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Re: FOIA-88-464

APPENDIX A
RECORDS MAINTAINED IN THE PDR UNDER THE ABOVE REQUEST NUMBER

7/13/83 Memorandum from H, Denton and R. Minogue to W. Dircks, subject:
Proposal for Reviewing NRC Requirement for Nuclear Power
Plant Piping, w/erclosure. (40 pages)

§/10/85 Memorandum from M, Denton to R, Minogue, subject: Schedule for
Resolving and Completing Generic Tssue No. 119 - Pipin? Review
Committee Pecommendations, (2 pages), u/enclown. oritization
Evaluation Generic Issue No. 119 - "Piping Review Committee
Recommendations." (17 pages)

6/9/86 Memorandum from G, Arlotto to T, Speis, subject: Recommended
Actions Regarding Decoupling of Sefsmic and Pipe Rupture Loads.

(2 pages)

10/2/86 Memorandum to Distribution from G. Arlotto, subject:
Termination of Proposed Revision to SRP 3,9.3, (2 pages)






5 UNITED STATES
% NUCLEAR REGULATORY COMMISSION
’ WABHINGTON. 0. C. 20888

Wi 2383

MEMORANOUM FOR: william J. Dircks

Executive Director for Operations

FROM: Harold Dentan, Director
Qffice of Nuclear Reactor Regulation
Robert 8. Minogue, Director
Qffice of Nuclear Ragulatory Research
SUBCECT: PROPOSAL FOR REVIEWING NRC REQUIREMENTS FOR NUCLEAR "CwER

PLANT PIPING

™Me provesal you recuastad in your May 31, 1581 sesorancus is enclosed. e
consultad with v, Stalle, T. Murley and ¥. Kane in the proposal developmant,
Sut staff from RES and NRR wers mainly responsidle for fts preparation. Our
consultant, S. M. Bush, provided significant inputs. dame of the kay elesents
af the proposal are as follows:

we Dropose the estad!ishment of an MRC Piping Review Commitise sace w
predominently of NRC personnel from the various offices. With assistanca

from wxpart consultants, the commities will pull ther all avatlad'e
inforsation insfce and outside the NRC and review all piping related
requirements. Four task groups, ane each dealing with pipe cracking, -
saismic design of piping, pipe bDreaks and other dynamic loads/load comdine~
tions for piping are preposed to be established uncar the NRC Piping Review
Committae. We 2130 propose %0 solicit views from incustry and other ntarested
parties in the pursuit of our objectives.

we suggest one cochairsan from MRK and one cochairsan from RES, R, M.
vol'mar and L. C. Shan respectively, to administar the NRC Piping Review
Commitian. Approxisataly 12 Indivicduals from NRC will staff the MRC Piping
Review Committes, with regresentation from RES, NRR, 1E, OELD and tw
Regions. Most of these will De assigned to one or sore of the task groups.
Qur consultant, S. M. Bush, s our nomination for Vica Chairsan. A tota)
of 17 indivicduals from the NRC will De involved in the antire affort,

We estimata & pariod of aporoximataly 12 sonths to completa the review

and formulata recommencations. A four to five san~year effort froe moroxi-
sataly 17 NRC staff s planned. Consultant costs are estisated at adout
$300,200.

CONTACT: L €. Shao

443-5308

Forn - 9% 46y
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w. J. Dircks 4

i 13 %33

-

- Our primery geliveradies will be recommendations, where appropriate,
for mavising the preient requiresents on nuclear power plant piping,
and direction as %o what work shou'd dDe done to respond to fssuas not
currently amenable to resalution. Our proposal does not offer quantita~
tive and detailed value Tmpact analysaes for any recommends<tion, although
qualitative statesents regarding the cost and safety benafits that may
acc™ue will be included. Value Tmpact analysis, in our view, 1s warranted
aftar our recommendations Are actad on, and ‘mplssentation of the recos
sandations are daing undartaken.

we envision that regulatary actions regarding nuclear power plant piping
currantly undar way will continua to De sace on & timely basis. It is strongly
urged fn our proposal that no such «ctions be delayed or daferved panding the
recommencations %o be dalivered as a procuct of our propesal.

//@4

marald Denton, Director
Office of Muclear Reactor Regulation
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Roder: 3. Minogue, Ofrector
Qffice of Nuclear Regulatary Rasearch

Enclosure: Proposal
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A, ral Back |
Severa) of the current regulatory positions relating to piping design were |
geveloped without significant data. As relevant data became availaple, the ‘
conservatisa of some positions became apparent. Morecver, the low probability
of postulated events, such as the full flow area break, when axamined using !
srobasilistic or detarministic fracture sechanics and probabilistic risk analy=
$15, was sade evident. Thase conservative positions have resulted fn a large
nuaber of sassive pipe whip restraints, component sUPPOrts and snubders wnich
stif¥an piping systams. Since stiff piping systems generata Nigh thermal
stresses and nozz'e Toads and can be more adversely influenced by canstruction,
saintanance and inspection errors, samy axperts believe they diminish overal]

safeny.

Other areas coversd oy nquu.ury positions, such as sefsaic critaria pertaining
% piping, load combination critaria, construction of floor respense spectt and
damping values, are in need of a meassessment which cou'd Tead to revisions that
would eflect o sore realistic response of piping systeams %0 faulted or axtrese

sccicent cangitions.

while axperimental and analytical evidence confiras the conservatise of sooe
positions, servicea wxperience sgy raisa questions concarming our knowleage of
the actua)l response of piping %o failure sechanisas such as intargranuiar stress
corrosfon cracking (IGSCC) fn Targs BWR piping. T™his lattar congition is

IGSCE 1n austanitic stainless stael whan using conventional ylitrasonic tasting

axacervatad by the uncartainty associated with crack Jetaction and sizing of ‘
procedures. |
|



An exampie of changing pesitions in the Unfted States sade on the basis of the
availapility of significant experisental data and analytical studies s the
proposed elimination of the full flow ares dreak as & design critarion in car
tain PR prisary systams. The greatly axpanded data dase pertaining ta nuclear
pizing and 1ts response to operating and accident congitions should permit an
esiective review of existing regulatery critaria,



8. Regulatem™y 2
Four groups of regulatory fssues have deen fcentified as Indicated delow:

(1) Pipe gracking due to intargranular stress corrosion has occurred
rore extansively than previously forecasted in larger~diasatar piping. lssues
relate to inservice inspections (NOE), evaluating repair technigues (including
replacement matarials), and allowing continued operation. Pipe cracking due 2
vioracions in small-giameter pipes and thersal fatigue are 2150 Tssues, as are

actions NRC may require ta reduce the potantial for pipe cracking.

(2) Seismic gesign fssues relate %o pipe damsing and the fact that
the 2BE, although not directly safety related, usually controls design Decause
of lowar allowadle stress levels anc lower damping values. Also cunsidered are
eritaria for piping with sultiple incepencent supports, peak broadening MMN‘-.

serts for floor response specira, and industry design practices.

(1) Pipe dreak issues melata t2 requiring full flow area pipe Breaks,

ceteraining Sreak locations, and replacesent critaria,

(4) Certain load comeinations, particularly the LOCA plus SSE Tead
csmoination, represent 4 severe design requiresent leading to sassive supporis
on piping. Mo studies support a causative melation Detween pipe Break and
earthouake. and for the particular case of the primary loop of a4 PR,
1T has Seen cesonstrated AR earthquakes are axtrese’y wnlfkaly to induce &

ful' "low ares pidpe drear.
w treated uncer this fssue include hyereaynasic

Toads Such 45 watar hamser and loads mesulting from SRV discharge, ang vibras
tional loaas.



. ‘P

The obiective of this propesed review 15 t3 evaluate current piping regulatary
reguirements for 1ight watar reactor nuclear power plant design using availadle
domestic and foreign information in order to provide recommendations on where
and how we should sodify our current requiresents, and to fdentify areas for
further action. Tha review will not fepact on existing ongoing regulatary
actions prior to scceptancs of the fina)! report, nor impeds the reselution of
any specific piping probles. Mowever, some prelisminary recommendationt approved

Sy NRC management say be utflized on a case=Dy-case das‘s.

e scope of this review covers 2!l safety=related piping systams and those high
energy Systams which are fmpurtant to safety in new and operating nuclear
plants. The =eview will De perforeed on & systas integrated mi.s can=
sigaring all onoojnq programs. Safety=related piping systams are dafined as’

Cthese 21ping systams neeced Lo assure the intagrity of the RCL pressure bounc

ary, 3 shyt Gown the meactar and saintain 1t fa the shutdown candition and %2
sitigate the consequencas of accidents. (See USNRC semo dated Movester 20, 1987,
to Distridbution from M. R, Jentan, entitled "Standard Definitions for Commonly

Used Jafety Classification Terms. ')



V.  APPRCACH

Togus will De given to fdentifiadle prodiems arising from present regui rements

ane from plant sperating exgerience. The suggested approach fs t2 estanlish an
NRC Piping Review Committew, gather a1 availadle {nformation, and with the help
of consultants and industry, evaluats this information for use in the regulatory
srocess. By congucting 4 review of axisting NRC piping requirements, a repart will
se arecared which will present recommendations and conclusfons relating % NRC

nuclear power plant piping critaria.

"he srganizational structure, the plan of attack, and the repo™t contants
as50C Ated with this approach are described as follows:

A graanizatien
Jur orgenization attaspts to winie ve fmpact on existing NRC programs car~ied

out 3y NRC personne!, to saxiwize compliance with the intant of t™he assesspent

e %0 yield saxisum credidility o the repem. ™e following are essential %
*

whe propased orgarization: r

the substantial use of consultants to prepare pesition papers, review or

assass submitted data, and prepare susmaries for further mivew;

1. the estad!isheent of an NRC Piping Review Commities =wporting directly %2
the Director, NRR sade W predominantly of NRC personne! from NRR, RES, IAE,
AEDD. ELD. ACRS and the Regional 0ffices. T™he ELD representative 111 serve
a8 & consultant, and the ACRS representative will be an coserver. This
Commivtae 13 wxpectad u- favelve adout 12 ingiviguals. Thare will de four



sechnical task groups, each group responsible for & specific technical
issve (see the organizationa) chart on page 7). About 17 indivicuals froa
NRC will B favelved in the task groups and the NRC Piping Review Car-
wittes. Expert consultants in the fields of safsaic design, piping design,
systams, fracture sechanics and metallurgy will be used to eritically
evaluate and review the proposed recommencations and conclusiens;

the csordination with {ndustry and other intarested parties in order %
sotain information on operating axparience, dasign, construction, maintanance
ang inspection prod'ems and research results.  Comments on the preposed re
commencations and conclusions will also Be sougnt from fnoustry. There have
seen consiceradle efforts related to proposec ‘morovement of piping design

critaria and perforsance on the part of ALF, PVRC ang EPRI,



ORCANTZATIONAL CHANRT
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REVIEW OF NUCLLAR POMLR PLANT PIPING RUQUIREMENTS

NRC PIPING REVIEW COMMITTEE

"
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Consul tants
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TASK GROUP ON 0T
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COHB INAT 1ONS

Same a3
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8. Plan of Attack

Seve~s’ $Te0s are considered necessary to develop a4 definitive report. Thase

A clear=cut dafinition of the prodles in each prodlem area should de
formulated. This proposa) accomp!ishes this in preliminary fashion,
Additional effort will be required.

2. It is recognized that current NRC decisions being sade on specific plants
will affect some of the Tesues %o He reviewed. Obvious exasples include
Genaric Issues and IAE Bulleting. The status of the Generic lssues and MK
Bulleting shou'd De Meviewed and reported. NRC-funded mesearch impacting
on regulatary gecisfons 1n thasa prodiem areas will alse be reviewed anc
seoortad. It ‘s assused that consyltants will Ba preparing the reviews,
woring with appreoriate parsonnel within NRC.  This output uitimataly will
become 4 pArt of an spoendix addressing the specific prodies ares.

1. Efforts by incustry and other intarested uni.u in me.'mc prodiem areas
uﬂnc be assembied and meviewed.. Since organizations sueh as EPRI, INPQ,
PVRC, ALF, A/E's, NSSS vendors and Utilities have affferent intarests, eper
tise and opimions, 1t will Do desiradle for the NRC Piping Review Commities
gea! with one or two foca! erganizations which reflect the various views of
the Incustey and the prefessional socteties. It fs anticipated that the NRC
Piping Review Sommitiee will @fscuss with Inaustry grouwps Now this ob ective
can be achieved. Pertinent foreign activities 1n research and megulatary
savelopwnt aporepriats to the prodles areas should be reviewed and assesoled.
™e combination of (1) regulatary efforts and (2) Incustry and foreign progrums
will lead % smpoendicas coveriny each prblem area. Responsidility for 2iges~
tion of the information and preparation of the position papers will de given

%0 se'lectad consultants,



The NRC Piping Review Committae, as an entity, would have the responsi~
pility for the preparation of the final report for subsitta! to the
Director, NRR. They would rely on direct assistance from their consultants

to facilitate report preparation.

¢ gonam

"he following presents an outline of the contants of the fina! report da'ineat~

ing specifically what will and will net be fncludec.

re

There will Be sevars! appendices, each adgressing & given prodiem. T™hese
apengicas would e developed from & litarature review, oparating axperience,
ang ongoing programs as wall as from submitsals sace by intarested organis

ations, '

A nigtarical section would cover the initial recognition of the prebies and
4 chronelogy of regulatary and industry actions incluaing & detailed
1isting of such actions sppearing as Branch Technical Positions, Regulatory
Guices, Regulations, ﬁnﬁc Issuas, or in Mationa! Stancaras and Codes
such as ASME Sections [11 or XI.

A section comtaining an assesssent of the adecuacy of ava'Tanle evidance
for gdeveloping appropriata conclusions and recammencations. Current
research by MRC, Industry and foreign sourcas will be meviewed, ang fyture
research dessed necessary to finally resolve the yrod'es will B cited.
T™is section and the precading section would deal with the tachnical

fssues.



The fina) section would consist of conclusions and secommencations with
awo'ication to specific plants, iIncluaing lega! input where required, for

each problem and subproblem whare the NRC Piping Raview Committas feels 1t

nas sufficient confidence to offer guidance. Explicit statamants will be
writtan for these situations whare the NRC Piping Review Commitiee feals 1t

s ynadle to draw & conclusion, and the reasons why "o conclusions can de

sace will be fdentified. T™e fmplication of any recommencations sacde and

an ingication of how they affect the relianility amd everall safety of piping
systams wi'l be given, Conclusions and recommendations should be directly
related %0 melevant Branch Technical Pesitions, Fegulatery Guidas, Regulations,

ang Generic lssues.
T™he repert will pot contain the following:

(a) & guantitative and detailed value-impact analys's for anmy of the MRC
P ping Review Commitiee's recommendations or conclusions; nonetheless,
qua’itative statements relating u whe safety and cast denefits whieh
say accrue will De attemoted.

(3) suggested specific worging to revised francy Techniczal Positions,
tegulatory Guides, Regulations, or Gerearic lasues.



V. L AR TAT

“he sresent status of the four definec prodles areas fs given in tarms of the
seconica) issues, the regulatory efforts, and the research objectives and scope.
T™is status information is givan entirely from the NRC perspective; {n the
renort Sevaloped from this propesa), however, industry and foreign views will

4150 de given,

A, M X -
- Py racki’

A5 & *asult of strass corresion cracking foune in the smaller bypass 1ines in
Pei recirculating systams (NUREG-75/067 and the fmplesentation Jocusent
NUREZ=0313), and the concarn over the suscaptidility of lTarger~disseter piping
‘hothe same system, UST A-OA2 was estanlished. A teachnical resolution was
schieved as documentec in MUREG-0531. The results presentad in that repcrs
ssrmed the Dases or the splesentation document, MUREG-0313, Revision 1 (for
comment) which was latar formalized to incorporate public cosments. A muitis
21ant ACTION was estan)ished (MPA-80S) to ‘eplement the staff pesitions con~
tained in NUREG-0313, Revisien 1.

Juring the procass of ‘splesentation, anc as 2 result of cracking found in
larger=giametar piping at Nine Wil Point in 1982, WRC fssued two Dulleting

(168 2203 and 1ED 83-02) requesting that further (napeciions De conaucted cain=
cigent with plant speci™c refualing outages. Also, By sesorancus dated
Decemoer 12, 1982, the EDO assigned MRR the Tead responsidility to review and
evaluate the plant specific inspection results. Subsequently, the NRR staf?
sroposed an action plan (which wes commentad on by RES, DST/NRR and DL/NRR)

which called for a secand mevision to WUREG-0313, Savisioen 1, %2 incorporate

|ree
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sne latest developments on the techaic

of af*ected plants ancg the long=%a"™s ™

¢ 5 ons for sontinued speration

the situation. A grafs of

shais ravision s schecuied W be availapie by July 1§, 1983,

Although somewhat surprised by the axtens{venass of cracking, the staftf main-

wains the pesition that the basic phencsenan

of stress corresion gracking in 85-

104 used in BWR piping wystems {s the same and has not be A fully unexpected for

Targer=ciamatar piping, given longer sperating tise. This later conclusion was

slear'y statat 'n wREa-22'1, Revision 1, wh

fen alse cited the cracking wparis

ence of larger=diametar piping a4t @ Gersan IwR in 1978 (FRN=TS90~Q1+4).

2. PR Pioe ;rnﬂn

Severa] instances of cracking in PWR feecwatar pining ware reporiac in 197%

foth ingustry and the NRC staf? have indepencently stugied the cracking that

sczur=ed in PR feecwatar piping and have concluded that the cracking sechanise

‘s gus to thersa' fatigue. Augmented fnsemv

fce inspections of feedwatar piping

in the vicinity of steam generator nozz'es aDpear 2 Se prucent in sraer %2

setect any Cracks that eignt davelop defare sore serious prob | ems ocIur.

™e PWR Pipe Crack Study Group' s recommencat

fons to reduca Ne cracking of

ssecwatar |ines caused By therma] fatigua are cantained in Tadle 1 of MURES-

3691, The short-tare selution requi mes that
cracking undertaks augmented nspections. e
taken and prove %o de effective, the aspect
ASME Sect’on X1 requiresents.

plants wnich have Qxper enced
f long-tare remedial actiom are

1Mm1muyumﬂu



u

Hile the staff encourages consideration of remecdial seasures, 1t could de some

sime sefore their affectiveness is demonsiratec, Thus, 1% 1s believed that

cantinued augmented inservice inspeciions of the feeawater lines in the vicinity

of steas generator noziles for Westinghouse and Combustion Engineering facilities

should de ieplesented and continued until it s gemonstrated by axperience that

they are no longer needed. (Babcock and wileox facilities have a @ifferent ‘
feecwater Tystes dasign and have net wxparienced feedwatar 1ine cracking.) '

*ne NRR staf? (s preparing guidance for augmentad inservice ingpections of AR
teecwater 1ines in the vicinity of steas generatar mozz'es. This guicance will
se sssentially the same as that developed Dy 1A 1n 197y and as recommended Dy

the Pipe Cracx Stugy Grows.

tamoinations of faprication, strass, and environmental conditions have resultad
in isolated instances of stress corrosion cracking of low pressure schecule 10
tyse 304 stainless stee] piping tyn.i in PWRs. Resolution of this fasue was
sud!ished n NUREG-063). Based on sperating wperience, 1t was cancluded that

cur=ant 151 requiremants for thin-walled piping in PWRs are adecuate

traceing was founa in the norsa’l sakewp/hign pressure injection noz'es of four
B facilities. In each case, e associated tharaa! sleeve hagd deen loase or
vas wissing. T™he repair consisted of hare rolling in new thersal sleeves.

whether or not any further mesedial ssasures ame necassary wi'l gepend on futyre

inspection results.




3. nera)l D4 ian
‘e gummary . theTe Are several pipe gracking mechan’sas that axist in nuciear
~eactor facilities==vibration and/or thersal fatigue, steas srcsion, and stress
corrosion cracking. Some, such &8 therma! or vibration fatigue, are girectly
melated % plant operating conditions, and ence recognized, usually can be
carrected by 4 modificatien 1o plant operating procedures. Qthers, such a8
(ntergranuiar stress corrusfon cracking (1GSCC), represent a compliax {ntaraction
between satarial properties, faprication procecures and reactor environment 8o
chat thete (8 MO ASEUTANCE LRAT 4 change tn one varianle wi'l necessartly

~as0 v e TEsue.

™e supject of 1GSCS in BuRs i1l Be further reviewed Decause of 1% comp axity,
potertial safety isplications, and its sevare fspact on the plant avallapiltly.
Soth the NRC and the fndustry nave devoted 4 great asount of resources 9 study
whe phanceencn, and to axplore various remedia) measures Soth leng and shert
ta=. A great dea) of fhformation has Deen pninm. T™is m(anmn eeds
ts Se meviewed, {ncependent of day-to~day licansing activities, {n oveer ta
semonstrate the efficacy of ssasures taken By ingustry. Some of the fssuas that
need L0 DR mxamined ATe

e The adequacy of uitrasonic examination sethods for crack detection ana sizing
incluaing aualification of parsanne! and procaduTes. ™e devel opsent anc

wp'ication of {mraved state~of-the~art ingpection Lachn i quas .

* The petantia) for the crack to pregress completaly around the pipe ane fer
the crack front to progress uniforsly, rafsing the pesaibility of @ ] 3+ ]

e Whether there are dending stresses Lhat say prosota preferential crack
growth ‘o one pipe Juacrant leading to leax~tefore-ireiL.



¢ The possidility that low tamperature sensitization can occur from resfdua’
elenants Such as phosphorus, or sulfur rather than from carven alens. This
raisas the fssue of possible 1G5CC {n extra low carten grades of piping. '
™e wparisental svidence s not considared sufficiently gafinitive %2

seso ve WhTs Tevue.

The NAC *aSearch DROGTAS 0N the SUBJeCT was {nftiated in 1987 and fs expectad W
seve op information neeced 0 perwit an indapendant capanility for pregiction,

setection and contre! of pipe cracking {n R systams. The progres inc)uces:

Development of the seans % obiectivaly and quantitatively evaiuata Teak .
Setection systams and CTAcKs tATough NOE ;

Definition of the role of stress, setallurgical var adles, and anv i marment

*s

sn pipe cracking susceptidility, including the influsnce of plant spers®

tions a0 these var‘anles.

.~

| Evaluation of ingustry propesed fixes and repair procecures.



3 Se‘smic Seg 30
Gefore seisaic loacs oA ptping can be Tomputed, (¢ (s usually necessary %2
sate saisaic ground motions, serfore & sofl=stiruciure (mraraction analys's
calculate duilding responss, since piping s nupporied, {n genarel, by the
ing, . ™ puilding in tur. 1 supporied by the soil. Tha discuasion
\re and the proposad review AFe 1(mited only %0 areas that ame nandled DY
sechanical and piping engineers. Due %2 large uncertainties (n estimating seismic
wmut s01] structure intarection affects and pyi 1ding response and e ek of
suc'oar structure failure {nformation unde® sa'smic gnvironments, the aAature
sarcency ‘n sefsmic ses’ign is towards conservatise *nis praciice and Gas’'gn
ssoohy has Deen 180 esented at each stage of the seisaic dasign cnain for
{ng tystam des’ign ™e scoumu lative affect of Lhase consarvatl sms NAs Bace
swelaar piping systams more »igid han seanucear piging. A msere Higid piping
gvitam norsally 1L net pareficial for reutinely ocsurTing wersal tramsiants
"wis unbalanced deeign Deteeen tharsa! and sa‘smic events introguces § Qquestian

a8 %3 whather the migid aucieoar piping s mare oF 1ess *ellab)le when the ™iks

wssoc’ ateg with a4l events am consigared. In retent years, {ACT™eAs | NG cancar™

ith the relation Datween RIRINY selianility and stiffmess Ras led %2 & joimt MRC
and ingustry effort L2 Assess e prodlea.  Sev.ral Teaues nave Deen fgantified ane
ATt JACAT Astessment T™aey are: damping, sultiply supperted 2I1RTNG, mesponse
sDect™E peak troacaning, the sparating das's sarthguake (O8E gafinition, and

nausL™y aas'gn pracTice

ﬂgq "’

Jamuing requirwsents ‘or RIRING yystam seiamic design &9 given 1n Reguiatary
§ Damping factary Are e in the sa'‘seic @ynam'c snalysis 13 T

sant erargy Sissipation capabi ity iping systess Due %8 the lack of ne

¢+ sance ‘N our understanaing af the pArAmetars whICE influences Samping, Swer
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ssund damping values vIre used. This resulted in 0 excessive numder of pipe
sucoor.s being used in design. Two tyves of supporis are nersally used for

se smic design: rigid struts and snubbars. When rigid struts are used, the
piping syrtem s stiffened. A stiff piping nstem 8y be less reliable 1f
thersal events are taken fnts account. when smubbers are used in seisaic
gesian, the failure of snubbers in the lTock-up sude can {ntroduce highsr thermal
stress on Lie system. The high failure rata of snubbers has causec concer
~eqaraging piping mliabilicy even under saismic events. The Dast resolution to
wne arotiem is to establish realistic damping vaiues to De usec in design.
cormently, the Jamping Task Group of the PVRC Technical Cozmitiee on Piping
Systems s canducting an {nedepth assessaent to generata realistic damping
valuas from varisus piping tast da®*. It {s anticipatad that within one year, 2
recommencation from the PYRC will be availahle for review. RES has two ressareh .
programs underway to wperisentally develon and intarpret damping behavior in

siping. Adaitionally, {mtarnational cooperative afforts are being pursued.

2. Wulsioly Suooorted Pioing

The Standard Review Plan (SRP 1.9.3) requires a very conservative procedure in
order to cosputa the sefsmic effects of piping supported Detween floors or
setweeen buildings. Specifically, the {nertial or dynamic component of toe
Toaging i3 calculatad using an envelop spectra of all the supporis, the psuedan
static or seisaic anchor movesent component of loading s calculated using the
sost unfavorable cosdination of support sotions, risuming that peak displace=
sents occur simultaneously, and the & samic and psuedostatic components are
compined by the absoluts sum rmule (in contrast ta the SAP requiresent, toe staff

has Degun to accept the SRSS rule). This position was developed at a time when
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the urgency to develop a position did not allow for a ful) and complete under=
stanging af the behavier sf sultiply supported piping subject to independent
saismic inputs. Since that time, RES-funded studies have Deen comlatad, or are
nearing completion, which indicata that the SRP position {s unreascnable and
that msore realistic critaria can be established. This particular tachnical
fssum 1 1ikaly be resclved within a year.

3. Respons e Peak 3oacenin
7o acsount for uncartainties in the aatural frequencies of supporting structures,
Regulatory Guice 1.122 requires that the peaks of floor response spectra ba
srocadsned, typically 218X, It has been pointad out that for piping this could
have the affect of placing a few modes at the peak floor response Spectrum
value, since piping natural frequencies tad to se relatively clesaly spaced.
Bn.tuu peaks in tha floor respanse specta usually are shar, ind pointad (with
the cansequance that no more than one sode could have the peak or near peak
foor response spectrum valus), the regulatary guic.. position {mpdsas an gnnecas~
sary conservatisam on piping casign. It has Deen recommsended that 4 moTe :‘.tﬁorm
way of daaling with uncartainties in the natursl frequencies of supporting
structures «ould be peak shifting rather than peak broadening. With peak shife-
ing, the shape of the floor rasponsa spectrum {s not changed, syt instaed, Whe
response spectrum {s shifiad dackwards and forwards along the frequency scale
within given Tiwits, and the sost unfavorable locaiion selectaed for dasign.
™is procedurs has the advantage of dealing with uncartainties in supoorting
seructure frequancies vithout requiring that sore than ore sode De At the peak
value of the floor response spectmm. As the procedur 1 &) “eady available,
and as 1%s adequacy has already deen demonstratad unda. resaarch pe~foreed 2y

RES contractors, ‘mmediata {uplementation of this relazation is possible.




4. rating Bas . yake (C8 efinition

Aczoraing to 10 CFR 100, Appendix A, when an sarthouake exceecing the 0BE

oceurs, shutdown of the nuclear power plant is required.
damcge has occurred 0 those fTeatures necessary
Because

Licensees sust then

camonstrate that no functional
for continued operation without undus rsk to public health and safety.
allowable stressas and damping values are permittad with the OBE, many

power plants are contro)lled Yy the OBE rather than the

Tower
piping cesigns at nuclear

sore severs Sa‘e Shutdown Earthquake (SSE). Loads for both the QBE and tme SSE

are estimated using elastic gynamic analysis procecures; however, the allowatle

“sr the SSE fmplies local nonlinear sehavior. It has been arguet that it is

unreasonas’e to allow an earthquake which sust be resistad without sustaining

damage to contral the sizing ana proportioning of pipe supporss and other

the two-edrthQuaks approach 2 gesign is commonly adoptad in
{s a growing sentisent that e

e emants. while ‘
sary countries for nuclear reactor dasign, there

CBE must De sei to 4 Tower value or that allowable stresses sust De increased

trolled by an event not direct)y related W2
ping, is likaly

such that piping design is not con
safety. This ssecific f{ssus, onca aacptad for nuijur reactor pi

+5 have ‘mpertant ‘mplications for othar strictural features at nuclear Jowar

plants.

S ndust™y Pract!
"hers are an infinita variety af ¢ifarent pipe support systes Jesigns and

<0ceing practicas which can de {splementad to satisfy doun ASME code and NRC

recuirements. These different designs and modeling practices,
{ve according to results obtained from

howevar, are not

equally mlfable or equally cost effect
The assumotions sade in modeling piping system parasetars,

gaps, overlap techniques and $0 on,

RES~funded studies.

SuCh as those regarting support stiffness,

eiy affect the final result, but say be unimportant when otiier gesign conservatisas
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are oresent. It {5 expected that the NRC Piping Review Commitiee will axplore
enis matter. 1t is common industry practica to implement the first {taration in
the design procass which satisfies the reguirements rather than optimize the
sipe support systes in terms of reliability or costs. Nonetheless, procedures
are becosing available which can achieve these goals. It s unclear at this
time how the NRC should dea) with these goals and three basic fssues to de
seciced are: (1) does the NRC have confidence {n the technical foundatfon in
the optimization algorithes? (2) should the NRC merely encourage or “ather
enforce ytilization of the algorithes? (3) s 1t necessary to revise industry
sractice in modeling 1f the conservatisas in design are resoved? Recommenda~

tions from the NRC Piping Review Committee are sought on both these questions.

ttaf’ regulatory efforts and their respective status consist of the following:

Genaric Issues A=40 and A-4] ware created. The snort-tara effort (A-&D) fis
to revise SRP'3.7.1-%7.3. The long-tarm effort (A=41) is the Seismic
Safety Margins luur';n Program (S3MRP). The A=40 is ongoing and will be
ot letad in FY ',954."', The SSMRP has developed a casprenensive prodadilis-
tic methodology to u’uu plant seismic risk and will also davelop simmii~
fied methods for calculating seisaic risk,

2.  Ganeric lssus A=13 was created for snudber oparadility. Solutions were
oreposed in MUREG=0371 which consists of evaluation of industry practices
asscciatad with smubber design and gualification tasting, ana development
of Technical Specifications and regulation changes. SRP 3.9.3, §TS 1/4.7.9
for PWRs and STS 3/4.7.5 for BWRs ware ravised. A draft Regulatory Guide
to assure a hign leve! of snubber operability fs comp letad,

I
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Seneric Issue B=25 deals with piping Denchmarks. The progras is providing
the staff with a capability to conduct independent verification of computer
coces used by licensees for his dynamic analysis of ASME Class 1,2, and 3
auclear oiping. Generic Issue B8-25 is an ongoing program which has the
capability to verify time dosain and frequency dusain analysis, elastic and
inelastic analysis, and can use either muitisupport spectra input or
sing'e~enveloped spectrum imput. Test verification of the codes will be
completed in FY 13984,

Generic Issus B-51 was created for assessaent of inelastic analysis tech=
aioues used in piping and support amalysis. Since the ASME Coce permits
Lave! D stress limits for low prodability events, and large inelastic

strains may occur uncer such stress liaits, it is important that preperly
gualified analysis tachniques are used. Generic Issus 8-51 is an ongeing

fgsus for continuous sonitaring of the ASME Code rule changes.

Curment regulations require that components and strucsures shall be dasigned

for two levals of seismic loads, namely, the OBE and the SSE. Oue %2

4 #%erent requiresents in load definitions, load compinations, and stress

al'owadles, the CBE genarally controls the design. The staff has investi~
gated the {mplications of having two lavels of saisaic dasign and has
sroposed a revision %o sefsaic requirements in a regors 3 the Comissionars

ted April 27, 1979.



C. Pipe 8reak
Current requiresents specify that piping and supports of the reactor coclant

pressure boundary ba designed to accommodats the dynamic affects of postulatad
2ipe break events, including a LOCA induced by a double-ended mpture of the
largest prisary pipe. Subsequent licensing positions set Dy Regulatory Guide
' 46 and SRP 3.6.2 also indicated that such large breaks should be universa'ly
sostulated for all high energy Tines fnside and outsice the containeent, and at
severa] locations per pipe run. Leplementing these positions has resulted in
‘nstallation of nuserous pipe whip restraints, snubders, and jet shialding
structures, that may not provide additional safety, and in fact, may datracs
“rom safety in some ways. For instancs, piping so cesigned is sti®fer and
exDeriencas greatar stress when subject to thermal expansion, and has becise
sore inaccassible for irnsarvice inspection. Thus, a revision of current pipe
sreak postulation critaria fs necassary in order to achieve Detler balance in
design for Both norsa; and abnormal plant situations. Staf? efforts and their

respective status consist of t.2 following:

1. Generic Issus A=18 was creatad to upgrace pipe break critarta. The task

nas zoapleted the following short-tars objectives:

(a) SAP 3.6.2 was revised which provides consistant pipe break critaria

for high energy 1ines both inside and outside the containment,

—~
o
~

Critaria for the pipe break exclusion region at the containment pene=
srations wvere defined, and pipe rupture loads to the guard pipe were
fnvestigatad.

(¢) An investigation of the deleterious effects of pipe whip restraints

and snuobers to piping norsal operation were conductad and regor<ed.

-
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Generic lssue A=18 became fnactive shortly aftar the THI accidert due o
srioritization considerations. Its long=ter® objectives ware carried on
by several research programs including fnvestigation of pipe whip, jet
impingement loall, pipe-to-pipe fmpact tasts, piping failure sechanises,
and pipe break probability.

2. Generic Issue 40 was created to review the safety concernt associated with
aipe breaks in BWR scram systems. Options acceptable to the staff consist
of establishing either (a) a Tow probability for the event, (b) sccaptable
sonsequences for the event, or () availability of altarnata cooling sys=
tems and initiation equipment for the event. NURES-0803 was ssued wnich
gives guidance for resolution on a plant specific basis. GE has recantly
provided adaitional inforemtion to strengthen the genaric resolution using

the arguamnt of Tow event preoapility. The new susaittial is currently

undar staff review.

.
.

3. Generic lssus 61 was creatad to review the concamm of postulatad br:uk at .
the safety/reliaf valve 1ine inside the airspace of a BWR Mark [ ana II
cantainment, since the staam Dypassed suppression pool will rapidly
pressurize the containment. MNUREG-0437 was {ssued wnich required Mark II
slants ander construction to perforw a piping fatigue analysis. Operating
Mark [ plants weare required to conduct pariodic visual {nspections. ™e
stat? considers that the most affective resolution is ytilizing the canm
tainment spray. Mew requiresents regarding sperational procedures and/or

design modifications of containment spray systams resain o De developed.
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4 The szaff is planning to revise its breax postulation critaria in SRP 1.6.1
and SRP 3.6.2.

piping failures generally occur at n.gh stress and fatigue lTocations, such as at
s=+ tarminal ends or at locations where corrosive envircnment and vibrational
sarigue exist. The NRC, in the developeent of positions for postulating pipe
motyre, selected stress leve! and fatigue usage factor as the critaria for
seciging pipe rupture. for instanze, for a high energy, Class 1 piping, pipe
mptures are required be postulatad at the tarainal ends and at {ntarsediata
lecations wnare the calculatad saximum stress range exceeds 2.4 S. or the
cmulative usage factor is larger than 0.1 At least two {mtarweciate locations
must be selected. If two intarmediate 1mt.1m cannot be datarsined by the
above stress or usage factor eritaria, the two highest stress Tocations are then
sa'ectad. Sinca thase locations are not fixed early in the construction procass,

A/Es fing 1t very difficult ta fmplement such critaria.

As a resylt of the above requiremants, 300 0 400 pipe whip restraints will have
+2 e installed for a typical AR plant. Tota) casts for design, procuresent
and construction of those restraints are estisatad in the range of 20 to &0
wiliien dollars per unit. For a plant under construction, thase requ i rements
{nceease construction cost and design comoplexity. For an axisting plant, back®
fitting would De required in ordar t seet current standards. Also, there are

sevara] negative aspects o having pipe whip restraints, For examp e

Accass for maintanance and inservice {nspection i3 {moeded, therefore

increasing radiation wxposure to {ntpectors.




coming in contact with the restraints

Migner thermal stress Caused by the pipe

is introduced.

14 1879, NRC inftiated studics in both NRR and RES to assess the 1ikalihoad of

saving & doudie-ended guillotine pipe break (DEGE) {n the PWR primary loop.

NRC pregrams in the area of piping fractu~e sechanics wi'l concantrate on vali=

aating ductile fracture analysis techniques, developing a casprenansive piping

saterials data tase, and conducting pipe tasts to detarmine the failure modes of

piping for use in developing {mproved pipe bresxk critaria.

To data, the NRC has sponsored the davelopment of experisental tachniques for
characterizing ductile fracture preperties of piping satarials along with intar=
zeciate size pipe us.u ts validate the use of taaring instapility fracture
sechanics. This work has be * performed at USNRDC in Annapelis. Oevelopsent of
woerisental techniques for satardals charactarization included investigation of
the effects of specimen geometry and davelopment of single=specizen cosouter
cantrelled unloading compliance J-resistance curve tasting. Future work in this
area includes catarmination of environmantal and loading historias on ducti’e

seacture properties. The pipe tasts conductad at USNROC wers parforwed using 8=

{nem=d{ametar, circumterentially=flawed, A106 grace 8 piping Toaded in four
seint bending. The loading train was sade compliant through the use of springs

s0 that conditions for beth stable and unstable crack extansion could be creatad.

Using Jeresistance curves generatad from the pipe tasts, taaring instapility

analysis accurataly predicted stable and unstable crack extansion. Future Dipe
tasts to be conductaed at USNRDC will be parforsed on 8=inch-diametar A106 2ir .ng

with circumferentially=flawed welds.




Juring the next 1 years, NRC's sajor effort in the area of piping fracture
pechanics will be the Degraded Piping Progras. The obiective of this prograa is
ts further validate and {sprove the ability of ductile fracture sechanics
analyses 2 accurately predict the loading capacity and failure mode of crackad
piping and to provide axperimental data Jhich can be used to develop fwproved
sipe preak criteria. Phase I of this program began in Septemper 1987 at Battalle
columpus Laboratories. The Phase 1 effort included the sevelopment of {sproved
sucsile fracture mechanics analyses, review of previous and cngeing pipe fracture

srograms, and deveiopsent and costing of a comprenensive pipe tast prograa.

snase 11 of the program, to begin in the fall of 1983, will include Tow anergy

ang hign energy (typical LR pressure and remperature concditions) tasts. The

nigh energy tasts, in particular, will provide necessary data for caveloping
‘mproved pipe break critaria to replace e currantly postilated doub | e=endad

guillotine Dreak.

Finally, deginning in fall 1983, NRC will sponsor a data sase development preT
= which will include generation of necassary fraceure sechanics properties

sor piping matarials and development of 2 computarized data systae.

Th NRR's effore, gatarwinistic fracture pechanics assesspant based on satarial
Loughness Deasuresents was sade to evaluate PWR prisary leop piping intagrity.
The results of the study suggestad that the rpture of PWR primary loop piping
is unlikaly. HKasults from RES's probabilistic assessment of the probapility of
-2 DEG3 in the PWR primary loop due to direct and indirect causes confirmed NRR'S
findings. This stuay e ioyed & prodapilistic soce] to assess the 1ikelinocd of

a DEGE caused by incirect causes, such as structural support systam failure
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leading %o the pipe rupture. The prodbabilities for poth direct and {ndirect
causes are very low for the westinghouse PWR plants studied. This ausesssent
was conducted on austanitic stainless steel piping used for wWestinghouse plamts.
Tra sethodology developed in this assessaent {3 equally capanle of hardling
ferritic steels. An effort is currently underway in RES to assess «. farritic
stae) CE anc 34w prisary loops. we expect similar conclusions will be reached
sar CE and 34w plants. In the letzar from M. R. Cenmten to M. fde'man of the
Atsmiz Iacustrial Forum, catec May 2, 1983, appropriate changes %o currat
eeitaria on pipe mptJre requiresents for the PWR primary 1000 are {ndicated.
vest Garsam has alreagy replaced the full flow ares breax requiresent with a
10% sreax area for pipe whip and gynamic loading of reactor vessal intarnals.
"he full flow area break is sti1] required in Gersany for containment sizing,
§02S sesign, and sajor component SUDPOTTS.

™he procasilistic sethodoiogy daveloped By RES is capable of handling sTress
carrosion “‘aflure sechanisas n BWR primary systass. An effors is currently
yncarway (n RES to assess gWR primary systass. Mistorically, stmmss corrosion
ceacking has occurred in gwWR Reactor Coolamt Loop Piping, and preliminary evaly
ations suggest that the gWR full flow area Dreak assessmant will De less favor=
acle than was the PR assessaant. Current planning ¢ %2 completa the BWR
Aeactor Coolant Loop assassmant by the end of 1984, \whether thar™ will Be any

recompendations to relax present requiresents 1s difficult to predict.

Piping systems Jthe’ than the prisary loop are sore complex dus to large vari-
ations in configuration, satarial, loading, environment, function, and suopers

type. Piping systams can be diviced inta thres groups: (1) those systess for

-




Which Teak-before-break can be easily establf hed, (2) those systems for which
the operating environment and piping materia s suggested that leak-before-breax
will be vary hard to be established, and (3) those systems which belong to
neither one of the two groups above; that {s, systeas where leak-before=brask fs
sarginally established.

For the first group, it should not be very hard to develop a technical basis o
assess the intarmediate breax requiresent. The svailatle probabilistic sathod~
s'ogy, with suppert froa the planned deg’ iced piping progras o provide proper
sailure modes for cartain selectad piping systams, shou'd be able to reach
some conclusions in a reasonable time. In order @ eliminate the intarmeciata
sreak requirement Sased on the laak-before-treax hypothasis, it fs necessary

that the reliapility of leak detaction capanility be estadl ished.

Far the other two groups, the cdecisfon will Desore giftficult. It {s anticipated
that & such larger effort will be needed to Dettar understand piping failure

sechanises and cavelop srevertive action which can fmprove piping reliapility.

The genesis of the lTeak-before-break issus goes Back to a traditional stafe
internretation of General Design Critarion (GDC) 4 {n the contaxt of the defi-
aition of a LOCA as ime)iding & dreax ecuivalent in sfze %2 the doud!e=endad
mmture of the largest 7 ipe {m the reactar coclant system (Appendix A ta 10 CFR 50).
T™his intarpretation ha, perseated through various staff guidance doCments;

{.e., Regulatory Guide 1.46, SRP Sections 3.6.1 and 3.6.2, and has created 2
situation such that latar vintage plants are ~squired to have sassive pipe whip
mestraints and older plants ware found not able to take asyspetrical LOCA

loads. The latar cnncarn aver the asymeetrical LOCA loads led %o the estapiishe
sent of UST A=2.
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As an atsempt to resolve the USI A-2 fssue, westinghouse subaitted topical
~ecorts. on behal? of 11 licensees of 16 PWR units (one of which is a CE designed
plant), using advanced fracture sechanics to deson.trate that the detection of
small flaws (postulated or rea;) efther by IS1 or by leakage monitoring can be
assured bafore the flaws can grow to critical sizes which could lead to a large
sreak area "equivalent® in size to a double~ended guillotine LOCA. The staff
nas evaluated thase topical reports, independently verified by research progras
anc technical assistance prograa the sethodology contained in these topical
~e00r%s, anc has concluded that a valid technical busis axists for wxespting
these plants frem the regulation as currently intarpretad. An exemption package
«as Dreparec anc coaments incorporated, and will be reacy for NRR Director's

~eview anc submitsal to CRGR before the end of June 1981.

14 saralie] with the above action, the Division of Engineering staff has alse
srafeeq a Commission papar for NRR sanagesent review that proposes granting

similar exemptions for other PWRs not coversd By westinghouse topicals.

“he third step to be undartaren is to inftiata a miemaking to seek & long=tar
~esolution of this situation. There are sose ancillary fssues, such as inter=
sediate Breax critaria, which would naturally be resolved as the staf? revises
and sevelops those staff guidance documents (SRP 3.6.1, 3.6.2, and 3.6.x) %

susport mulemaking.

The salority of technical work is complete or has redached the stage that is
deemed sufficient to support these changes. The NRC Piping Review Commitiee

«{11 be asked to review the results of al] work sponsored either Dy NRC or
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by the industry in order t2 confirm the statement above., However, the staff

ef4arts incluging the fnitiation of the rulemaking will not Se held in abeyance

pending the outcome of this proposec review.




2izing and supports are designed to withstanad a specira ef events, and evenis
in compinations. GOC 2 requires that sarthquake events should de appropriataly
comoined with LOCA events. Licensing pasition dalineatad in Regulstory Guida
1.48 and SRP 3.9.3 specify that comporents and Jupperts shoulc be designed to
accommodate ingividual and combined loads due to norsa! cperating conditions,
system transients, and postulated Tow prodbacility events. lLoaads {ngucec Dy
earthauike, LOCA, and systam transfents \iry with tise and their peak responses
f2r purnose of design were Assuded to ocsur simuitanscusly. This canservative
worsach resultad in stif® piping systams which are not only costly, but alse
zay not be vary =sliatle. Because of this concarn, ALF nas estadlished a4 s

samittes on Load Compination te address this fssua.

For developing a more rational treataent of loads, load combinations, and stress
“imits, Generic Issus 3-6 was created. The s°aff efforts to investigats and
estan!ish licansing pesitions on rasponse canintt‘.of; sethodo’logy ware completad
AnG ~eported in NUREG-0484, Revisfon 1. Rules %o justi®y the use of the SASS
sethod ware delineated based on specific aczaptable nonexceedasce protabilities
from cumylative distribution functions. These positions were aooifed in ifcens=

‘ng reviews of Marx II and Marx III plants,

SAP 1.9.) was revised to mflect new positions on loaa combinations and stiress
Timits.

In adgition, stress allowables specified in the ASME Coda for piping dasign make
%0 2istinction between whether the load s static or dynamic. The staf’ plans
0 uncertake & revision to SRP 1.9.3 fn order %0 incorparata separata stress

Tiwits for static and dynamic loads.



The fssue of Joad combinations Decame more controversial ‘n recent years., Other
dynamic Toads such as BWR pressure suppression pool swell loads have further
complicated the fssue.

™aese cranges have raised quastions concarning implesentation of new regula~
tions, increased construction costs, increased racdfation expesure to saintananca
crews 2er‘oring inspection and saintanance actions, and reduced meliapility of

stiffr systems under norea’l operating tre.sfents.

The sajor NRC concarn regarding these fssuer can be susmarized in four questions:

(7) Which svents are required in tha piping systas design dasis, and which
events should be considared in combination?

(2) Mow do we define other piping dynamic loads, for example, their sagnitude,
duration, and froquency charactaristics?

(3) what sethod shou'd De used in compining piping systasm =espenses resuiting
from the above lToads?

(4) For sach combination case, what should de the sost aporocriata stress
dllowanle for design to reflect the actual capacity of the satarfal %o
withstand dynamic loads?



Compination of Large LOCA and SSE for the PWR Primary Svstem = Research
Information Lettar No. 117 fdentifies the following results for the PR

srimary systam:

(a) Fatigue crack growth due to all transients, including earthquakes, is
an extremely unlikely sechanisa for inducing a large WOCA. The
contribution of earthquakes to the sccurrence of this unlikely event
is a small percentage of the total prodadility.

(5) Leak prodapility is several orders of magnituce higner than double
ended guillotine break prodapility. T™his supports the lead-before~
preak hypothesis.

As & rasult of this study, the staff plans to recommend appropriata changes
v current critaria on large LOCA anc SSE combination for PWR primary.
system. In its June 14, 1983 lettar %0 the EDO. the ACRS stated, e find

. the decauwpling of the loss of csolant accicant and sefsaic lcads %2 Se

woropriats.”
Compination of Pipe Break and SSE for Systems Qther Than The Prisary Looo in

PWR ?1ants « For systesms other than the primary loop in PWR plants, the
comtribution of seismic loads to pipe failure fs unknown, From the
#ailure sechanism point of view, pipe moture dus %2 safsaic Toad is
unlikaly to occur axcept when the piping systes is construcsed of carmasion
susceptive satarfels and the systam {s operatad under fatigue conditions in
s corrosive envirerment. Aftar a careful review of piping failure data and
results from axisting fracture sechanics research, it {s possible that an
{mproved requiresent on combination of pipe dreak and SSE can De estap®

11shed for systams other than AR prisary Toop piping.

-
-

-



Combination of Large LOCA ang SSE for BWR Piping Svstems = A great deal of
intargranular stress corrosion cracking (IGSCC) has been reporied in BWR

piping systams. In recant years, [GSCC on larger diametar piping has been
reported.  IGSCC represents a cosplex intaraction phenomena cetween sate~
rial properties, fabrication procedures, and the operating envirorment. A
piping system under IGSCC attack will have higher mupture probabiiity undar
2 seismic avent. The assessaent of the combination requiresent of large
LOCA and SSE for BWR piping systams will have %0 take IGSCC effects intd
consigeration. The prodbabilistic fracture sechanics methodology developed
oy RES 1w capable of evaluating the seisaic contribution to pipe rppture

under [GSCC envirornments.

;u.r- Jynamic Loacs = Other gynamic loads fn piping, such a SRV discharge
loads, vibrationa)l loads, and watar hamser loads, say requi™s amr assesspent
to detaraine how they should bDe treatad indfvidually a: in combination,
Particular attantion {s given to the high frequency cnnwt of these loads
which could de damaging to equipmant sounted on piping and alse %o support
systams embedded in concreta. The frequency contant of thase loads normally
axcevds that associated with sarthquakes. The safor NRC concarm with
megard ta dynamic loads on piping has been directed to sefsaic loads,
howaver, such lcads are bettar classified as pseudostatic, and loacs
genarated by watar hammar, watar slugging, or valve ocpening on closure
represent loads sore savere than sefswi{s {n tarms of rata, and sagnitude.
In some instances, major splits or failures of piping have ocsurred in
seconcary and tartiary piping systems, and instances have bdeen regortec of
pipe supports baing torn from the walls because of watar hammer, without,

however, failiug the piping.

J.h.
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Des‘gn Limits = Current piping systes design fs governed by the ASME Boiler
ang Pressure Vessal Coce. The design and service allowables stated in the
ASME Code ware developed for static conditions. Wwhen the structural systes
is subjected to short duration dynamic loads with high strain ratas, the
capability of structures to withstand the Toading effect can be much higher
than the static 1imits. Tha PVRC Technical Committes on Piping Systems has
a task grouwp on cynamic allowables that fs currently assessing the avail=
able data to bettor define the dynamic allowadles for piping design. It is
recommended that this task group closely communicate with the PVRC task
group in this cavelopment and start to review the PVRC data base. [t is
anticipatad that & technical resolution may becose available froa the PVRC

for NRC meview.



V. $CMEDULE AND DELIVERABLES

Pariocic status reports will be preparec as celiveradies guring the course of

this effart. Additionally, informal discusifons will be used to keep NRC
managesent advised as to progress being made.

A graft final report will be available in #bout ? months. Completion of all
tasks s estimated to occur in about 12 months from the data of suthorization.

The fina) product will De a report reviewing the status of nuclear piping in the
context of regulatary and licensing actions. The chief product will be con=
clusions and recommencations. They will be dirsctly correlatadle to relevant
segulatory positions such as Branch foc.ﬁnial Positions, Kegulatary Guidas, IAE
Sulletins, Regulations, and Generic Issues. The fapact of proposed actions on
axisting research will De discussed. Suggestions for futyre research will Ba
sace when 1% is concluded that no position may be taken until acditional infor=
sation Decomes availadle.

As 1n¢1am' previously, the conclusfons and recommendations will ba based on
the technical judgment of the participants. They will net represent reguiatary
sositions validated by quantizative value=impact studies and writtan n language
woresr ate o regulatory docusents. These actions are assumed %o constituta
151 ow=on actions presuming the conclusions and recoamendations are acantec.
Mowever, qualitative stataments regarding the cast and safety benefits that may
accrue will be Included 1n the report.

i we.tb w



V1. MANPOWER AND BUOGET X
The YMRC manpower astimate is 4 to 5 man-years, invelving about seventaen indi-
vigua's. Expertise will be drawn primarily from NRR and RES, with contriby~
tions from [&E, AEOD, ELD, ACRS and the Regional Qffices. Additionally, our
consultant, Or. S. M. Bush will play a predominant role in guiding this effort.

It is expected that about twenty consultants will participate in the work
hereatofore described. Tota! consultant time fs forecasted at two man~years.
Tota! consultant costs, including trave! costs, should de of the orcer of
$300,000. Consultants will be drawn from the Lawrence Liversore Nationa!
JAdoratary, Argonne National Ladoratory, [dahc Mational Engineering Ladoratory,
froochaven Nationa! Ladoratory, Battalle~Pacific Morthwest Laborstories, and
other sources, including privata consultants and acacesia.

Agaitional NRC sanpower will Be needed after the completion of this effort to
*evise Regulations, Regulatory Guides, the SRR, and Sranch Technica! Pasitions.

..



