance by increasing personnel communication'coordmadon requirements.

Tbc test scenarios will be delined as de4cnbed m SSAR Subsection 18 8.2.3.

|

SSAR Revision NONE

|
1

620.78-1
.[ Westinghouse
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NRC REQUEST FOR ADDITIONAL INFORMATION

=

il

Question 720.88

Justify the pipe rupture frequency Otat was used to desclop the LOCA initiating event frequencies. If the pipe
rupture frequencies from the EPRI ALWR Utihty Requirements Document are used for the sequence frcquencies
assocuted with passive RllR tube ruptures, small and very small LOCAs would increase by a factor of five.

Response:

WASil-1400 data for pipe rupture was selected and used in the AP600 PRA. The reason for this selection as
discussed in S AROS letter to EPRI, " Key Assumptions and Groundrules Document Recommendeu Changes to Data
Annex," dated March 8,1991, is as follows:

"
lhe most readily available data base developed independent of WASH-1400 is reported in NUREG/CR-4407.

This report was esamined in the preparation of the KAG data base, in an attempt to tie the failure rates more
speufically to a clearly-defined pipe section. The report surveyed nuclear plants, and reported average lengths of
pipe and numbers of weldsfor different systems in both PWRs and BWRs. Based on the data in NURL^G/CR-4407,
failure rates were estimatedJbr piping greater than and less than 2", on a per-section basis (defined as a section
between major ducontinuities but stresnoctive oflength), asJbliows:

A = f(No. offailures) / (No. of plant-years * avy No. of welds per plant]] * 13 welds per arg section]

It was thought that this put the data on an approsimately equalfooting with WASH-1400, and that the two sources
could be considered together to provide thefailure rates. Thefailure rates availablefrom the tuo sources are as
Jidlows (all cre on a per-hour, per section basis):

WASH-lJun

Leal / plug, ;,ipe Jiameter < 3" 8.5E-09
Rupture *, pipe diameter < 3" 4.2E-10

Leal / plug, pipe diameter > 3" 8.5E-10
Rupture *, pipe diameter > 3" 4.2E-fl

NitRFG/rR-44H7

Leak, pipe diameter < 2" L4E-tN
Leak, pipe diameter > 2" L4L-(N

Current KAG* *

. 720.88-1W Westinghouse
_

._ _ - _ _ _ _ _ . _ _ _ _ _ _ _ _ _-__ _ _ _ - ___ - _______



NRC REQUEST FOR ADDITIONAL INFORMATION

; n
i Km

Leak / plug. pipe diameter < 3" 2.0E-09
Leak / plug. pipe diameter > 3" 8.0E-10

*5% ofleakage rate, per p.lH-78 of WASH-1400.

**KAG also recommends breakdown according to severity:
maximum break,10 to 30% of totalfailure rate;
large break,50% of remainingfailure rate;
small break, residualfailure rate.

1he rationale behind the values in the KAG document is that thefailure rates may be loner than those reported in
WASH-1400, at least for small pipes, so a value closer to that obtained from NUREG/CR-4407 was chosen.
NUREG/CR-4407 did not directly support using afailure ratefor larger pipes ten times lower than thatfor smaller
pipes (as was applied in WASH 1400). On the other hand, all of the failures in larger piping reponed in the
NUREG were very small leaks, so only limited inferences could be made regarding the rate of serious leakage. A
lower value was therefore recommendedfor largerpiping in the KAG, although the ratio between the ratesfor small
and large piping was 2.5, instead of10.

To examinefurther the effects of definition of pipe section onfailure rate, the empirical correlation de1 eloped by
1homas was applied. This correlation examines data from a number of sources, including WASH-1400, in an
attempt to ident:Jy thefactors that ai]Tectfailure rate. After normali:ingfor plant cge and service, the rates can be
calculatedfor different sizes and lengths ofpiping andfor diprent number of welds.. . No claim is made that any
of these is correct on an absolute basis, or even that the relative differences are correct. This is presented only as
an alternative view ofdata. It should be pointed out, however, that this correlation has been used in several PRAs,
especially when it is necessary to charat teri:e thefrequency ofpipe breaksfor assessment ofinternalflooding. In
at least one case (the review of the Oconee PRA), the NRC hasfound the use of the correlation to be acceptable,
although potentially conservative. The conclusionsfrom examining the results . . are asfollows:

The size ofpipe has very little impact on the rate offailure. 7his would appear*

to be borne out by NUREG/CR-4407 results.

l

Ihe number of welds would not be too important unless there were many in a*

particular pipe section.

1he length ofpipe is relatively important. since thefailure rate is approximately |
*

proportional to the length.

A more careful review of NUREG/CR-4407 has been made more recently. It was concluded that any values based i

on length ofpi;>e or number of welds calculatedfrom that study should be viewed with extreme skepticism..

720.88-2
W WestinEhouse-
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NRC REQUEST FOR ADDITIONAL INFORMATION

11 appears that, without substantml additional effort to supplement the data in NUREG/CR-4407, the failure rates
reported m WASH.14tX) are stdl the best avadable. Thefollowing is therefore recommended:

A basic failure rate for leakage from piping of any site of 8.5L'-09 /hr per*

section. This rate applies to allleaks down to very small cracks.

A section is dcJined as a segment rtfpipe between major discontmulties (valves,*

cibows, bends, etc.). up to about 10ft in length. For straight runs ofpiping that
are of parttcularly high quahty and subject to ettraordinarv inspection and
testing (e.g., reactor coolant pressure boundary) andhir are not subject to severe
operating stresses (i.e.. operate at relatircly low pressures and velocities, carry
clean water, etc.). this length may be enended up to about itX)ft, provided there
are no discontinuines.

Thefraction of this rate corresponding to leakage severe enough to constitute a*

rupture should be taken as 5'X. 1he 5'X value us consistent with both WASH-
1400 and Ihomas. Of this 5'R, Hi% should be taken to be essentially a complete
break; 30% should be taken to be a large rupture; and the remaining 60% a
small rupture. 1his is the breakdown used in the Oconee PRA, which NRC
reviewers found to be acceptable.. '

The basic failure rate 4.25E-10/hr per section f(8.5E-09/hr per section) * (5'#)] has been used for evaluation of the
AP600 small and very small LOCA initiating event frequencies, as well as for PRllR heat exchanger tube rupture
initiating event frequency. Based on the basic htilure probability from ALWR Utility Requirements Document, the
failure frequency of the PRIIR heat exchangers OlXs) is calculated as:

Failure Frequency of PRIIR IIXs [1.0E-07/hr per HX] * (8760 hrs /yr] * |2 IIXs] 1.8E-03/yr. |
= =

The evaluated frequency of 1.8E-03 is less conservatis e dian the failure frequency of the PRHR heat exchanger tube
rupture, 5.0E-03/yr [(4.25E-10/hr per section) * (1342 sections) * (8760 hrs)), used in the AP600 PRA. The
recommended frequency for small LOCA, in the ALWR Utihty Requirements Document, is 1.0E-03/yr. In the
AP600 PR A, ahe small and s cry small LOCA initiaung event frequencies are 5.2E-04/yr and 5.5E-M/yr, respectively; i

these frequencies account for LOE-03/yr.

l

The data changes recommended by S AROS have been reviewed and approved by EPRI. These data changes are
expected to be incorporated into the next revision of the URD (Resision 6).

PRA Revision: NONE

l

720.88-3
W West.inEhouse
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NRC REQUEST FOR ADDITIONAL INFORMATION
.

Question 720.92

Desenbe how the data bases that were used to develop the failure probabihty for the PRHR heat exchanger tubes
were quahfied for the AIWX) design.

Response:

The respinse to RAI 720.88 provides the response for this question.

PRA Revision: NONE

|

)
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ET-NRC-93-3985
NSRA-APSL-93-0386
Docket No.: STN-52-003

October 8.1993

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

ATTENTION: R.W.BORCHARDT

SUBJECT: WESTINGHOUSE RESPONSES TO NRC REQUESTS FOR ADDITIONAL
INFORMATION ON THE AP600

Dear Mr. Borchardt:

Enclosed are three copies of the Westinghouse responses to NRC requests for additional information
on the AP600 from your letters of July 8,1993 and July 19, 1993. This transmittal completes the
responses to the July 8,1993 letter. A listing of the NRC requests for additional information
responded to in this letter is contained in Attachment A. Attachment B is a complete listing of the
questions associated with the July 8,1993 letter and the corresponding Westinghouse letters that
provided our response.

These responses are also provided as electronic files in Wordperfect 5.1 format with Mr. Hasselberg's
copy.

If you have any questions on this material, please conoct Mr. Brian A. McIntyre at 412-374-4334.

X
Nicholas J. Liparulo, Manager
Nuclear Safety & Regulatory Activities

/nja

Enclosure

cc: B. A. McIntyre - Westinghouse
F. Hasselberg - NRR
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ET-NRC-93-3985'

! ATTACHMENT A !
AP600 RAI RESPONSES |

SUBMITTED OCTOBER S,1993 j.

i
:.

RAI No. Issue ,

;

620.078 : Unique HF issues to passive plant ,

i

; 720.088 : Pipe rupture frequency used for LOCA IEFs

720.092 : PRHR HX tube failure probabilities |
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Frtnted 10/08/93

ATTACHMENT B.

CROSS REFERENCE OF WESTINGHOUSE RAl RESPONSE TRANSMITTALS.

TO NRC LETTER OF JULY 8,1993-

1

,

Cuestion issue NRC Westinghouse

No. Letter - Transmittal Date
!
I

620 075 impementation guidance for task ana!ysis outputs C7/08/93 10/04/93 ;

620C76 Guidance documents 07/08/93 09/03.93 |
620 077 V&V vs unerpected issues 07/C8/93 09/03/93 |

620 075 Unque HF tssues to passive plant 07/C8/93 10/02/93 i

620 079 Detailed validation p:an 07/08/93 09/2U93 I

620 C80 HFE issue tracking closure vreif; cation 07/08'93 C9/21/93 [
620 081 Controls /Dispiays availabihty analysis 07/08/93 10/04.93

620 082 Human actions at local stations 07/08/93 10/04 93 :

620.083 Concept testing functional requirements 07/C8.93 09/03/93 !

620 084 V&V performance measures 07/08/93 09'03/93

620 085 Communications between CR & plant personnel 07/08/93 09/03/93 ;

620.086 D$ play selection factors 07/08/93 09i21/93 -

I
OW08/93 09/03.93620 C87 High-level operator actions '

620 088 Role of COL in deveicpment of ECF 07/08/93 09/21!93

620 C89 Low-pressure reference piant name 07/08/93 09/03/93 .
,

620 090 Plant tabeling 07/08/93 09/03/93 ,i

!

Records pnnted 16 |
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NRC REQUEST FOR ADDITIONAL INFORMATION

E. _+~ EI

i

Question 62078

The nsues idenoned m the V&V plan se J1 of a general r.ature as would be expeued, gnen the mwiel based
approach used to f acihtate nsue idenoti, an, >n Howeser, are there any HF issues that relate uruquely to a pawn e

' Vill anv such issues be incorporated into the test program at a tuiureplant in general, er to APoou m pani utar - .

date iSecuon 18&?

Response:

The set of test issues that is desnbed on SS AR Subsection 18 8 2 3 is considered to be comprehensne. Evaluation
of the issues and deseleprnent of the test program has not identified the need to add APW)"pecinc evaluauor issues
to the test plan. Differences da cust betw een current nuclear power plants and the AP600 design. These differences
need to be considered in specifying the detailed test program smce they af fect the 3 election of test cases and
wenanos used in the vahdanon studies

For the AP600, the role of the operator remains essentially the same as in current plants. The operator plays a
supemsory role in monitonng alarms and s entying automauc system actuanon, iruuating protecuve funcuons, and
;*:rformmg nianual actions as needed. There is no basic change in the set of relevant human performance issues that
need to be considered in the test plan. Tlus posioon is further descnbed in Secdon F of the letter ET-NRC-92-3748
trom N J Liparulo to Chairman Sehn, dated September 17,19C. Ihe reterenced letter provides comments on the
dratt NRC pobey enntled " Design Certi6 canon and Licedag Pobcy Issues Pertaining to Passive and Evolutmnary
Adsanced Light Water Reactor Designsf

I'ruque aspects of the AP600 design are important in the selecuon of test scenanos that exemplify different cogruuve
challenges that will be included in the evaluauon studies. The spect6c test scenanos will be selected based on
sonsideranon of.

AP600 specific design features-

Design-basts events ,pecitic to AP600-

Identificauon of cntical human performance actions-

JJeritt6cauon of AP60G specific scenanos that produce cognitive challenges of the sort idenafied in the test-

pl.ei that:
- May comphcate situauen assessment by providmg degraded or confbeting plant state informat:on

May compbcate response because of muluple conflicting goals
May complicate performance by increasing personnel commurucanon/coordtnation requirements.

The test scenanos will be defined as desenbed m SSAR Subsection 18 R2.3

SSAR Revision- NONE

620.78-1. ,v,
WestinP> house.v. -
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fJRC REQUEST FOR ADDITIONAL INFORMATION j
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Question 720.88

Jusufy the pipe rupture frequency that was used to deselop the LOCA minatmg esent frequencies. If the pipe
rupture frequencies f rom the EPRI ALWR Uuhty Requirements Document ate used for the sequence frequencies
associated with passne RHR tube ruptures small and very small LOCAs would merease by a factor of the.

Response:

WASH 14to data for pipe rupture was selected and used m the APfh) PRA. The reason for this selecuon as
discussed in S AROS letter to EPRI, " Key Assumpoons and Groundrules Document Recommended Changes to Data
Annex," dated March H,1991. is as follows:

The most readdy available data base developed mdependent of WASH-1400 is reported in NUREG/CR-4407.'

llus report was exammed m the preparatton of the KAG data base, in an a: tempt to ne the failure rates more
speufically to a clearivdelined pipe secnon. The report suneyed nuclear plants. and reported aserage lengths of
pe;>e and nambers of n elJs Jbr different sxstems in both PWRs and B%Rs. Based on the data n NUREG/CR-4J07,
failure rates sere esumatedJhr pipmg greater than and less than 2" on a per-section basis (defined as a section
hetu een major disconimutties but irrespectne r!flength), asfollons:

h = f(No. offailures) / INo. of plant-years * atg No. of selds per plant)J * [3 selds per asg secnon|

It was thought that this put the data on an approtumately equalfootmg asth WASH 1400, and that the tso wur< es
wuld l~ s onsidered together to proude the failure rates. Thefailure rates aranlablefrom the tuo sources are as
follo': s (all are on a per-hour, per secnon ba.siss:

WA %H lJix)

LeaVplug, pipe diameter < 3" M.5E-09

Rupture *, pipe diameter < 3" 4.2E-10

LeaVplug. rupe diameter > 3" M.5E-10
Rupture *. pipe diameter > 3" 4.2E-ll

Nt!RFG/CR-4407

Leak, pipe diameter < 2" l.4E-09
Leak, pipe diameter > 2" 1.4E-09

rurrent KAG"

720.esa
W Westinghouse
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NRC REQUEST FOR ADDITIONAL INFORMATION
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Lealdplug. pipe diameter < 3" 2.0E4R
Leak / plug. pipe diameter > 3" 8.0E-10

*F< ofleakage rate, per p.fil-78 of WASH 1400.

'KAG also recommends breakdoun according to seventv:
raaximum break.10 to 3in of totalfailure rate;
large break. 50% of remaining failure rate
< mall break, residualfailure rate.

The rationale behmd the salues in the KAG document is that thefailure rates may be loner than those reported in
WASH-1400, at least for small pipes. so a value closer to that obtained from NUREG/CR 4407 was chosen.
NURLG/CR-4407 did not directly support usme a failure ratefor larger pipes ten times lower than thatfor smaller
pipes (as was applied m WASH-14(@. Onth: other hand, all of the failures m larger piping reported in the
NUREG were very small leaks, so only hmued inferences could be made regardmg the rate of serious leakage. A
lou er value u as Iherefore recommendedfor farger piping in ihe KAG, although the ratio between the ratesfor small
and large pipmg was 2.5. mstead of 10.

To examme fanher the effects of dejinstwn of pipe section on jailure rate, the empirical correlation developed by
themas nas applied. This correlation etammes data from a number of sources. mcluding WASH-14no in an
attempt to identify thefactors that affectfailure rate. After normali:ingfor plant age and service. the rates can be
s a!cu!atedfor different si:es and lengths of piping andfor different number of welds.. No claim is made that ary
of these is correct on an absolute basis, or even that the relative differences are correct. This is presented only as
an alternatn e new qf data. It should be pomted out, how ever, that this correlation has been used in seseral PRAs,
es;>cesally a hen at is necessarv to characten:e thefrequency ofpipe breaksfor assessment ofinternalflooding. In
at ! cast one case (the renew of the Oconce PRA), the NRC hasfound the use of the correlation to be accept'tble,
although potentially consersatise. The conclustonsfrom examinmg the results . . are asfollows:

11te si:e ofpipe has very little impact on the rate offailure. This would appear*

to be borne out by NUREGICF-4407 results.

The number of welds aculd not be too important unless there nere many in a |*

panicular pipe sectwn. 1

1

1

The length ofpipe is retain ely important, since thefaulure rate is approximately*

proportwnal to the length.

A more careful renew of NURLG/CR-4407 has been made more recently. It was concluded that any values based |

on length o.fpipe or number of aelds calculatedfrom that study should be viewed with extreme skepticism.. \

I

720.88-2 W Westinghouse ,
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NRC REQUEST FOR ADDITIONAL INFORMATION
~. .=.
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e

It appears that, wahuut substannal addinonal e; fort to supplement the data in NUREG/CR-4407. thefailure rates
reported m WASH.14m) are snll the best available. The follou mg is therefore recommendeJ:

A basic failure rate for leakage from pipmg of any si:e of 8.5E-09 Ar per*

section. This rate applies to allleaks down to serv small cracks.

A section is Jejined as a segment ofpipe between major discontinuaies (valves,*

elbows. bends, etc.). up to about 10ft in length. For straight runs ofpiping that
are of parncularly high quality and subject to extraordinarv inspection and
testing (e.g.. reattor coolant pressure boundarx) and/or are not subject to severe
operanng stresses (i.e.. operate at relatisely low pressures and velocities. carry
clean water, etcJ. this length may be enended up to about Unft, provided there
are no discontinuities.

Diefraction of this rate corresponding to leakaec sesere enough to constitute a*

rupture should be taken as 5%. Die 5% value is consistent with both WASH-
1400 and Thomas. Of this 5%,10% should be taken to be essentially a complete
break; 30% should be taken to be a large rupture; and the remaining 60% a
small rupture. Dus is the breakdown used in the Oconee PRA. n hich NRC
reviewers found to be acceptable.. "

The basic failure rate 4.25E-10/t r per section [(8.5E-09/hr per secuon) * (5%)] has been used for evaluadon of the
AP600 small and very small LOCA iruuating event frequencies, as well as for PRF" heat exchanger tube rupture
imuaung esent frequency. Based on the basic failure probability from ALWR Uubty .tequirements Document, the
failure frequency of the PRHR heat exchangers (HXs) is calculated as:

[1.0E-07/hr per HX] * [8760 hrs /yr] * [2 HXs] 1.8E-03/yr.Failure Frequency of PRHR HXs ==

The esaluated frequency of 1.8E-03 is less conservative than the failure frequency of the PRHR heat exchanger tube
rupture, 5.0E-03/yr [(4.25E-10/hr per secuan) * (1342 sections) * (8760 brs)], used in the AP600 PRA. The
recommended frequency for small LOCA, in the ALWR Cubty Requirements Document. is 1.0E-03/yr. In the
AP600 PRA, the small and s cry small LOCA iniuaung event frequencies are 5.2E-04/yr and 5.5E-04/yr, respectaety;
these frequencies account for 1,0E-03/yr.

The data changes recommended by S AROS have been reviewed and approved by EPRI. These data changes are
expected to be incorporated into the next revision of the URD (Revision 6).

PRA Revision: NONE

720.88-3 ;
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NRC REQUEST FOR ADDITIONAL INFORMATION
,

Ouestion 720.92

Desenbe how the data bases that were used to develop the f;ulure probabihty for the PRHR heat exchanger tubes
were quahfied for the Aped) design.

Response:

The response to RAI 720.88 proudes the response for this quesuon.

PRA Revision: NONE

72032a
W westinghouse
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ET-NRC-93-3985
NSRA-APSL-93-0386
Docket No.: STN-52-003

October S.1993

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

>

ATTENTION: R.W.BORCHARDT

SUBJECT: WESTINGHOUSE RESPONSES TO NRC REQUESTS FOR ADDITIONAL
i

INFORMATION ON THE AP600

Dear Mr. Borchardt:

Enclosed are three copies of the Westinghouse responses to NRC requests for additional information
on the AP600 from your letters of July 8,1993 and July 19,1993 This transmittal completes the
responses to the July 8,1993 letter. A listing of the NRC requests for additional information
responded to in this letter is contained in Attachment A. Attachment B is a complete listing of the
questions associated with the July 8,1993 letter and the corresponding Westinghouse letters that
provided our response.

These responses are also provided as electronic files in Wordperfect 5.1 format with Mr. Hasselberg's
copy.

,

If you have any questions on this material, please contact Mr. Brian A. McIntyre at 412-374-4334.

je
e jh

Nicholas J. Liparuto, Manager
Nuclear Safety & Regulatory Activities

/nja

Enclosure

'

cc: B. A. McIntyre - Westinghouse
F. Hasselberg - NRR
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ATTACIIMENT A
~

AP600 RAI RESPONSES
SUBMITTED OCTOBER S,1993

RAI No. Issue

620 078 : Unique HF issues to passive plant

720 OSS ; Pipe rupture frequency used for LOCA IEFs

720.092 : PRHR HX tube failure probabilities
,
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pnnted 10 cs.93

'

CROSS REFERENCE OF WESTINGHOUSE RAI RESPONSE TRANSMITTALS
TO NRC LETTER OF JULY 8,1993

!

Cuesbon !ssue NRC Westm;nouse
Let*er Transmttial Cate {No

E20 075 Wpementat on guicance for task analys<s ou'pu*.s C728.93 10/0493

E20 076 Guicance documents 07/08/S3 C9S3/93 i
.

C748 93 09:03.93520 C77 V5V *s unerpected issues
620 C72 Unque MF tssues to passr.e plant 07/08/93 100293

620 C79 Detaded .ahdat.on pian C7 08 93 C9 21.93 )

C20 C80 HF E issue tracking closure vrerf. cation C7 C8/93 0921<93

620 081 Contro's/Dispiays avadatality analysis 07.C8.93 100493

620 082 Human actens at local stations C7/CB93 10'04 93 ,

620 C83 Concept testing functional requirements 07/08/93 09:03/93 ,

'

07 CSJ93 09 C3,93
620 084 V&V performance measures
C2C CBS Communicahons between CR & plant personnel 07/05/93 C9 03/93

07/08/93 092U93620 056 Display selection factors
07/0893 09 03 93

C20 087 Hgn-level operator actions
620 C88 Re e of CCL in development of ECF 07/0893 09 193

07:C8/93 09 03.93
620 CB9 Low-pressure re'erence plant name

C7/06.93 09,0393
620 090 P ant labekng

,
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f4RC REQUEST FOR ADDITIONAL INFORMATION
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Ouestion 620.78

The issues identified in the V&V plan are .dl of a general nature as would be expected. gnen the nolel-based
.ipproach used to f acihtate iuue idenntis anon. Howeser, are there any HF issues that relate uruquely to a paun.
plant m general, or to AP6un m pam,ular ' Wdi any such issues be incorporated mto the test program at a tuture
date tSecuon 18 8)?

Response:

The set of test issues that is descnbed in SS AR Subsection 18 8 2 3 is considered to be comprehensive Evaluation

e i the issues and development of the test program has not idenutied the need to adJ AP600-specinc evaluanon issues
to the test plan. Differences do cust between current nuclear power plants and the AP600 design. These dif ferences
need to be considered in 3pecifymg the detailed test program since they atfect the selection of test cases and
scenanos used m the validanon studies

For the AP600. the role of the operator rem;uns essentiauy the same as m current plants. The operator plays a
superusory role in monitonng alarms and sent3ing automauc system actuauon. truuating protecove funcuons, and
pertornung manual accons as needed There is no basic change in the set of relevant human performance issues that
need to be considered in the test plan. This posinon is funher descnbed in Secuon F of the letter ET-NRC-12-37 8
trom N1 Liparulo to Chauman Sehn. dated September 17,1992. The referenced letter provides comments on the
draft NRC pobey enutled ' Design Cemticanon and Licensing Pobcy Issues Penaining to Passive and Evolutionars
Advanced Light Water Reactor Designs '

l'ruque aspects of the AP600 design are important in the selecuon of test scenanos that exemphfy dif ferent cogruuve
challenges that wtll be included in the evaluauon studies. The speci6c test scenanos will be selected based on
consideracon of.

AP600 specific design features*

Design-basis events specific to AP600*

Identincanon of cntical human performance actions*

Identificaton of AP600-specific scenanos that produce cognitise challenges of the son identified in the test*

pl.m that:
- May complicate situauon assessment by prosiding degraded or conthetmg plant state informauon

May compbcate response because of mulople conthcung goals
May comphcate performance by increasing personnel communicanert/coordinacon requirements.

The test scenanos will be defined as dessnbed m SSAR Subsection 18 8 2.3.

SSAR Revision' NONE

620.78-1
.b. .WBStingfl0USe*
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NRC REQUEST FOR ADDITIONAL INFORMATION

Ouestion 720 88

Justify the pine rupture .treguency that was used to develop the LOCA initiatmg esent f requencies. If the pipe
rupture tr quencies from the EPRI ALWR Utihty Requirements Document are used for the sequence trequencies
awociated w eb pawive RHR tube ruptures, small and serv small LOCAs would merease by a tactor of the.

Response:

W ASH-lW) data for pipe rupture was selected and used m the APf#) PRA. The reason for this selecuon a3
discussed m S AROS letter to EPRI, " Key Assumpoons and Groundrules Document Recommended Changes to Data
Annet " dated March s,1991, is as follows:

,

Ih most readily available data base deseloped mdependent of WASH lJtY)is reported m NUREG/CR-4407
lhes report aas examined in the preparation of the KAG Jata base, m an attempt to ne the failure rates more
speujically to a rlearly-defined pipe sccticn. The report sun eyed nuclear plants, and reported as erage teneths of
p pe and numbers of a eldsfor different sutems in both PWRs and B%Rs. Based on the data sn NL' REG /CR-4J07
f.nlure rates aere esnmatedfor pipmg greater than and less than 2", on a per section basis (defined as a section
betueen major disconnnuities but irrespectne oflength). as folloss:

1 = f(No. offailures) / INo. cf plant-years * avg No. of welds per planill * [3 n elds per as'g secucn]

It was thought that this put the data on an approumately equalfooting aith WASH-1400, and that the two sounes
t uuld be con ndered together to pros tde thefailure rates. Thefailure rates asailablefrom the tuo sources are as
follons (all are on a per hour, per secnon basis):

WASH-Iam

Leak / plug, pipe diameter < 3" 3.5E-09
Rupture *, pipe diameter < 3" 4.2E 19

Leak / plug, pipe diameter > 3" 8.5E-10
Rupture *, pipe diameter > 3" 4.2E-Il

NUREG/CR Jan7
,

1

Leak, pipe diameter < 2" l4E-09
Leak, pipe diameter > 2" 1.4E-09

Current KAG'
l

720.88-1
g Westinghouse
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Leauptug pipe diameter < 3" 2.0E-09

Leak / plug. pipe diameter > 3" 8.0E-10

*3% ofleakage rate. per p.Ill-73 of WASH-14w).

'KAG also recommends breakdoan according to seserity:
maximum break,10 to 30% o.f totalfailure rate:
large break,50% of remainingfailure rate:
small break. residualfailure rate.

The ratwnale behmd the values in the KAG document is that thefailure rates may be lou er than those reponed m
WASH-1400. at least for small pipes, so a value closer to that obtained from NUREG/CR-4407 nas chosen.
NURL'G/CR-4407 did not directly support using a failure ratefor farger pipes ten times lou er than thatfor smaller
pipes las was apphed in WASH-1400). On the other hand. all of the failures m larger piping reported in the
NUREG sere serv smallleaks, so only limited inferences could be made regarding the rate of serious leakage. A
lon er value was therefore recommendedfor larger piping in the KAG, although the ratio betu een the ratesfor small
and farge piping was 2.5, instead of 10.

To e.taminefunher the effects of definaion ofptpe section on failure rate, the empincal correlation developed by
11mmas nas apphed. This correlation examines data from a number of sources, includmg WASH-1400, in an
attempt to idents|v thejactors that affectfailure rate. After normali:ingfor plant age a::d service. the rates can be
calculatedfor different si:es and lengths of piping andfor different number of welds.. No claim is made that any
of these is correct on an absolute basis. or er en that the relative differences are correct. Tins is presented only as
an alternatn e view of data. It should be pointed out, however, that this correlation has been used m several PRAs,
especsally u hen it is necessary to characten:e thefrequency ofpipe breaksfor assessment ofinternalflooding. In
at least one tase Ithe review of the Oconee PRA), the NRC hasfound the use of the correlation to be acceptable,
a!!'wuch potentially conservatis e. The conclusionsfrom examinmg the results . . are asfollows:

The si:e ofpipe has terv little impact on the rate offailure. This would appear*

to be borne out by NUREG/CR-4407 results.

The number of welds would not be too important unless there were many in a*

panicular ptpe section.

The length ofpipe is relatively important, since thefailure rate is approximately*

proponional to the length.

A more careful review of NUREG/CR-4407 has been made more recently. It was concluded that any values based
on length ofpipe or number of welds calculatedfrom that study should be siened with extreme skepticism..

W Westinghouse
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11 appears that, n ahout substannat uddawnal effort to supplement the data in NUREGICR-4407. the failure rates
repor:ed un WASH-1400 are sti!! the best available. The fn!! awing is therefore recommended:

A basic failure rate for leakage from pipmg of any si:e of 8.5E-09 thr per*

settion. Dus rate applies to allleaks down to very small cracks.

A section is Jejined as a segment ofpipe betu een major discontmuities (vals es,*

elbows bends, etc.). up to about 10ft in length. For straight runs ofpuping that
are of particularly high quality and subject to extraordmarv inspection and
testing le.g.. reactor coolant pressure boundary anMor are not subject to severe
operatmg stresses Ii.e.. operate at relatively low pressures and telocaies, carry
clean sater, etc.). this length may be etzended up to about f(Cft provided there
are no disconnnutties.

Diefraction of this rate corresponding to leakage sesere enough to constitute a*

rupture should be taken as 5'7c. The 5% value is consistent with both WASH-
14no and Thomas. Of this 5%.104 should be taken to be essentially a complete
break: 30"< should be taken to be a large rupture; and the remaining 60'?c a
small rupture. This is the breakdoan used m the Oconee PRA, ahich NRC
retteners found te tu acceptable.. "

The basic failure rate 4.25E-10!hr pet secuoa [(8.5E-09/hr per secuon) * (5'7r)] has been used for esaluadon of the
AP600 small and serv small LOCA mitiaung event frequencies, as well as for PRHR beat exctnnger tube rupture
inittaung esent frequency. Based on the basic tailure probabi'' y from ALWR Uulity Requtrements Document, the
failure frequency of the PRHR heat exchangers 0-LXs) is ca culated as:

1.8E-03/yr.[1.0E-07/hr per tX1 * [8760 hrs />T) * (2 HXs)F.ulure Frequency of PRHR HXs ==

The evaluated frequency of 1.SE-03 is less conservause than the failure frequency of the PRHR heat exchanger tube
rupture, 5.0E-03/>T [(4.25E-10/hr per secdon) * (1342 secuons) * (8760 hrs)], used m the AP600 PRA. The
recommended frequency for small LOCA, in the ALWR Uulity Requirements Document, is 1.0E-03/yr. In the
AP600 PR A, the small and s ery small LOCA initiaung event frequencies are 5.2E-N/yr and 5.5E-N/yr. respecovely;
these frequencies account for 1.0E-03/yr.

The data changes recommended by S AROS base been reviewed and approved by EPRL These data changes are
espected to be incorporated mto the next revision of the URD (Revision 6).

PRA Revision: NONE

W Westingflouse
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Ouestion 720 92

Descnbe how f.be data bases that were used to deschsp the f:ulure probabihty for the PRHR heat exchanger tubes

were quahfied for the APN N) design.

Response:

The response to RAl 720.88 prosides the respmse for this question.

PRA Revision: NONE
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