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Document Control Desk
U.S. Nuclear Regulatory Commission
Washingion, D.C. 20555
ATTENTION: R. W. BORCHARDT

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

Dear Mr. Borchardt:

Enclosed arc 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 Jetter. 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 lettc s 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. Mclntyre at 412-374-4334.

SNy ////%/ o

Nicholas J. Liparulo, Manager
Nuclear Safety & Regulatory Activities
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ce: B, A Mclntyre - Westinghouse
F. Hasselberg - NRR
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ET-NRC-93-3985
ATTACHMENT A
AP600 RAI RESPONSES
SUBMITTED OCTOBER 8, 1993

RAI No Issue

620078 ; Unique HF issues to passive plant

720088 | Pipe rupture frequency used for LOCA IEFs
720092  PRHR HX tube failure probabilities
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Printed 10/08/63
ATTACHMENT B

CROSS REFERENCE OF WESTINGHOUSE RAI RESPONSE TRANSMITTALS

TO NRC LETTER OF JULY 8,1993

Question Issue
No

620075 implementation guidance for task analysis outputs
620076 Guidance documents
620077 VAV vs unexpected issues
620078 Unique HF issues o passive piant
620079 Detailed validation plan
620.080 HFE issue tracking closure vreification
€20.081 Controis/Displays availability analysis
620.082 Human actions at local stations
620 083 Concept testing functional requirements
620084 V&V performance measures
€20 085 Communications between CR & piant personnel
820 086 Display selection factors
620087 High-level operator actions
620 088 Role of COL in development of EOF
620.089 Low-pressure igference piant name
620 080 Piant labeling

Records printed 16

Page 1

Letter Transmittal Date
07/08/83 10/04/83
Q710893 09/03/93
07/0803 08/03/83
07/08/93 10/02/93
07/08/93 08/21/83
07/08/93 08721793
0708183 10/04/83
07:08/93 10/04/83
07/08/93 09/03/63
07/08/83 08/03/83
07/08/93 08/03/83
07/08/53 08/21/93
07/08/83 08/03/83
07/08/63 08/21/93

7/06/63 08/03/83
07/08/83 09/03/83




NRC REQUEST FOR ADDITIONAL INFORMATION

Question 620.78

The ssues identified in the VAV plan are all of a general nature a5 would be expected, given the model-based
approach used to facihitate issue identification. However, are there any HF issues that relate uniguely 10 a passive
plant i general, or to AP600 10 particular” Will uny such issues be mcorporated into the test program a1 a future
dawe (Secnon 1% &)?

Response:

The set of test issues that is described i SSAR Subsection 18.8.2.3 is considered to be comprehensive.  Evaluation
of the issues and deveiopment of the 1est program has not identified the need 1o add AP600-specific evaluation issues
to the test plan. Differences do exist between current nuclear power plants and the AP600 design. These differences
veed 1o be considered m specifing the detailed test program since they affect the selection of test cases and
scenanos used in the vahdanon stadies

For the AP600, the role of the operator remains essentially the same as m current planes. The operator plays a
supervisory role 1 momtonng alarms and veriying automatic System actuation, intiating protective functions, and
performing manual actions as needed. There 15 no basic change o the set of relevant human performance 1ssues that
need to be considered in the test plan. This position 15 further described 10 Section F of the lettier ET-NRC-92-1748
from N.J. Laparalo 1o Chairman Selin, dated September 17, 1992, The referenced letter provides comments on the
diaft NRC policy entiled "Design Certification and Licensing Pobicy Issues Pentaiming to Passive and Evolutionary
Advanced Light Water Reactor Designg "

Unigue aspects of the AP600 design are anponant i the selection of test scenanos that exemplify different cogmuve
challenges that will be included 10 the evaluaton stadies. The specific test scenanos will be selected based on
consideration of:

g AP6D0 specific design features

* Design-basis events specific to AP600

. Ideatification of cntical buman performance actions

* Identification of AP60O-specific scenanos that produce cogmitive challenges of the sort identified in the test

plan that
May comphcate sitvabion assessment by providing degraded or conflicting plant state information
May comphcate response because of mulaple conflictag goals
May comphcate performance by increasing personne! communication/coordination requirements

The 1ost scenanos will be defined as described m SSAR Subsection 18 R2.3

SSAR Revisionn NONE

620.78-1
@ Westinghouse




NRC REQUEST FOR ADDITIONAL INFORMATION

Question 720.88

Jusufy the pipe rupture frequency that was used (o develop the LOCA mmuating event freguencies. If the pipe
rupture frequencies from the EPRT ALWR Uty Reguirements Document are used for the sequence freguencies
associated with passiye RHR tube ruptures, small and very small LOCAs would increase by a facwor of five.

Response

WASH-1400 data for pipe rupture was selected and used in the AP600 PRA. The reason for this selection as
discussed in SAROS letter to EPRI, "Key Assumptions and Groundrules Document Recommendes Changes to Data
Anmnex,” dated March 8, 1991, is as follows:

" The most readily available data base developed independent of WASH-1400 is reported in NUREG/CR-4407,
This report was examined in the preparation of the KAG data base, in an attempt 1o tie the failure rates more
spectfically 1o a clearly-defined pipe section. The report surveved nuclear plants, and reported average lengths of
pipe and vumbers of welds for different svstems in both PWRs and BWRs. Based on the data in NUREG/CR-4407,
failure rates were estimated for piping greater than and less than 2°, on a per-section basis (defined as a section
between major discontinuities but srresvective of length), as follows:

A = [(No. of failures) / (No. of plant-years * avg No. of welds per plant)] * |3 welds per avg section]

It was thought that this put the data on an approximately equal footing with WASH- 1400, and that the two sources
could be considered 1ogether 1o provide the failure rates. The faiture rates available from the two sources are as
follows {all vre on a per-hour, per section basis):

WASH- 1400

Leak/plug, pipe diameter < 3 8.5E-09
Rupure®, pipe diameter < 3" 4.2E-10
Leak/plug, pipe diameter > 3" 85E-10
Rupture®, pipe diameter > 3° 4.2E-11

NUREG/CR-4307

Leak, pipe diameter < 2" 1.4E-09
Leak, pipe diameter > 2" 14E-(W

Current KAG**

@ Westinghouse 720.88-1
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NRC REQUEST FOR ADDITIONAL INFORMATION

Lealk/plug, pipe diameter < 3" 20809
Leak/plug, pipe diameter > 3" 8.OE-10

*5% of leakage rate, per pIlI-78 of WASH-1400.

Y*KAG also recommends breakdown according to severity:
maximum break, 10 to 30% of total failure rate;
large break, 50% of remaining failure rate;
small break, residual failure rate.

The rationale behind the values in the KAG document is that the failure rates may be lower than those reported in
WASH-1400, at least for small pipes, so a value closer 1o that obtained from NUREG/CR-4407 was chosen.
NUREG/CK-4407 did not directly support using a failure rate for larger pipes ten times lower than that for smaller
pipes (as was applied in WASH-1400). On the other hand, all of the failures in larger piping reported 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 recommended for larger piping in the KAG, although the ratio between the rates for small
and large piping was 2.5, instead of 10,

To examine further the effects of definition of pipe section on failure rate, the empirical correlation develaped by
Thomas was applied. This correlation examines data from a number of sources, including WASH-1400, in an
attempt to identify the factors that ajfect failure rate. Afier normalizing for plant ege and service, the rates can be
calculated for different sizes and lengths of piping and for different 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 of data. It should be pointed out, however, that this correlation has been used in several PRAs,
especially when it is necessary to chara lerize the frequency of pipe breaks for assessment of internal flooding. In
at least one case (the review of the Qconee PRA), the NRC has found the use of the correlation 1o be acceptable,
although potentially conservative. The conclusions from examining the results ... are as follows:

. The size of pipe has very linle impact on the rate of failure. This would appear
10 be barne owt by NUREG/CR-4407 results.

. The number of welds would not be 1oo important unless there were many it a
particular pipe section,

. The length of pipe is relatively important, since the failure rate is approximately
proportional o the length.

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

720.88-2 @



NRC REGUEST FOR ADDITIONAL INFORMATION

It appears thar, withow substantial additional effort 1o supplement the data in NUREG/CR-4407, the failure rates
reporied in WASH- 1400 are still the best available. The following is therefore recommended:

. A basic fuilure rate for leakage from piping of any size of 8.5E-09 /r per
section.  This rate applies to all leaks down 1o very small cracks.

. A section is defined as a segment of pipe between major discontinuities (valves,
elbows, bends, eic.), up to abowt 10 fi in length. For straight runs of piping that
are of particularly high guaiuy and subject to extraordinary inspection and
testing (e.8., redctor coolant pressure boundary) and/or are not subjeci io severe
operating stresses (Le., operate al relatively low pressures and velociiies, carry
clean water, etc.), this length may be extended up 1o about 100 fi, provided there
are no discontinuities.

. The fraction of this rate corresponding to leakage severe enough to constitute ¢
rupture should be taken as 5%. The 5% value 15 consistens with both WASH-
140K} and Thomas. Of this 5%, 10% should be taken to be essentially a complete
break; 30% showld be taken 1o be a large rupture; and the remaining 60% a
small rupture.  This is the breakdown used in the Oconee PRA, which NRC
reviewers found to be accepiable...."

The basic falure rate 4.25E-10/r per section [(8.5E-09/hr per section) * (5% )] has been used for evaluation of the
APOOO small and very small LOCA mitiating event frequencies, as well as for PRHR heat exchanger tube rupture
mitiating event frequency. Based on the basic {arlure probability from ALWR Ulility Reguoirements Document, the
fasture frequency of the PRHR heat exchangers (HXs) is calculated as:

Failure Frequency of PRHR HXs = [LOE-O7/hr per HX] * [B760 brs/yr] * (2 HXs] = LRE-O3/yr.

The evaluated frequency of 1.8E-03 1s less conservative than the failure frequency of the PRHR heat exchanger wbe
rupture, SOE-O3/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 Utility Requirements Document, is LOE-O3/yr. In the
APGO0 PRA, the small and very small LOCA mitiating svent frequencies are 5.2E-04/yr and 5.5E-04/yr, respectively;
these frequencies account for 1LOE-0O3/yr.

The data changes recommended by SAROS have been reviewed and approved by EPRI. These data changes are
expected 0 be ncorporated into the next revision of the URD (Revision 6).

PRA Revision. NONE
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Westinghouse Energy Systems
Electric Cerporation e

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

October B, 1993

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

ATTENTION: R. W. BORCHARDT

SUBIJECT WESTINGHOUSE RESPONSES TO NRC REQUESTS FOR ADDITIONAL
INFORMATION ON THE AP60OO

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 10 the July 8, 1993 lenter. A listing of the NRC requests for additional information
responded to in this letier 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 eiectronic files in WordPerfect 5.1 format with Mr. Hasselberg’s
copy.

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

GA///% -

Nicholas J. Liparulo, Manager
Nuclear Safety & Regulatory Activities

nja
Enclosure

cc: B, A Mcintyre - Westinghouse
F. Hasselberg - NRR



ET-NRC-93-3985
ATTACHMENT A
AP500 RAI RESPONSES
SUBMITTED OCTOBER 8, 1993

RAINo Issue

620078 Unique HF issues to pass;we plant

720088 |  Pipe rupture frequency used for LOCA IEFs
720092 ; PRHR HX tube failure probabilities
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Printed 1070883

ATTACHMENT 8
CROSS REFERENCE OF WESTINGHOUSE RAI RESPONSE TRANSMITTALS |
TO NRC LETTER OF JULY 81993 |

Question Issue NRC V/estinghouse

NG Letter Transmittal Date .
&§2007% Impiementation guidance for task analysis oulputs 07/08/83 10/04/83
€20078 Guidance documents 07/08/93 09/03/83
£20077 VAV v8 unexpecied ssues 07/08/93 £9/03/53
620078 Unigue MF ssues 1o passive piant 07.08/93 10/02/83
§20079 Detailed vaidation plan 07/08/93 05:21/93
§20 080 HFE issue tracking closure vreification 070883 092193
820 081 Ceontrols/Displays availlabiity anaiysis 07/08/83 10/0493
820082 Human actions &t local stations Q7/08/83 100483
£20 083 Concept testing functional requirements 0TI0893 09/03/93
€20 084 VA&V performance measures 070803 09/03/83
£20 085 Communications between CR & piant personne 07/08/93 05/03/83
620 086 Display seiection factors 07/08/93 08i21/93 |
820087 High-level aperator aclions 07/08:93 02/03/93
620088 Role of COL in developmenit of EOF 070883 092193 .
620 089 Low-pressure reference plant name 07/108/83 090393 '
620 090 Plant labeling 07/08/83 ¢9/0383

Recorgs printed 18
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 620.78

The ssues identified in the VAV plan are dl ot g goneral nature as would be expected, given the model hased
spproach used to facibitate 1ssue sdentification. However, are there any HF issues that relate umguely to 3 passive
plant in general, or to AP6OU a6 particular” Wil wny such issues be ancorporated into the (est program at o future
lute (Secuon 18 ¥)?

Response

The set of test 1ssues that s descnbed o SSAR Subsectnon 18.8.2 3 s conidered to be comprehensive. Evaluation

f the 1ssues and development of the test program has not identfied the need to add APA0)-specific evaluabon issues
to the test plan. Differences do exist between current nuclear power plants and the AP600 design. These differences
need 1o be considered n specifying the detuled test program since they atfect the sclection of test cases and
scenanos used in the validanon studies

For the AP600, the role of the operator mans essentially the same as in current plants. The operator plays a
supervisory role 1n monitonng alarms and venting Julomatc system actuation, wutating protecuve funcuons, and
performing manual acuons as needed. There 1s no basic change n the set of relevant human performance issues that
need 10 be considered in the test plan. Thus posinon is further described in Secon F of the letter ET-NRC-92-3748
trom N J. Liparulo to Chasrman Seiin, dated September 17, 1997, [he retcrenced lenter provides comments on the
draft NRC policy enntled "Design Comtification and Licer—.0g Policy Issues Pertmming to Passive and Evolutionary
Advanced Light Water Reactor Designs

Urugue aspects of the AP600 design are important in the selection of test scenanos that exemphify dufferent cogmuve
challenges that will be included in the evalusuon studies. The specific test scenanos will be selected based on
consideration of:

o AP600 spearfic design features

' Design-basis events specific to APHOO

. Idenuficanon of cnucal human performance actions

o ldentificanon of AP600-specific scenanos that produce cogmtive challenges of the son identified 1n the test
pl.m that

May complicate siruation assessment by providing degraded or conflicting plant state information
May comphicate response because of mulaple conflicting goals
May complicate performance by increasing personnel communicaton/coordination regurements.

The 1est scenanos will be defined s descnbed in SSAR Subsection 18823

SEAR Revision NONE

620.78-1
@ Westinghouse

B M Gy | e PSSR TR T —_—_—— R — g — — TR Epe——— 2 s P e S Y, W LY L Y - R . .-_—i

|
|
|



e Ty AT

T ———— - o v ’ T ————— Y S ———— R S R R R R N RS RS SNSRI, W —— — e — .

NRC REQUEST FOR ADDITIONAL INFORMATION

Question 720 88

Justify the pipe rupture frequency that was used to develop the LOCA imtiating event frequencies, [f the pipe
rupture frequencies from the EPRI ALWR Uubity Requirements Document are used for the sequence trequencies
assoctated with passive RHR tube ruptures, small and very small LOC As wouid wncrease by a factor of five

Response

WASH- 1400 data for pipe rupture was selected and used m the APHOG PRA. The reason for this selecuon as
discussed i SAROS leater 10 EPRL "Key Assumptions and Groundrules Document Recommended Changes to Data
Annex,” daed March X, 1991, 15 as follows:

. The most readily available data base developed independent of WASH-1400 is reported in NUREG/CR-4407
This report was examined in the preparation of the KAG data base, in an attempt to te the failure rates more
spectfically to a clearlyv-defined pipe section. The report surveved nuclear planes, and reported average lengths of
pipe and numbers of welds for different systems in both PWRs and BWRs. Based on the data in NUREG/CR-4407,
furlure rates were esumated for piping greater than and less than 2", on a per-section basis (defined as d section
between major discontinuiies but irrespective of length), as follows:

A = [(No. of fadures) / iNo. of plant-vears * avg No. of welds per planti] * |3 welds per avg secuon]

It was thought that this put the data on an approximately equal fooring with WASH- 1300, und that the two sources
could ke considered together 1o provide the falure rates. The failure rates avarlable from the two sourtes are d4s
follo: s (all are on a per-hour, per secrion basis).

WASH- (300

Leak/plug, pipe diameter < 3" XSE-O9
Rupture®, pipe diameter < 3" 4.2E-10
Leak/plug, pipe diameter > 37 8SE-{0
Rupture®, pipe diameier > 3" 42E-11
NUREG/CR-4407

Leak, pupe diameter < 2° [ 4E-(K
Leak, pipe diameter » 2" 1 3E-18

Current e

@ Weatingt 720.88-1




NRC REQUEST FOR ADDITIONAL iNFORMATION

Leuk/plug, pipe digmeter < 3" 2.08-08
Leak/plug, pipe dwumeter > 37 S.OE-10

S50 of leakage rate, per pdll-78 of WASH-1400).

**KAG also recommends breakdown according 1o severiry:
raximum break, 10 10 30% of toral failure rate;
large break, 50% of remainmg falure rate;
small break. residual fatlure rate.

The rationale behind the values in the KAG document ts that the falure rates may be lower than those reported i
WASH- 1400, at least for small pipes. so a value closer to thar obained from NUREG/CR-4407 was chosen.
VUREG/CR-4407 did not directly support using g faiure rate for larger pipes ien iimes lower than that for smalier
pipes (as was applied in WASH-1800). On th. other hand, ali of the failures in larger piping reporied in the
NUREG were very small leaks, so only limued inferences could be made regarding the rate of serious leakage. A
lower value was therefore recommended for larger piping in the KAG, although the ratio between the rates for small
and large piping was 2.5, instead of 10.

To examine further the effects of definwion of pipe section on faudure rate, the empirical correlation developed by
Thomas was applied.  This correlation examines data from a number of sources, including WASH-1400, n an
artempt 1o idennfy the factors that affect failure rate. After normalizing for plant age and service, the rates can be
calculated for different sizes und lengths of piping and for different number of welds.... No claim 15 made that any
of these is correct on an absolute basis, or even that the relative differences are correct. This s presented only as
an alternative view of data. 1t should be pointed ous, however, that this correlation has been used in several PRAs,
expecially when it is necessary to characterize the frequency of pipe breaks for assessment of internal fooding. In
at least one case (the review of the Oconee PRA), the NRC has found the use of the correlation to be acceptible,
although potennally conservative. The conclusions from examining the resuits ... are as follows:

. The size of pipe has very little impact on the rate of failure. This would appear
10 be borme out by NUREG/CE-4407 resalts.

. The number of welds would not be too important unless there were many in a
particular pipe section.

. The length of pipe is relatively important, since the falure rate 15 approximasely
proportional o the length,

A more careful review of NUREG/CR-4407 has been made more recenely. It was conciuded that any values based
on length of pipe or number of welds calculated from that studv should be viewed with extreme skepticism....

20.88-
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NRC REQUEST FOR ADDITIONAL INFORMATION

It uppears that, without substanual additional effort (o suppiement the data in NUREG/C R-4407, the failure rates
reported in WASH-1300 are sull the best available. The following 1s therefore recommended:

. A basic failure rate for leakage from piping of any sice of 85E-09 /hr per
section.  This rate applies 1o all leaks down 16 verv smail cracks.

. A section 1y defined as a segment of pipe between major discontinuities (valves,
etbows, bends. etc. ), up to abowt 10 ft in length. For straight runs of piping that
are of parucularly high quality and subject lo extracrdinary inspection and
festing (e.8., reactor coolgnt pressure boundary) and/or are not subject to severe
operating stresses (ve.. operate at relauvely low pressures and velocuies, carry
clean water, 21c.), this length may be extended up 1o abowt 100 fi, provided there
are no discontinuines.

. The fraction of this rate corresponding 10 leakage severe enough 1o constitute d
rupture should be taken as 5%. The 5% value s consistens with both WASH-
1400 and Thomas. Of this 5%, 10% should be taken 1o be essentially a complete
break: 30% should be taken io be a large rupiure; and the remaiming 60% a
small rupture. This 15 the breakdown used in the Oconee PRA, which NRC
reviewers found to be acceptable....”

The basic faslure rate 4 25E-10/Mr per section [(8.5E-09/hr per secuon) * (5%} has been used for evaluauon of the
APAO0 small and very small LOCA imtiaung event frequencies, as well as for PRF™ heat exchanger tube rupture
miuaung event frequency. Based on the basic faslure probability from ALWR Uulity equirements Document, the
futlure frequency of the PRHR heat exchangers (HXs) is calculated as:

Falure Frequency of PRHR HXs = [LOE-07/r per HX] * [8760 hrs/yr] * (2 HXs] = 1.8E-Ai3/yr.

The evaluated frequency of 1.8E-03 is less conservative than the farlure frequency of the PRHR heat exchanger tube
rupture, S OE-03/yr (4 25E-10/hr per section) * (1342 secuons) * (8760 hrs)], used in the AP6(X) PRA. The
recommended frequency for small LOCA, in the ALWR Utility Reguirements Document, 1s 1.0E-03/yr. In the
AP6() PRA, the small and very small LOC A imuatung event frequencies are 5.2E-04/yr and S SE-04/yr, respecuvely:
these frequencies account for 1 0E-03/yr,

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

PRA Revision. NONE

@ 720.88-3



NRC REQUEST FOR ADDITIONAL INFORMATION

Question 720 92

Describe how the data bases that were used 10 develop the fafure probability for the PRHR heat exchanger wbes
ware quahified for the APHUK) design

Response

The response 10 RAI 720.8% provides the response for this question

PRA Revision NONE
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ET-NRC-93-39K5
NSRA-APSL-93-03586
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 10 NRC requests for additional information
on the AP600 from your letters of July 8, 1993 and July 19, 1993. This transmittal completes the
responses 10 the July B, 1993 lenter. A listing of the NRC requests for additional information
responded 10 in this letier is contained in Attachment A, Attachment B is a ccmplete listing of the
questions associated with the July B, 1993 letter and the corresponding Westinghouse letters that

provided our response.

These responses are aiso 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. MclIntyre at 412-374-4334,

Coc 7RG e

Nicholas J. Liparulo, Manager
Nuclear Safety & Regulatory Activities

/nja
Enclosure

cc: B A Mclntyre - Westinghouse
F. Hasselberg - NRR



ET-NRC-93-3985
ATTACHMENT A
AP600 RAI RESPONSES
SUBMITTED OCTOBER 8. 1993

RAI No Issue

620 078 ‘ L'niquc“lE issues to passive plant o
"?’W 088 i Pipe rupiure frequency used for LOCA IEFs
m‘,'ZO 092 PRHR HX tube failure probabilities
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ATTACHMENT B
CROSS REFERENCE OF WESTINGHOUSE RAI RESPONSE TRANSMITTALS
TO NRC LETTER OF JULY 8,1593

Question ssue NRC Westinghouse
ro Lener Transmiial Cate
€20075 impiementation guidance for task analys:s oulpu's 07108183 10/04/33
£20076 Cugance gocuments GBS 08/03/83
B20.077 VAV vs unexpecied ssues 07/08/83 090383
620078 Urigue HF ssues 1o passive plant 07 08/83 10/0293
820079 Detaled validation pian 070893 08/21/83
€20 080 HFE issue tracking ciosure vrelfication 0708/ae3 08:21/93
£20081 Controis/Dispiays availability analyss 0708/93 100453
620 082 Human actions at local stations o7/08/83 100483
€20 083 Conceplt testing funclional requirements 07T/08/93 09/03/93
€20.084 VAV performance measures 0708/93 0a/03/83
£2008% Communications between CR & plant personnel 07/08/83 09/03/83
£20 086 Display selection factors C7/08/83 0921/93
620 o87 iHigh-ievel operator actions 07/08/93 050383
£20 (o8 Roie of COL in development of EOF 0710893 082183
220 089 Low-pressure reference plant name 07/08/93 09/03/83
€20 080 Plant lapeling oToees 90343
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 620.78

The 1ssues denufied m the VAV plan are 4l of 4 general nature a8 would be expected. given the model-based
appreach used 1o facthitste issue wWennfication  However, are there uny HF 1ssues that relate utuquely 10 a passive
plant in general, or 10 APGOU i particular” Wil anv such issues be incorporated into the test program al a futu
Jdate (Secuon 18.R)?

Hesponse:

The set of test issues thut is descnbed in SSAR Subsecuon 1R ¥ 2 3 4s considered to be comprehensive  Evaluation
of the issues and development of the test program has not sdentified the need 1o add APS&90-specific evaluabon 1ssues
to the test plan. Differences do exst berween current nuclear power plants and the AP600 design. These differences
need to be considered n specthang the detaled test program since they affect the selection of test cases and
seenanos used in the validanon smudics

For the AP600, the role of the operator remans essentially the same as in current plants. The operator plays a
supervisory role in momtonng alarms and veniving aulomatc system actuaton, mstisung protecuve tuncuons, and
performing manual acuons as needed. There 1s no basic change i the set of relevant human performance issues that
need 1o be considered in the test plan. Thus posinon 1s further described in Section F of the letter ET-NRC-72-1738
trom N.J. Liparulo to Chayman Sehn. dated September 17, 1992, The referenced letter provides comments on the
draft NRC policy entitled "Design Ceruticanon and Licensing Policy Issues Pertmiming to Passive and Evolutionan
Advanced Light Water Reactor Designs

L'tugue aspects of the AP600 design are importunt in the selection of test scenanos that e xemplify dufferent cogrunve
challenges that wall be included in the evaluanon studies. The specific test scenanos will be selecied based on
consideraton of

. AP600 specific design features

¢ Design-basis events specific to AP600

. ldenuficanon of cnncal human performance actions

. Idenuficabon of AP60(G-specific scenanos that produce cogmtive challenges of the son identified in the test
platt that:

May complicate situagon assessment by provicang degraded or conflicting plant state information
May complicate response because of mulaple confhicting zoals
May complicate performance by increasing personnel communicaton/coordmnanon requirements

The test scenanos will be defined as descnbed in SSAR Subsection 18R 2 3

SSAR Rewvision NONE

620.78-1
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NRC REQUEST FOR ADDITIONAL INFORMATION

Cuestion 720 88

lusufy the pine rupture irequency that was used o develop the LOCA imuating event frequencies. I the pipe
rupture {reguencics from the EPRI ALWR Uubty Requurements Document are used for the sequence frequencies
assoctated with passive RHR tube ruptures, small and verv small LOCAs would increase by a fuctor of five,

Response

WASH- 1400 data for pipe rupture was selected and used m the APHI) PRA. The reason for this selecton as
discussed 1 SAROS letter 1o EPRI, "Key Assumpuons and Groundrules Document Recommended Changes to Data
Annex,” dated March <, 1991, s as foilows:

1% mast readily avariable data hase developed independent of WASH-14(K) 15 reported in NUREG/CR-4<177,
This repent was examuned in the preparation of the KAG data base, in an attempt o ue ithe farlure rates more
specifically to a clearly-defined pipe section. The report surveved nuclear plants, and reported average lengths of
pipe and numbers of welds for different svstems in both PWRs and BWRs. Based on the data in NUREG/CR-4307,

failure rates were esumated for piping grearer than and less than 2", on a per-section basis (defined as a section

berween major discontinuities but erespective of length), as follows:

A = [iNo. of failures) / (No, of plant-years * avg No. of welds per plant}] * |3 welds per avg section]

it was thought that this put the data on an approximately equal footing with WASH- 1400, and thait the 140 sources
cowld be con dered 1ogether 1o provide the failure rates. The falure rates available from the two sources are 4s
follows {all are on a per-hour, per section basis):

Leak/plug, pipe diameter < 3" 8.5E-09
Rupture®, pipe diameter < 3° 42E-19
Leak/plug, pipe diameter > 3° R3E-10
Rapture®, pipe diameter > 3" 42E-11
NUREG/CR 4307

Leak, pipe digmeter < 2" ! 4E-(H
Leak, pipe diameter > 2" LAEW

Current KAG**

@ . 720.88-1
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NRC REQUEST FOR ADDITIONAL INFORMATION

Leak/pilug. pipe diameter < 3° 2OE-0%
Leak/plug. pipe diameter » 3" S.UE-10

*5% of leakuge rute. per p.ll11-78 of WASH-1400.

**KAG also recommends breckdown according la Severuy:
maximum break, 10 to 30% of toral faidure rate;
large break, S0% of remaining failure rate:
small break, residual falure rate.

The rationale bekind the values in the KAG document is that the failure rates may be lower than those reported in
WASH-1300, 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 u failure rate for larger pipes ten times lower than that for smaller
pipes (as was applied \n WASH-14001, On the other hand, all of the failures in larger piping reporied in the
NUREG were very small leaks, so only limited inferences could be made regarding the rate of serious leakage. A
[ower value was therefore recommended for larger piping in the KAG, although the ratio berween the rates for small
and large piping was 2.5, instead of i0.

To examune further the ¢ffects of definition of pipe section on failure rate, the emoirical correlation developed by
Thomas was applied. This correlanion examines daia from a number of sources, including WASH-1300, in a
attempt to wdentifv the factors that affect fadure rate. After normalizing for plant age and service, the rates can be
calculated for different sizes and lengths of piping and for different number of welds.... No claim is made that any
of these 15 correct on an absolute baxis, or even thar the relanive differences are correct. Ths is presented only as
an alternative view of data. It should be pointed out, however, that this correlation has been used in several FRAs,
especially when it s necessary to characterize the frequency of pipe breaks for assessment of internal flooding. In
at least one case (the review of the Oconee PRA), the NRC has found the use of the correlation to be accepiable,
although potentially conservative. The conclusions from examining the results ... are as follows:

. The size of pipe has very little impact on the rate of failure. This would appear
to be borme out by NUREG/CR-4407 results.

. The rumber of welds would not be oo imporiant unless there were many in a
particular pipe section,

. The length of pipe 15 relanively important, since the fatlure rate is approximately
proportional to the length.

A more careful review of NUREG/CR-4407 has been made more recently, It wus concluded that any values based
ont length of pipe or number of welds calculated from that study should be viewed with exireme skepticism....

720.88-2 @
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NRC REQUEST FOR ADDITIONAL INFORMATION

Ui appears that, withowt substannial addwional effort to supplement the data in NUREG/C R-4407. the failure rates
reported in WASH- 1400 are sull the best available. The following is therefore recommended:

v 4 basic failure rate for leakage from piping of any size of 83E-09 fhr per
sertion. This rate applies to all leaks down to verv small cracks.

. A section 15 defined as g segment of pipe between major discontinuities (valves,
elbows. bends, etc. ), up to abowt 10 ft in lengrh. For siraight runs of piping that
are of paricuiarly mgh qualuy und subject 1o extraordinary inspection and
testing (2.g.. reacior coolant pressure boundary ) and/or are not subject to severe

peraring stresses {Le., operate at refatively low pressures and velocaies, carry
clean water, etc. ). this length may be extended up to abowt 100 fi, provided there
are no discontinuiiies,

. The fracuion of this rate corresponding 1o leakage severe enough to constitute u
rupture should be taken as 5%. The 5% value is consistens with both WASH-
1406 and Thomas. Of this 5%, 10% should be taken to be essennally a complete
hreak: 30°% shouid be iaken 1o be a large rupture; and the remaining 60% a
small rupture. This is the breakdown used in the Oconee PRA, which NRC
reviewers found i pe ooceprable...”

The basic farlure rate 4.25E-10Mr per secuca [(8.SE-O%hr per secuon) * (5%)] has been used for evaluation of the
APHIN) small and very small LOCA mitiaung event frequencies, as well as for PRHR heat exchanger wbe rupture
miaung event frequency. Based on the basic tailure probabr’ y from ALWR Uulity Reguwrements Document. the
faiiure frequency of the PRHR heat exchangers (HXs) 18 ¢ culated as:

Falure Frequency of PRHR HXs = [LOE-O7/r per 4X] * [8760 hrs/yr] * {2 HXs] = 1LRE-03/yr.

The evaluated frequency of 1.8E-03 is less conservatve than the fallure frequency of the PRHR heat exchanger tube
rupture, SOE-O3/yr [(4.2SE-10/hr per secuon) * (1342 sections) * (8760 hrs)], used in the AP6(0) PRA. The
recommended frequency for small LOCA, in the ALWR Uulity Requirements Document, s L.OE-03/yr. In the
APPSO PRA. the small and very small LOC A imitiaung event frequencies are 5.2E-04/yr and 5, SE-O4/yr. respectively:
these frequencies account for 1.0E-03/yr,

The data cianges recommended by SAROS have heen reviewed and approved by EPRI. These data changes are
expected to be incarporated into the next revision of the URD (Revision 6).

PRA Revision. NONE

@ Soniigonss 720.88-3
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AP600

Question 720 82

Describe how the data hases that were used 10 develop the fatdure probability lor the PRHR heat exchanger tubes

re quaiified for the APHIN) design

X

Response

[he response 0 RAL 720,85 provides the response [or this guesiion

PRA Revision NONE
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