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ABSTRACT 

mi8 technical suppon document (TSD) dactibes the NRC's cuncnt regulatory requirements and the 
experiences of utilities (foreign and domestic) in conducting testa fur identifying leakage in nuclear 
n x m r  containment structures. The rialr impacts of nuelear reactor contHimnt I&-tightness are 
and@, as are the cost and risk of the current requirements (base case) and the alternatives 
comidarsd, including longer im~valr bstwsbn containmant leak teats, and an increase in the allowable 
leakage rate from the con-t. In addltlon, an alternative requiring cwntinuous on-line monitoring 
of containmeat integrity is considered. Analytical unccruinties are addrcwsed. 

- CooAPmr praviow obrervationr of inrranritivity of population risks from 
mare reactor accidem to containmaat 1-e rata at low ievelr; the allowable leakage rate 
can be incttrrssd by ow to two ardm of magnitude without significaatly impacting the 
mtht8m of population doae risk in the event of llil accident; and, an increase in tbe alfowable 
leakage rate reduoas the remaining corn of leak tcuting by abut 10 percent,, 

- A reduction in the frequency of tats frsm the current three per 10 years to 
one pa 10 yaars lead8 to an imprceptible fncreasa in risk and would eliminate about 83 
Pgmt of lwndniug corn. 

0 - A rodu&on in tbe frequency of Type B mting of electrical 
peaatntioOrr ahould be pouibli-with nb Cdverat impact on risk; the vast majority of leakage 
prtbr are ldentifiad by LLRTB of eontdnqwt ieolation valvm Fype C tests) and, based on 
the Rwdd of component f@ur@ with b, paifonnance-bbed alternatives to current local 
bakago-testiag rsquinmeatS 
percant of the cost9 of LLRTs auld  be diminsted by a performaince-based metbod. 

6 i b l 6  orfthout rigdficant risk hpacts; and, about 58 

- 

e exist that appear technically capable of 
to sweral weeh, but cannot be 

tssu'and.cannot - be justified solely on risk 

.. . 
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PREFACE 

The Nuclear Regulatory Commission (NRC) is implementing an initiative to eliminate requirements 
that are marginal to safety and yct impose a significant regulatory burderi on licensees. The 
containment leakage-testing requiremenu for power reactors have been itfeotified as one area where 
parfotmma-based requirwnentj could replace the current prescriptive requirements with only a 
marginal impact on safety. Tbis Wmical support document (TSD) provides the technical bases for 
t!e NRC’s rulamnlring to revise Itakage&sting requirements for nuclear power reactors in 10 CFR 
Part 50. Appendix J.  

Tbis  report idmtifiem dtarnrtiva to cutasnt containment mting requirunem which would meet the 
NRC’r Safay Goals and rchievo greater efficiency in the use of resources. Changes in the allowable 
leakage rate for co- and the tasting ftsqueslcies for both iategtstbd ad local leakagerate tests 
are walurtsd in tern of both risk uod wit @acta. The mibility of applying statistically-based 
sampling techniques to local Icakagc-ratc testing, aad the use of on-line monitoring :systems to 
coatinuously monitor containment integrity are also e v a l W .  

Public eo- on draft NUREG-1493, which was pubiihed in January 1995, w0w received and 
have bebn addpmcd. The comrnaat analysis aad resolutioa is iacluded i n  a Public Comment 
Resolution Document for the rul- wbicb io available for hpsctio:n d o r  copying in the NRC 
Public Documant Room, locared at 22213 L Strset, NW. (lower lavel), Washington, DC. 

Oftlce of Nuclear. Regulmry Research 
U.S. Nuclear Rqplatory Commission 
Washington, DC 20555 
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1. Introduction 

This ttchnical suppon document (TSD) provides 
rhe technical hoses for the Nuclear Kcgulntory 
Commission's (NRC) rulemaking to revise 
leakage-testing raquiranmas in 10 CI;R Part 50, 
Appendix J .  

The TSD has 10 chapters. Chapter 2 describes 
the current regulatory requirements for leakage 
testing of nuclear rtoctor confahnmt atrucaue. 
Chapter 3 describes the leakage ttsts conductad 
by utilities to danoastrote campliurCt with 
Appendix J .  Chrpttr 4 dtscribm eXperienus 
utilities have had in camplying with Appwlix I 
requirements since they w m  fiat enacted in 
1973. The risk impacts of nuclear muor 

NRC raquiranmts are W u c e d  in 6. 
Chapters 7 d 8 present the anal- of cost 
and risk, mpectively, of the ament 
rcquirementa (hw clbt) and tbt a k d v t s  
considcrcd. Analytical uncMuilatics arc 
addressed in Chapter 9. Cbrptcr 10 smmuiza 
thctccbnidfindinns. A g h a u ~ y ,  a lbto f  
reftrwaces, rad five appmdbs arc provided rt 
the end of tbe TSD. 

WntaiNlYm 1Uk-t- 8ce 8Mlyzcd in 
chapter 5. potatid ritcraatives to the alrralt 

1.1 OF THE momm 

1.2 BACKGROUND 

The NRC published a notice in the Federal 
Rcgiffer on February 4, 1992, (57 FR 41.661, 
ptcscnting its planncd initiative to begin 
eliminating requirements that arc marginal to 
sduy and yet impose significant regulatory 
bwdcns on liccnsces. In this continuing effort, 
the NRC will analyze existing regulations to 
eliminate or relax burdens on licenstts when the 
burdms arc not commensurafc with the safety 
significance of the regulations. 

in thc February 1992 F&rd RegrSter notice, 
the NRC coacludad that decreasing the 
ptesctiptivenesi~ of sane regulations wuld 
increase their effectiveness by giving the 
licensees the flexibility to i m p l k n t  mom cast- 
effective safety measures. The regulatory 
pracess could also be made more efficient. 



I 

In the near-term, the NRC is cu>nsideriq 
amcnding its rtquiremcnts in three specific 
arm. 1) containment leakage testing, 2) fire 
prevention, and 3) Quality umrw. This 
report addresses the first of these areas, 
containment leakage testing. Specifically, the 
NRC proposts to amend Appendix J of 10 CFR 
Pan SO, "Primary Reactor Containment Leakage 
Tcsting for Water-Cooled Power Reactors," as 
its first effort to decrease u~tcesl~ary regulatory 
burdens on licensees. 

Containment leakage testing has beat identified 
as an a m  *in which regulations could bc made 
more performance oriented. The primnry aafcty 
objective In this area has bcm, and continues to 
be, containment integrity. However, 
information on reactor accident .risks derived 
from probabilistic risk assessmw iodicates that 
the currently allowable containmcnr I ~ c r o t c s  
can be increased without srgnificmtly rffecting 
accident risk. White availability and rdhbdity 
of containmmt integrity an uinprtuut, the 
extccmely low leakage rates pnscfi'bed by 
cwrcnt regulations and the ttsfing nmsurui 
taken to assure thee e x t d y  low 1- wcs 
may not be warranted. Reactor accident rislt b 
dominated by low-pmhbilhy, 
scenarios in whi& the corn is foiF#l or 
bypassed. In these tvpap of a&knrs, tbtrr is 
little benefit dmivcd from a high dtamt, of 
containment teak-tightness. 

mnomic and oaapaw expowrr CQQtb; uc 
t ts i iq .  c- inctsntdd-k 
dircCtlj' ldpted t0 the Qf 

tests (Typt A) by their ~llfttrr prac ludtq rdf# 
maor mwattzyIKx raivitiwradrttus;rrrm 
the critical path for return K) scnria b m  
ttPCtOt olm&ts, In ddibion to rbeams dthc  
tests thumelw, i s a c g r # d m -  linqm!c 
thc added b u n h  of oost of 
p w c r .  c o w  p c a c m x h m t e a s  
(Type B z r n d C ) c a n b e ~ c d ~  reiuxor 
shutdowns withcwt iruerknng wi& &r 

activities and thus tend to be less onerous. 
however, the typically large number of 
penetrations impose a substantial burden on the 
utilities (NRC93B). 

In the Federal Register published on J a n q i  27,  
1993 (58 FR 61%). the NRC listed the 
following potential modifications to Appendix J 
of 10 CFR Part 50: 

Increasc allowable containment leakage rates 
based on safety goals and PRA technology 
(Le., deftntc a new performance standard). 

Modify kppendix J to be a perfomance- 
based regulation: 

Limit the revised rule co a new 
regulatory objective: In order to e'nsure 
the aviailability of rhe containmenf dur- 
ing post~lated accidents, licensees 
should. tither: 

- tcst overall containment leakage ai 
intcwpls not longer than every 10 
years, and test prcssure-containing 
or lmkage-limiting boundaries and 
ccom9innmt isolation valves on an 
inrtrval bassd on the pcrtorrnance 
history of the equipment; or 

- provide an on-Jhe c(i.e.,  
c o a h ~ ~ ~ )  monitoring capirbi1it)r 
o f  OOIlliinMilt isolation status. 

* Move OT the tats and reponing 
-in Agqudx 1 to a NRC regulatory 
guiatIsguidaIw. 

- 33uibnct for calculating unit- 
qccific aUowablc leakage rates 
based OEA the new N R C  
~mfwmvla sfadard: 
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- Guidance on the conduct of 
containment tests; and 

- Guidance for on-line monitoring of 
containment isolation stahis. 

Continue to accept compliance with the 
current detailed ’ requirements in 
Appendix J ( ] . e # ,  licensees prmmly in 
compfiancc with Appendix J will clot 
need to do anything if they do not wish 
to change their practice). 

The NRC held a public workshop on the subject 
on April 27, 1993 (NRC93B). As ii starting 
point for discussions at the workshop, the NRC 
suggested thb following preliminary criteria: 

Revised rules will focus on establishing the 
rcgulatorylsafety objective in an objective 
manner The main objcctivc of a 
performance-based regulatory approach is to 
permit liccnsecs the flexibility to UBC mi- 
effective methods for achieving the 
regulatory objectives. 

The regulatory objective will be derived, to 
the extent feasible, from risk considerations 
and withio the framework of thjt NRC’s 
safety goals. 

Detailed technical mtchods for rnewlu* or 
judging the acceptability of a, licen~#’s 
performance relative to &e mqjiihory 
objectives will be provided in NRC 
regulatory guides. To thc extent possible. 
approved industry sundads and 
wili be endorscd in this rcgatd. 

The new ruies will be optimal for mmm 
licensees and thus licutocff can decide to 
rUnain in compliancp with s w m t  
regulations. 

A perfom-based rtgUtatory ap~rosch 
should provide incentives for innovation and 
improvements in safety. 

The following issues with regard to the 
proposed ru.lcmaking amiviries need to be 
addressed in the process: 

Can the new rule and its implemenration 
yield an equivalent level of, ot only 
have a nrarginal impact on, safety? 

Can the regulatory/safety objeclive 
(qualitative or quantitative) be 
established in an objective m e r  to 
allow a cmnmon understanding between 
licensees; and the NRC on how the 
perfomwe or results will be-measured 
or judged? 

Can the regulation and implementation 
documerits be developed in suchi a 
manner ithat they can be objectively ;and 
consistexitly inspected and enforced 
against? 

In ita response to the recommendations of the 
President’s Commission on the Accident at 
Three Mile Island. the NRC stated that it was 
ptepared to movt! forward with an explicit policy 
stptcIIMLIl on safkty philosophy and the role of 
safetycost uadmffs in its safety decisions. The 
NRC published its policy statement on “Safety 
Go&- for tt# Operation of Nuclear Power 
m‘ QII Auwt 4, 1986 (51 2% 23044) 
m-9 
Tht NRC’s p r o p . !  to eliminate requirements 
that rn barginal to safety derives from the 
NRC’s desire to 8sscs~ thc consistency of the 
prestnt regulations with the Commission’s safety 
m- 
The NRC established two qualitative goals 
supported by two quantitative objectives based 
on tht prhcipk that nuclear risks should not be 
a significaot addition to other societal risks. 



The qualiteitvt goals arc as follows: 

IndiM'dual members of tht public shonid be 
provided c1 level of prtnedon from the 
conrequtnces of nuclear p e r  plant 
operasm such that individrraLF bear no 
signiflciins Qdditional risk to life Md heulth. 

Socinal risks to hye and Whfi.orn wlm 
power plant operm'on shouid be comparable 
io or less thon the risks @ generating 
electricity by virrblc con~pding ttdmdogla 
and shorrld not be a signiflaw &tion to 
other societul risk. 

The follocwing quantitative goals are rued in 
determining pchicvvemeru of the qualitative safety 
goals: 

- .  
. .  . .. 

In its TMI ~ c ~ i o n  plrra (-mi, the 
NRC raised the slfiry issue i f  there being 
unknown gross openings in the contlinmcnt 
structure. This  issuc stem fitxu a 1979 
discovery that two 3-inch conSBinmtnt uhwst 
bypass valves at one nuclear unit had been 

unknowingly locked at the open posirion whilte 
the reactor was operated. This situation 
persisted for about 1 .S y m .  Because of this 
a& other similar incidents, the NRC undenoo:k 
a scrim of studis of containment isolation 
history to evaluate alternate 1cakageda;ection 
methods. lh results of thcse studies arc 
provided in NUREG-1273 (NRC88). The 
folIowing summarizes the technical findings 
from NUREG-1273: 

Methods exist that appear practical and 
sufficiently sensitive to be of use for 
continuous leakage monitoring. 

OLMs do not have the accuracy of Type .A 
testing blut scan to offer enough ac:curac:y 
and spad of detection to justify their use 

The cun'tnt program of Type A, €3 and C 
tests can detect id1 UBCIs (undetected 
brerschcs of contairmrcnt isolation which may 
occur in the interval between Type A tests;). 
Supplmkenul use of OLM will not detezt 
pddionnl UBCIe. 

O M  s;hould not be considered, as a 
oompkte replacement for Type A tests. 

There is no risk justification for imposing 
OLM. The estirmted contribution of 
undemtcd leaks to the total risk associated 

-with other w a ~ a ~ l t  failure modes in a 
sem irccidatt is im the range of IPS than 
0 . S ~ ~ t O  3 pcrcgnt. 

13 DBTJ&cTLvEsAM)SCOPE 

This rcporv ideatifie4 alternatives to ctrrrlcnf 
amhhmmG #Bting rclquiremcnts which would 
mcct the NRC'S sflfety goals and achicvt grmer 
cfficiahcy in the use of resourc~s. F;or each 
dtenrative, risk and cost imp= ana3:yses are 
performed and the results documented Thus, 
this report provides the technical bases for 
defixhg new corruinmtnt leakage-testing 
rcquhemcnts that wwld provide a 'balanced 
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consideration of the following characteristics. occupational exposure costs of existing and 
The new regulation should: alter natc containment leakage-testing 

provide comparable assur~11cc that contain- 
ment integrity will be maintained without 
significantly affecting public risk; 

give flexibility to the licensees in 
implementing cost-effectivesafety measures; 

be performonce-based, Le., provide balance 
zlnd should reward good performers; and 

utilize safety goah and PRA tools to the 
extent possible. 

To accomplish its objectives, this work evaluates 
changes in the allowable leakage rate for 
containment and the testing frequencies of both 
integrated and local lcakage tests, PpPYicrtion of 
statistically- basad sampling techniques to local 
leakage-rate tests. and the use of systcms that 
continuously monitor containment integrity 
(referred to as on-line monitoring). 

The 6oopt of the present study iltcludes 
considerations of the effect of comslioment 
leakage on reactor accident risk, economic md 

requirements, Ihe historical experiince with 
containment performance, iind the use of on-line 
monitoring of containment isolation as an 
alternative 01 supplement to periodic 
containment leakage testing. The effects of 
containment laicage on reactor accident risk 
have been previously examined; the present 
study reviews earlier efforts and updates tlhem 
based on more recent probabilistic risk 
results, notably those developed in  
NUREG-11S0 (NRCW). The details of tlhese 
analyses arc presented in Chapter 5 .  ' 

Thc ability of the several knds of tests (Types 
A, B and C) to assure contzinment integrity is 
messed, and the historical experience with 
containment performance is examined. 'This 
provides a data base for extrapolating the 
possible impact!; of revised regulations. 

On-line monitoring of containment isolation 
perfon~act has batn suggcstcd as a mans of 
pnwidm coatinuous indication of containment 
imcgrity. Earlier studies of on-line monitoring 
proposals arc rcviewed in light of the current 
effort, and potential benefits are assessed. 

I -S WREG I493 



2, Current Regulatory Requirements 

The regulatory objective of reactor cmtaimxnt 
design is stated in 10 CFR Part 50, Appendix A, 
"General Design Criteria for Nuclear Power 
Plants," Criterion No. 16, "Containmew 
Design." Criterion 16 mpndote8 "an atitmially 
I&-tight barrier against the uncontroilad release 
of radioactivity to the environmem .,." for 
postulated accidents. 

Appendix J to 10 CFR Part 50 implanexus, in 
part, General Design Criterion No. 16 rrnd 
specifies containment fcrkagc-testing 
requirements, including the types of tats 
required. For each type of tmt required, 
Appendix J specifies the lmkagt~x'ate scapul~x 
criteria, how such tats W d  be amtuc@d, tht 
frcqucncy of wing. and reporting reguiremcnu. 
Appendix J requires the following types of 
containment ftalrnge tests: 

Measurtm#lt of the Conuirrmedt imt&pp!ed 
leakage rate (Type A tests, o h  rekrred to 
86 ILRTs) 

Maximum allowable Ieakagc rates are calculawd 
in accordance with 10 CZR Pan 100, "Reactor 
Site Criteria," and are inc,wxxatcd into the 
technical spcciflwions. Phragraph 1 0 0 . 1 1  
requires the calculation of the ,*.xcIusion area. 
low population zone. and pop~lation CcIcer 
distance. The maximum allowabii 2 containmient 
leakage ttte iS tkflved from such calculatbns, 
an 8sBuMd fusion product release from the 
maor core, and the meteorological conditions 
of the site, to satisfy the following criteria: 

An exclusion area of such site that an 
individual located at any point on itc. 
boundnry for two hours immediarcly 
fouawiag cmct of the postulated fission 
produa r c l t u ~  would not receive a tiotal 
radiation dose to the whole body in C X ~ ~ S  

of25 ran or a total ndiation dose in extxss 
of 3Ml efflll to the thyroid from iodine 
CxparurC. 



Requirements 

accident, hypothesized for purposes of site 
analysis or postulated from consid,tration of 
possible accidental events, that would result in 
potential hazards not exceeded by those from 
any accident considered credible. Such 
accidents have generally been assumed to result 
in substantial meltdown of the core with 
subsequent release of appreciable quantities of 
fission products (AEC62). 

The "expected demonstrable leakage, rate from 
containment" from the above analysis becomes 
the upper limit on the altowablc containment 
leakage rate for the unit, In practice, a vaIuc 
lower than that required to meet the 10 CFR Part 
I 0 0  limits i s  wrirtm into the unit's technical 
specifications. Typical allowable leakage rates 
are 0.1 percent of containment volumc per day 
for pressurized water reactors (PWRs) and 1 
volume percent per day for boiling water 
reactors (BWRs). 

A schedule for conducting co- 1-t- 
rate t a t s  (both pmpcrational pnd periodic) is 
specified in Appendix J 10 10 CFR pprt 50. 

Type A tests !;hall be performed only during 
periods when the unit i:i nonopcrational and 
secured in the shutdown condition under the 
administrative tmtrol and in accordance with the 
safety procedures defined in the license. 

If any periodic Type A iteSt fails to meet the 
applicable acceptance criteria, the test schedule 
applicable to subsequent Type A tats will be 
reviewed and approved by the Commission. I f  
two consecutive periodic Type A tests fail to 
meet the applicable acceptance criteria, a 'Type 
A test shall be performed at tach shutdown for 
refueling or approximately every 18 months. 
whichever occurs f irst,  until two consecutive 
Type A tests nntet the auxptance criteria, after 
which time thr: regular retest schedule my be 
resumed. 

TWK B Test 

Exccpr for air-locks, Type B &em shali bc 
performed during rwfor shutdown for 
refueling, or at orher convcnjent intcrvals, but in 
no case a! inwervais greater than 2 years, If' 
opened following a Type A or 8 test, 
containment jmetrations subject to Type El 
testing stud) zcsfcd prior to returning the 
Mmf to an opcming mode requiring 
u#ttaimm! mtegrity. For primary reactor- 
M- p=mtntionsanptoyinga contir~uo~u; 
b k a g e - m d t ~  rystun, Typc E tests, except 
fot tcstS of&-lodcs, m y  be performed during 
tytry oth#rcld~rshutdown for rcfucling but in 
rto case atiutmals greater than 3 ytars 
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days during the period of frequent openings. 
For air-lock doors h v i n g  testable seals, tating 
the s a l s  fulfills the 3day w t  requkaaent. Air- 
lock door seal testing shall .rot be substituted for 
the &month t a t  of the entire air-lock at nol less 
than P,, the Cplculated peak containmeru pressure 
related to thc design basis accident. 

Type C tests shall be performad duriug each 
reactor shutdown for refueling but in no case at 
intervals greater than 2 y m .  

2.3 DOCU,MENTATlON 

Allowable lcakiiges are calculated in accordance 
wi!Y 10 CFR 100 and are incorporated into 
ta’” *‘ spat ifi-Ations. ’The results of IL.RTs 
arc documented in Reactor Containment Building 
Leakag-Ratc Test reports submitted to the 
Commission. These reports also contain 
summaries of any T y ~ x  B ;md C tests performed 
since the last Type A test Excessive leakages 
arc reported through licensee event repom 
(LERs). 



Containment structure testing is intended to 
assure the leak-tight integrity of the containment 
structure under all design basis conditions. 
Containment lakqc-tat methods include 
integrated leakago-rate tests (LLRTs or :.Type A 
'xts) and locaI Idcage-rate tests (LLIRTs or 
Type B and T)p C tests). Recently, additional 
methods (referred to as on-line monitoring, or 
OLM) have been adopted by some countries in 
the international community to monitor 
containment integrity continuously dur& power 
operation. This chapter describes thcse tcst 
methods. 

3.1 TYPICAL TEST rnTH0DS 

3 . 1 . 1  A m  

Tests Aim to &&yg 

The sole purpose of the reactor contclinmtnt 
system is to mitigate the COXISUJ- of 
potential accidents {e.g., loss~fcoolant accident 
{LOCA]) by mhbnizihg the refeast of 
radionuclides to the environment and, thus, belp 
mure the Wttt aod safety of the public. 
ILRTs arc & o d  to verify the iqtegrity of 
the contninnrent system in its LOCA 
configuration such thnt the release of fwion 
products to the cavironm~na urwkr these 
postulated accident conditions does wt (cxcccd 
che limits established by the MZC in-10 CER 
100, "Reactor Site Criteria." 

3- 1 

referred to as the ineasured leakage rate (L-), is 
expressed in percent per 24 hours by weight of 
the containment normal air inventory, with the 
leakage taking place at P,. The paramereirs 
actually measured are pressure, temperature, and 
humidity. Utilizing the Ideal Gas Law and 
placing a statistical boundary on the leakage rate 
calculated at a 95 percent probability or upper 
confidence limit, a true leakage rate is 
CaCUlM. 

The theory underlying the Type A tests is the 
determination of the containment air mass and 
the use of air mas6 versus time data during tfke 
duration of the test. Type A testing technique3 
can be divided into two categories, the reference 
vessel method and the absolute method. 

e -  V w e l  Metha. 

The refcrew vessel method uses a sealed 
vessel (usually a tube thar runs throughout 
the cmtamme * nt) assumed to have the same 
average tcmptrature as the coruainmeni. 
The density of the gas in the tube is 
constam regmiless of pressure. The changle 
in differential (pressure between the tube and 
the containment is a direct measure of t h e  

reference vessel mtthod is no Ionger wl 
due to difficuSties in maintaining a leak- 

change incontpioed alnlospheric mass. The 

tight r c f m  vessel. 

-In tbc absoiutc method, dry air mass is 
dckmbed by aaxmuely measuring the 

pnssurt at a single location. 
z & & z x i p e r a t u r e  io 18-24 loca- 

scutt?if loc&orrs. Tht average temperarun: 
aftbe-- is - by weight- 

tmpmaps read. Using the Ideal Gas 
Law, tbc tanpceraaut and pmsure readings 
arc uscd to determine the total mass of the 
enclosed atmosphere. kw-point readings 
arc used to determine the amount of 
contained watex vapor, which 1s subrractwl 
from the roraf contained MS. 

mgs, -%ld-mcpsRlrisg the dew point ill 

av* thr. volume of the various 

NurzEG-1493 



The leskagc rate CM be calculatccl h m  the 
measured rrmss versus time vrlm vir two 
r?xthods. Tbe first mctbod is tbe toul time 
method. This technique w a act of leakage 
rates determined by the slope of the lines 
connecting the initial COW mass redkg to 
each subsequent reading. The second method b 
the mass plot method in which the mass value3 
determined ut plotted vtrrme time, with the 
slope of a lintor 1eost-squuek.fit to the data 
being the  ma^^ leakage raw. 

After the lcalrpge rate has becn mcasurcd, a 
verification test is conducted to confirnr the 
reliability of the itwumcn! readings. Durq 
this cut, a. h w n  flow rate or step m w  change 
is introduced into the ' m, and the 
leakage rate or maas change mcuNlrd by the 
instnunentation is determined and compared to 
the known value. 

Spacifics of the test and rcquirad i m t a u i o n  
arc ptovided in the American Nukwrl Sturdud 
institute (ANSI )  s- N4S.4-1972, ' b k q e  
Rate Testing of Co- Stmctum for 
Nuclear Reacton," rad ANSVANS stmdard 

Testing Rtquircmeats.' 
56.8-1987, " C O I U ~  Syrtan UC 

Teats arc cmduued at postulated accidenr 
pressure and during unit shutdown with isolation 
valves positioned so that they may be ttstcd 
ThC actual leakage ta t  usually does not las~ 
more than 114 h o w ,  but other operations 
WOCW with the test (Le., instrument set-up, 
prtasurizationl, stabilization, verification, and 
deprepsurization) usually cause the teat to span 
scvenl days. Dwing conduct of the test, acctss 
to the containment is not allowed, so little work 
CUI be &ne iin parallel with a Type A test. As 
a result, the test is mually on the critical path 
during sbut&wn. 

In the herest  of rcdwiug utilities' COS@, efforts 
have been nude to justij. containment stmcwre 
leakage tests of shofier duration and to analyze 
procltQu~ts for such tests to ensure sufficient 
OCCU~~CY of the ~urcmcnts .  Two documcnLts 
supparting srhortcr duration tcsts are "Testing 
Criteria for Integrated Leakage Rate Testing of 
prirouy Ca ntainment Structures for Nuclear 
Power Plants" from M t e l  (BN72), and 
"criterir for Determining the Duration of 
Iiattgroted m e  Rate Tats of Reac~:or 
Ch&bnuW by the Electric Power Research 
Institute (EIRRIB3). 'Ibe Bechtel report lays out 
guWiaaS md tn?hniq~s for EaDducting Type A 

ia WI little as 6 hours. Statistical techniques 
arc tldlbd to mign appropriate confidence limits 
to the mmurcd ltphge rote. The EPRI repon 
cxn@iman analysis ami w e  study of 53 ILHTs 
rrndpmvjdesraclmical h i s  for deciding w b  
J tea hai produced acauate lwults mCxI that the 
~testmry_bc tcmhtcd * .  
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Test Methods 

3.1.2 T V p c B T a  individual testing of a CIV rather than rerestilip 
the encirc containment system (Type A test) 

The Type B t a t  verifies that the lcakqc rate of 
an individual containment permetrarion component 
is Lcceptable. Any Type B component that 
could affect containmat system integrity must 
be Typc B tested when it is modified 01: replaced 
to demo- that the component I x l c u s  thc 
yrpiicrblc 1 a a r o t e  raquirwntaus,. This 
lllows testing individual components rather than 
mating the mire c~mainment system as in o 
TypcA test. 

Type C tests are pneumatic tests conducted to 
detect and measure component leakage rates 
across containrxbmt isolation valves. These tests 
an typically cc~nductcd by closing the CIVs. 
pressurizing !hie test volume to Pa, and 
mtasuring the rrite of p r m r c  loss utilizing air, 
nitrogen, or other suitable pneumatic fluid. 'The 
lest volrttners pressurized can vary from s d l  to 
quite large depending upon line size and vdve 
configuration. As a result, Type C LLRTs can 
last from 1 hour or less to 8 to 16 hours or 
more once test lpmsure is achieved. CIVs are 
tested at P. such that the lcaicage through the 
valve i s  in the iamc direction that would wxur 
subsequent to a design basis LOCA unless i t  can 
be dcmonscrated that testing in the reverse 
direction is conservative or equivalent. 
TypicaUy, a mltametw or mass flow meter is 
utirized to lmasurc the mlaI leakage raw D m  

pressurtis&cd. 
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Test Methods 

Leakage-rest instrumentation is typically 
calibrated on-site to the following specifications 
(FS - full scale): 

Tcmptmture: Accuracy - .f 1*F 
Resolution - f 03°F 
Rcputpbility - f 0.5T 

Pressure: Accuracy - f 1!16 of P, 
Resolution - f 0.1% FS 
Repeatability - f 0.1% FS 

Pressure: A- - f 2% of P, 
Resoitation -' i 1% PS 
RepcMnbiry- f 1% Fs 

Flow: Accuracy - f 2% FS 

In the tmqles stated above, the dewices are 
readily available and affordable. can typically he 
calibrated at the site or returned co the vendor, 
and have been accepted by itre industry for use 
in Type BlCr testing. 

Type €3 and C tests are generally pe:rformed 
utilizing OM of two flow-test devices. This 
includm eidw the mechanical rotomecer or t.he 
electronic nws-flow meter. Althougli either 
instrument is acceptabk for this appiiicatian. 
each has its own advantages and disadv;mtagi=s, 
and each mpires m external pressure source:. 

RotQtneter 

Rotomcttft require no ctectrical power source or 
internal stabilization rim and are gener,ally less 
expensive than mass flow meters. Typically. 
three rotorneten with overlapping ranges Would 
be ilrrullcd in a lightweight panel. along with 
mociu#1 regulators, valves, gauges and tubing 
nis purtl c d d  be hand carried throughout 'the 
plun or mornrted on a pomble band dolly. I t  is 
MW u~common to have two panels, one for low- 
& one for high-range measurements. 

Om psincf would cover 0-2000 scc/m (0-13 7 
scf@ or 04.2 ticfthM3 rotometers) and one 
waUdmwr 2000-20.000 gCcIIIl(0-7 scflm or 0- 
42 ~ ~ f h X 3  rOtamd#aX28,317 s c a n  = i 0 
tcflm). TIE iimitixig factor would be 
Wweigixt conSidcrations which arc a function 
of thl: flow. w y .  tbe higher the fiow to 
be n"&. the larger tht measuring device 
SinCtnKsmied flow rates rarely exceed 20.(xx) 
tn 25.OOO scch, tiis system is adequav for 
& testing. Caution has to be utilized 
auring rctup1 test pdammce to prcveni water 
eoOttminrrtion of the im€rummts. Thiis would 
typi#n)( msdt fnrm improper draining of a 
Syaem to be t a u !  and/or pressure wrthrn rhr 
syartcm. Thescimtnuncnts have an accuracy of 
f I pcrccnt with tractabtlit). ceniificarion 
CPlibmion of thcs~c znsnumenu can be 
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performed on-site dependurg upon the 
sophistication of the on-site calibration lab. 

Mew 

Thermal mass-flow meters arc pottable, require 
an external power source @lug in) and internal 
stabilization time, and arc more "dtlicatc' to 
transport. A chrce scale unit is gentralty the 
size of a bread box. Thermal mass-flow meters 
have an accuracy of f 1 percent with 
certification. Liquid contamination is a major 
concern since these deviccs generally require 
rtcalibration by the vendor (off-site shipping). 
The physical size of the deviccs (mall) aarrltcs 
them ideal formeasuring large flow rites. This 
becomes evtn more evident when coxlsideriqg 
that a 0-25 scf/m (0-1500 scfh) mrss-flow R#er 
(single scale) is approximrucly the of 8 
coffee cup (excluding i n k  ond. at le t  
straightening clcmcnts). 

3.2 ALTERNATIVE APJ'ROACXES 

Type A pnd most leakage tests on vdves and 
penetrations can k conducted only dw;irig a unit 
shutdown. The integrity or leak-tighmcEE of the 

containment is not normally tested during reactor 
operation. A potential alternative or adjunct to 
Type A tests is on-line containment leakage 
monitoring. 

A combination of Typc A tests and an online 
monitoring capability is being actively punued 
in Canada and in Europe, notably in France and 
Bclgium, and k c ~ ~ e n t l y  being considered in 
Sweden. Thb Section reviews different methods 
of on-line monitoring, and the modified Type A 
tests being conducted in these countries. ' n e  
review is based OD information provided by the 
Europwn and Canadian nuclear regulatory 
authorities and industry, and meetings between 
the NRC staff and these organizations 
(NRC93C, NRCWA). OLM is used to idencify 
a " m d "  containmcm pnsmrization pattern 
and to dded deviations from that pattern. The 
underlying physical principles for on-lHne 
mbnitoIing are - - below. Details are 
pmvidd in NWREG-1273 (NRC88). 

e- 

this mctluxJ uses the mcasurffnenc of a 
rrpuurat or introduced gaseous tracer to 
dctcct eontaiomtm leakage. One tracer 
method UKS tbt damion of a tracer gas 
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outside of the containmat which has a 
known concentration within w ntaimcnt. A 
tracer of interest for tbis method is ozone, 
since it is generated within coaarimnent md 
detection tbchniquea an extremely sensitive. 
In the w e  of B W R  Mark I and M u k  II 
containments and possibly dual- wall PWR 
containments, the l d q e  through 111 
pussiblc leakage paths is drawn though I 
single duct, malung tracer ckuion 
relatively straightforward. 

Another tracer method technique u6cd a 
cormnuation monitor within w- M 
record dilution of tbe tracer awed by 
inicakagc. This method is applicable only 
to C O r i ~ m  taormrlly gptnting at 
negative gauge pressure. 

T h i s  metbad uses a device simiiu to tht 
reference vessel €or Typc .;t tcus. !hipport 
0 1  t h e x  techniques requires information 

This method urres tlhe vertical differential 
atmospheric pressure in contaimgat to 

determine directly the cncloscd air mass. 
The merhtod is exuetncly sensitive to local 
stagnation pressures and somewhat 
clqmdcnt on containment internal gccamttq 
and variations in tenu:-;=rature profile. 

NUREG-1273 (NRC88) discusses 11 methods 
utilizing the physical principles statcd above. 
The characteristics of the 11 on-line monitoriqg 
nethods are !r- ' in Table 3-1. Three 
roccbodr(Typc A mt inmrumcntari on. referam 
v-1, ud differential aac~ gas concentration) 
are generally applicable to all reactor units. Thc 
athates of quipmat cast shown in the: table 
are based odiy on the required equipment. 

0 Merfacrds wrist which appear practical and 
sufficiently sensitive to be of use for 
ci3-u l ~ t  monitoring. 

The CUTFM~ program of Type A, B, and (1 
' 

tats is lcapablc of d w i n g  all reported 
events daatmcntcd in the Licensee Event 
Rep~rts  (LERs). Supplamntal use ol' OLhd 
will not detect additional hreachies of 
comahrent inrcgrity . 



Table 3-1. ChfmdmWm of OPUW Moraltoring Methods 

AcouttlcvctoCity 

Reference d 

Luge, dQf YOr No YCS M 

Ijrrgc, Qu YU No Ye8 H 

All YCr No Ya H 

Au No No YeS H 

ultmtm 

mbmm 

M 

All Na No NO M 

~ 

subom NO No 

t 
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Current Type €3 and C tats identify nearly 
all potential leakages. Prudence dictates 
maintaining the cunm rtfueihgcycle timc 
period for conducting Type B and C testa. 

Type A ,  B, and C tests required by 
Appendix 1 should be continued to provide 
assurance of continued high corrtainmcnt 
availability. OLM might improve 
containment unavailability due to very large 
leakages by less than an order of magnitude. 

There is no risk justification for imposing 
OLM. Estimcd contribution of u n d c t d  
leakages to the total risk associated with 
other containment failure modes in a severe 
accident is less than 0.5 - 3 percent. 

An estimate of installation and operational 
OLM cosu &'on the order of $0.5 million - 
$I .O milliah. 

3.2.1 The S- 

Mom 'torirlg 

During reactor operation, the prrcssure in the 
containment tends to i n c w  due to co~nprcaa l  
air leaks from pn#unati&ly opmtad 
equipment, By monitoring the c"wmprmcd dc 
make-up to the co-nt, it is possiblc to 
calculate the con- l ~ c r ; ? t c f n r m t b c  
discrepancies W e e n  the theodd - in 
containment pressure and tbcmrswd prcsam 
increase, Tht calculation take into accmnt &e 
temperam and moisture vllripbi during thc: 
tests. 

above 260 T, i t  has not been shown [hac ithe 
leakage rate of the containment is b e h w  
17Nd/h, ithe unit .shall be brought to cold 
shutdown. Such a test can be completed in less 
than 72 hours. 

After the completion of the leakage rest, a 
nonmandatory verification test m a y  be 
performed by superimposition of a leak through 
a calibrated orifice. For these tests, either the 
absolute or reference vessel is acceptable. 

The objective of the test is to detect gross 
localized imkages such as misaligned ~ralves; or 
left-opcn vidves and faulty flanges or instrumrei.; 
connections. 

The test acceptance criteria are as follolws: 

Ltalragcs at 60 mbar (0.88 psig) 
IC- 

Piffcmt id pnssure fiction 

Not gnatcr h 5 Nm'h None (considered 
(177 Scfh) normal cmdiiion) 

orrrtw than 5 N d / b  
(577 ucfh) but less that1 
17 N d / b  (600 scfh) 

Searcb for leakage 
IOGitiOtUS 

OmaW rhua 17 Nm3h Cold shiurdown il 

located and 
isolated wihin a 
month 

(600 sfm leakagcscannultx 



The objective of the Belgian approach to Type A 
testing is to reduce the frequency and duration of 
the tests. The Type A test is  conducwd at a 
containment pr.-,;sure (PJ nor less than half of 
the peak pressurt: (0.5 PJ. It is performed once 
every 10 years. The test acceptance critarion is: 

5; 0.75 (Pip,) L, 

where is the measured leakage at P,, and L, 
is the maximum allowablc leakage ratr: at Pa. 
The rationale for testing at P, instead of P, and 
the use of a new test acctptancc criterion arc 
discussed in Appendix C. 

Typc A tests are performed wing botb the 
absolute method and the reference vesscl 
method. These two methods arc totally 
indepcndent, and their results can be used for 
mutual validation. if. over a period of at last 
8 hours and with at lcast 30 Eonsccutivt 
measurement pints, both of the ia#hOds 
provide a lcakqe rate meting the above 
acceptmu criterion, the test CM be 
discontinued. A verification test (Le.. calibrated 
1-e t a t )  may or may not be required it rtrt 
end of the test period depending ttpn the 
difference between the measured 1-e rates 
derived from the two methods. Further 
discussion is provided in Appcndix C. 

3.2.2 

On-line leakage detection is based on the fact 
t!!t the pressure inside the containment is 
successively below and a,bove atmospheric 
pressure. The containment pressure goes up due 
to leakage of the air from the instrument 
compressed air distribution system. When the 
pressure reaches ai set: limit. the operator quickly 
depressurizes hie containment and a new 
pressurization cycle begins. A typical cycle is 
about 20 days for a 900 MW PWR unit. 

Leakages may be detected during the positive tor 
negative pressure periods in the containment Iiy 
evaluating the air mass balance in tlhe 
containment. T h e  air mass is measured by title 
absolute method. 

The t a t  ir neptance criteria adopted by tlhe 
French (SEPR194) are: 

-at U 66 ;nbiar (0.88 psig) 
Action 

Na grum tha 5 Nm9h Now (considered 
(ln rem) normal conditiala) 



T a t  Meihods 

For 1300 MWc PWRs: 

W a g e s  a! 63 mbar (0.88 psig) 
differe- AQK2i.I 

Not greater than 5 Nm’h None (considered 
I77 scfh) normal condition) 

Greater than 8 Nm’h 
(283 xfh) but less than 
16 Nm’h (566 xfh) 

Scarch for leakage 
locationandbegin 
procldurc for cold 
shutdown within 
14 d.ays 

Greater than 16 Nm’h 
(566 scfih) 

Cold shutdown if 
l&agcBcannotbc 
locar.cd &nd 
isolated within 
3 days 
Cold shutdown in 
1 4  days i f  
I q k a p  CM “be 
i s o l a t e d  b y  
conrainmeat  
isolation 

For 3 900-MW unit containmentO(fr# volume of 
about SO,OOO m3 or 1,764,ooO fi’),, the average 
uncertainties with rht SEXTEN system for a 
containment leakage rate at 60 mbs (0.88 psig) 
effective pressure difiercntial we: 

@ 1.3 Nm3/h (46 scfh3 over a 24-hour 
messumcnt period; anrl 

. .  0.8 Nm% (28 scf/h) over a p m  on 
cycle in rhe containmcclt. 

It takes approximntely 4 hours of 
to confirm thc dtvel~pmart or dimioHtioar. of a 
5 Nm’lh (177 scflh) hkagc. corresponds 
10 a ltahgc ntc of abut U.25 vahmyt prrcroit 
per day. The Ftrnch bdicvr SEXTEN is able to 
dcccct a leak comspondiag to a less than 
3 mm (7/64”) dipmcter pipe in EL 24-hour test 
period. 

The method can be used not only to detect a 
leakage problem, but also as an aid in 
identifying thc leakage paths or the defective 
components. ‘fie system operates continulously 
and provides rnwurernents daily or at the end 
of each pressu,rization cycle. At the operalor’s 
command, the evolution of the air mass inside 
the containment can be ploned in real time when 
leakage paths lare soqht . Appendix C describes 
the SEXTEN system in more detail. 

The Swedes are currently evaluating the 
SEXTEN system. They are considerin,g the: 
following test acceptance criteria: 

Leakages at 60 mbar (0.88 psig) 
I 

Bction 

Not greater than 5 Nm’h None (cooiiidemi 
(177 scflh) n o d  madition) 

Citwer than 5 Nm’h I d e n t i f y  the  
1-a 
(177 Scfh) but less than andtakcconcctive 
15 N d l h  (530 scflh) actions within a 

limited tinne 

Grrwr than IS Nm’h Inform SKI 
(530 Bcfh) (Swedish Nuclear 

Inspectorate) and 
provide an aclicin 
F 1 a  

A T a & g  

Type A mi ?rt amiuctd a! containment peak 
pfcssun (~oss-of-coolant accident (LOCA] 
prgssure) b&m initid Unit startup, during the 
#%st rrfudirtg, and hereafter every 110 years 
unless a rkgradation in wntainmenx leak- 
ti&ncas is dccccted. If the margin between the 
rltowatrle 1- a d  the itneamrcd value dlccream 
by m ~ t  than 75% bccwttn two consecutive ten- 
yqdy tests d if the C;UISC of this leakage 
CaMmt k kkdficd and conected, the next Type 
A test mst be prfcmned within five years 
(SEPRIW). 
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Test Methods 

As sumnarizsd below, Canada's Hydro-Quebec 
uses the Temperature Compensation Method 
(TCM) for on-line, low-pressure testing for 
containment integrity at the Gentilly-2 Nuclear 
Power Station. The TCM uses a reference 
volume with an extensive tubular network of 
different diameters, and a second independent 
tubular network with numerous humidity 
sampling points (CAN%). 

The reference volume is composed of a leak- 
tight network of copper tubing throughout the 
significant volumes of the reactor building. The 
tubing is sized and routed in such a wa;y that the 
reference volume fraction coitained within each 
room is proportional to the volume of the room. 
This arrangement enables the determination of 
the "equivalent" or "weighted" reactor building 
temperature and eliminates the need to track 
numerous tanperamre points. The referenu 
volume simulates the overall reactor building 
behavior and allows the leakagerate 
determination to be indcpcndcnt ,,of reactor 
building temperature fluctuation. The 
differential pressure between the tubular network 
reference volume and the reactor building 
constitutes the critical process variable. 

A major difficulty of a low-pressure test is the 
measurement of an extremely small pnssure 
drop. During an 8-hour t a t  a 2.75 Ha@, a 
typical pressure drop could be 0.043 kh(g), 
where Pa@) is relative pressure mcslsurcd _in 
units of Pascal. This is compand to a pnssure 
drop of 0.376 kPa@ during an &hour test at 
co ntainment peak pressure of 124 kPat'&i. Thesc 
figures presume a 0.5% of reactor buildulg 

flow. The mepnineW interpretation on the 
minute prtssun drop itnposes a stringent 
precision requirement on the TCM system. 

volumc per day leakage me pnd 100% turbulent 

The reactor building humidity plays a mjor role 
in on-line. low-pressure testing. Under typical 
conditions. the dew point in the reactor building 

may increase from 4.5 "C (40 OF) to 5.0 "C (41 
"F) during the test. The increase in vapor partial 
pressure is a factor of three over the tesf 
pressure drop. Hence, a precise determination 
of average reactor building humidity and irs 
variation in time and space is critical. 

The tubular network of numerous humidity 
sampling point!; installed inside the reactor 
building enables the measurement of minute 
pressure variaticm inside the reactor building. 
independent of the spatial and temporal humidity 
behaviors. The humidity and temperature 
mapping exercise conducted during m annual 
shutdown has confirmed the ability of the 
humidity sampling tubular network layout to 
adequately track reactor building humidity. An 
error of 3.2% on the pressure drop was 
indicated from a detailed error analysis. 

It is not possible to hlly isolate several process 
gas systems inside the reactor building at power. 
Gas lealcage from the k i o u s  reactor auxiliary 
system during normal operation contributes to 
the existing water vapor partial pressure. These 
gases include helium, carbon dioxide, and 
nitrogen. The contribution from these leakages 
has bcen shown to be minor (less than 2% of the 
leakage rate). 

The atmospheric lpressurc may vary dramatically 
during the test period. An increase in Ihe 
atmospheric pressure during a test is reflected by 
a decrease in the test differential pressure. 11 is 
ppible that the positive differential pressure of 
the CLIOctor building with respect to the 
atmosphere may be reduced by as much as 50% 
during the test as a result of a weather 
pertubation. 

A post-test validation p r d i u e  is required to 
verify the TCM test result. .A "known" leakage 
rate, ofmagnitudc: comparable to the "unknown" 
leakage rate, is superimposed upon the latter 
directly upon umclusion of the "unknown" 
leakage- rate measmment . 
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The TCM system can be wad 81 any test 
pressure. However, thc Gcntilly-2 TCM system 
is limited to a maximum test pressure of 3.4 
Wa, which correspond to thc reactor trip act 
point of the safety shutdown systcms on high 
reactor building pressure. The test at I nominal 
3 kPaQ) twt pressure can be conaplctod during 
e 12-hour period (28 hours total with alignment 
time) with the reactor at full power. This is 
compared to the rcquircd Sday critical path 
window (7 days total with alignment time) 
during an annual shutdown for the traditional 
reactor building pressure test (Type A tmt) 
performed at 124 WaQ). 

The Gentilly-2 TCM system is able to detect a 
leak CorrespQnding to a 2 mm (5164") diamaet 
pipe, with high precision in an #-hour test 
period. The error a s ~ i a t c d  with the 
measurement at a nominal t a t  pressure of 3 
kPa(g) was f 10% based on theorctial analysis 
under typical test conditions. The available data 
from the "known leakage-rate" test vdidntion 
procedure suggests that the a d  error band is 
less than 15%. 

With on-! ine, low-pressure testing. Hydro- 
Quebec is able to detect and monitor tbe churge 
in containment leak-tightma between Type A 
tests. Available test resuh indicate thal it is 
possible to extrapolate the on-lk, h w - p m  
leakage rate to the equivalent Type A test 
leakage rate at high pressure. CorrXirmosioo of 
this capability, howcvcr, will requite a target 
data base of bw-pressun test and 'IrLpe A ttst 
results. 

HydmQ&bcc has indied that Wi system is 

pursuing vpriolls applications of ch: systcm. 
new and evolving, and that they uc clurmtiy 

Further discussion of the Gcrrtilly-2 'TCM system 
is provided in Apptndi C. 

The prunary limitation of OLM is that if is 
conducted while a unit is operating when control 
over many parameters is not practical. The 
containment atmosphere tends to be much imore 
erratic during opration because of operating fan 
coolers and large and fluctuating heat sourcts. 

The large amoilnts of heat released into contain- 
ment produce large thermal gradients and 
contribute to I.ESS stable conditions. Thermal 
gradients complicate calculation of an av'erage 
containment temperature which is done by 
weight-averaging the temperature with volume. 

Other conditions in operating contaioments that 
could obscure results from on-line leakage-rate 
monitoring 8 y ! b m  are the usage of instrument 
air, continuous sample lines, containment access, 
vmt and purge! operations, and gas releascs into 
containment fiom coolant system. 

Despite the potential operating challenges, thc 
Canadian and the European cammunitics have: 
had successful experieaces. OLM systtmrr haw: 
baa installed in all of the French reactors since 
1985 and have: accumulated 250 reactor-years of 
experience. The capability of measuring II 
Nm3h (35 s:f/h) leakage, as claimed tiy the 
Fnnch and Belgium on-line monitoring systems, 
and the capability of mcasrurhg leakage through 
a 2mm (51649 hole, as claimed by the CIlnadim 
OLM, acead the e m i o n  of past studies 
(Le., NURECi-1273). 

o w  *m caaonly dctcci thDseleaks located 
illsystum thztprovidcli conoxcion betwcenthe 
amtahmt air md the outside atmosphere. 
B a d  on data collected at North Anua Powcr 
Strrion, iistsd below arc penttfiuions exposed 10 
thccoataiwwnt c otmo9pherr. 
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Mechanical 318- 
(total 92 2' 
penetrations) 4' 

6' 
8" 

36" 

Electrical 
(total 129 
penetrations) 

Number of 
Ptnctrar:ions 
Expscrl to 
Containment 
A t m o s D k  

3 
2 
1 
1 
1 

2, 
10 ( - 1 1  96) 

129 (10096) 

In summary, on-line monitoring systems can be 
useful in detecting and locating certain 
containment leaks during reactor operation. 

However. the usefulness of an on-line 
mnitori~.g system depends 'upon the urility's 
ability to: 

account for the effects of temperature and 
moisture gradients and variations on the test 
results; 

prccludc the possibility of an acrual leak 
being masked by cocrtainment air/gas 
inlcakage: 

account for leaks in closed pressurized 
systems that would probably not be 
measured duri:ng on-line rmonitoring; 

guard against "false alarms'' from on-line 
monitoring; artd, 

achieve stabilized conditions within the 
containment dlirine reactor operation. 
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4. Leakage-Rate Test Experience 

Because of concerns about undetected loss of 
containmeni isolation capability, an early NRC 
study (NUREG/CR422O)(NRC85) undertook 
the compilation of an historical data base relatad 
to possible vioiations of containment isolation. 
The data in this compilation were derived 
primarily from Licensee Event Reports (LERs) 
submitted to h e  NRC bctwecn 1965 PIyj 1983. 
Although this compilation included more than 
3400 suspected containment isolation failurn, it 
did very little evaluation of the nature and 
poientiat significance of the reported technical 
specification violations and, thus, was rnot very 
useful for the purposes of the present effort. 

1 

A subsquent study (NUREG-l273)(NRC88} 
undenook a more extensive evaluation of the 
same data base: S o w  of the firdrngs of the 
latter study included: 

About  third of thc npOrtCd CVCIMI Wt 
with leakages thnt were imnxiiately 
detected and COKCUC~, thus p i n g  aninirml 
threat to containment intcprity. 

The p a t  majority of repruhMt-ann 
detected by Type B md Type C h k q e  
testing; only 25 of 2192 were 
detectable only by Type A inrqcRfsd 
c o - m - .  

4.1 TYPE A ILRT 

To verify the validity of the suggestions rhat 
local leakage-rate testing can detect essentialily 
all potmtial degradations of conrainmeint 
integrity, more recent experience with 
containment leakage rates has been evaluated. 
For this purpose, a data base cornpilad by NRC 
staff was ilsed as a point of d c p m r e  
(NRC93A)'. Tbiii data base is a cornpilation of 
LERS, FSAR revisions. ILRT reports, 
cxtmption rtpursts, technical s p d i & c k i t  
changes, Uc.,  from Junc 1987 through April 
1993. Of speciEic interest are the 166 ILRT 
reports included in this wnyilation covering 917 
individual units a! 68 sites. Of the ILRT reports 
in the data base, 42 have been identified in the 
data base as failed. Details of the failures o r  
how they wue dcxeucd a x  not always included 
in W Cwnpilatim. Ncverthelesss, it is noted 
thrt, of tk kkaificd failures, approxirnia~cly 2:s 
paceat &iW "uJ-found" leakage ratrs 

Anorha 20 pacm& of tbc identified failure 
grrrter than 0*75 h, but less than 1.0 L,. 

than5L. r n t & ~ 5 5 p c r c e n t o € &  
khifiad frihues. tbc k h g e  ntca were not 
qoracifisd, tvpiurly !mcausc the leakages 
ezceedd tbe range of the mtodurancnt 
-. mr ked kakqp2- ro5e rcrting, 

4 m q m m b k r P s B t ~ ~ n t t r ;  tbm. 
ofdluwabk t*C -+- 

nbLI-bc- 

w#echutctettzac * j by "ris-found' I ~ C S  !CSS 

dUaqpdbin6mmmm * uscd ;is 

. .  



Table 4-1. Exampler of F d e d  ILRTs 



"&le 4-1 (Contfnd) 

I - 

3/92 ILRT; .75 L, a= .476% per day; As-Found - .3523?4 per day; As-Left 
day. Lerkagefound by LLRT. 

b 155% per 

Millstone 1 

Palo Vcrdt 2 

6/91 LRT; .75 L, 
day. Leakage foud by LLRT. 

.90% per day; As-Found > .Wh per day; As-Le!? = .4077% per 

12BI ILRT; .75 L, - .075% pet day; As-Found = .OS396 per day; As-Left = .031% per 
dry. Lerkagc found by LLRT. 

7/91 ILRT; .75 L, t= .75% per day; As-Found * 1.2% per day; As-Left = ?. Failed 
ILRT, drywell hadl bolls loose. 

11/86 ILRT; ,75 La - .'IS% per day; AsFound = .882% per day. Flailed ILRT, faulr! 
drywell herd &a:. 

9/14/87 ILRT; ILRT prior to LLRT, failtd. Cause unknown. 

8/92 LLRT; .75 L, - .19% per day; As-Found = Fail& As-Left = .I4 I %  per day. 
Type B R C cxcaded .6 t,. 

5/90 ILRT; .75 L, 
day. Leakage found by LLRT. 

.1875% per day; &Found = .7% per day; As-Left = .14%% per 

5/90 IMT; .75 L, .: As-Found C I .O L,. U T  found penetration leakage rn isxd by 
faulty LLRT. 

4/92 ILRT; .75 L, =I .I87596 p r  day; As-Fumd - .421i!We per day; As-Left = . I  S 154% 
per b y ,  L&qe  fiwad by U T .  

5/86 ILRT; L, = .7SK per day; As-Fcnmd - 2.6% per chy; &+Left *= .59% per day. 
UT p+m uvr. 



leakage rate is determined by adding the [cakagc 
savings resulting from the repair of Id 
leakages to the ntcammd ILRT leakage. In a 
number of the other re~onad failures, l d  
leakages were actually detedcd by the U T .  In 
almost dl these cases, the ILRTs were 
performed without a prccadiq Type B and C 
ta t .  In one use ,  a faulty LLRT failed to 
identify a local leakage which wpb f d  by thc 
subsequent ILRT, Local Idagerate testing did 
not and could not &ea ucusive leakage in 
three of the cases identified as failures in the 
above data base. Ont of the ILRT failutts was 
associated with Mark I BWR head closure 
leakage and one with a stearn generator m w a y ;  
h e  root -use of the third was not resolved. 

In addition to the NRC data baac, LERa related 

Oak Ridge National Labontory (OWL) have 
also been examined. Most of the possible ILRT 
failures identified by this 8cBcch were dupliutes 
of the rcporti? included in the NRC data bpisc. 
Only one additionnt ILRT failure waa found in 
the oak Ridge compilation. Iu this CMe, the 
excessive I-e wa6 due to a f d t y  gasket on 
a Mark I BWR W. The “a-fourd’ meuursd 
leakage was 0.84 b. 

to contarnmcnt Icalmgt-rale tc8ting compiled by 

In the approximattiy 180 ILRT reports 
consided in this study, cover@ 1 IO WvichaaI 
reactors and rtppmximntely 770 ytpln of 
operating history, only 5 U T  failures were 
found which i d l W + *  t d n g  could not 
and did not ducct. These multa indicate that 
TypcA testingdctectad  to^^ 
leak-tighmess requinmmts inapplylcixmtdy 3 
percent of alI tests These findlsgs clearly 
support earlier indications that Type B md C 
testing can detect a very we pcrcatqe of 

contaimnmt Icakages that CUI be detccxed only 
by integrated contaimncnt I-e teptinl3 is very 
small. Of note in the lLRT €tilures cbrved 
that were not detected by Typc B and C testing, 
the actual lerrlcagt mtes were very dl, only 
marginally in excess 04 the current leak-tightness 
rcquirrmcnts. 

con- lukrges. The petcsluet of 

NUMARC 

The Nuclear Managernem azd Resourcxs 
Council (NUMARC) conducted a survey of 
utilities to study ccm!ainment testing performanice 
and cost data (NUM94). The utilities chosen 
represent a broad spectrum of reactor designs 
(29 units in all) ;Ud encompass a total of I44 
ILRTs. Pcrformiance data studied include test 
results of ILRTs s h  prc-tiperation tests, and 
caw(s) of failure by valves type, size, and 
service. 

NUMARC has provided a summary of their 
analysis of 1441 ILRT results. Type A 
performance tcst (lata is shown in Table 4-2. Of 
the total, 23 of the ILRT results excecded 1.0 
L,. The reasons for exceeding allowable leakage 
art staled as follows: 

14 due to addition of Type B & C leakage 
penalties 

4 due to FWR steam generator in-leakage 
2 due to failures that should have been 

ibdicatd, by the Type B & C testing 
2 due to EAT line up errors 
1 test tepcptcd due to unscceptatile 

verification test. 

Examination of the quantitative leakage data 
provided in thc lNUMARC summary indicates 
that in about owthird of the cases e x d n g  
allowpble leakage, the as-found lcalragc was Ims 
tbrn 2L.; in oae case the as-found leakage YIU 
l a  than 3L,; one case approa_ched 10L.; and in 
om crse the leakage was found to be 
8pproximatdy 2lL.. For &ut half of the failed 
U T s  the as-faund leakages were not 
qunnrified. 

4.2 TYPEBLLRT 

Typc B tests iue performed at power or 
shutdown on two types of equipment: elmricd 
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Table 4-2. Type A Pelcormance Test Data 

c 

CODE 

A I  
A2 
A3 
B 
C 
D 
E 
LUE 

Jtasu%w 
ConLninrm?nt Liner Bresch 
BBC w e  Identified by M T ,  Not LWC LLRT 
PWR Scmm Generator secwduy Manway Gasket &&age 
1tRT L, Exoctdaacc Dw To B Leakage P d t y  Idcnufiad By LLRT 
ILRT L. Exccahncc Due To C t,aLiPc pmrl fy  Idairifid By LLRT 
ILRT L, Excotdapce I)w To B6rcc' Leakage W t y  Identified By LLRT 
ILRT L, Execdauce Dulc To lnstnzm~r Verification By Test Disc- 
ILRT L, Exceebancc Due To L i - U p  Enor 

FREUUENQ 

0 
2 
4 
0 

10 
4 
1 
3 
L 
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penetrations and air-locks (and other doubic- 
gasket& and double O-ring seals). 

North Anng 

Appendix A. “Analysis of Type Bi’3 Leakage- 
h i e  History,” d imsscs  the results of Typc B 
testing of penetrations at North Anma Units 1 
and 2 .  

Each North Anna unit contains approximately 
130 electrical penetrations. Based on the data 
discussed in & appendix, Nortb Anna has 
experienced no signifiwzt electrical pmcuation 
leakage in approximately 27 unit-ycars of 
operation. 

Based on the above information, performance- 
based Type B testing would result in a 
significant reduction in tests of the electrical 
penetrations. If the lcakage pattern of these 
penetrations do not deviate from the historical 
leakage pattern, an insignificant inclreasc in risk 
would result from perfonnanCGbasad testing of 
these penetrations. 

Type B tes,ing is performed on all Pir-locks, 
Le., the fuel transfer tube, rhe pemrmel air- 
lock, the emergency escape air-lock, pnd tbe 
equipment hatch at North Anna. The fuel 
transfer tube is tested approximately every 18 
months. The personnel air lock, ancqpcy 
escape air-lo&, and equipment hatch arc tested 
at &month intervals. 

No “as-found” leakage m e  L dctcxmincd fbr the 
equipment hatch during Type B tests unless the 
test coincides with an ILRT. S h  lune 1987, 
a seal has been replaced on theunit 1 c@pmcat 
hatch five times, Siace April 1989. a sepl has 
been replaced on the Unit 2 equiplrmcnt huch two 
times. 

The dooi ;eals for the fuel transfer tuba in Unit 
i and Unit 2 were replaced in Dccankr 1985 
rurd August 1984, respectively. l”hae haa becn 
zero leakage through these s a l s  since tbat time. 

Since January 1986. either a personnel air-lock 
seal has been r e p l a d  or a docr adjusted 13 
t h  for Unh 1. Since August 1986. either ZL 

petsanncl air-lock seal has been rep lacd  or a 
door adjusted 12 rimes for Unit 2.  Maximum, 
path leakage rates for both Unit I and Unit 2: 
personnel air-locks have ranged from zero to 21: 
scfh. 

Since June 1987. either an emergency air-lock; 
sea! has been repIaced or a door adjusted fivt: 
timcs for Unit 1 and five times for Unit 2. 
Maximum path leakage rates for both Unit 1 anrl 
Unit 2 emergency air-locks have ranged from 0 
to 9 scfh 

Based on the above information, perfommce- 
based Type IB testing would not result in il 

significant reduction in tests of the air-loch . 111 

all cases except for the fuel transfer t u b ,  
repairs have been performed on the ai,r-lock< 
seals often enough that they would not meet thle 
perfomancc requirements necessary to ireduce 
their test intei~als. 

At NRC’s April 1993 workshop (NRC93B), the 
operators (Entcrgy) of Grand Gulf Nudeair 
Station (GGNS) presented data on ifs 
c x p e r i m  with Type B testing. GGNS hars 
cxpcr~enced :25 Wura of Typc B tats since 
1986, with 17 of the failures axwring at the 
firat nWiag outogc. ?’his corresponds with a 
SUCCCM ratt #of 95 pucent since 1986, and 98 
percent &r the first rdiading outage. 

Spbsequclrty, E n e . r ~ / G r u d  Gulf has submind 
an applicaticm for cxcmption from 10 C Z R  SO 
Appeadix JI rcquircmmts and ptoposcxi 
l l l lyl ldmc~s to the operating iicerslre to 
implanent a. p#fonnaace basad contpinmtwu 
kakagN#ting program (-3). lncluded in 
thc *application b rhe history 4 if leakage-rate 
testing cxperieace covering five refueling 
outages. This history includes 1 total of 482 
Type B tlcuuical penetration tets involving 
92-130 coq>oncms per outage. wib. 25 of dhe 
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tests exceeding admuustrative limits. Of the 18 
Type B tested components that have: failcd at 
teast once, 16 were guard p i p  imption ports, 
Table 4-3 presents the Grand Gulf Typc B t m  
data. 

Grand Gulf also reports 2 air-lock test failures in 
32 total tests. Additionally, no failiurcs have 
been observed in a total of 489 air-lock seal 
tests. However, si= the service life <of air-lock 
door seals is five years, these compomnts an 
not included in the p c r f o ~ c c - ~  testing 
program 

NUMARC 

The previously cited N W C  analysis 
includes 5008 Type B tests on a total of 1252 
components. with 121 tests, 2.5% ofthe total, 
exceeding administrative limits. Thee data are 
presented in Table 4-4. Most of the teats 
exctcdmg administrative limits were on 
electrical pcncuations; however, thc ledrag= in 

lcvcls that could be considered potcntidly risk 
all cases appear to bc small rud well below 

significant. Air-locks are reponed to haw 
e x d a d  admirustrativc firnits 26 times. with ter. 
of thcse cases reponed to have component 
leakages that approach or exceed the overall 
allowable leakage for the contaimient . 
Quantification of leakages by individual test ar- 
not provided in the NUMARC summary. The 
observed Idages are said to be associated with 
seal degradatiom. 

Again, the NUMARC results appear to be 
consistent with those based on the NRC datd 
base (NRC93A). Electrical penetration 
leakages, whenl they occur, appear to be small 
and not risk significant; air-lock seal leakages 
apparently can be larger wd may warrant more 
attention. 

4.3 TYPE C LWRT 

Appendix A discusses the rcsults of Type C 
tea@ of per#ltrations at North Anna Units I 
and 2. 

RpQl 

m3 

RPo5 

98 

94 

95 



Number of components in sample data base 
Number of tests in sample data base 
Number o f  tests exceeding admini:strativc limits 
Percentage of tests within admanistrativr limits 
Pcttxntagc of tests exceeding administrative limits 

1252 
5008 
121 

97.5% 
2.541 



h'onh Anna Unit 1 and Unit 2 conlain 91 
jxnetratiuns and 92 penetrations, rtspwtively. 
that are Type C tested. Based on the dau in the 
appendix. approximately 17 percent of the 
valves tested had rruinttnancc pcrfonmed on 
them after resting. Of the valves maintained. 
approximately 20 percent had an indeterminable 
leakage rate during Typt: C leakage testing. The 
leakagt-test equipment used during 'Type C 
testing can measure l&gt rates up to 
approximately 257 scfh. The overall 
containment leakage rate was indeterminable 
three times since 1986 due to all valires in a 
series path having an indeterminab'c leakage 
rate. 

Although rhc minimum path leakage rates for the 
two units have not boen largcr than I.,, (304 
scfh) since mid-1988, individual cornpantats 
have been found with leakage rata of 257 scfh 
or more at d l  refueling outages except one. The 
number of such components found by Type C 
testing during refueling outagcs have ranged 
from 0 to 10. In several cues, additional such 
conlponents were found during tests &ween 
refueling outagca. In all CISCS since miid-1988. 
the mutainment minimum path ledup ruc has 
not been ppfeacd because U l O t h c T ~  in 
series with the failed compbnent hrs e*- 
no, or a small, lrplrapc rate. 

A statistical stulysis was performed cOdn#tmtint 
if the time before mrinttauwe for Type C t d  
valves could be predicted brsad oa caqxxmt 

Appendix A, con~hmlad bw M slmng 
correlation d d  k f d .  

and system data. This IrutyJib, doummcd in 

and under-estimam the probabiliry of muitl~'lr 
valve failures. This indicates that once a valve 
fails, it Is more likely !o fail again Based OR 
the valve corQurations associared with e x h  
unit's penctrarions, an indeterminabfc 
containment leakage rate is expected 
approximately once every 26 unit-years of 
operation. Historically. rhree cases of 
indeterminable u3ntainmcm leakage rate hxce 
~ccurrcd in 27 unit-ytars of operation. 

A detailed analysis of the North Anna data is 
presented in App?ndix A.  

and Gulf 

At the NRC'.s April 1993 workshop, 
Entergy/Grand Gulf presented data on its 
cxpcricwe with Type C testing. GGNS has 
experienced 52 failures of Type C tests since 
1986 from o popvlation of 389 valves. This 
corresponds to a success rate for Type C 
componcw of 9 7  percent, with 86 percent of 
Type C components experiencing no failures. 

Tht Graad Gulf ,clPpmdix J cxemprion request 
dm incIude8 a history of Type C leakage-test 
cxpcrieocc. A total of 1% rests on 297 Type 
C axqmnts b v e  becn performed, with :52 
foiluFes obscnrbd. 255 of the Type C 
umpnmis have! never failed. Most of the 
Type C test failures have bccn asswuttd with 
tbt 14 rmin ~trcpm md fdwater isolation 
vdvcs: tbescut28rad24iochedindiamcter, 
nsp#xivdy. Tht tntes for the later 
cxmqmas bove ppppnntly o h  aded the 
~ c r p r i t r ) r a f t h t ~ e q u i p m c M  .The!se 
data am presmsm3 in T&k 4-5. 



Tehle 4-5. Grand Gulf ‘ I p p  ( *  Performance Uata 

Percenr Past s  

411 anaiv\is ( J f  the Grand tiulf data IS presented 
! S I  Appendix A A summary of Grand Gulfs 
perforrnarice-haxd leakage-testing program for 
Iype LJ ruid C components, which IS based on 
the data discussed above and the NRC’s review 
1 1 f  i ts  exeinptioii rcqticst, I S  provided in 
hppsstdlx 1- 

N L’ MAKK 

I I I C  NUMARC summary of Type. C test 
rrnpriencc indicates that 90% of valves tested in 
{he sample ser of units surveyed (29 units) did 
I I ~ M  exceed established administrative limits for 
leakape Of the IO’R af valves thiar exceeded 
these llniirs, 63%. did so only once. with 37% of 
the valves itst& exceeding administrative limits 
inore than once. Approximately 14% of the 
tests e x c e d m p  adniiiiirrrative limirs had 
uriquaatltilircl leakages The range ad frequency 
t i t  valves exceeding adminislrariw limits arc 
presented in Table 4-6. 

4.4 PEKFORMANCE TRENDS 

An extensive analysis of available Type (1 and. 
Type B data ai two nuclear power plants is 

documented i n  Appendix A One of the early 
objectives of the component performance history 
analysis described in ,4ppendix A was the 
development of correlations of coqtonenr 
performance characterislrics with time. Such 
correlations would permit the projection of 
Individual component and overall containment 
performance for longer testing interval:; than 
those used in the past The section.. to follow 
summarize the findings on why failures occur, 
including the effects of aging 

Random and Deoendent Failures 

The detailed analysis of the Type C component 
perfomme history a! two-unit PWR and a 
single-unit BU’R led to the following findings 

e Vari;ations in rhe random failure r a t a  of 
cotnpnents cannot be predicted i3 priori 
based on system and component physical 
data such as differences in size, type, 
environment or desrgn services 



Table 44. Type C: Valve wJrceodleg Arfmlnintmtlve LMcs 

114 2.50 to 4.99 

ICQ 5 .00  to 9.99 

1CM 10.00 to 24.99 

36 25.00 to 415.99 

50.00 to 99.99 31 7 

- 
- 
- 
- 

30 

18 

136 

97 1 

I- 

100.00 to 459.00 

- 
- 

When a component failure does OCCUT, 
then is o high probability ithat the 
component will fail again within the mt 
two optrating cycles. 

If a component does not fail within two 
opcming cyclcs of a previous failure, 

by thc mdm-failure fate of the 
component, 

m r  failures appear to be governed 

The observed tendency for some ~XXIPOIIK~~S to 
cxpcricncc successive failures could be due to a 
variety of reasons. Among these would be the 
~ ~ l c c t i o ~  of a wrong compot~nt for the 
particular service; an initially defective 
component; deficiencies in component design; 
and, defective instailation, maintcnanct. or 

repair procedures. Componcents that experience 
rrpeatbd fpilura will generally receive special 
artention and the loregoing deficiencies would be 
eliminated with time. For example, a number of 
the early unquantificd leakages observed at 
North Anna wera due to machining errors tIm 
led to excessive valve seat wear. Once the 
problan was recognized, it was readdy 
corrected. Similarly, most of the Type B 
failures observed at Grand Gulf were associated 
WMI the desip of the guard pipe inspection 
ports. T h e  ate cortecW, as excessive 
lfnhms arc experienced,, and subsequent 
pcrformracc is impmvetl. After such 
defickmics arc ~corrcrcted, subsequent failures 
are govtrncd by rardom f;llilurc rates until the 
cOmpOacnd reaches thc wear-out portion of its 
life. 

P d o m - b M  testing alternatives, that are 
predicated on fomponetzrs passing two 
successive tests before exlending the testing 
interval, will minimize testing of g o d  
pcrfomn and will thus focus on those 
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Table 4-7. NL'MARC Type C Performance Data 

GATE 

VALVE TYPE EXCEEDMG ADMIMSTRATIVE LIMITS 

BI JITERFLY 36 

992 Blutterflv Valve Tests 

50 24 

1672 Gate Valve Tests 

I34 Tests of 85 Valves Exccadcd Adrrrinistrative Limits 

I 93 Tests of 59 Valves Exceeded Admuiistidtive I,inuts 

GLOBE I 131 34 ? 4 /  71 7 e 

--I_--- 

3760 Globe Valve Tats 

87 35 

1360 Check Valve Tesrs 

222 Tests of 142 Check Valves Excmled Admirustrative Lmts  

components that suffer some hnd of deficiency 
or reach wear-out. I f  all compomm failures 
were truly random, for a given ~pcrformancc- 
based testing scheme, the minimum amount of 
additional tesling would be required to verify 
such random behavior. 

Anrnn 

The analyses described in Appendix A found a 
c:orrclation which showed a higher failurt rate ' 
immedtatcly after component repair or 
repiaccment. 1 e , during the "burn-in" period of 
the component. T&e fact that containment 
penrtrarton com~oncnts have k e n  tested. 
!natntnind. repaired, and replaced ai regular 

imcrvals acicounts at least in part f o r  the 
difficulty in projecting long-term perfornunce 
Sincc the coldition of many of the components 
is reset co he ir  initial state (or better). ![here IS 
no information of what their long! term 

projections of component p e r f o m c e  f o r  
various testing alternatives were made on the 
bask of coltstanr failure rates after the initiaf 
burn-in perilod 

performance might be. The SLarlslIcal 
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IS generally understood. When repeatled f a i l u r ~  
of certain components are observed, the 
prablans are remedied by changing design, 
materials, or replacing the troubicwme 
component with a different design, or improved 
rcpair procedures. This is known as the burn-in 
portion of plant life. 

With L e  possibility of longer type B and C 
compomnt testing intervals the question arises 
whcther any containment penctrationumncrus; 
may be nearing the *wear-out“ portion of their 
life. The Appendix A analyses do MI, show any 
incrmes in compommf failure rates with time. 
To shed light on this issue, GGNS has 
performed a Weibul analysis of Type C 
component tisr data (GG94). The data show 41 
initial failures in 134 components over a period 
of 109 months, or 30.6% cwnrtrtivc hilum. 
The data presented also show that 17 of these 41 

components have experienced at I u s  
additional failure. The correlation by the 
Weibull analysis of the obsemd data by d bera 
less chan one dcm suggest that the failure ra.rc IS 
decreasing over rhe time interval. The data are 
limited and sthow somc scarter. howe.vcr 
Examination of the Nonh Anna Typ: C 
componcnf failure data lead to a similar 
conclusion. Again, the data are relatively sparsr 
and exhibit considerable scatter. 

Tht experimcM at North Anna and Grand Gulf. 
as well as the WE1 ~ summary, indicate that 
a majority of Type C components have never 
failed. This rud the results uf the Weihull 
analysis indicate that the wear-out ponion of the 
wmpmmt life has not been reached. and may 
not be reached provided good maintcnancr 
prauiccs contime to be followed. 



5. Risk Impacts of Contahment Leak-tightness 

5.1 REVIEW OF EARLIER WORK 
ON RISK IMPACTS OF 

NURECICR-4330 
CONTAIMlcENT LEAKAGE RATE- 

NUREG/CR-4330 (NRC86) examined the risk 
impacts associated with increasing the allowable 
containment lcakage rate using two different 
merhcds The first method used several existing 
PR4s and caiculatcd the incremental risk due to 
increasing the allowable containment lealcage 
rate. The risk measure used in this first 
approach is "expected person-rem per year" 
(i . e . ,  the probability of an accident rnu:ltipli& by 
its consequences in terms of personran to the 
surrounding population). The second approach 
examined selected accident SeQuCinCeS ad 
considered several pddiiional mcasurcs including 
individual radiation exposures and early health 
cffccts, 

The purpose of thcsc studies was to providc 
information on the possible risks, ;tasts, Md 
b~efics chat would mutt if the ntquinmrcnct for 
testing contaimnt leakage rates were mrsdifidd. 
The following summarizes the results pmented 
in NUREGICR-4330, Volume 2 * 

. .  5.1.1 m P R &  

Dose consequences were represented by rhtl 
whole My population dose commitnient 
lperson-rcrrr/reactor-year) received witI-!in 50 
miles of tht: site. 

A generic site with an exclusion area of 1!2 
mile was a!;sumd with uniform population 
density of 340 persons pe r  square mile 
beyond 1/2 mile. 

Maeorological data ware taken from the 
U.S. National Weather Service station ar 
M o b .  Illinois. The CRAC2 computer 
code was used (NRC83. NRC84). CIL9C2 
uses weighted vatu# of wind speed and 
direction, stability class, precipitation. m., 
pcruining to the selected weather station. 
Thcrc my be a large stochastic variation in 
results associated with the actual 
maaorology at the time of a radio1ol;ical 
rclcest. 

Thc core inventory ac the time of the 
addcat was assumed to be represented by 
a 3412 MWt ( I  120 MWc! PWR. 

Risk sensitivity values were obtained fiom 
I study by Oak Ridge National Laboratory 
{NRCWA). The ORNL analysis of 
tmmimca kakap-ratc sensitivity used a 

Ofgu~ric tams nnd ftsclucncies 
ofrrc~urrcaoc dtvtlgrcd AS reprtstntatiire of 
tlbt range orf LWR rccid#rts. 



Table 5-1. Risk Information Summap 

Expwted W e  (Risk), 
(persou-ranlyear) - - 

SURRY 1 

YWR.1 YE-7 5.4M 4 .b6  
PWR-2 8E-6 4 8E6 38 41) 
PU" 3 4E-6 5.4E6 21  .&J 
YRW-4 5E-7 2.7E6 1 3s 
PRW-5 7E-7 1 .OE6 0.70 
PWR-6' 7E-6 1 .SES 0.90 
PWR-7' 4E-5 2.3E3 0.09 
PWR-H 4E-5 7 .SEI ?.Mi 
PWR-9' 4EQ I .2E2 0 05 

-I 

71 Total 

PEACH BOTTOM 2 

BWR- 1 
BWR-2 
BWR-3 
BWK-4' 
BWR-5' 

~ 

I E-6 
rSE-6 
2E-5 
2 E-6 
1 E-4 

5.4E6 5 40 
7.1E6 42.60 
5.1M 102 .oo 
6.1E5 1 .?2 
2.OEl - 0.002 

151 Toral 

PWR-I 
PWR-2 
PWR-3 
PWR4 
PWR-s 
PWR-6' 
PWR.7' 

OCONEE 3 

1.1E-7 S.4E6 
1 .OE-5 4.8m 
2.9E-5 5.4E6 
9.7E-8 2.7E6 
4.6E-7 1 .OE6 
7.3E-6 1SE5 
3 I SE-5 2.3E3 

0.59 
48.0 

156.6 
0.26 
0.46 
1.1 
0.08 

207 Total 

GRAND GULF 1 

BWR- 1 1 .IE-7 5.4E6 
BWR-I 3.4E-S 7. E 6  
BWR-3 1.4E-6 6.tE5 
BWR 4- 1 . S E 4  6.1H 

0.59 

7.14 

233 lord 

241.4 

0.98 



rmge nf pustulated types of accidentsl cumntly 
applied in reactor day m h .  The 
dculatcd result was the variable %. dtfincd as 
the accident-spectrum-weighted impact fraction 
rate from compimntnr buildmg Icakqc. 
Explicitly, M, was formulated as the s u m  of 
fractional increases in consequences, due to 
containment building Ieakqge, for ea& type of 
accident weighted by its frequency of 
OCCUCTCC~C~. The base case common to similar 
typts of analyses was applied. Thc compulcd 
rcsult was Mp S 1.5E-3 frsctional hxcrease in 
thc accident spectrum risk per pl:tccnt/doy 
containment building lralcagc rate. 

Tab]? 5-2 shows t h ~  athtd dep~nduIce Of 
risk (population dose in person-ran per unit 
year) to leakage rate based on the four units 
considered. 

This information, graphidly presented in 
Figure 5-1, sbows that thc overall unit risk is 
not very sensitive to changes in co- 
leakage races. A key assumption was thpt pn- 
existing 1-e does ll~t influcrrce th: accident 
sequcnct propseation (t.g., it das n ~ l  
significantly influence the containment 
prwsure/trmperoauc conditioas ar CltsUlt in 
equipment failures). Whiic the validity of this 
assumption has not been txhwstively cvalurwd, 
it is consistent with the findqs in WASH-1400. 

the Surry unit with the conctusioa that pro- 
existing lcaiugc rata of up to 200 percent pet 
day would not preclude mntahmmt fnilurc by 
r!ow ovuprcssuriwion. 

WASH-IQ00 (MRC75) e&& this ~SSW for 

Further, sensitivity analyses Lri SL‘KT-G Ck 
43kl (NRCM) showed h a !  LWR accidenr risk 
is relatively !insensitive [o the wntaimnenr 
leakage rate because the risk is dominated by 
accident sequences thar result in failuri: or 
bypass of containment. The increnlental risk 
from leakage in the range of 1 to 10 percenc per 
&:I is small T h e  current leakage-rate 
rcquircments of many units are 0 1 percent per 
day. 

5.1.2 a Accident Sccwios 

The second approach used in NUREGKR4330 
analyzed two slpecific PWR and two specific 
BWR accident scenarios from WASH-1400. and 
a hypothetical s(xenari0 related to the Three Mile 
lslpnd (TMI) accident to indicate the impacts of 
various assumerS containment lcakage rates for 
the mlecred accidcnt scenafios. 

The two PWR. scenarios fell d e r  release 
categories PW-6 and PWR-7 in Table !5-1.  
The reference c~onsaqucnces were based on a 
1-e rate of I. percent of containment voliune 
per day; the WASH-1400 fission product 
rclrmses for thcae were linearly scaled to obtain 
values for 10 ruld 100 p e r m  per day ltakage 
ntes. Thc c 0 - m  were then reassessed 
with cRAc2. Not surprisinglj, the 
conscque~~ccs were found to ~ a r y  essentially 
lintarly with leakage rate. Whereas the previous 
analyses noted no early health effects, the 
assumed 100 pei.cmt per day leakage rate led to 
the dculation of MIM early injuries <and 
fatalities. However. the particular scenario 
considcted had a very low probability and would 



not bc risk significant even at the assumed 100 
percent p e r  day I&ge rate. The raults for the 
two SWR scenarios considered were 
substantially similar to the observations for the 
PWR cases. 

5.1.3 -ted scq&f& 

A sequence similar 10 the Three 74ilt Island 2 
accident was exarmned to provide some 
additional insight info the effezts o!f changes in 
containment leakage rates. An arbitrary source 
term of all noble gases and 1 percent of the 
iodine in the core were assumed to1 bc released 
to the containment atmosphere 2 hours after 
shutdown. The probability tJf such a release is 
assumed to be 1E-3 per year. "he computer 
program CRACZ (NRC84) was usuj 10 calculate 
the consc~umces for leakage r a t a  of 3. I ,  1. 10, 
and 100 percent of containment val,u,le pcr day 
for rclcasc periods of 2 and 10 hours. Since 'IIO 

decay is assumd. the results are pbqxwtional to 
the length of the release period. The risk is 
xprcssed in terms of expcc#d puson-rem, 

expected early fatalities, and expected early 
injuries. Consistnu with the other analysts, the 
risk impact of a 1 or 10 percent "per day ieakage 
rate is not large. Also, no early fatalities result 
from leakage rates up to $00 p e m t  per day, 
and rhc risk of early injuria is small. 

Given these fndings, and considering the costs 
assmiat& with l&gt testing. NtlEG1CR- 

4330 concludltd that incentives exist tc re 
evaluate thc risk significance of Appendix _[ 

rquirements . 

5.2 RISK IMPACTS 

5.2.1 &Dtoach 

Appendix B. "Approach EO Assessing Risk 
Impacts," prcivides a more detailed explanation 
of the risk assessment methodoiogy used i n  
NUREG-1 150 (NRC90) and the approach taken 
in the prtsenit study 10 update the NUREG/CR.- 
4330 (NRC86) results based on NlJREG-11%) 
A summary is providcd below. 

The NUREGKR4530 insights were based on 
the results of the Reactor Safety Study (RSS) 
and the Pkactor Safety Study Methoc'> 
Application Program (RSSMAP). The purpose 
of this update is to incarporate Iht lateit PRA 
results, notarbly those in NUREG-I 150 and 
related supponing documentation, namely the 
NUREGKR-4550 (NRCFK)A) and -4551 
(NRc90RF)i series of reports. 

In the Reactor Safety Study, source terns were 
dcvciopcct fior nine release categories for the 
Surry unit. Each of these relcasc categories 
anafd be characterized by a pwticular 
containment failure mode. Point estimates ior 
rel#rsc fractions for Seven tlcmcntal fissiion 
product groups were then used to characterize 
aCb CatC,BOq. Specific consequcr ce 
caiculations were then performod for tach of !.he 
rtlmecaqgories. 'Ibis approach made it easy 
ta &W &e rtlativt contributions to the 
cwlsagc#rm# of the dieFenrat containment failure 
modes. as was d m  in NUREGICR4330 
Vdume 2. 

Ln NURECi-Ii50, P number of unit damage 
states, related to the initiating accidcnit cveii[s, 
were developed for each of &e five units 
cubidercd. Each of thesc unit damage stares 
could lead to a variety of accident prc~gression 
bins, depending an &e phenomeiioiogicai 



assumptions used ir. the statistical treatment of 
unccnainues. For example, the Surly unit 
u d y s a  for NUREG-1 150 conssidered '7 unit 
damage states, 1906 accident progression bins, 
and 200 ~:atisiicaI samples for each combination. 
A source term consisting of nhc clcmcntal 
groups was developed for tach man-zero 
probability combination of u n i r  *e state and 
accident progression bin. leading to 
approximately 32,000 combinaciorrs. Since it 
was impractical to perfmn c o m e q u c ~  analyses 
for each of the source tern, they were allocated 
IO a smaller number of source term groups. 52 
in the case of Surry. Specific cc~nsequcnce 
analyscs were then pcrfonnad for each of these 
source ierm groups. 

Original computer f i l s  ~t l l tXWd in the 
preparation of NUREG-1 1W were a d .  
Four files for each unit were found to be 
required: (1) the definition of tk accident 
progression bios, (2) the frequencies of cach of 
the unit damage states and their relatiomhip to 
the reIevanf accident ptograsiun bin u well as 

bin probabilities. (31 the expected cmsequenres 
for each of the 52 source term groups. arid (4 )  
the relationship bcrween each unit damage state 
and accident progresslcm bin to IU appropriate 
source term group. 

The information extracrecl from each sei i)f the 
above files included ihe frequencies and 
expected comtquewes of each of the source 
term groups for the base case which included all 
unit damage states and accident progression bins. 
the combinarioins with no containment failure 01 
bypass, md the combinations with containment 
isolation failun:, i .e., pre-existing leakage. 

The off-site cornstqucncz analyses for NUKEG- 
i IS0 were perf'ormed with MACCS (MELCOR 
Accident Consequence Code System). MACCS 
calculates a variety of early, as well as chn~nic, 
offsitc corisc~ucllce measures. Latent effects arc 
of primary intcrest for the present study; the 
conaequcncc measures used an dtfimtl in 



The basc case r au l r s .  representing foul accident 
risk, repeatd what had originally been done and 
werr checked against rhc published results to 
xenty the correct usage of the dotmr files. The 
combinations with no containment failure or 
bypass were used to characterize the risk 
contribution of the asswed n0mu.l ( 1 %  per 
day) containment lcalrage rate. Subtracting the 
contribution of the no canraiment failure cas6 
from the basc case gave the rtsults for zero 
containment leakage. The results for isoliuion 
failure were used to derive the expected 
consequences of a prc-exisiing large ieakagc. 
1 !sing the expected consequences for a large leak 
rogether with the probability of no containment 
failure yiefdcd the potential risk contribution of 
a large preexisting leak. These three points 
were plowd as leakage race or kakage area 
versus expected risk and 3 cune was fined 
through the points. It  was found that a second 
order polynomial would accurately repdoce  the 
three poinu. This polynomial fit was then used 
to estimate risk impacts of h k a B c  rates above 
the nominal that had been used in tht original 
analyses. 

5.2.2 Resulq 

This section presents the results of a study of the 
dependence of reactor accident risks on 
containment teak-tightness for each of thc five 
teactoricontainment types analyzed in NUREG- 
1 150. These include: 

Unit 1 of the Suny h w w  S-, a 
W tstinghouse-designed. threc-loop, 
pressurized water reactor in o 
suhaunaspheric contai- building 

[Init 1 of the Scquoyph Nuclear Power 
Plant. a W e s t q b & i g n c d .  four-loop. 
pressurized water maor in an ice 
i~mdcmcr ctmtainnwni huildtng 

Unit 1 of the Grand Gul f  Suzlear Stat im.  A 
General Electricdesigned. boiling ' w a w  
(BWR-6) reactor in a Mark 111 :oniatruner;! 
building 

Unit 1 of the Zion Nuclear Plani. a 
West i n g ho u s e- d es i g ned . f o u r - 1 no F . 
prcssuriud water reactor in a large:, dr) 
containment building 

A summary of the information extracted from 
the detailed NUREG-I 1 SO resulrs for each of the 
five units and the consequence results IS 
presented in Table 5 4 .  The results for each o f  
the units are discussed below 

5.2 2 .1  Surry 

Figures 5-2 through 5 4  present the curves 
rtiating the risk measures as a function of  
containmenr lcalcagt rafe and effective leakage 
area for thc Suny unit; tht risk measures 
considered arc total population exposuire per 
year. total latent cancer fatalities per year. and 
individual latent cancer risk per year. Increaqirig 
the c u m a i m  leakage rau from the nominal 1 
percent pcr !day to 10 percent per day leads to 
abcnn 1 p e m t  increase in total population 
expunire; iircreasing the l&gt rate to 100 
pcrwrrt per day f& 10 a 56 percent increase in 
total population exposure. 

As reported in NUREG-1150 (NRCW). nhe 
expdctad pqulation dose from potential 
accidents a~ tbe Surry unit was calculated as 31 
pason-ru~~'yuu, with a corresponding latent 
cancer eqxctation of 52E-3 per year The 
irdiviidunl Natcnt cancer risk was found to be 
1.E-9 per year. Containment leakage. at an 
assumed of 1 percent per day, was found to 
contiibutc approximateIy 1.05 percent to these 
t d s .  

Tzlt design basis leakage race for the S u w  unit 
isnOminall,y 0.1 pcrmi per day. However. the 
technical specifications for the UNI a i low lirnjted 
time operation with up to 1 percent per da\ 
comahme~nI leakage raLe Also. as n o i d  



Unit 

1 N o  ccrntarmrir frulurc 
with leakage raie ai 
1 %:day 

of U 1 sq h area 

- 
2 Early contail mtnt  leakage 

3 Basc Case 

Surrv 

I \uhaiinospheric. 
Y W R )  i 

5 I R E 0 3  

1 No c.vvainmcrit failure 
wilh leakage raic ai h h6E-07 

2 Early Lonialnmnt failure 
wlth drywtll hcad leakage 1 89E-09 

I'rach Rotlorn 

(Mark 1. BWR) 3 Early contanment failure 
wirh drywell lcakagc 

4 Early concairnmi failure 

5 .  BaseCase 

I No cuntainment fatlure 
wth lakige ralic ai 1 % 

WI& wetwcll Icbalagc 

p e r  day 

3.99E-08 

4.60E-03 ?'.83E+01 - 

3.83E46 3.93E-02 I 169E-12 

2 Early conrbcnt  leakage 

3 .  BastCasc 

of 0.1 sq fi area I .  1SE-04 (i.59E-51 I 8.3SE-11 

1.36E-02 

I .OtE-13 

7.97E+0 1 
7 

I .S?E-03 
1 .  No mnmmmt failtare 

with leakage rate a( 
Sfltlday 

of 0.1 sa ft area 
2 Early ccrnlainmcnt leakage 

1 S5E-07 

Grand Gulf 

(;Mark Ill. BWRf  
4.18E-05 1.71E-I 1 2 S6E-O 1 

5.51E-06 1.14E-12 t-- 3.295 10 

3.33E3-02 

5.66E+00 
- 

9.24E-04 

0.156 9.%E- I2 Zion - 
0.1 %/day 

5.60E-04 4 67E-10 

10YECl8 
- 

I35 6 2.44E-02 



(:i\c:'~here in this rrpon. i n  [he r isk assessmcnr 
m : A  devtatiuns trom the nominal leakage rate 
W . I C  rreated as nominal For these reasons, 
t i j th  the Reactor Safety Study as well as the 
mnre receni NIJREG- 1 1 SO analyses' assumed a 
fakage rate of I percenl per day in the accidcnl 
progression and source r e m  analyses. Thus, the 
ca1culatr.l risk contribution already incorporates 
a signifihlt allowance for greater tlhan nominal 
leakage rate. 

Figure 5-5 compares of h e  calculated individual 
latent Cancer fatality risk for Surry .as a function 
of containment leakage rate with the NRC's 
safety goal. The risk is well bebw the safety 
goal for the entire range of Icakage rates 
considered. 

The NUREG- 1 150 analyses for Surry considered 
explicitly early (pre-existing) leakage paths of 
0.1 fi2 in area; assuming critical flow through an 
orifice, this would imply an orifice about 4.3 
inches in diameter with a corresponding leakage 
rate at design pressure of about 280 percent per 
day. The probability of contajnment isolation 
failure for Surry was assessed in NUREG- 1150 
as 2E-4 per year (NRC90B). Contai ment 
isolation failure contributes less than 0. I percent 
of the laieni risks from reactor accidents. This 
low Ievei of risk contribution is clue to th? low 
predicted probability of isolation failure; 2: 
consequences of containment isolation failure in 
the event of a severe accident can be substantial. 

5.2.2.2 Peach Bottom 

Figures 5-6 through 5-8 present the CUWB 

relating the risk measures as a function of 
containment leakage rate and cV&ve leakage 
area for Peach Bottom; the risk mc~surts 
considered are total popuiatian exposure per 
year, total latent cancer fatalities per year, and 
individual latent cancer risk per ycar. lncrcasing 
the containment leakage riuc frctm the nominaI 
0.5 percent per day 10 5 percent per day Itads to 
a barely perceptible incrcase in *total population 
exposure; increasing the leakage rate to 50 
percent p e r  Jay increases the itotai popularion 

exposure b l  less rhari : p c i m !  I :.r. 

significantly lower sensi ~ V I I  I of the cai, i; I : : :~*~l  
Peach Bottom risk 3s Lumparetl Surr) 18: , ! i ~  

to the higher containment faiiurr probability r l  rr 
Peach Bottom; since the cilnfainmtnr is predicfctl 
to fail in a large fraction of core m e i l  s c t r i x u ~ ~ ~ .  
leakage becomes a lesser corsiderarinn Also. i!n 

BWRs, the fission prcduct releases uiii ier~~-l  
scrubbing by the suppression pool even i n  nian? 
scenarios in *which the c:ontaiNncnt may not he 
isolated. The expected population dosti from 
potential accidents at Peach Bottom wtis 

calculated as 28 person-rem!year, with a 
correspondhg latent cancer cxpecramn & I f  

4.6E-3 per year. The individual 1.itent canscr 
risk was flound to be 4 3E-lU per vear. 
Containment leakage rate. at an a sumrd  rate of 
0.5 percent per day, was found to contribute 
approximately 0.02 percent to these totals 

Figure 5-9 compares the individrial latent caucer 
fatality risk for Peach Bottom as a funciim of 
containment leakage rate with the NRC's safe::;l 
goal. The risk is well beIow the safety goal for 
the entire range of leakage rates considewd. 

5.2.2.3 Sequoyah 

Figures 5-10 through 5-12 present the curter 
relating the several risk measures as a function 
of containment leakage rate and effeciivc leaksage 
area for Scquoyah. Increasing the containment 
lcakage rate from the nominal 1 percenc per day 
to 10 percent per day leads to a less than 1 
percent increase in total population exposure; 
increasing the leakage rate to 100 percent per 
day lcads to an 8 percent increase in total 
populiUion exposure. The Sequoyah results 
show a i o w u  sensitivity to wntainmenlt leakrage 
rate compared wirh the Suny results beCdUe of 
a highet predicted early containment failure 
probabiiity for Scquoyab . 

As reponed in NUREG-1150, the expe:cied 
population dose F r a  potential acr:'d b i  ent5 at 
Woyah was caicutated as RO person-rernyar . 
with a corresponding latent m e r  expecrar ion (1 f 
1.4E-2 per year. The individual latd'ni cancer 
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risk was found KI be I OE-E per year. 
Cwcainrnent leakage, at an assumed rate of 1 
jwccnt Der day, was found to contribute 
approximately 0.05 percent to these totals. 

Figure 5-13 compares the individual latent 
cancer fatality risk zs a function of containmtnt 
leakage rate with the NRC's safety goal. The 
risk is well below the safcty goal for the entire 
range of leakage rates considered. 

5 . 2  2.4 Grand Gulf 

Figures 5-14 through 5-16 present the curves 
relating the several risk measures as a function 
of containment leakage rate and effective leakage 
area for Grand Gulf. Increasing the containment 
leakage rare from the nominal 0.5 percent per 
day to 5 percent per day leads to less than 1 
percent increase in total population exposure; 
increasing the leakage rate to 50 percent per day 
increases the total population exposure by about - percent. The calculated Grand Gulf risk 
shows significantly lower sensitivitv than the 
Surry risk btcausc of the higher coritOinmcnt 
failure probability for Grand Gulf; since the 
containment is predicted to fail in. a large 
fraction of core melt scenario?, leakage rate 
becomes a less important consideration. A h ,  
in BWRs, the fission product releases undergo 
scrubbing by the suppression p l  even in many 
scenarios in which the containment may inot bc 
isolated. 

The expected population dose from potential 
accidents at Grand Gulf was calculated as 5.7 
person-rcmlycar, with a correspnding latwt 
cancer cxptctstion of 9.2E4 per ycar. -The 
individual latent cancer risk was found to be 
3.3E-10 per year. Containment Italrage, at an 
assumed rate of 0.5 perccnt per day, WBS found 
to contribute approximately 0.m puotnt b thcse 
totals Figure 5-17 shows the comparison of 
individual latent cancer fatality risk for Grand 
Gulf as a function of containment Icakase rate 
with the NRC's safcty goal. The ti& Ls well 
below the s a f q  goal for the cntirc range of 
leakage rates considered. 

5.2.2.5 Zion 

Figures 5-18 through 5-20 present the cuTves 
relatins the several risk measures as a function 
of containment leakage rr .e and effective leakage 
area for the Zion i .' . Increasing the 
containment leakage . a t e  from the nominal I 
percent per day to 10 percent per day leads to 
about a 3 percent increase in total population 
exposure; increasing the leakage rate to 1013 
percent per day leads to an approximately 250 
percent increase in total population exposure. 
These results are similar to Stiny's. 

As reported in MUREG-1150, the expected 
population dose from potential accidents at the 
Zion unit was calculated as 136 person- 
rem/year, with a corresponding latent cancer 
expectation of 2.41E-2 per year. The individual 
latent cancer risk was found to be 1E-8 per  year. 
containment leaItad,ge, at.an assumed rate of It 
percent per day, was found to contribute 
approximatety 0.1 percent to these totals. 

Figure 5-21 cumpares the individual latenit 
cancer fatality risk as a function of containmenit 
leakage rate with the NRC's safety goal. The 
risk is well below ithe s a f q  goal for the entire: 
range of leakage rates considered. 

5.2.2.6 Discussion 

Table 5-5 compares the fmion product source: 
tern associated with a normal teakage rate with 
*a# rrsurting from an early large leak 
( b M o n  fizllure) for Stmy. Normal leakage 
rate was~iaken-to Ibc m>minally 1. percent per day 
aj  thc aeSip prtwwe. The early leakage wasl 
c h a r a d e r i z e d b y a 0 . 1 f F e .  Thesource 
ttrms presented have been probability weighted 
over all tht 8ou1ct term groups associated with 
thmn. The fissiorl produa 2mnC.e terms are 
given as fractions of the core inventory released 
from the currtairmrcnt. 

kdh thst tht 0.1 fi2 0- C O K W d S  t0 
a leakage rate of about 280 percent per day, it 
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Table 5-5. Coinpanlsoa of Source Terms 

can be s e n  that the fission product source rem 
are not directly proportional to the leakage rate. 
Among the factors that would influence the 
magnitude of the releases are: availability of 
driving forces for leakage, timing o f  releases 
relative to the timing of driving forces. fission 
product removal by sprays, water pocils, etc. 

Ar small leakage rates, the lossc from &e 
containment atmosphere of gases and vapors, as 
well as airborne fission products, will have very 
little influence on accident progression or the 
inventory available for leakage. Thus, at small 
leakage rates, one would expect the relcases to 
be proportional to the leakage mre. AB the 
leakage rate increases, the losses from thc 
containment atmosphere may begin to affect the 
accident progression. For example, COW 
pressure-time history and magnitude: of h i o n  
product release could decrease the residence time 
of airborne species in the wntaimat 
atmosphere. If leakage is sufficim to compctt 
with other fission product ranoval processcrr.-tbe 
magnitude of the Iealcage ibay @ream 
disproportionately with the leakage rate. lhis f 
reflected in the nsuh prwcmad #ere for Suny. 
Tbe magaitude ofthe rclcasc to the cnviro- 
cannot increase indefinitely with assumed 
lcakage rate since the invmtory available for 
lcakagt is limited. For an infinitely large 
leakage rate, everything rcieascd to tbt 
containment atmosphere would also be rtlcasad 
to the environment. Further discussion of thc 
dependence of fission product releases to the 
tnvironmcnr on containment ltakage rate is 
provided in Appmdix E. 

It is instructive to consider some specific items 
from Table 5-5.  The noble gases are not subject 
to removal by deposition or engineered safety 
features; thus, their radioactive decay is not 
considered in the containment response analysis 
but is incfuded in the off-site consequmce 
calculations, ' h e  release of the noble gases 
(Xe, Kr) increases by a factor of 40 between the 
nominal leakage and containment isolation 
failure cases, The relative increases in the 
releases for tht other species are substantially 
larger; the fractional releases of the other species 
are, of course, much smaller due to the 
influence of various deposition mechanisms. 
The relative increasta in the releases of icdine 
and the othcr species in comparison with the 
noble gases indicates clearIy that the large 
Idcage is donunacing the other fission product 
removal mtchisms. The increases in releases 
vary with the h i o n  product group. This is due 
to differences in the relative timing of the 
rd- as wdl as to differences in chemical 
b c b 8 * a m O n r g t h c ~ .  
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greater than this value would affect containment 
response by precluding orher failure modes such 
as long-term over-pressurization. Thus, leakage 
rates of this magnitude and smaller were 
grouped with intact containment. Preexisting 
l eakqe  paths of greater than 200 perm per 
day were cansidered to constitute contpiaimcnt 
isolation failure. The probability of mntaimmt 
isolation failure for Suny was assessed by the 
RSS to be 2E-3. For piupoaes of fmion 
product source term evaluation, the range of dl 
possible isolation failure sizes was Charaetcflzed 
by a leakage rate of IO00 percent per day, 
corresponding to an opening 8 to 10 inches in 
diameter. 

Using assumptions similar to those of the RSS, 
the early (preexisting) Icakagc path of CI.1 ft2 in 
area explicitly addrased by NUW-5i50 
corresponds to an orifice about 4,3 inchts in 
diameter with an associated ratc at 
design prcasure of about 280 percent per day. 
The probability of containment isol8tim hifirn 
for Suw wu aSseSsad in NUREG-1150 
2E-4. 

These observations are quite consistent with 
earlier studies on source term predictions for 
various w ntahmnt failure assumptions. In this 
study (BMIM), ithc effects of various accident- 
induced contoimnwt leakage paths on accident 
progression a d  fission product source t ern  
were addressed. It was found that accident- 
induced Ecakaga equivalent to 0.6 to 1.8 in2 in 
area had little effect on accident progression and 
that the fksion products released to rhe 
cnvirommt wtrlt proportionat to the size of 
the opening. In contrast, pre-existing 
containment isolation failures 6 inches in 
diameter werc secn to have a s igni f im effcct 
on c o w  pressure-the history and could 
lead to disproportiomcly large releases. 

5.2.3 -with EiU& Res!& 

Table 5-6 cmparcs thc results of the present 
work with ttrosc given in NUREG/CR4330, 
Vol. 2, for Surry, Peach Bottom. and Grand 
Wf, tbe three units common to both studies. 
'Ibe measure of risk cmploycd for this 
COmPUj;MJO is toul P0gul;rtion exposure in 



Risk impact 

Several notable points arise fmrn this 
cornparism First, the overall levels of risk in 
the present study are lower than those previously 
calculated; this is quite consistent with the 
N UREG- 1 1 50 conclusion that risk estimates 
should be lower than those in WASH-1400. 
Second, the present work shows mort sensitivity 
of risk to containment lcakage rate for Surry, 
but less for Peach Bottom and Grand Gulf. This 
difference is due in part to the earlier study's 
use of a constant risk dependence on leakage for 
all the units. The present effort derivwl separate 
factors for each unit from the NUREG- 
1 I SO results. The difference between Surry 
and the two BWRs is also attributable to the fact 
that, for Surry, the containment docs; not fail in 
81 percent of core melt scenarios, whereas the 
BWRs have a higher probability of containment 
failure; only when the containment stays intact 
is leakage potentially significant. 

- 

Among the many other reasons for the - 
differences in the quantitative results of the two 
studies are: 

-. Themedian - 
core damage frequency for Suny in 
NUREG-1150 is somewhat lower than Ihc 
corresponding result in the RSS; however, 
the uncertainty bands on core damage 
frequency overlap. These differences an 
explained by difkrences in the unit systuns 
over the t h e  pcriod bumten &e two studies 
and significant advances in the strut ofthe 
art in probabilistic @pes for nuclear 
power units. 

- 

accident progression bins. A distribution of 
release fractions was developed for each of 
the nine elemental grotups corresponding to 
the individual statistical sample members of 
the uncertainty analysis. For these and other 
reasons, it. is difficult to draw broad 
inferences &out the source terms of the two 
studies. However, for the early containment 
failure bim that have the greatest impact on 
risk, the RSS source terms appear 10 be 
larger thari the mean vaIucs of NUREG- 
1150 and are typically near the upper bound 
of the uncc:rtainty range. 

Sitc-gp&fic COnSegUC nce analrseg. 
NUREG- I, 150 performed sitelspecific 
analyses instead of adopting the generic site 
characteristics used in the earlier studies. 
This will directly affect the quantitative 
results, all other differences aside. 

th effects e. The current models; 
have been substsndialIy upgraded from 
earlier versions. 

-aodm ive a c t i m .  
Thcse factors have a grcater effect art acute 
cffscts than on overall population exposure. 
Latent cancer risks are sensitive to the 
~ssumed levels of interdiction of land and 
crops. 

-. The earlier study 
assumed a linear dependence of risk on 
cat&umt leakage rate basad on the 
analysis of Haa3pnn et. al.; tbe present 
snwty&rbcdanoa-Iiniardepe&mxb& 
m mEG11So Iltsults. 



reactor year. For Suny, for cxmplc. the 5 to 
95 percent confidence interval is seen to span 
approximately two orders of magnitude, Le., 
from about 3E4 to about 2E-2 latent cancer 
fatalities per year. Comparable ranges of 
uncertainty are found for the other units 
considered a Containment leakage, at an assumed 
rate of 1 percent per day, contributes about 0.05 
percent to the total risk at Surry; comparable or 
even smaller contributions were found for the 
other units. Since the design basis I.eakage rate 
for Surry is 0.1 percent per day, the reference 
risk results already include an order of 
magnitude "allowance" for increased leakage 
rate; comparable increases above the design 
basis leakage rates were incorporated into the 
assessments for the other units. 

Since containment leakage is such a small 
contributor to overall accident risk, it is clear 
that at the lower end of the leakage rate ranges 
considered in this study, any uncertainties 
associated with the calculated leakage 
contribution are minuscule in comparison with 
other uncertainties and therefore. uwrrcrinties 
associated with containment leakage are 
insignificant. 

The NUREG-1150 results for PWRs predict 
significant probabilities of no containment failure 
even in the event of core melt accidents. With 

the containments predicted to remain intact, ar 
the upper end of the leakage rate ranges 
considered (i.e., 200 - 400 j x i t n t  per day), 
containment leakage could lead to several-fold 
increases in the predicted risk. Since the: 
expected fission product source t ern;  
associated with the large leakage cases were 
substantially lower than those resulting from 
containment failure or bypass, the uncertaintic; 
associated with assessing the leakage 
contribution at the upper ends of the ranges 
considered woluld be lower than those associated 
with other cotitainment failure modes. 

For BWRs, t h e  calculated risks were found to be 
very insensitive to the assumed contairunent 
leakage rates, even at the upper end of the 
ranges considered. This i s  a direct consequence 
of predicted high probabilities of early 
Containment failure for the BWRs. Le., since 
containments are predicted to fail a large 
fraction of the time, the assumed concairunent 
ltakagc rate is not significant. Also, the 
scrubbing of ttic fission P K O ~ U C ~ S  by suppression 
pools even in many sccnarios involving large 
leakages contributes to the obscwed lack of risk 
sensitivity to rantainmtnt leakage rate. 'Thus. 
for BWRs, tlie uncertainties associated with 
asstsshg the umtribution of containment leakage 
are small compared with other uncertainties in 
the qtmtificat:ion of accident risks. 
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6. Alternatives 

The NRC considers the existing 10 CFK Part 50, 
Appendix J to be a prescriptive regulation. 
Prescriptive regulations art written with a high 
degree of specificity, leaving proponionlately less 
flexibility and discretion to the licensee. To 
e'.minatc requirements that are mawginal to 
safety, the NRC is adopting a perfomice-bascd 
approach to developing regulatory requirements, 
Performance-based regulations will include goals 
and limits based upon the operating history of 
equipment and corrnponents. i.c., an inherently 
more risk-based approach. Performance-based 
regulations also afford more flexibility and 
discretion to licensees, especially thaw whose 
performance is superior. 

In adopting a performance-based regulatory 
approach, the'NRC has adopted the following 
criteria to guide its decisionmaking: 

P e r f o m - b a s e d  regulation allows the 
licenstc flexibility to adopt cost-effective 
methods for implementing the regulatory/ 
safety goals of the original rule. 
Regulatory/safety objectives should be 
established in 8s objective a,rnanntr as 
practical. 

The regulatory/safety objectives arc: derived, 
to the extent feasible, from risk 
consideralions and their relationship to the 
NRC's safety gods. 

Detailed technical methods for mtasuring or 
judging the acceptability of a licensee's 
performance in achieving the regulatory/ 
safety objectives arc, to the ex- 
practicable. provided in industry scandprds_ 
and guidance documtnts which could be- 
endorsed in the NRC's regulatory guides. 

The new regulation is optimal for cumnt 
licensees so that licensees can decide to 
remain in compliance with m n t  
regulations. 

* The regulation is suppoRcd by ixuzisary 
modifications to or devtlopmeni of the full 

body ol' regulatory pr;ictice including. f o r  
example: stimdaril review plans, inspecimn 
procedures, regulatory guides. and orher 
regulatory dmuments. 

The new regulatim is fimnulated to provide 
incentives for innovations leading to 
improvements in safety through better 
design, construction, operating, and 
maintenance practices. 

As demonstrated in Chapter 5 .  the insensitivirj 
of calculated reactor accident risks to 
containment leakage rate suggests existing leak- 
tightness requirements could be relaxad without 
significantly affecting potential impacts on the 
health and safecy of the public. The present 
study identifies alternatives to the existing 
containment leakage-testing requirements 
inchding: ( 1 ) relaxation of the allowable leakage 
rates, (2) reductiion in the frequency of leakage- 
rate testing, and! (3) use of on-line monitoring 
systems. Addntionally, Entergy Operations, 
Inc., the operatior of the Grand Guli Nuclear 
Station (GGNS), has applied for an exemption 
from Appendix 1 requirements and has proposed 
an alternative testing program. 

Of the Appendix J test uncthods, integrated 
leakage-rate testing is the only mahod capable 
of ddezting all existing lcaks in the rcwcur 
co- syswm. However, Type A testing 
can be performed only d- shutdowns, 
precluding other activities while such testing is 
in progress. For these reasons, integrated 
lealmgo-rate testing is pcrfomxd infrequently. 
Furtha, as discussed in Chapter 4, IC& 
Idcagerate tests (LLRTs) can find a very high 
percentage of leaks in containment. 

Alternatives to current integrated leakage-r:ate 
testing that have been considered incIlude 
relaxation in allowable leakage rates as welll as 
a decrease in thtr frequency of such tests. 

6-1 hXREG- 1 493 



&g&&gy/Safety 0 

To allow the licerrsecs moteflexibility in 
the aiiocjlion of resources while 
mainraining a high degree of tassurmce 
of co~ainmew integrity. Risk impact, 
as measured by expected population 
eqmsure derived from probabilistic risk 
a.wssmerm, is the yar&tick by which 
wrious ol tem*ves  we memured. 

As discussed in Chapter 5, p a t  and cunent 
probabilistic risk asets8mcnts dunonstrate that 
population risk is quite insensitive to 
containment leakagc rate. The risk assessment 
for tix Surry unit assums a leakage rate 10 
times higher than the design level,. Even with a 
conservative leakage rate, the inc-4 risk 
due to c v u h m c r t t  leakage Is only about 0.05 
percent of the rrltal. Considering the NRC's 
siidy goals, the indivil lrrtmj fatality risk for 
Suny is assessed bc about thnc orders of 
magnitude below the god. E v a  for assumed 
containment leakage rata of w e d  hundred 
percent per day, the calculated bpcrsc in risk is 
still orders of cqnitude below the god. 

mparable results are found for thc &r units 
considered in this study. Also, the i n c m  
contribution of containment leakage is well 
within the overall unceriainty bounds of the risk 
assessments for a very broad -e af assumed 
containment leakage rates. 

iddu!Lm 

As indicated in the discussion of Ieahprate 
test txpdence in Chsptcr 4, thc I- mtcs 
observed in a significant fiactim bf *Medm 

specifications. Thus, a tclpMtion of i d -  
tightness requircnenrs w d d  ndtloe the number 

for retesting. Relaxation of lerk-tighartss 
requirements could also fpciliutt shomr test 
periods, thus permitting more of the tests to be 
conducted at a fraction of the nominal 24-hour 

leakage-rate tests Bff only mrugi.rralfy above the 

of failed tests and minimize thr: potemid mcd 

duration. 
requirements was considered. 

,4 range of modified leak-tightness 

Ereouencv 

As noted in Chapter 2, current regulations 
require the performance of three integrated 
containmenit leakage-rare tests over a 10-year 
interval. If a facility has poor experience with 
these tests, the frequency could conceivably be 
increased to every shutdown for refuelling. In 
practice and with proper justification, the NRC 
permits increased LLRTs in lieu of increased 
ILRTs. Due to the insensitivity of reactor 
accident risk to leakage rate, and because under 
current practice only a small fraction of 
excessive leakages is being detected by 
integrated leakage-rate testing, it is appropriate 
to comider alternatives ex;endir!g the inteival 
between such lests. Accc.rdingly, tesfing 
intervals of two times in 10 years, one in 10 
ycars, and one in 20 years were identified for 
analysis. 

GGNS is propsing to establish a 10-year 
interval for Type A testing. GGNS has 
performed a preservice Type A test and two 
periodic Type A tats. The first periodic type A 
test was unacceptable due to four Type C 
penetration leakages €or which corrective action 
has been implemented. The other two Type A. 
tests were sucessfu!. 

potenticrl- 

Under arrent regulations, reactor sitin# is  
d&dent upon the containment leak-tightness 
specifications. Thus, relaxation in leak-tightness 
requiranCms would require analysis tc ~isess 
compatibility with the siring requirements i n  
10 cm Part loo. 
6.2 IX)CALLEAKACERATE 

B & C) TESTS 

As with the ILRT, possible akernatives to 
current Type B and. C tests include relaxation 
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Alternatives 

in allowable lcakage rates as well as a decrease 
in frequency of testing. 

. .  Renulatorv/Safetv Obiecti Vg 

Same us stared for o p e  A tests. 

lxakane Rate 

Under current practice, local leakage-rate tuiting 
is  performed on all containment penetrations pad 
containment isolation valves during each 
refueling shutdown. Any significant leakages 
that are detected arc repaired (either bccausc a 
regulatory limit may be exceeded or because of 
good practice), even if they do not greatly affect 
the overall containment ininimum path lePknge 
rate. Thus, while the number of repairs 
performed to correa component leakage might 
decrease slightly, it is not clear hat 'my 
significant benefit would be derived from a 
relaxation of total allowable leakage rate as 
applied to local leakage-rate testing. 

Frcwencv 

Under current requirements, local Icpknse-rate 
testing is conducted at every refueling shutdown, 
but no longer than at 2-ycar intervals. Under 
current practice, testing i s  performed prior to the 
integrated containment Icakage-rate test, am! my 

the integrated test. The leakage rtductioas from 
any such repairs we added to the a d q I  
measured during the imcgrruad test tu &emin6 
the "as-found" contlinment Jdag-c' ntt. 
Historically, I& ~rmtmpcmtc - d n g  is 
conducted simultanawsly with othu shwhm 
activities, thus, they have relrtively less i n p c t  
on operations tIun URTs, yd th: cats 
associated with fbt tests are limitad to tbe 
enpew of conducting the Wf. Rbccot 
idonnation supplied by NuklARC iodi#as thu 
system oui-of-scrvice-tinae can r&ct the outage 
critical path (NUM94). Cooscqucady. th 
alternative of decnasing the frtqumcy of l d  
Iduge-rate testing has betn mnsr;iducd. 

local leakages that are found arc rq&rl$ before 

X specific propod for lessening the frequency 
2f local leakage-rate testing has been advanced 
by the Grand Cdf  Nuclear Station. GGNS 
reports that its Type B & C testing indicates 
about a 95 percent success rate. GGNS also 
indicates that most of the observed leakages ;are 
limited to selwd components that experience 
repcated failures. Based on this experienlce, 
GGNS proposes a revised approach to 1 0 4  
leakage-rate testing in which any penetration that 
SucCesJfully passas two successive tests need not 
be tested until the time of the next 1O-ycar 
integrated leakage-rate test. Any penetration 
that fails a test would have to be retested each 
shutdown until two consecutive successes ire 
observed. Such an approach is an example o:f a 
performonce-W regulation that offers the 
promise of reducing the mount of local leakage- 
me testing that would be required. 

Specifically. GGNS proposes to establish Ty:p 
B & C ttst intends based on the performance 
history of components. 

Components that arc Yarown to have a 
history of excessive leakage, such as the 
mpia staun and fedwater isolation valves, 
will d 011 tbe c u ~ n t  test interval of 2 
Y M -  



A if rrnarives 

prescribed tests, no further testing would be 
required until the next scheduled test period. If 
the sample doesn't pass, a greatti: sample size 
would be selected for testing, up to and 
including all cor r rpow,  until a successful 
result is obtained. Such an approach is similar 
to the GGNS proposal discussed obovc. 

Another approach is to limit frequent testing M 
only those I&ge paths that have a potatid 
risk significance. Such an approach eliminnteS 
small penetrations from cumidetation axxi limits 
testing to only the larger pehievptions. 
Examination of typical distributions of 
penetration s i z e  versus number suggtst rbar only 
a small number of penetrations would bt 
excluded by ais approach. 

Appcndix'A prcamr~ M hdcpth eVjuItion of 
lealrpge-rate experience for I two-mctor d e a r  
power slotion. 

however, OLM would not detect isolaticin ; d \ c  
leakages in systems closed 10 the confi. ; innisn; 
atmosphere during nonnal operation. 

Obiective 

Same CLF srared ,for o p e  A tesis. 
Additionally, to derecf certain 
ttnimUUtonal breaches of conrainmenr 
integrity on a c o t u i ~ w  basis. 

As mfcd earlier, past and current probabilistic 
risk assessments demonstrate that population 
risks arc quite insensitive to containment leakage 
rate. Sinw on-line monitoring appears to be 
we11 suited to detecting unintentional breaches of 
CO ntainmm. integrity such ils containment 
isoluion failure. it i s  instructive to consider the 
risk impra of this containmtnt failure mode. In 
NUREG-1 IN, the PRA d e l  results for the 
Swry unit fouad the probability of containment 
iaohticm failure to be 2E-4. The expected 
pophtbn risk contribution of containment 

peroeat of the totll of 31 person-remlyi*. 
blrtion was found to be approximately 0.1 



arid testing frequency requiremenu. Ori-lhe 
monitoring is considered separately. 

For both ILRTs and LLRTs, rclaxiq the 
acceptance criteria is considered in combination 
with changes in testing frequency as defined 
below. 

beauencv 

For ILRTs. alternatives considered to the 
baseline of three lLRTs every 10 years; are 
testing intervals of two times in 10 y m ,  one in 
l U ,  and one in 20 years. 

For LLRTs, which involve individual testing of 
multiple penetrations and valves, vaciationaf the 
frequency is more'complicatui. TIM bp~e~inc 
requirement (in the current Appediix J) is 
basically 100 percent testing at last every 2 
years. Extensive data from previous* teats 
indicate that virtually all failures ue woc[Ued 
with Type C valves, and it has been postulwd 
that these failuns are largely repetitive (Le., 
"leakers" are known) (NRC93B). Thus, tmw 
only lower-reliability isolation valva on tbe 
current at-lcast-oncecvcry-2-ye~r schedule is 
one alternative. However, I large data base will 
be necessary to support the assertion that thc 
"leakers" are known. 

m t l v g  

To estimate the potential cost savinp, 1 testing 
schedule consistent with the current re@mmts 
must be defined; then, alcemrtive testing 
schedules can be conrprubd to it. Most 
are licensed for 40 yeprs and oprtotc on m 
1 &month refueling cycle. With considadon of 
outage tinacs. this results in 24 power cyclts 
over the lifetime of the rcauor. Without iiceme 
extension, the avenge rctctor ha abcw 20 
years of operations mmining. Therefwc,, the 
baseline costs of remainirrg Appcmdi 3 testing 
are those associated with Power Cyclai 13 
rhrough 24. An idcalizcd ZO-ycar test schedule, 
wraisrent with Appendix J and the 10-year 

in-service inspection requirement, is used to 
estimate the present worth of the remaining costs 
of mmplying with the current Appendix J 
requirements. The schedule assumes that 
LLRTs (Type B & C3 tests) are conducted every 
refueling outage ancl that ILRTs (Type A test) 
are conducted every other refueling outage. 

To evaluate the impact of license extension, the 
assumed testing schedule was extended to cover 
an additional 20 years of operation (Power 
Cycles 25 through 36). 

Costs of the alternatives are estimated by making 
appropriate modifications (cost per test and/or 
frequency of tests) to the 20-ytar and &year 
baseline estimues. 

An additional altemtive would impose a 
requimnent to design, install, and operate an 
on-line monitoring sy8tem. 

a i v c  1 maintains the current Appendix f 
frequency taquirennerrts but relaxes the 
#uxqmcc criteria. 

rnmtam the current Appendix I 
accqtam criteria but relaxes the ILRT 
fnqucacyhmthrecpcr10yearstotwoper 10 
Y-* 

. .  
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A &tern utives 

frequency from three per 10 years to one pcr 20 
years. 

m i v e  7 relaxes the currenf Appendix J 
acceptance criteria and relaxes the ILRT 
frequency from three per 10 y m  to one per 20 
years. 

Alternative 8 maintains the current A,ppendix J 
acceptance criteria and the ILRT frequency of 
three per 10 years but relaxes LLRTs to allow 
testing of only the "lower-ncliability" 
penetrations during refueling outages. 

Alternative 9 relaxes the current Appendix J 
acceptance criteria and maintains the ILRT 
frequency at three per 10 years, but relaxes 
LLRTs to only "lower-reliability" penetrations 
during refueling outages. 

Alternative 1Q maintains the current Appendix I 
acceptance criteria, relaxes the ILRT fhqucncy 
to two per SO years, and relaxes LLRTs to only 
"lower-reliability " penetrations during refueling 
ou tags . 

Alternative 11 relaxes the current Appendix J 
acccptaw criteria, relaxes the ILRT frequency 
to two per 10 years, and relaxes LLP.Ts to only 
"lower-ret iability" penetrations during refueling 
outages. 

ye 12 rnainuins the current Appendix J 
acceptance criteria, relaxes the [LRT frequency 
to one per 10 yrms, and relaxes LLRTs to ,.,nly 
"lower-rtliabiliuy " penetrations during refuehng 
outagw. 

/iltemat ive 13 relaxes the current Appendix J 
acceptance criteria, relaxes the ILRT frequency 
to one per 10 years, and relaxes LLRTs to only 
a lower-reliabil ity " penetrations during refueling 
outages. 

M v e  14 maintains the current Appendix J 
acceptance critcria, relaxes the ILRT frequlency 
to one per 20 years, and relaxes LLRTs to only 
"lower-reliability " penetrations during refueling 
outages. 

ive 15 relaxes the current Appendix J 
acceptance criteria, relaxes the ILRT frequency 
to one per 20 years, and relaxes LLRTs to only 
"lower-reliabiliity " penetrations during refueling 
outages. 

The alternativcs defined above are summarized 
in Table 6-1. 'The risk impacts of each of rhese 
alternatives art: evaluated in Chapter 7. 

Nl ;REG-149J 
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14 1/20 X 

15 1/20 X 

X 

X 

X 

X 

X 

X 

X 
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7. RIsk Impacts of Alternative Appendix J Requirements 

This  chapter presents qualitative and quantitative 
assessments of the c o n s ~ c n c e s  of alternativeas 
to the current Appendix J rule. While the 
quantitative evaluation preseats numcrid results 
uscful for comparison and for an underrrunding 

consideration, the qualitative discuseion sets the 
antext and lends perspective to the quantitative 
results. The qualitative discussion addresses 
itcms such as the   imp or tar^^" of  contain^^^!^^ 
leakage w e ,  the relationship bawccn the 
Appendix J analysis and the NRc's !hdTety ckd 
Program, and the uncertainties which ult part of 
this study. 

of the magnitude of the chpnges under 

7.1 QUALITATIVE CONSIDERATIONS 

leakage rate conesponding to less than the area 
of ti pencil point (O.O&inch diameter opening) is 
found to exist. The disparity between what 
current statbof-the-art analysts identify as risk- 
significant and what the current Appendix J 
reguluion requirts provides the perspective for 
the mc*s marginal-to-safercy effort. 

The NRC has adopted the principle that nuclear 
risks should not be a significanf addition to other 
societal risks. They have devclopcd two 
qualitative goals supported by two quantitative 
objectives as a mans to gauge the adequacy of 
regulatory decisions regarding changes to current 
regululoas (NR(:86c). 

-vi& of C- 
Tbe qualitative goals are: 

Past studies show that overall reactor accident 
risks are not sensitive to variations in 
containment leakage rate (NRC86, 'NRC!Xl). 
This is  because reactor accident rids are 
dominated by accident d o b l  in whi& the 
containment fails or is bypassed. Such 
scenarios, even though they are of very low 
probability , dominate the predicted addent rhhr 
due to their high consequences. 

The assessment of the effect of contiiMHdnt 
I&-tightness on reactor accida rioks, 
described in Chapter 5,  confim tbt utlia 
conclusions. Thc nsults show tbnt ineretsipg 
the containment lcakqc me several CKdar of 
magnitude (100 to 200 fold) over the deai@- 
basis would h v e  a minirml impact m 
population risk (ranging from 0.2 €0 :l PerWJ 
for tbc reactora cansidemi}. 

* IndividrraE members of the public should 
bt providad (I b e l  of protection from 
the cmcqucnccr of nuclear po  wer p W  

such chat individuaLr bear no 
signiflaaru addin'onal risk to life and 
hmlrlr. 

7- I 
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Risk lrnpac! OJ' Alternatives 

i 

The risk to rhe popularion in the area 
near a nuclear power plartt of cancer 
/hmlities thar might result jriom u i a r  
power plant operation shodd nor a c e d  
one-[enth of one percent (0.1 percent) of 
[he sum of cuncer fatality tisks radting 
from all other c u m .  

Chapter 5 compares the individual lattnt cancer 
fatality risks as a function of conuinmn: 
leakage rate for the reactors assessed in 

calculated risks for all the reactors arc well 
below the safety goal (by factors of from 100 to 
5OOO) over the entire range of ].&age rates 
considered. 

NUKEG-I150 (NRCW) and finds h t  thc 

Chapter 5 also illustrates the uncertainty range 
associated with the predicted total latent cancer 
fatalities per reactor year. For Surpy, the 5 - 95 
percent confidence interval s p  ppproximutcly 
two orders of magnitude (from about 3E-4 10 
about 2E-2 latent CBliCet fatalities per yew). 
Comparable ranges of unceruimy ut f d  for 
the other units considered. 

Containment leakage, at an l s ~ d  ntt of i 
percent per day, contributes a b o ~  0.05 pcroar 
to the rotal accident risk at Surry; campddc or 

found for the ocher units. Sisoe tht dadp basis 
leakage rate far Sury is 0.1 prclart pa day, & 
reference risk results drwdy W&t 1o.fdd 
'allowance" for incrcrsbd lakage; umpmlk 
increases above the deign basis l& m@s wrrc 
jiicorporatcd inio the awxsmum fix tbc odwr 
units. 

even smnalkr leakage CoMriblltiOlpE to w 

failure modc: probabilities and magnitudes of 
fission product source terms. The NUREG- 
I150 rcsult:s for PWRS predict significant 
probabilities of no containment failure even iin 
the event of core melt accidents. With die 
containments; predicted to remain inlacf., at the 
upper end of the leakage-rate ranges considered. 
Le., 200 - 430 percent ~eontainmcnt volume per 

fold increases in the predicted risk. The 
expected fsli.ion product source terms associated 
with the Iii1-8~ leakage cases, considering all 
possible urnit dvnagc states and accident 
progression bins, were subst~ntially lower than 
those resulting from containment failure o r  
bypass. Thus, the uncertainties associated with 
rssessing the leakage contribution at the uppcr 
ends of the ranges considcral would be lower 
thrn th0K cwociatod with other containment 
failure &. 

day, C0d-t  l&gC could ltad to M V C ~ I -  



decreased doses io members of the public due to 
rductiom in shutdown risks am1 valve 
restorat ion cno~s .  and dccrcascs in Occrtpuional 
exposure resulting from less frequent or differtnt 
approaches io containment Ieakage-ratcl testing. 
In this study only the polcntial increased risks to 
the public and the decreases in occupltioIlpl 
exposure arc quantitatively addressed. Others, 
however. have studied the imp- of lais 
frequent testing on shutdown risk, and I! 
surnmrry of their findings is prcsentadl Latcr in 
this section. 

As noted earlier, the current study dm found 
that containment isolation failure is 0 mall 
contributor 10 reactor accident risk. For the 
Surry unit, mntainmcd isolation failure 
contributes less than 0.1 percent of the lutot 
risk from rcactor accidents; for sbquayah ud 
Zion, this contribution is less than 1 percent. It 
has not k e n  possible to qudQ 'the risk 
contributions of containment iso\atioa hilure for 
the BWRs, sincc in the NUREG-1150 acddent 

isolation failures hove been combined wicb otbg 
accident-induwd c o n t r i m  Mure modar. 
Containment isolation failures w+n mx assmaul 
cxplicitly due to their aclcnowldgtd tow &k 
significance. This Iow lcvd of risk - i  
is duc at lcrsl in put to tbt low pmdktd 
probabilities (2E-4 to 753) of isduion Wurcs. 

failure in the event of a BCV#C CUI k 
suhstwntial, 

S ~ U C W  bIM@ pKXdUE, CO- 

Tht c o I 1 s o Q u c ~  of cxmahma i-mhtim 

a A qualicitive cvaluarion of the pt;t:itlJi 

risk implications of ILR?8LLR7' ICY[ 

interval extension, including [fir 
identification of impacts on m i a t i n p  
event probabilities, mitigation systrni 
unavaillabilit ies,  conrainme*nt 
performaurct and operator response 

A quantitative assessment cif the risk 
impact of extending iLRT and LLRT 
test intervals on the basis of the irnpacl 
on core damage probability for one 
BWR anid om PWR. 



Risk impact of Alternatives 

Type A testing. Further, the leakage rates 
observed in these few Type A test failures were 
only marginally above currtntly prescribed 
limits. These observations, together with the 
insensitivity of reactor accident risk to the 
containment leakage rate, suggest that. reducing 
Type A leakage-test frequency would have a 
miriimal impact on public risk. 

The di.r.cussion of leakage-rate experience in 
C h p c r  4 indicates that frequent Typc B 
Iaakage-rate testing of electrical penetrations is 
c)f limited use. In approximately 27 unit-years 
of operation at North Anna, no significant 
leakage has been found for electrical 
penetrations. Other units report similar 
experiences. 

North Anna routinely tests and frequently 
replaces seals on air-locks and other inflatable 
seals. Thus, there appears to be little basis for 
trying to characterize the timcdcpcndeat 
perionnance of such components. 

Leakage-rate experience at North Anna and 
orher sites indicates that Type C leakage-rate 
testing detects the vast majority of leakages that 
exceed current acceptance criteria, It has been 
asserted (NRC93B) that isolation valve (Type C) 
leakages are generally associafed with problem 
components whose identity is known. Thus, by 
concentrating testing on such "leaktrs," the 
required extent of testing would be minimized 
while assuring a high degree of containment 
integrity. From the detailed examination of 
Type C l d  icakage-rate testing results in this 
study, it has not been possible to camiate the 
likelihood of leakage with time based on 
component parameters. A statistical analysis 
was performed to determine the correlation of 
coniponent parameters (type of component and 
operator, type of service, number cif operations 
per operating cycle, number of operating hours 

per operating cycle, manufacturer, type, and 
flow rate, temperanire and pressure seen b) 
component during operation) with the time 
between maintenance events for similar 
components. At best, approximately 26 percent 
of the variability in time between mainternu 
events could tx explained using the above 
component parameters. A correlation exists 
between the likelihood of leakage and time since 
last maintenance considering all wmponents. 
Then is a failure rate per  unit time and, if a 
component I& at outage n, a nigher 
probability that the same component will leak at 
outage n+ 1 or n+2. (The failure rate, lambda, 
equals 1.3 x 110'*/yr per component, and the 
conditional probability of failure for componems 
which have previously failed, beta, equals 0.34. 
Failure is defmed as a maintenance event.) 

In addition, the leakage rate of a cornpcmenr 
when it does leak cannot be quantified. This IS 
because the equipment used for local leakage- 
rate testing can quantify leaks only up to a 
certain size (e.& approximately 257 scflh at 
North Anna). The range of equipment used for 
local Ieakage-tatt testing is comparable to the 
maximum acceptable leakage rate. S h e  the 
sum of all local leakages must be below 0.6 L,, 
any individuid penetration or valve that 
approaches such a level of ~eakage obviously 
requires repair; thus, under current regulations. 
there is no need or incentive to quantify ledage 
ritts above these levels. Given these 
lhhtions, it is not now possible to quantify. 
precisely the iisk impacts of reduced frequency 
of Type C testing. Nevertheless, estimates of 
such risk impacts have been made using 
simplifying assumptions. 

A statistical model based on the North A r m  
Type C test exxpericnce waS developed which can 
be used to assess changes in risk based on the 
expected probability of leakage for various 
alternative testing schenies. Since it has nor 
been possible to correlate the probabillity of 
leakage with component parameters, this model 
assumes a constant failure rate for all 



components. This failure rate, along with a 
Loridilional prnhability of failure given a failure 
of the compr:nent during the prior two tests, was 
derived fron. he North Anna Typc C test 
experience. in this model, component failure is 
defined as  I&gc of the component at a rate of 
250 scf/h or greater. 

The GGNS proposal includes an analyais of the 
expected containment performatlcc under the 
proposed program. This anatyak concluded that 
the risk impacts of the proposed Cakagttcating 
program arc small and within the uncertainties 
associated with the PRA. Thus, the proposad 
performance based approach to conrainmat 
leakage testing is projected to lead to 
considerable savings in rcsoufccs with minimal 
impact on public risk. 

Conceptually, thc GGNS proposal for Type B Bt 
C testing is very similar to test scheme option 3 
addressed in Appendix A of this report. An 
evaluation of the Grand Gulf containment 
penetration pnformancc hitory (refer to 
Appendix A} indicates a compaacnt: d e p d a u  
failure factor lower than that derived from the 
North Anna data and a penttration common 
mode failure probability comparable to that of 
Nonh Anna. A p p l y 4  these factors to the 
several leakage-testing options indicates that the 
change in incremental risk due to c o w  
leskagc rate relative to the cumnt approach 
would be smaller based on the ( 3 r d  Gulf data 
in comparison with North Anna. However, the 
difference in results based on the two sets of 
data is not significant, 

tkiors used to analyze Type BIC performance- 
based test options include leakage-rate and 
failure-rate data, and the mathematical risk 
~nodels developed to simulate performance. 

L c a k a n e - R a t t D a t a  

The GGNS method does nor explicitly consider 
compoMnt leakage ra ta  to project the cxpecred 
containment performance under the proposed 
program. It is limited to potential increases in 
corminmmc isolation failure probability. Each 
pcnaruion component is assigned an allowable 
leakage rate baaad on its nominal line size. 
Considering a penetration consisting of two 
valves in series, ihc GGNS method assumes that 
if both valves leak at a rate greater than their 
allowed leakage rate, containment leakage rate is 
grcater than allowed. This m a y  be consewarive 
as many individual penetrations may h v e  
assigned oilowat~le leakage rates that are less 
than the allowable containment leakage rate. 

The analysis of North Anna leakage rates 
prcaent#l in Appendix A is based on historical 
data from Nonh Anna. White the North Arm 
history shows small (measurable) as well as 
unmcasunblc leakages, the andysis of the risk 
impacts of a l tewive  t e s t 4  schemes is based 
only on 1-e rates of 250 scfh or graer. 
Tbe lntter represents the limitation of the testing 

Illowablc wnt&iNflcnt lcalcage rate. As 
discussed prcviwIy, small leakage rates would 
have little or no risk ixnplLct 

bquiptnerrt and comsponds approximately to the 

In the W N S  tulalysis, generic failure rates 
h&l on component type are ad. Penetration 
failure rata are tdculatcd based on independent 
failures of the: components comprising a 
pmtvation without considering common mode 
failures. Also, there stems to be the implication 
that the probabilities of containment isolation 
failure and excessive leakage rate are the same. 
Failure to isolate would typically require the 
failure to close of two valves in series withim a 
penetration. Excessive leakage can take place 
even if such valves close, but fail to seal tightly. 
The latter Occurrence could be much more 
probable than the former. Both these 
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L C  mtderalicms lniroducc nonconservatisms into 
~hc. analysts; however, in light of the small 
~o!rrrihution of containment leakage rate to 
uxienr risk, these nonconscrvatimns may not be 
,:gnifiLanr 

The analysis of the North Anna data did not 
show a high degree of correlation in component 
failure rates due to component type. An average 
farlure raie was assignad to d! components based 
r3n the actual number of compomm! failures 
observed at North Anna. Common nlode factors 
for bo& multiple failures of single tmmponents 
and failures of multiple corrrporrents in a 
peenetration were derived from the ahdysis of the 
data 

GGNS uses a Baycsian analysis tcb assess the 
impact of  increases in ~ y p c  B/C tcSt intmals. 
and uses the Individual Plant Examination (WE) 
results to set limits on the allowable: probability 
of penetration failure. 

The GGNS analysis used the results of their TPE 
to assess bath positive and negative risk impacts 
for the proposed program. The areas of risk 
impact investigated were: 

valve ptrformance 
initiating event frequencies 
mitigation system availability 
shutdown risk 
containment isolation failurlt 
containment bypass 

Valve failure modes investigated wltrt: 

i n t C l d  V d V G  
failure to opetllclosc on demand 
valve restoration errors 
unavailability due to test and 
maintenance 

On-Line Monitoring [OLM) 

A previous study of OLM (NRC8H) concluded 
that such methods would be b a t  witd fa  
detecting grOS!j leakage through direct air paths. 
Le., conbinmen( isolarion failures. As noted 
earlier for die Surry and Sequoyah unit., 
contairuntnr isolation failure has been fooi,d to 
contribute from 0.1 percent to less than 1 
perccrrt of the total latent accident risk. Further, 
containment penetrations exposed to the: 
containment atmosphere may represent ordy on 
the order of 10 perrent of the total potemial leak; 
paths. Given the low risk attributed to isolation 
failures and the apparently 1irni:ed capabilities of 
OLM system, the potential risk benefit of OLNl 
appears to be limited. 

More recent studies, as discussed in Chapter 4, 
indicate that OLM systems m y  be capable of 
detecting leakage rates of the order of a few 
percent per day. While this level of leakage 1 5  
above the current technical specification h i t s  In 
U.S. units, it is still so low as to be essentially 
inconsequential in terms of its potentiad risk 
contribution. Also, OLM would be lirniited to 
detecting leak paths directly connected to t h e  
containment atmosphere; it would not detect 
valve leakages in systems closed to containment 
amsphere during normal operation. Thus,. 
OLM dm not accomplish the same objectives 
as integrated leakage-rate testing. 

7.2.1 Jitisk~mcts ou the Public 

Evaluation of the risk impacts €or each of the 
alternatives cequires establishing the baselirie 
risks associated with the current Appendix J 
acceptance criteria and testing frequencies 
Total reactor accident risk can be represenwi as 
the sum of the contributions of various Iraklip 
paths : 
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Risk {BL) = A Risk (NL) + CI Risk 
(CF) + A Risk (CBj + A Risk (IF) 

where: 
BL = Baseline 
NL = Nominal Leakage 
CF = Containment Failure 
CB = BypassConsainment 
IF = Isalacion Failure 

Changes in containment leakage rate will not 
affect the risk contributions due to containment 
failure, bypass, or failure to isolate. Changes in 
leakage rate will only affect the risk contribution 
of those accident scenarios in which the 
containment remains ir.tact. Thus, the risk 
impacts of changes in containment leakage rate 
due to varioa testing alternatives can be 
represented as: 

Risk (Alternative) = [Risk @L) - A 
Risk (NL)] + A Risk (Ah) 

The foregoing expression simply substitutes the 
incremental risk contribution of leakage 
associated with alternate testing approwhca for 
chc risk contribution associated with nominal 
leakage under current Appendix J rcquirtments, 
and the i e m  in the square brackets represent 
the risk with zero leakage. Since risk is the 
product of probability and consequence, 

Risk (Altj = Fisk (BL) - A Risk (NL)] 
+ A Probability (Alt) x Conxequence 
(Alt) 

For the evduation of the risk impacts of the - 

various tcsting alternatives Considered, the last 
term in the foregoing equation was quantified. 

Increasing the allowable leakage rate would not 
affect the probability of kakage. Thus, for 
alternatives which include increased leakage rate 
(identified in Table 6-1 as Alternatives 1, 3, 5, 
7, 9, 11, 13, and 15), only the consequences of 
increased leakage need to be considered. 

Using the PBA, for Surly as an exm;pte 
(NRC90). the bare case risk IS determined to be 
0.31 person-Sieven (31 person-rem) per reactor 
yea. The contribution to this rota1 risk 
attributed to accident sccrurios that do mot 
involve the bypass or failure of containment 
(Le., the "leakage" scenarios) is very small, on 
the order of OOOO18 person-Sievert (0.018 
person-rem) per reactor year for an assumed 
leakage rate of 1 percent per day (the design 
leakage rate for Surry is 0.1 percent per day). 
The relative contributions of containment 
lealcage ratc to reactor accident risk for the other 
units considered in Chapter 5 are comparable or 
lower than those for Surry. Since the relative 
contribution of IrAugc to rcactor acciderk risk 
for Suny envelopes those for the other units, the 
following discussion is based on the Suirry 
results. The essential insights would be 
unchanged if th actual numerical results for 
other units werr: utilized. Where somewlhat 
different insights are derived from the results for 
other units, they are noted. 

For the alternatives involving increases in ithe 
ILRT tcsting intervals (identified in Table 6-1 as 
Altemativw 2 through 7 and 10 through 15), it 
was isumcd that the characteristic magnitude of 
Ieakages detectable only by ILRTs would not 
change, but the probability of leakage woilld 
change due to the longer intervals between tests. 
As stated in Chapter 4, ILRTs detected leakages 
in only about 3 percent of all tests, and these 
leakages were chatactcrized by a leakage rate of 
about two times the allowable. For the exist,- 
ILRT frequency of three tests every ten ycars, 
the average time that a leak could be undetected 
is 1.5 years (3yn/2). If the frequency is 
changed to two tests every ten years, the averdge 
time that a leak could exist without detection 
woutd be 23 years (5yrs/2), This change would 
l a d  to a factor of 1.67 increase (2511.5) in the 
likelihood of a leak that is detectable only by 
ILRT testing. However, since ILRTs detect 
Ieaks in only about three percent of all tests, chis 
change would result in about a five percent 
(1.67 x 3 percent) increase iin the probability of 
an undetected leak. 
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I - s -  i t c i  iia!i\es iiivciivlng increases in the LLRT 
: r ~ k ~ ; r ! g  intcnals (identified 1n Table 6-1 us 
Z!;ernari\e\ H through 15). small deviations 

f I c ? n :  the allowable leakage were demonstrated to 
ha;(- 11111unlal impact cm nsk. Thus, only 
m . p a n t i f i d  ledages were ansidercd in the risk 
I I I \ P ~ C I  analysis since they had the potential of 
k i r i g  risk significant. The analyses :in Appendix 
A found that the variuus performance-bwcd 
alrerrlatiw considered were bounded by a factor 
of rhree increase in the likelihood of an 
uriquanrified leakage. Since the differences in 
the increase in leakage probability among the 
various alternatives were not large, it was 
dccidd to assess only the factor of three 
Iricrease in the probability of an unquantified 
leakage. rather than considering ali the case 
iidrviduall;. This defined the likelihood of 
increased leakage due to decreases in the LLRT 
frequency The Appendix A analysis also 
rndicatd that under the existing leakage-teat 
requirements. unquantified leakage could be 
expcrted approximately 15 percent of the time. 
'1'0 assess incremental risK due to unquantified 
leakage, a characteristic leakage rate is 
necessary 

N 1 JR EG- 1 I 50 provided a characterization of the 
ccmequences of containment isolation failure; 
rhrse are large leakages resulting from the 
faturc of  containmenr penetration isolation 
valves to close. Since the types of Idcages 
found by LLRT are due to failure 1.0 seal rather 
than the failure to close, the lwkages and 
consequences of the former an smaller than 
[',use of the latter. Thus, the cons~utnccs of 
the types of failures detected by LLRTs were 
taken to bc the median of the isolation failures 
aful nominal leakage. This approach rccognittd 
that the unquantified leakage could substantidly 
exceed ncmitlal levels without wing overly 
conservarivc characterizations such as 
contaiiunent failure. For Surry, MUREG-I150 
calculated an average consequence for core melts 
with containnkenc isolatiorl failure: of 3.874E6 
person-rem. for an average core melt with 
1 i ~ ~ i n i n a ~  leakage the corresponding consequence 
I\ 5 3 1  U persun-rerii. The mdian of these 
V . I ! W ,  !h d5. 180 person-rem. this is (he value 

used to characrerue the poretit ia l  conreqnrncc\ 
of unquantifiexi leakages 

trnative I Alternative i simply relaxes [he 
acceptable leakage rate criteria. 1:cstinlg 
frequencies are unchanged. As the PRA :resulls 
for Surry are based on a 1 percentiday Itrakacag'e 
rate and as the actual design basis leakage rat'e 
for Surry as well as many other PWRs is 
currently 0.1 percent/ day. the conclusion is that 
a relaxation of the leakage rate within a factor o'f 
10 will not hiwe a distinguishable impact on the 
population rkik. Embedded in the 0.018 person- 
redyear leakage contribution i s  an average 
consequence of about :530 person-rem and a 
frequency of about 3.39E-5 of core melt with no 
containment failure. Increasing the allowable 
leakage by a factor of ten will have no effect on 
accident risk, since a leakage rate of that 
magnitude has already been assumed in t.he risk 
assessment. Increasing the leakage rate by a 
factor of one hundred over the design basis 
value, to 10 pcrcenr per day, would increase thc 
containment leakage contnbution to risk from 
0.00018 to 0.0018 person-Sievert (0.018 to 0.18 
person-rem) per year. Thus, the overall risk of 
this alternati.ve will be (for convenience, the 
units will not bc repeated in the followin,g): 

RiSk(Al t  I )  = (31.0-0.018) + 0.18 = 
3 1.162 person-redyear 

The percent increase in risk of Alternative 1 
over the bas: case is: 

(31.162 - 31.01 x 100 % = O.S1! % 

Thus, the increases in risk contribution due to 
Icalage, assuming a factor of 100 increase ir: tlhe 
allowable lcalragc rate and rounding off, range 
from about 0.2 to t percent for the five 1:eactots 
considered. 

Alternative 2: Alternative 2 retains the current 
leakage rate criteria and LLRT fxquencies and 
reduces the frequency of lLRTs from three p e r  
10 years 10 two per 10 years. As ;ndicated 
earlier, ILR,Ts detect ;ibout 3 percent I:Jf leaks 
that are othmvise undetectable. As no data are 



available to establish the timedependency of 
failures, i t  IS rcasonablc to assume that failures 
occur randomly over time. Relaxing the ILRT 
frcqumcy from 3 in 10 years to 2 in 10 years 
will incrcase the average time that a I&-that 

from 18 to 30 months, a factor of 1.67. Sincc 
ILRTs detect only about 3 percent of Icaks, this 
results in only about a 5 percent increase in the 
overall probability of leakage. The small 
number of leaks dctcctablc only by LRTs were 
characterized by only mxginal deviations from 
existing requirements ( - 2 LJ. Combining 
Lhese factors, ix . ,  increasing the probability of 
lealrage by 5 percent and doubling the 
incremental risk contribution of l & p ,  yields 
a risk associated with his alternative of 

IS d t t a b l t  only by ILRTs-gW undctxted, 

Risk (Ah 2) = (31 .O - 0.018) + 
(1.05 x 2 x 0,018) = 31 0198 person- 
rcm/year 

Thc percent increase in risk of Alternative 2 
over the base case is: 

((31.0198-3l.0)/31.0] x . 100% = 
0.064% 

Thus, the increase in risk contribution due to a 
relaxed ILRT test frequency from three in ten to 
two in ten years and rounding off, is about a 
0.06 percent for Surry; the correspeding results 
for the other units ranged from 0.02 to 0.13 
percent. The incrementat risk impact of other 
ILRT test frquencies is calculated similarly. 

tive 3: S i w  this alternative: combha 
tht relaxed kahge-rate criteria of klitemativt-1 
with the two in 10 years ILRT ftequen~y of 
Alternative 2, the risk impact is sirqrply the sum 
of the risk impacts calculated for b e  two 
alternatives, i.e., an incrementd risk of about 
0.0022 person-Sievert (0.22 person-rem) per 
year. This incnmtntai increasc is barely 
perceptible within the total calculated accident 
risk of 0 3 1 person-Sicvert (3 1 person-ran) per 
year For the five reactors considered, the 
alculatcd risk increases range from 0.2 to 1.3 
pelcent 

.. . . 
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Altcnurive 4: Altenu;itivs 4 !s idenricii SLI 

Alternative 2, except the ILRT : r q u z n c y  13 

reduced to one in 10 years,. Relaxing the IILRI' 
frequency from 3 in 10 years to 1 in 10 years 
will incrtase h e  average time that a IC& ;ka[ IS 
detectable only by ILPTs goes undetected from 
18 to 60 months, a itor of 3 33 increasc. 
Since ILRTs detect only about 3 percenl ol 
leaks, this results in about a 10 percent increas- 
in the overall probability of leakage. The small 
number of leaks detectable only by ILRTs were 
characterid by only marginal deviariorls ffrorn 
existing requirements ( -. 2 L3. Combining 
these factors, i.t. , increasing leakage probability 
by 10 percent ad doubling the incremental risk 
contribution of teakage, yields a 0.07 peixenr 
risk increase Tor Surry; the corresponding 
results for the other units ranged from 0.02 t o  
0.14 percat. 

- 5 :  Since this alternative combines 
the relaxed leakage-rate criteria of Alternatilve 1 
with the one in 10 years ILRT frequency of 
Alternative 4, rthe risk impact is simply the sum 
of the risk impacts CafcuIated for those two 
alternatives, i-t., an incremental risk for Surry 
of about 0.00:22 person-Sicvcrt (0.22 person- 
mn) pw year. This incremental risk is 
imperceptible within the total calculated accident 
risk of 0.31 person-Sicven (31 person-rem) per 
year. The irkcreases range from 0.2 10 1.3 
percent for the five reactors. 

vc 6: Alternative 6 is identical to 
Alternative 2, excep the ILRT frequency is 
r e d u d  to OM: in 20 years. Relaxing the ELRT 
frquegey from 3 in 10 yearS to 1 in 20 ,years 
:wiil iricr& the average time that a ~ ~ - - t h a i  
is dueuable only by ILRTs-goes undetected 
from 18 to 120 month, a factor of 6.67. :Since 
ILRTs detect rmly about 3 percent of le&. this 
rcsults in h u t  a 20 percent increase i n  che 
ovcraH probability of leakage. The small 
number of lcaks detectable only by ILRTs were 
characterized by only marginal deviations from 
exisling requirements ( - 2  L.) Combining 
these factors. i e . .  increasing leakdge prokability 
by 20 percent and doubling &e tnmmenrad nsi. 
contribution of leakage. ie'lds L L) i - S  p x c r i ! .  



Rkk Impact of Altemarivrs 

risk increase tor Surry; the corraponding 
results for the other units ranged from 0.02 to 
0.16 percent. 

-7: sincc this altcrrrPtive combines 
the relaxed leakage-rate criteria of Alternative 1 
with the one in 20 y w s  ILRT frqucncy of 
Alternative 6, the risk impact is simply the sum 
of the risk impacts Cntculptod for those two 
dtemativa, i.e., an iwwnaual risk for Swry 
of about 0.0023 penon-Sv (0.23 pmowrem) 
per year. This incremental risk is barel;. 
perceptible within the total accident 
fl6k of 0.31 person-Sv (31 person-rem) ptr year. 
The increases range from 0.2 to 1.3 percent for 
the five reactors. 

M v t  8; Alternative 8 moimrins thc 
current Appendix J leakaprste criteria and 
ILRT frequency, but reduces LLRTs to only 
"lower reliability" penetrations d u r Q  reheling 
outagee. The risk impam of this can be 
estimated in a manner similar to tbat used for 

such reduced test@ on leak probability can be 
aasuucd. T k l L R T d r t r b u c ~ s t r w l l u t h c  
detailed examination of the North AMII Iehgc- 

chance that the allowable leakage ntc wiil be 
exceeded at any pint in time. The dtmutc 
Type C teatirg schancs discussed inChapw.6 
and Appcndix A appear to k cqmbk of 

drPnlatically incrcasiqg the ptobrbiIIty of rirl- 
aignifim COitcLifymtnt I-. A tictor of 
thrce increase in the probability of wmediqg 
allowable leakage me rppeus to tsyrlope thc 
mults for the vpfious performur#-bresd 
alternatives cumidad inAppadixA. "2be 
incnmcntal risk iricruse d- 
LLRTtcsthgistbeproductafaficboroftlaa 
increase in the likelihood of sucb babgc timar 
the fraction of rime thu sucb kakagcs exist& 
under tht current rqu-, times tk 
c o ~ u w t s  of such wcajp, times ebt 
f m p n c y  per year of core &Is with Iy) 

changes in thc ILRT fraquency if ths impla of 

testing experience iidicue about 1 1s pcrata 

ducing the Mo\uu Of * aritb41Et 

containment failure. Ws;q Suny as the 

example. the risk L f  changing LLRT tesring 
intervals is: 

Risk (Alt 8) = (31.0 - 0.018) + (3 x 
0.15 x 45,180 x 3.3922s-5) = 31.6717 
pcrson-r&ycar 

The percent increase in risk of Alternatjlvc 8 
over the basc case is: 

[(31.6717 - 31.0)131,0] x 100 96 = 2.2 % 

Thus, the incrtmtnul risk impact for Surry of 
reduced type C testing conesponds LO a 16.8 

t h e ,  with rn incr#se in population cxposure of 
2.2 paccnr; the range for the other units is 0.2 

percent pet dry leakage wc 45 percent of the 

to 4.4 percent, 
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attirri.;tlves, i e , 0 0091 peison-Sievcrt (0.91 
pewn-rem) per year for Surry. a 2.S) percent 
I M  lease For the other units the incrcasa range 
from 0 . 4  to 5 . 8  percent. 

A h ~ n a t i v P  12: Alternative 12 maintains the 
current leakage-rate criteria but relaxes ,the ILRT 
frequency to one in 10 years and LLRTs 10 

"1owcr-tefiabiIity* penetrations only during 
refueling outagcs. The change in ILRT 
frequency together with reduced LLRTs were 
ar;scssed io lead to increases of 0.2 to 4.7 
prrcent in overall accidenl risk. 

hlternat:ve 13: Since this alternative Icombines 
the relaxed lcakage-rate criteria of Alternative 1 
w I th the reduced ILRT aod LLRT frqicncics of 
Ahernalive IO, the risk impact is simply lhc sum 
o f  the risk impacts calculated for hose two 
altenutives. i.e., 0.0091 person-Sieved (0.91 
person-rem) per year in the case of Surry, a 2.9 
percent increase. The results for the five units 
range from 0.4 to 5.8 percent increase in 
calculated risk. 

#&putbe €4; Alternative 14 maintains the 
current leakagc-rate criteria but relaxes the ILRT 
frequency io one in 20 years and ILRTs tu 
"lower-reliability" penetrations onby during 
refueling outages. These changes iin testing 
frqueircy are estimarcd to increase o w d l  risk 
from 0.2 to 4.7 percent. 

Alternativc 1s: Since this alternative combims 
[he relaxed Icakage-rate criteria of Mteimtive I 
with the reduced ILRT and U T  frcquencics of 
Alternative 14. the risk impact is simply the sum 
of the risk impacts calculated for those two 
altcmatives. The resulting increases for the five 
units range from 0.4 to 5.8 percent. 

Changes in the Appendix J requireme:nts woutd 
result in lower rouiine occupational exposures of 
thr w d c x s  i ~ ~ v ~ ~ h e d  in conducting the 1LRTs 

and LLRTs. Based on data :from a single urilit>. 
ILRTs result in approximarely 0.C103 
person-Sievert (0.4 person-remj per test auld 
LLRTs result in approximately 0.024 
person-Sievtn (:2.4 person-rem) per test. lor  
alternatives that alter the ILRT frequency, the 
L I.,nated occupational exposure for ILRTs 
would be eliminated for each t a t  that is 
eliminated. For afternatives that provide for 
"lower reliability" LLRTs. the LLRT exposure 
would be r e d u d  in proponion to the number of 
penetrations not tested. No change in 
occupational exposures is expected for 
alternatives that simply relax the leakage-rare 
criteria. 

For the 20-year baseline. a11 remaining testing 
(ILRTs arad LLKTs) is estimated ro resu!!, on 3 
per reactor basis, in 0.284 person-Sievert (28.4 
person-rem) of occupational exposure. For the 
&year baseline, the lcstimate is 0.596 
persokSievert (59.6 person-rem) of exposure. 
The reduction in occupational exposure for each 
of the altematiws is presented below. 

-1: no change for either the 20-year 
or &year basclline. 

w v e s  2 : occupational exposures 
wwld be redud by 0.008 person-Sieven (0.8 
pcmn-tern) for the 2 0 - y ~  baseline and 0.016 
person-Sicvert ( 1-6 pcrson-rem) for the 40-year 
basclinc. 

B l m m  'vts 4 aad 5 : occupational exposures 
would k- rcducbd by 0.016 person-Seven 1.6 
perscm-fan) for tht 20-ycar baseline and 0 032 
pwsonSievtrt (3.2 person-rem) for the 40-year 
Minc. 

Alternatives 6 and 7: occupational exposures 
would 'be reducxd by 0.020 person-Sievert ( 2 . 0  
person-rem) for the 20-year baseline and 0.MO 
person-Sievert (4.0 persowem) for ;he 40-year 
baseline. 



- 8 a 9  : occupational exposures 
would be rcduccd by 0.072 person-Sieven (7.2 
prson-rem) for the 20-year birselinc and 0,144 
personSieven ( 14,4 person-rem) for the 40-year 
baseline. 

; occupational exposures 
would bt r e d d  by 0. IW person-Sievert (10.4 
ptrsonmn) for the 20-year baseline and 0.208 
personSievert (20.8 person-run) for thc #year 
bascl inc , 

-2 and 12: c~cupational exposures 
woutd be redutxd by 0.136 person-Sieven ( 13 6 
person-rem) for the 20-year baseline and 0 272 
person-Sievcrt (27.2 person-rem) for the 40l-year 
baseline. 

a t i v c s  14-15: occupational exposures 
would be reduced by 0.152 person-Sieven ( 15.2 
person-rem) for the 20-year baseline and 0 304 
person-Sievcrt (30.4 person-remj for the 4Ccyear 
baseline. 
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8. Cost Incurred in Meeting Appendix J Requirements 

r 

The signifiwt costs incurred in w i n g  the 
tcsting requirements set forth in 10 CFR 50, 
Appendix J include labor, equipment, pad 
rcplrcancnt power. For the pwpose of 
cvduatiq the impacts of alternative testing 
requirements, costs of conducting LRTs and 
LLRTs arc developed for a generic light-water 
reactor (LWR) on a per test bash, The 
estimates are basod on limited data provided to 
the NRC by the industry and an evaluation of 
the labor. equipment, and critical path time 
W e d  to perform the tests. Por comparison, 
data reponad in w l y  studies are also :presented. 

8.1 SUMMARY OF DATA REKlR'I'ED 
IN EARLIER STUDIES AND BY 
INDUSTRY 

Information on labor hours, testing pfwedurcs. 
and test rummaria for performing ILRTa and 
LLRTs were provided by VirgirXirr Power's 
North Anna Station. For ILRTs, thc 
information provided indicates thrt 
approxiznately 3,500 petdonhours arc required 

rigging of containment, inspections ami 
walkdowns, and the post-tcst rmxatkm of the 
conutnmnrt. Additionally, the rent&l of tht Jr 
comprtmofs cud air dryers, and &e W c e s  of 
I, test coordinator arc wthted at S1Qo thouand 
pcr test. ILRTs have required ;rppraXimuely 
five days of critical path timt per test. 

For LLRTs, whicb an Berformad wing utility 
pcrsonml Md cquipm#rt, tbe lsbor mimate is 
opproximntely 2,500 h a m  -fix a wqle€e  

0 f e l e w i c P l g e n d n t i m m f o r o n l y W  
ISpmxntoftheestha&dlaborhoum. TypeC 
tests, which involve tcstiq tt# vlhrts aEl 
PppmaimP#ly 90 pcmtratioru, ut lMHc 
wrmplicatcd and timeconsurn'mg and account for 
about 85 perccnt of the total labor hours. A 
breakdown of labor hours by CralR was not 
provided for either ILRT of U R T  titsting. 

to perform the system alignments, droiningb, 

b u t c r y 0 f ~ f l p n d C t t s t s .  ~ B t U b g  

Grand Gulf Nuclear Station and Calven Cliffs 
also provided some cost information to the NRC 
(NRC93B). The information provided by 

performing M ILRT is $1.8 million. While no 
basis for this uxt is given, it is consistent >with 
the value used im this report. Grand Gulf states 
that URTs, which arc performed by contract 
personnet, mt $0.53 million per outage. As 
the costs cited by Grand Gulf for LLRTs arc: far 
gr-r than those estimated for North Anna, 
additional information %was requested and 
obtairacd from Grand Gulf (GG93). This 
additional infomtion indicates that there are 
appmximattly 140 Type C penetrations and that 
the estimate of LLRT costs includes time for 
training pcrsonncl, non-productive time for the 
contract pemnacl, quaIity assurance over:tight 
by utility pcnronncl, anU clerical support to 
record and arcllive the test results. 

a v e r t  cliffs Simpiy S t a t a  that the WSt of 

330 Cost Dah 

The basic dptrr presented in NUREGICR4330 
(NRC86) for the #sa of ILRTs and LLRTs is 
tnllrw fram SFASS. The cost of an ILRT is 
c b d  u $1.3 to $2.6 million, and considers 
mplocemnrt power, the costs of cquip;ment 
rental, ud a cadtant to ovctsde the test. 
However, the atimatc does not include the llabor 

ud rastoring system alignments at the 
aWt8 88socw with rigging the COntainrneIlt for 

conclw-m oft& tean. 

Tbt mat & U T s  L Cited as $15,400, based on 
3671rborsuRnp€ormbchamicsandcngineersaad 
a-mWnl IO fKnw of t9F.fevel supervision. No 
@atanmt power COSLB are zstimated as LI-RTs 
u e a o c . ~ a n ~ c r i t i c a l p a c h .  The 
esthate in S W  of 367 labor hours is based 
QD il YQY rougb task analysis for a generic 
LWB, pnpubd primwily to estimate potential 
o c q p t h d  radiotion cxposurts. As thc critical 
factor for the analysis was time spent in 
radiation fields. no effon was made to account 
far timc spent in planning. suup. data analysis. 
etc . 
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NWKG/CR4330 also presents uti.mates of the 
costs to indurrry for implemcntrution of the 
~urrent rcquiramnts, and for the NRC for 
implementation and operations. These wets, on 
the order of tens to thowands of dollars pcr 
reactor, arc insignificant in comparison with the 
cost savings estimated for any of the 
alternatives. 

In addition to the estimates of the casts for 

the cost savings to industry that would mult 
from reduced failure ram asssocinted with a 
higher allowable leakage rate. The estimate is 
based on savings for ILRTs lonly. As 
NUFtEG/CR4330 was published in June of 
1986, it relied on inhretry practice md 
experience from the 1970s and early 1980s. 

were seldom established by utilities on the h i s  
of LLRTs prcccding the ILRT. As a d t ,  
when the ILRT identified a leakage path, rcpaira 
or isolation were affected, and Ehc test was 
extended until a "successful" result was 
obtained. In the &il-l98Os, the.NRC cluifid 
its interpretation of the "as-found" 
with tht result that utilitiecl w-i 
procedures to assure that URTs w m  ~ompldad 
and nccuuary component rcpairs mode prior to 
the commcllcement of the ILRT. This change in 
industry practice makes it questionable whaher 
or not the reductions in critical path timc 
estimated in NUREGKR-4330 would actually 
he achieved by industry. 

1cakage-W test%, NUREG/CR4330 atimatcs 

h- h t  t h  frame, "M-found" k*cI ntc8 

8.2 CURRENTSIVDYCOSX 
ANALYSIS 

CU-J- 
8.2.1 of Twe B & C -SI - 

Local leakage-rate tests of con- 
penetrations must be ptrformcd at intervals that 
do not exceed two years, with the exception of 
air-lock testing which must be p c r f o d  at least 
every six months. As the Type €3 and C tests 
need not be performed on the critid path, and 

as the tests are usually perfcrmcd by LLiIlt]i 

personnel us@ equipment already owned by the 
utility, costs of LLRTs are estimated simply 011 

the basis of the required labor hours. 

Only limited data for Type B and C testing are 
availabie from industry. Virginia Power 
provided an estimate, derived from its North 
Anna WCrRs, of 2,500 labor hours for a 
complete battery of tests, equating to $87,500 a[ 
a S351hr I h r  rate. Grand Gulf Nuclear Station 
(GGNS), a BWR, provided an estimate of 
approximately 20,000 labor hours for a complete 
battery of tests, equating to $700,000 at t h e  
same labor rate. A carehl review of the two 
estimates indicates that neither can be: used 
directly for the p u p s e  of estimating the costs 
for a generic LWR. The Virginia Power 
estimate docs not include support personnel, and 
PWRs have significantly fewer penetrations to 
tat  than BWRs (approximatety 90 versus 
q p r o x ~ l y  175). The GGNS estimate 
reflects both the greater number of penetrations 
at a BWR rud the cmt of having thc tests 
p e r f o d  by contractor rather than utility 
personnel. The GGNS costs also reflect having 
the entire contrauot crew available for the  
duration of the outage, even when LLRTs are 
not being coaducted for various reasons, such as 
system availability and maintenance. 

In attemptine[ to reconcile these disparate data, 
the bask far egch estimate resulted in the 
follow@ insights: 

1. the North Anna data do not fully reflect 
dl support p c n o ~ ~ l  involved in the 
testing; 

2. the number of Type C penetrations at a 
BWK is far greater than at a PWK; iud 

3. 0 the oontracrual arrangement under whic:h 
Grand Gulf performs its LLRTs results 
in atrxibuting additional costs to LLRTs. 
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C i i k t - n  these insights, the cost for J full banery 
(:t 'I'ypc B & C tests for a typical LU'R 'was re- 
csimated to be about $165,000, on the 
io i icwing bas is : 

1 a test of a typical Type C penetration 
lasts about 8 hours and is performed by 
a 3-person crew consisting of ai LLRT 
operator and pipefitten; 

2 .  the battery of Type B k C tats q u i r e s  
support from scheduling, survciH;mce, 
engineering, and operations - om a per 
Type C test basis, this support is 
estimated to be 12 hours; 

3.  a typiial LWR has 110 Type C 
penetrations that require LLRTs bas& 
on a weighted average of PWRS and 
BWRs; 

4.  the average labor cost is $35/hcwr; awi 

5 .  the cost for Type B ttjtiw is abut 15% 
of total LLRT costs. 

Individual utilities may experience higher casts 
based upon regional labor rates, specific 
contractual arrangements and their specific 
refueling cycle. 

8.2.2 Casts of Tyge A T- 
C U K € m  - 

Integrated 1akage;rafe tests of - ~ u i N n e n t  
integrity must be performed at least three times 
in a IO-ym period, with the- third test 
coinciding with the 16year in-se&cc inspection 
(ISi). Unlike LLRTs, which are typically 
performed entirely by utility pcrsonncl using test 
equipment owned by the utility, utilities 
frequently contract for conrmltmts to supervise 
the lLRTs and rent thc air comprwsolrs and air 
handling systems nceded for the tests. Thus, 
equipment rental costs need to be considered as 
well as labor costs Moreover, ILRTs, which 
require specifically rigging the containment for 

the t a t ,  are alwzys conductcxi on critical paih 
time. Therefore, replacement power costs rnusr 
also be included in estimating the costs of 
conducting ILRTs 

Bascd on data provided by Virginia Power. 
equipment rental and the services of the test 
coordinator are given as $lOa.OOO per t a l .  The 
labor-hours neuiixl to establish the requisite 
system alignmen&, drainings, fillings. and 
8UrvCiblW are estimated to be 3,500 per [est 
Using $35 per labor-hour results in a labor cos[ 
estimate of S122,iSOO. As Type B and C restiizg 
must be perfomred as a prerequisite to the 
ILRT, an additional labor cost of $165.000 IS 
incurred. Finally, the costs of replacement 
power must be added to thcse casts. An ILRT 
can take from 3 to 5 days. depending upon such 
factors as test pressure, time required to achieve 
stabilization of pressure and temperature. 
duration of the test portion, duration of the 
verification teat, and, of course, ability to 
achieve suitable (:est conditions. For the utility 
that provided data for two of its units, ILRTs 
require about 5 days. As the average 
replacement energy cost is $300,000 per dlay 
(NRCYlA), total replacement energy costs ;are 
estimated to be $1.5 mitlion per test. Using 
thee estimates, the total cost for an ILRT is 
cstimatd to be $1.89 million. 

el the AWDUUI ce 
-RT & LLRT Cos& 

8.2.3 mts of R . .  

T- Co& 

Relpxixq~ -the acceptance criteria for ILKTs 
should result in ishoner duration tests. Relaxing 
the acceptance criteria would have no effecr on 
the time necessary to bring the containment into 
?he proper configuration for performing the test, 
the thk to pressurize the containment, the 
minimum Chour stabilization period, the time 
for depressurization, or the time to re-establlish 
system configurations for power operations at 
the concfusion of the test. However, relaxing 
the acceptance criteria should make it irtuch 
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easier 10 e ioblish that containment integrity is 
verified with a short duration (6.8 hour) teat 
rather than the more usual 24-hour test. The 
extension of the teat period to assure rp rucceosful 
verification tCst should ale0 be leas. A rough 
estimate is that rcluing the wqtaw criteria 
would result in a savings of 16 how8 of critical 
path t h e .  h rcplrrcamnt power colla u e  
$300,000 per day (NRC91A). thh saving8 would 
reduce the cost of M ILRT (Type A test) by 
$20Q,OOO from $1.89 million to $1.169 million. 

Relaxing the acecptam criteria :for LLRTs 
(Type B & C tests) will not have any cignificant 
cost implications. This conclusion h bued on 
the small number of penetrations that currently 
fail, and the even smaller number of penecrpriona 
that margmdly fail, Coats of work and 
retesting woufd be avoided in only a few percent 
of h e  tau. For the purposes of this study, we 
estimate that 5 percent of the total costs of Type 
B & C testing could be saved if the: occeptpllcc 
criteria are relaxed. 

As discussed above, the cost8 of the 
current Appemlix J rcquhnents arc (cstbted to 
be $1.89 million far each U T  and $165 
thousand for each LLRT. Reducig the- 
frequency with which ILRTs and U T s  mt - 

be performed will, obviously, rbducethermplber 
of tats that will have to bt ptrf0-W _avtr 
operating life of the reactor, -For ILRTfi, this js 
a simple ycdno decision: &&the @t w€ll be 
conducted or it will not bc wnductad. 

For LLRTs, changing to a performrrace- -ba8ed 
standard which rapires testing of "Iower- 
reliability penetrations' only on the cwftat 
at-least-once-every-two-year scheduk is 
estimated to reduce the number of wmponents 
tested by at least 50 petcent. The exact 
percentage will depmd upon the specific 
frequency criteria adopted (see Appendix A) 
and. more imponantly. the actual ~krformanw 

htstories of the components. To illustrate t h ~  
potential cost savings, we have assumed that nci 
Type B electrical penetrations and SO percent of 
Type C valva would be classified BS "lower 
reliability penetrations." 

Elhimion of Type B electrical penetrations 
€tom the current 2-year frequency requirement 
i8 eatlmnted to eliminacc $25,000 (15 perccnt) of 
the current costs ($165,000) for a complete 
battery of Type BIC tats. The relatively small 
c a t  reduction is because Type B penetrations, 
while ~~umcfou%, pte comparatively casy to test. 
Elimination of 50 percent of the Typc C tests is 
estimated to reduce costs by an additional 
$7O,OOO. Thus, adoption of performance-basedb 
test frequencies is tstimated to reduce the costs; 
of Type BIC testing by about 58 percent. 

The alternatives considered in this analysis are 
defined in Section 6.4. Table 8-1 presents the 
estimate6 of iremining Appendix J costs per 
reactor for both 5 pcrcem and 10 p e r m  
dkouat rami. Total costs for the industry are: 
atimtui to be $724 million at a 5 percent 
diwunt rate and $494 million at a 10 percent 
dlscwnt rate. 

To evalmtc the impad of lictnst extension, the 
tlwumcd zesdng schrdulc was extended to COVCf 
~ i@iit ianJ 20  ye^^ o€ operation (Power 
cycles25 through 36). Tabie 8-2 presents the 
uuimm of canakhg Appendix J costs per 
macjorgf - -  the current Appendix J frequency and - 

criteria assuming a ZO-year license 
Total costs, ass- all 1ia:nSets 

seck and arc granted a 20-year license extension, 
92e estimated to be $1.075 million at a 5 percent 
discoynt rate and $599 million at a 10 percent 
discount rate. 

Costs of the alternatives are estimated by nlaking 
appropriate modifications (cost per test imd/or 
frequency of tests) to the 2Cbyear and 40-year 

h' t SEG- 1493 8 4  



i a'.!. i;rit: rot:risitt:t Details of each estimate are 
; : . r t L : x r : : t d  in Appendix D. and the iesults on an 
: i i h i i ~ ! r y  wide b a ~ s  are summarimj irr Tables 

rate and $333 nullion 167.4 percenL) at a 10 
percent discount rate. For the @year baselux, 
this alternative reduces costs by $662 million 
(61.6 percent) at a 5 percent discount rate atnd 
$383 million (63.9 percent) at a 10 percent 

. Altcrrxitivc - -.---- _---.-_ 1 .  Alternative 1, which maintains discount rate. 
die urrent Appendix J frequency requirements 
bur relaxes the acceptance criteria, is estimated Alrernatwt_SI 1his alternative, which relaxes 
tci  reduce die industry's 20-year baseline costs the current Appendix J acceptance criteria and 
by $77 million (IO percent) at a 5 percent reduces the ILKr frequency from three per 10 
i l i s ~ o u r ~  rare a d  $49 million (10 percent) at a years to one per 10 years, is estimated 10 r e d i m  

) pcrcent dtscount rate. For the 40-year the industry's 20-year baseline costs by $SO0 
uaseline, chis alternative reduces msts by $108 million (69.1 percent) at a 5 percent discount 
r i i i l i i ~ ~ i i  ( 1 0  I percent) at a 5 percent discount rate and $345 million (69.9 percent) at a 10 
rate atrd $60 million (10 percent) at a 10 percent percent discount rate. For the 40-year baseline. 
d i w ) u n t  raw. this alternative reduces costs by $697 million 

(64.8 percent) at. a 5 percent discount rate and 
- Altcrriative .-- ---- 2. 'lhis alternative which maintains $400 million (66.8 percent) at a 10 percent 
[he currenl Appendix J acceptance criteria but discount fate. 
reduces the ILRT frequency from three per 10 
ycars io two per 10  years, is estimatad" to reduce w i v e  6: ,\ltemative 6 ,  which maintains 
the industry's 20-year baseline costs by $241 the current Appendix I acceptance criteria but 
n u l l i c I n  (33.3 percent) at a 5 percent discount reduces he ILRT frequency from three per 10 
rare and $168 million (34.1 percent) at a 10 years to one per 20 ycars, is estimated to reduce 
percent discount rate. For the 40-year baseline, the industry's 20-year baseline costs by $597 
this alternative reduces costs by $332 million million (82.5 percent) at a 5 percent discciunt 
( ? 0 . ( 3  percent) at a 5 percent discount rate and rate and $406 million (82.3 percent) at a 10 
$194 million (32.3 percent) at a 10 percent percent discount rate. For the @year baseline, 
discount rate this alternative reduces costs by $823 million 

(76.5 percent) at a 5 percent discount rate and 
?\1drnative 3.  Alternative 3, which relaxes .&e $467- million (78 percent) at a 10 percent 
curreril Appendix f acceptance criteria and discount rate. 
reduces the ILRT frequency from he$ pir -10 
years 10 tv. 0 per 10 years, is.wtimated 'tO-kfUW. - . .. .- m e  7: Alternative 7, which relaxes the 
the industry's 20-year baseline .. dclsts. .. . byl $287- . .- ~ : A p P c n d i x  ,J BcceptaLIct criteria and 
million (39.7 percehtj-at a s pGrcint~di:S$&iit rcxi~ixs~_tbt-lLR,T frequency f i ~ m  three pet 10 
rate atid .S IW mitjion (40.3 pe+t:,- at-i-.lO-:-- :- : y+i t&3ne+r-20 y m ,  is estimated to reduce 
percent discount rate. Far the 4gyear baseline, the .indUj.t;);rs -2O-ycar baseline costs by $604 
(his alremarive reduces costs by.M'b4 million . .million (83.4 percent) at P 5 percent discount 

rate and .$4li million (83.1 percent) at ai 10 (37.5 percent) at a 5 percent discount rate.-& 
$232 million (38.8 percent) at a 110 perceht -. percentdiscwnx me. For the @year baseline. 
discount rate. this alternative reduces costs by $839 mil.lion 

(78.1 @rcmt) irt a 5 percent discount rate and 
Alternitlive 4: Alternative 4, which maintains $475 million (79.4 percent) at a io percent 
rhc current Appendix J acceptance criteria but discount rate. 
reduces the ILKT frequency from three per 10 
\ u r s  1 0  otic per 10 years. is estimated to reduce Alrernative 8: Alternative 8, which maintains 
tht. inLius;(ry's 10-year hriseliiir costs, by 9 8 1  the current Appendix J acceptance crl!eria and 
tl-.llllrlll ( w  4 !w-ceni \  ;if a S percent discount the ILRT frequency of three per I O  years bur 
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rrlaxes I-LRTs to "lower-rellability" penetrations 
on ly  during reheling outages, is cstimatad to 
reduce the industry's 20-year bwl in t  costs by 
W million (5.5 percent) at a 5 percent discount 
raft ;in4 $28 milfion (5.7 percent) at a 10 
percent discount rate. For the 40-year baseline, 
this alternative reduces costs by S55 million (5.1 
percent) at a S percent discount rate and $33 
million (5.4 percent) at a 10 percent discount 
rate, 

A l t c M v e  9: Alternative 9, which relaxes the 
crurrent Appendix J acceptance criteria, 
maintains the ILRT frequency at thrae per 10 
years, but relaxes LLRTs to "lower-reliability" 
penctrations only during refueling outages, is 
estimated to reduce the industry's 20-ycar 
baseline costs by $1 If million (15.3 percent) at 
a 5 percent discount rate and $76 million (15.4 
percent) at a 10 percent discwnt rate. For the 
&year baseline, this alternative reduces costs 
by $161 million (14.9 percent) at a 5 percent 
discount rate and $91 million (15.1 p e r m )  at a 
10 percent discount rate. 

Alternat ive 10: Alternative 10 which mainlains 
the current Appendix J acccptancc cxiterh, 
reduces the ILRT frequency to two per 10 yeors, 
and retaxes LLRTs to "lower-n?ltobility" 
penetrations only during refueling outages, is 
estimatai to reduce the industry's 20-yw 
baseline costs by S295 d i m  (40.7 peroent) at 
a 5 percent discount rate and $206 d i 0 n  (41.7 
percent) at a 10 percent discount mte, For-the' 
*year baseline, this alternative seduces wds 
by $406 miliion (37.7 percent) aca-5 percent 
discount rate and S237milIion (393 pefu!ntt-U 
a 10 percent discount rate. 

Alternatjve 1L; Alterintivc 11, WE& relaxes 
the current Apptndix J acccp&-cri&ria, 
reduces the ILRT ficquency to two per 10 y&, 
and reduces LLRTs to "lower-reliability" 
penetrations only during rcfueling outages, is 
estimated to reduce the industry'!; 20-y#u 
baseline costs by $338 million (46.6 percent) at 
a 5 percent discount rate and $235 II~I~OR (47.5 
percent) at a 10 percent discount rate. For the 
.tt!-yenr baseline, this alternative reduces costs 

by $473 million (44 percentj at a 5 perc1ent 
discount rate and $273 million (45.6 percentil at 
a 10 percent discount rate. 

m i v e  12: Alternative 12, which maintains 
the current Appendix J ricceptance criteria, 
radum the ILR'T' frequency to one per 10 yeaxs, 
and relaxes LLRTs to "lower-re~iabilit?" 
penetrations only during refueling outages, is 
estimated to reduce the industry's 20-year 
baseline costs by $548 million (75.6 percent) at 
a 5 percent discount rate and $379 million (76.8 
percent) at a 10 percent discount rate. For the 
r ( 0 . y ~  baseline, this alternative reduces iOStS 
by $754 million (70.1 percent) at a 5 percent 
discount rate anclW36 million (72.8 percent) at 
a 10 percent discount rate. 

IVC 13; Altemativc 13, which relaxes 
the anent Appendix J acceptance criteria, 
reduces the ILRT frequency to one per 10 yeas ,  
and rcducea LLRTs to "lower-reliabiliity" 
penetntions only during refueling outages, is 
estimated to reduce the industry's 20-year 
baseline costs by $563 million (77.8 percent) at 
a S percent discaunt rate and $389 million (7'8.8 
percent) at a 10 percent discount rate. For the 
&year baseline, this alternative reduces costs 
by $784 million (72.9 percent) at a 5 percent 
discaunt tate and $451 million (75.2 percenl) at 
a 50 percent discount rate. 

. .  

tve 14; Alternative-14, which maintains 
. . -  . ,thi~-umint .Appendix J acceptance criteria, 

- :- - - -  -- teauces-6 ILRT frequency to one per 20 years, 
"lower-reliability " . .  .; ;&;iiiw .- .Lrn.?fS 

:. ...-M:O~Y dl&g .rcfueiing outagtsi, is 
: - - . .-+-@--@.. . _ _  . - .. .. ~w be- industry's 2o-:ym 

- -  : - bojelint-&i~&-~y.$670.mi~lion ._ . . (92.6 percent) at 
a 5 p e a t  discow rate and $457 million (!J2.5 

. pcrccnt).at:r 10 pcrce& discount rate. For the 
.-4Q-year baseline, this alternative reduces c ~ s t s  
by $923 million (85.8 percent) at a 5 percent 
discount rate and $525 million (87.7 percent) at 
a 10 percent discount rate. 

. .  

M v c  15; Altetnative 15, which relaxes 
the current Appendix 3 acceptance critet la,  

reduces the ILRT frequency to one pesr 20 



years I and relaxes LLRTs to "lower-reliability" 
penrtrarv~ns only during refueling outages, is 
csttrnated t o  reduce the industry's 20-year 
baseiine cos& by $673 million (92.9 percent) at 
a 5 percent discount rate and $458 million (92.8 
percent) at a IO percent discount rate. For the 
40-year baseline, this alternative rtdutxs costs 
' .. $934 million (86.9 percent) at a 5' percent 
discounr rate and discount rate. 

On-Line Monitoring 

Infonnation provided by the Swedes and the 
French indicate that the OLM systems that they 
are familiar with or in the case of the French 
using, cost about $240 to 5400 thousamt. These 
estimares are for an installed system, and no 

breakdown of C O S ~ S  ( e .g  , engiiieering, 
instrumentation, installation) 13 ;!vaiiablt: 
Operating costs are cconsidered 10 he 
insignificant, and the equipment is expected IO 
have an operating life equal to that of rhe reactor 
itself, 

As there do not appear to be any signific;int 
annual costs for operating or maintaining 0L.M 
systems, and because the 5;ervice life of such 
systems are essentially the same as for the 
reactor itself, th,ere is no need to perform a 
present worth evaluation of OLM costs. The 
cost of an OLM system is simply the iniitial 
installad cost, 01: approxim,ateIy $240 to $4.00 
thousand. 

Table E - 1 .  BaBddnO (Per Reactor) : 20-Year Test Cycle 
No License Extenaloria, Currant Appendix J Eepuirements 

F4-pe B & C Tests (LLRTa) I 
Type A Teate (ILRTe) - $165,000 per t e s t  

$1 ,890 ,000  per t e s t  

Period 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th P o w e r  Cycle 
15th Outage 
16th Power- Cycle 
16th Outage 
1 7 t h  P o w e r  Cycle 
17th Outage 
18th P o w e r  Cycle 
18th Outage 
19th P o w e r  Cycle 
19th Outage 
20th P o w e r  Cycle 
20th Outage 
21at  Power Cycle 
21st Outage 
22nd Power Cycle 
22nd Outage 
Z3rd Power  Cycle 
23rd Outage 
24th P o w e r  Cycle 

shutdown 

Teats  C!O s t a costs 
Durati'on Required 5% Diecount 101 Discount 

0 - 18 month8 
18 - 20 months 
20 - 38 month 
38 - 40 montha 
40 - 58 months 
5 8  - 60  month6 
60 - 7 8  months 
78 - 8 0  months 

98 - 100 month8 8 0  - 9 8  IUQnthS 

100 - 118 months 
118 - 120 -the 
-120 - 138 
138 - 140 m t h s  
140 - 158 months 
150 - 160 mtb 
160 - 178 month8 
178 - 1 8 0 _ m m t h ~  
180 - 198 mnthe 
198 - 200  months 
200 - 216 months 
218 - 220 mnthe 
218 - 238 mntb 
238 - 240 months 

B & C  

A + E I & - C  

B & C  

A + B C C  

B P C  

A + B & C  

B h C  

A * B C C  

B & C  

A + B & C  

B & C  0 

none 

153,353 

1,619,377 

1 3 0 , 3 3 1  

1 , 3 7 6 , 2 6 4  

110,765 

1,,169,649 

9 4 , 1 3 6  

994 , 053 

8 0 , 0 0 3  

8 4 4 ,  e i e  

67,993 

D 

143 , 017' 

I, 397,561. 

104,08?' 

1,017,13S~ 

75,7541 

740,270 

5 5 , 1 3 4  

538.76 I i  

40,126 

3 9 2 ,  I l l  

29,204 

0 

Total Net Pres nt Valuea 6 , 6 4 0 , 7 4 2  4,533,1613 

R-7 



Table 8 - 2 .  Baseline (Per Reacttt): 40-Year Test  Cycle 
20-Yeat License Extensions, Current Appendix J Requirements 

$165,000 per test 
$1,890,000 per teat 

Per io4 

13th P o w e r  Cycle 
1 3 t h  Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
18th Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th P o w e r  Cycle 
20th Outage 
2 1st Power Cycle 
21et Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 
24th Outage 
25th Power Cycle 
2 5 t h  Outage 
26th Power Cycle 
26th Outage 
27th Power Cycle 
2 7 t h  Outage 
28th Power Cycle 
2eth outage 
29th Powe. Cycle 
29th Outage 
30th Power Cycle 
30th Outage 
3 1 s t P o w e r  Cycle 
3 1 s t  outage 
32nd Power Cycle 
32nd Outage 
33rd Power Cycle 
33rd Outage 
34th Power Cycle 
34th Outage 
35th P o w e r  Cycle 
35th Outage 
36th P o w e r  Cycle 

Shutdown 

Testa coats  COSl-9 
Duration Required 5 %  Discount 10% D i s c o ~ n t  

0 - 18 months 
18 - 20 months 

38 - 4 0  month 
4 0  - 58 moncha 

60 - 7 8  months 
78 - 8 0  month 
80 - 98 manths 
98 - 100 months 

118 - 120 months 
120 - 138 months 
138 - 140 months 

160 - 1 7 8  month8 
178 - le0 month 
180 - 198  month 
198 - 200 monthe 

218 - 220 months 
218 - 238 mntha 
240 - 258 monthe 

278 - 21301 months 

1 9 8  - 300  month 
300 - 318 manthe 
320 - 338 rnpnthe 
338 - 34CI mongha 
340 - 35EI months 
358 - 360 mntha 
360 - 378 -the 
378 - 380 months 
380 - 598 F&hS 
398 - QOO-m-nthe 
400 * 410 ~ W t i t h B  
118 - 420 lncmtb 
420 - -43a I F J X I ~ ~ S  
438 - 4 4 0  months 
440 - 4f8 months 
458 - 46U months 
460 - 478 months 

2 0  - 38 month8 

58 - 60 Mnth8 

100 - 118 month8 

140 - 158 months 
158 - 160 month8 

200 - 218 months 

238 - 240 month8 
258 - 260 mnth8 
260 - 278  mnths 

2 8 0  - 298 math8 

318 - 320 months 

476 - 480 month8 

B & C  

A + ~ & c  

6 & C  

A + B & C  

B L C  

A + B & C  

B & C  

A + B & C  

B h C  

A + B & C  

B L C  

A + B & C  

B G C  

A + B & C  

B & C  

A + B & C  

B C C  

A + B & C  

3 c c  

A + B & C  

B C C  

none 

1 5 3  , 353 

1 , 6 1 9 , 3 7 7  

130,33~1 

1,376,264 

110,965 

1,169,6419 

94 , 136 

9 9 4 , 0 5 3  

80, 003 

a44 , 81.8 
67,  993 

717,9tlB 

57 , 785 

610,198 

49,1:10 

5 18.5131 

r: 1,737 

4d:i3,7:36 

3 5 , 4 7 1  

3 7 4 , 5 7 0  

30,146 

318,336 

2 5 , 6 2 0  

0 

143,(>17 

1,397, $61 

1 0 4 ,  ::El7 

l a O 1 7 , : L 3 S  

7 5 ,  '7 5 4  

7 4 0 ,  2 7 G  

5 5 .  ,134 

530.765 

4 0 ,  126 

5 9 2 ,  111 

29,1204 

205, ?-.; 

21, 2 5 4  

207,1696 

15,469 

151,160 

11,258 

110,014 

8 , 1 3 4  

80,068 

5,963 

58,273 

4 , 3 4 G  

U 

T o t a l  N e t  ~ r e ~ t n t  values 9,861,030 5,492,234 

'I D 



7'at;l! 8-3. Summary of Induotry-Uide Colt .  - 20-'Ycar Baeeline 
and Altemutiveu, 5-percent Discount. 

P rcsntagc 
Alttrnative 

Cast 

Costa Saving e Savings 

Baselins - 
Current Leakage Criteria 
rnd TI$ t I.'raguancier 

Relax Leaksga Criteria Only 

Curr nt Leakage Criteria, C h a  e 
ILRT Frequency Only to 2 par :I% Yearr 

Relax Leakage Criteria, Changc, 
Prtqutncy per Alternative 2 

Current Wikags Criteria, 
ILRT Frequancy Only to 1 par 1 Yearr 

Relax Lsakase Criteria Churglr 
Prtquancy per Alternative 4 

Current Leakage Crfterim, ch.n e 

Alternative 1 - 

Alternative 2 - 

Alternative 3 - 

Alternative 4 - 
cw?e 

Alternative 5 - 

A l t  m t i v a  6 - 
ILRT Prequsncy Only to 1 per"2 % Y4.r:. 

Alternative 7 - 
R lax Leakage Criteria, Change 
Frequency par Alternative 6 

Curr nt Leakage Criteria, mLouer-Re- 
liability* LLRTe Only During Refueling 

Relaxed La8krge Criteria, *Inwrrr-Re- 
liability" LLRTB Only Durfag Refueling 

Alternative 8 - 

Alternative 9 - 

Alt rnative 10 - 

714,000,000 

6~1,000,000 

483,000,000 

437,000,000 

213 + 0 0 0 ,  000 

224,400+040 

127,000,000 

120,000,000 

681,000,000 

613, 000,000 

Current Leakage Criteria, Cburge Bt.qu- 
of ILRTs to  2 in ;to Yeatic "Lowar- 

;%bilityn URTa Only During-Rrfualirpg 429,000,000 

Relaxed Leakage Criteria, change Fm-- 
quency par Alcemaitfva IS] 

current Leeage Criteria, - k g a  ~reqg- 
of ILRTa tu I. fn 16 Yearr, *Lower- 

Altarnative 11 - - 

-386, d00,WO 
- 

f i t 8 m t i V O  12 - 

gnzability" LLRT8 Only f h g  RafUefing 176,600,000 

Alt -tin 13 - 
Relaxed Leakage Criteria, Change Prs- 
puency per Alternative 12 I61~000,OOO 

Alternative 14 - 
Current Lsakage Criteria, chrurgcc Frequ- 

of I L R T ~  to 1 in 20 Yearm, 3frowar- encY R e 1  ability" LLRTe Only During RefUaliog 

Relax d Leakage Criteria, Change Fr - 
54,000,000 

Alternative 15 - 
quency per Alternative 14 51,000,000 

0 

73,000,000 

241,000,000 

2 8 7 ,  OOQ, 000 

481,006,000 

5 0 0 , 0 0 0 , 0 0 0  

5 9 7 , 0 0 0 , 0 0 0  

604 , 000 , 000  

40,OOO,OOO 

111 , OOO,,  000 

29S,OOO,,  000 

338,000 , 000 

548,600,000 

563 , 000 ,000  

6 7 0 , 0 0 0 , 0 0 0  

6 7 3 , 0 0 0 , 0 0 0  

0.0% 

10.08 

3 3 . 3 v  

39.7% 

6 6 . 4 %  

69.1% 

8 2 . 5 %  

8 3 . 4 %  

5.5% 

15.3'k 

4 0 . 7 %  

4 6 . 6 %  

7 5 . 6 t  

77.82 

92.6;2 

9 2 . 9 2  
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Tabla 8 - 1 .  Sununary of Indurtry-Wide Coot8 - 20-y ar Baseline 
and A l t  rnativ 8 ,  10-percent Di8c~ount 

Alternative 
Cost Percentage 

Coot8 Savinge Savings 

Baseline - 
Currant Leakage Criteria 
and Teat Frsquencler 

R lax Leakage Criteria Only 

Current Leakage Criteria, <!hangs 
ILRT Frsquancy Only to 2 par 10 Yeare 

R lax t s a b g s  Criteria, m g u  
Pr Quency per Alternative ;I 

Current Leakage Criteria, (:hang. 
ILRT Frequency Only to 1 gor 10 Ye8rm 

Relur Lerkrge Criteria, Chug8 
Frequency per Alternative 41 

Alternative 1 - 

Alternative 2 - 

Alternative 3 - 

Alternative 4 - 

Alternative 5 - 

A l t  m t i v e  6 - 
Current Leikage Criteria, (2huqa 
ILRT FraquQncy Only t o  1 p&r 10 Yoarr 

R lax Leekage Criteria, Change 
Frequency per Alternative 6 

Current Leakage Criteria, ltLouor-Ra- 

Alternative 7 - 

Alternative 8 - 
lhbility‘ U T 8  m y  During Refurnling 

Alternative 9 - 
Relaxed Leakage Criteria, ‘mLovmr-Re- 
liability“ LfLRTe Only During Refuoliag 

Altarnative 10 - 

4 ~ 4 , ~ 0 ~ , 0 0 ~ ~  

445,000,000 

3 2 6 , 0 0 0 , 0 0 0  

295,000,000 

161,000,000 

149,000,000 

€la, 000,000 

e3 , 000,  0011 

466,000,000 

418,000,000 

Current Leakage Criteria, Change Brrqu- 
of ItRTe t o  2 in 10 Yarr-a, “Lo-yar- 

Re1 “Y ability* LLRTa Only lhuchg Refwlbg 288,000,000 

Relaxed k.k.ga Criteria, Change h a -  
quency per Alternative 10 - - - - 259,000,000 

A l t  rnative 11 - 
- 

Alternative 12 - 
Current Leakage Criteria# c=buige ?zequY 

of ImTa t o  1- in 10 Yearm” m W r -  
E % b i l & t y *  ltLRTi Only During Refueling 116,000,001D 

Relaxed frsakage Criteria, Change Re- 
A l t  rnative 13 - 
Quency per Alternative 12 1os,ooo, 00~0 

Alt rnative 14 - 
Current Laakaga Criteria, Change Frequ- 
enc of ILRTU to 1 in  20 Yaarrr, *Lower- 
Relxebilityrl tLRTe Only During Refueling 37,0000. 000 

R e l a x  d Leakrg Criteria, change Fro- 
quency per Alternative 14 36,000,000 

Alternative 1s - 

0 

49,000,000 

168,000,000 

199,000,000 

333,000,000 

345,000,000 

406,000,000 

411,000,000 

28 ,000 ,000  

76,000,000 

206,000,000 

235,000,000 

-379, ooa, aou 

389,000,000 

453,C)OO, 000 

458,000,000 

-- 

0.OI 

10 .O% 

3 4 . 1 %  

4 0 . 3 %  

6 7 . 4 3  

6 9 . 9 %  

82.3% 

83.1% 

5’.7c: 

15.4% 

41. 7 %  

4 7 . S t  

71i.8t 

7 8 . 8 %  

9 2 .  S t  

9:2.8% 

NUREG-1493 8-10 



Table 0 - 5 .  S u m n a r y  of Industry-Wide Caste - 40-year Baiselrne 
and Alteniativss, 5-percent Discourit 

cost 
Percentage 
Alternative coare Savings Saving16 

- - -. 

Baeeline - 
Current Leakage Criteria 
and Taat Frequencies 

Relax Leakage Criteria Only 

Current Leakage Criteria, Chur e 
ImT Frequency only to 2 per 1% Yearr 

Relax Leakage Criteria, Change 
Frequency par Altarnative 2 

Curr nt Leakage Criteria, Chunge 
XLRT Frequency Only to 1 per 10 Years 

Relax Leakage Criteria, m g e  
Frequency per Alternative 4 

Current Leakage Criteria, 
ILRT Frequency Only to X 

Alternative 1 - 

Alternative 2 - 

Alternative 3 - 

Alternative 4 - 

Alternative 5 - 

Alternative 6 - 

Alt rnative 7 - 
R lax Leakage Criteria, Changa 
Frequency par Alternative 6 

Alternative e - I 

1,075,000,000 

967,000,000 

743 , 000,000 

671,000,000 

413 , 000,000 

37a,ooo, ooo 

252 , 000 ,000  

236,000 , 000 

Current -aka e Criteri8, aLuwar-Re- 
liability* &a 0n3y wing Refueling 1 , 0 2 0 , ~ 0 ~ ,  000 

Relaxed Lsah e Criteria, “Lawr-Re- 
liabilityw I&a Only Dur#.ng Rafwling 

Alt rnative 9 - 
914,000,000 

Alternative 10 - 
Current Leakage Criteria, Change Frrqu- 
enc of ILRTs to 2 in 10 Yearr, %ewer- 
Relfability* LLRTu Only During Refueling 669,000,000 

Relaxed Leakage Criteri8, Change Fro- 
quency par Alternativr 10 602,000,000 

Alternative 12 - 
Current Lealug4 Criteria. Change m- 

of ILRTI to 1 In 10 Ymaro; *-r- 
 el ability” m T a  Only During RefueUng 321,0Op,OOO 

Alternative 13 - 
Relaxed Leakage Criteria, Change Fre- 

Alternative 11 - 

~ ~ e n c y  per Altarnative 12 

Current Leakage Criteria, change Prequ- 
cncy of X D a  to 1 in 20 Yaarm, YLowar- 
Reliability” URTm Only Durhg Refuelhag 152,000,000 

Relaxed Leakage Criteria, Change Pre- 
quency per Alternative 14 141,000,000 

791,000 , 000 

Alternative l4 - 

Alternative 15 - 

0 

108,000,000 

332,000,000 

404,000,000 

6 6 2  , 000,000 

697,000,000 

823, 0 0 0 ,  000 

839,000,000 

55, 000 , 000 

161,OQO,OOO 

406,000,000 

473,000,000 

754,000,000 

784,400,000 

923,000,000 

934,000,000 

0.0% 

10.1% 

30.9# 

3 7 . 5 %  

61.6% 

6 4 .  am% 

76.582. 

78.1# 

5.1,% 

14.9% 

37.7% 

4 4 . 0 %  

70.1% 

7 2 . 9 t  

8 5 . 8 3  

86. 9% 
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Table 0 - 6 .  Summary of Induotry-wide Costs - 40-year Baseline 
and Altarnativsi, 10-perc nt Diecotst  

cost Pe r ce.? t a $3 e 
A l t  rnative coate S a . v i  ng a Sav! nga 

--- 
BaecLine - 
Current Leakage Criteria 
and Taet Frequencian 

Relax Leakage Criteria Only 

Currant Leakage Criteria, tiunga 
XLRT Frequency Only to 2 par 10 Yeare 

Relax Leakage Criteria, Change 
Frequency per Alternative 2 

Current Leakage Criteria, Change 
ILRT Frequency Only to 1 per 10 Years 

Relax Laakags Criteria, Change 
Frequency per A l t e m t i v r  4 

current Leakage Criteria, m g e  
ILRT Frequency Only t o  1 per 20 Year# 

Relax Leakage Criteria, Change 
Frequency per Alternative 6 

Current Leakage Criteria, 5owar-Rs- 
liability" LLRTe Only During Refueling 

Relaxed Leakagm Criteria, *Inwer-Re- 
liability" U R T s  Only During Refueling 

Alternative 1 - 

Alternative 2 - 

Alternative 3 - 

Alternative 4 - 

Alternative 5 - 

Alternative 6 - 

Alternative 7 - 

Alternative 8 - 

Alternative 9 - 

Alternative 10 .. 

599,000,000 

539,000, (300 

405,000,~000 

367,000,000 

216,000,000 

199,000,000 

132,000,000 

124,000,000 

5 6 6 , 0 0 0 , 0 0 0  

5 0 8 , 0 0 0 , 0 0 0  

Current Leakage Criteria, Change Frsqu- 
of ILRTe to 2 in 10 Yearm, n&war- 

Re1 encT ability" LLRTa Only During Refueling 362,000,000 
Alternative 11 - 
Relaxed Leakage Critariu, Change Fre- 
quency per Alternative 110 326,000,000 

Current beakage Criteria, Chqge Frequ- 
of ILRTr to 1 in 10 Yarrs, mIawar- 

Alternative 12 - 

encr Re1 ability" LLRTB Only During Refueling 163,000,000 

Alternative 13 - 
Relaxed Ledcage Criteria, Change Frc- 
cpency per Altarnative :t2 148,000,iOOO 

Alternative 14 - 
Current Leakage Criteria, Chrnga lrrsqu- 
a n y  of ILRTe t o  1 in 20 Yeare, .Lower- 
Re1 ability" LLRTe Only During Refueling 74,000,000 

Relaxed Leakage Criteria, Change Fr - 
quency p I: Alternative 14 69,000,000 

Altern8tive 15 - 

0 

;o, 000,000 

194,000,000 

232,000,000 

400,000,000 

46'?,000,000 

47!;,000,000 

3:3 ,000 ,000  

91,000,000 

2 3 7 , 0 0 0 , 0 0 0  
. .  

273,OOO,OOO 

436,000,000 

451,000,000 

5 2 5 , 0 0 0 , 0 0 0  

5:10,000,000 

0.0% 

1 O . I l t  

32. :3% 

3t3.1ak 

63. '9% 

66.8% 

7 0 .  Ok 

79.4% 

5 . 4 %  

1 5 .  I t  

39. SI 

4 5 . 6 %  

72.88 

75 .. 2% 

87.7% 

8 8 . 5 2  
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9.) UNCERTAINTIES 

9.1 UNCERTAINTIES IN RISK 
PERSPECTIVIE 

Figure 5-22 (taken directly from NUREG-1 150 
[NKCWJJ) illustrates the uncertainty range 
asst~iated with the predicted total latexu cancer 
fatalities p e r  reactor year. For Surry, Ihe 5 - 95 
percent confidence interval spans approximately 
two orders of magnitude (from about 3E.4 to 
about 2E-2 latent cancer fatalities per year). 
Comparable ranges of uncertainty are ffound for 
the other units considered. 

Containment leakage, at an ass& rate of 
1 percent per day, contributes about 0.05 
percent to the total risk at Surry; comparable or 
even smaller leakage contributions to risk were 
found for the other units. Since the design basis 
lrakage rate for. Suny is 0.1 percent per day, the 
reference risk results already include an order of 
magnitude "allowance" for increased leakage; 
comparable increases above the design basis 
leakage rates were incorporated into the 
assessments for the other units. 

Since containment leakage is such a small 
contributor to overall accident risk, it is c l w  
that at the lower end of the leakagorate range8 
cotisidered in this study, any uncertainties 
associated with the leakage contribution arc 
minuscule in comparison with other 
uncertainties, e.g., prediction of wntninmcnt 
faiiure mode probabilities and magnitudes of 
fission product source t e r n .  The NURBG- 
1150 results for P W h  predict significant 
probabilities of no ContainmCrU failure wen in 
h e  event of cote melt accidents. With the 
containments predicted to remain intact, at the 
upper end of the ledage-rate ranges co&iderd, 
i . e . ,  200 - 400 percent containment volumt pet 
day, containment leakage could lead to several- 
fold increases in the predicted risk. The 
expected fission product source terms associated 
with the large leakage-rate cases, considering all 
possible unit damage states and accident 
progression bins, were substantially tower than 
those resulting from containment failure or 
bypass Thus, the uncertainties associated with 

assessing the leakage contribution ar the upper 
ends of the ranges considered wouid be b w e r  
than those associated with other containrrient 
failure modes. 

For BWRs, the rAcu1ated risks were found IC) be 
very insensitive to the assumed containment 
leakage rates, wen at the upper end of the 
ranges considered. This is ,a direct consequence 
of predicted higher probabilities of early 
containmenf failure for the BWRs, i.e., since 
containments are predicted to h i 1  in a large 
fraction of the ~pstula!ed core melt accidents, 
the assumed containment leakage rate does not 
contribute significantly to the calculated risk. 
Also. the scrubbing of the fission products by 
BWR suppression pools, evcn in many scenarios 
involving large leakages, contributes to the 
predicted lack of risk sensitivity to containment 
leakage rate. Thus, for B W ,  the uncertainl.ies 
associated with assessing the contribution of 
containment leakage are small compared with 
other uncertainties in the quantification of 
accident risks. 

The estimate of the fraction of containment l e ik  
that can bc found only by integrated leakage-rate 
testing is uncertain due to the small number of 
such cc4aurem. The rarity of such events 
demonstrates that reactor containments do in fact 
achieve a high deigree of reliability and leak- 
tightness. The present study found that about 3 
percent of observed co ntainment leaks could be 
found only by integrated leakage-rate testing. in 
the few such occurrences identified in this study. 
th-asso~iated leakage rates were only 
ngrginally above existing requirements, ranging 
from only -slightly above 0.75 L, to about 
thrce L. 
At such low levels, the containment leakage 
ratts art c l d y  not significant contributors to 
reactor accidetit risks, as demonstrated in 
Chapter 5. IHowcver, since containmtsnt 
~ C ~ ~ O I I S  may range in s h e  from a diameter 
of about 0.25 inches for sampling lines to over 
10 feet for the equipment hatch, leakage rhraugh 
the latter cannot be ignored The simultaneous 
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f 3 1 I 1 1 i ~  I ) t  rctlundanr 3h-11ich purge valves. for 
r.>.anq.ic:. -*%oiild be functionally equivalent to 
!:< )rilalnrnrn: f allure. Of course, the 
\rrnii\tanecws faiiure C J f  two valves in a large 
conra:nnreri! penctratiori would be of much lower 
p! i~babiliry than a randotn combination of 
winc:denL maller leahge paths. The 
expe:ir,iu-baced hest estimate of the magnitude 
o i  urdettcrrd containment leakages indicates that 
they would not be risk significant. However, 
because not all leakage-test failures are fully 
quantified and because there have been a few 
prolonged containment isolation failures, 
considerable uncertainty must be acknowledged 
in the possible magnitude of undetected 
containment leakages. 

W i l e  the consequences of large ledcage paths 
existing at tde time of a core melt accident may 
be functionally equivalent to containment failure. 
such large leakages ate very unlikely. Thus, the 
risk impact would be limited. 

Assigning an average core melt consequence to 
ihe fraction of the h i e  that the magrutude of the 
containment leakage rate may be uncertain led to 
an insignificant impact (- 0.1 prrxnt) on the 
nominal risk. The use of ;an average 
consequence takes into account the possibility 
that the unquantified leakages could range from 
leakage rales just exceeding the aiflowable to 
very large openings. This is preferable to 
alternatives such as assuming that all 
unquantified leakages are equivalmt io gross 
containment failure. 

Applying the average-cort5cijceri~~ q p r  h>;t, h :, 
the various ttsting allerrxiti\ ci.visders:d :I :  
Chapter 7 resulted in maxirnuni r i d  t n a e  
of about 26 percent over thc bnse c ~ s n  
calculated in NUREG-I IS0 As itidlidred iii 

Chapter 7, for the nominal cae. a 111a\LmUIil 

risk impact of about 6 percerir H a s  c a l d ~ f e d  

9.2 UNCERTAINTIES IN cos'r 
PERSPECTIVE 

The resulls presented arc! derived from IiniirrJ 
cost data provided by industry and an cvaliiarion. 
of rhe activities required to conduct the Vi*rI l )US. 

types of leakage testing. The value of $l.N 
million per ILRT given for the curretlt leakage., 
race criteria is, due to the dominance of 
replacement power costs, the most certain of thr 
estimates praented. NUMARC fourid the total 
wst per ILRT to be in the range of $0 68 to 
$9.9 million, with an average of $1.8 million 
As in the praent study, NUMARC rbtirnaiecl 
costs arc dominated by critical path energy 
replacement cost. The value of $165 tho,usantl 
for a fully battery of Type B & C tests is hasect 
on limited data from two utilities and an analysis 
of the labor costs associated with tesl.ing ;I 
typical Type C penetration. The value u.sed it$ 
bounded by the estimates provided by industry 
Thc value of $70 thousand used only tor "lower 
reliability" LJLRTs illustrate the cos[ saviqgs that 
might be achievable undcr a performance bawd 
rule. As noted in Chapter 8. the actual cos1 
savings will depend upon the criteria isnposaj 
and each unit's spccific performance history. 



10. Summary of Technical Findings 

This section summarizes the technical work in 
support of the information needs of the NRC's 
nilemking The NRC's Regulatory Analysis 
will consider other non-technical faciors and 
perform the cost-benefit analyses necwaary prior 
to decision making. 

This TSD contributes to the technical baxj for 
revising thc NRC's 10 CFR Part 50, Appmdix 
1. requirements considered by the NRC to be 
marginal to safety. Specifically, this TSD 
cvaluatcs risks and wsts associated with 
alternative performance-based containment 
leakage-testing requirements. Pcrfommce- 
based requirements arc those whose limits are 
based upon consideration of operuing history 
and risk insights. 

Alternatives considered in this TSD arc longer 
intervals between containment luk tests, and an 
incteasc in the ailowable leakage rate from the ' 
containment stmcturt. In oddition, an 
a I I ernat i ve requiring continuous on-line 
monitoring of containment intqrity is 
considered. 

10.1 RlSK 

With respect to public and worker risk, the key 
technical issue a revisad Appendix J regulrtioa 
must address is "Can revised coneaimnCnt 
teakage-testing requirements hrve onIy a 
nlarginsl impact on safety COMpPrOMlC to the 
level of safety achieved by currcnt 10 CFR Part 
SO, Appendix J rciquircmcnts?" 

The following paragraphs s m  the 
findings of the rechnical analysis u&r the 

Rates. Leakagc-Test Imtnnls. Mowable 
Lcskage Rate, and On-Linc M d W  Sur#aas. 
Table l&l  provides a summary of the risk 
impact far the various &cmatives cxmikkd. 

headings Significance of Contaimmt Lerl&gc 

10.1.1 * * of c ontainmrn: L e a k s  
Rata 

Past studies, such as those summarized in Figure 
5-1, have shown that overall population w!:s 
from severe reactor accidents are nor very 
sensitive to the assumed containment leak.age 
rates. This is because predicted reactor risks are 
dominated by accident scenarios in which the 
wntainmmts art predicted to fail or in which 
the containmenxs are bypassed. The earlier 
studies were based on the risk insights from 
WASH-1400 (NRC75) and related studies. 

The resufts of the present effort. which are 
bawd on NlJREG-115O (NRCW). while 
quantitatively different from earlier studies. 
confirm the previous observations of insensitivity 
of population risks from se~trc reactor accidents 
to containment leakage rates. The differences 
bawan the earlier results and those of this 
study we duc to difftrcnt approaches, increased 
understandiag of severe acc ident  
phonmology, and significant advances in the 
Stptesf-theart in  probabilistic risk assessment 

Tbe present effort i n d ~  umaparisons of the 
pdictui ructQK axidcnt risks as a hrnctiori of 
CO- Idage rate with the NRC's safety 
gorls. As a h  in Figure 7-2, the calculated 
riskr ut Wru bdwv tbe safuy goal for all of the 
reactom amsIdcradcvea st assumed contaimcnt 
ledmge me scwrd ofdm of magnintdc above 
cumarrrsqoiranents. 

10-1.2 
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Table 10-1. Summary of Risk Impeds of r U t m w 5 v e S  

' Basad on the Swry unit: Za-yew I.amriniagliBt. Nini~krs in prmtksis indicate a risk reduction. 

I. Typt B a d  C tests can identify rhc vast 
moior'ny  great^ than 95 percent) of all 

- poteaidkakageparhs. 
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2 Reducing the frquency of Type B testing of 
electrical penetrations should be possible 
with no adverse impact on risk. An 
assessment of Typc B testing of electrical 
penetrations at a single station (two 
operating units) indicates that leaks through 
these penetrstions are both infrequent and 
small (on the order of 1 percent of the total 
allowable leakage rate). Similar cxpericnce 
is reported in the Grand Gulf Appendix J 
exemption rqmt as well as in the 

testing experience. 
NUMARC SUXVCY Of W~!&i~nt  lcalmge- 

3 .  The vast majority of leakage paths ue 
identified by LLRTs of containment 
isolation valves (Type C tests). Based on 
the detailed evaluation of the experience of 
a single wo-unit station, almost M 
correlation of failures with type of valve or 
unit service could be found; however, it has 
been possible to correlate failurea both with 
time and repeated failurea of individual 
conzponents. The results of the NWMARC 
survey of leakage-testing experience are 
consistent with these observations. 

4. Based on the model of component failure 
with time, it has bccn found that 
performance-based alternatives to current 
local leakagetesting rcquinmcfits arc 
feasible without significant risk -impas. 
For example, the model suggests that the 
number of components teated cpuld 62 
reduced by about 60 p g c q  with less than 
a three-fold increase in the i- risk 
due to Containment leakage. SipCt under 
existing rquircmcnts, leakage codbutq - 
less than 0.1 percent of overall accident 
risk, the overall impad is very-dl .  

The findings to date strongly support earlier 
indicatious that Type B and C testing CM 
detect a very large fraction of Contpinment 
leaks. The fraction of i& that can be 
detected only by integrated containment 
leakage tests is smalt, on the order of a few 
percent. 

The discussion of leakage rate experiexe: in 
Chapter 4 indicates that frequent Type B 
leakage-rate ltesting of electrical penetrations 
is of limited use. In approximately 27 unit- 
years of operation at om two-unit nuclear 
station, no significant lcakage has been 
found for eleztricai penetrations. 

10.1.3 -e Ra le 

1. The allowable leakage rate can be increased 
by one to two orders of magnitude without 
significantly impacting the estimates of 
populafion dose in the event of an accident. 
The PBA for Swry IJnit 1, which was 
performed assuming a containment 1-ge 
rate a factor of 10 greater than the nominal 
0.1 percent per day established in the unit's 
technical specifications. indicates that 
wident scenarios where containment does 
not fail and i.s not bypassed contribute only 
about 0.05 percent of the population riisk 
from all corr-mlt accidents. Comparable 
or even lower risk contributions due to 
leakage were! found for the other units. 

2. The significance of any change in the risk to 
the marby individuals, who would receive 
the highcat doses from an accidental release, 
have not been evaluated explicitly. Within 
tht ranges considered for relaxing !:he 
cantrinmcnt l~akag~ rate, the increase in 
pos_tulated accident wnsequcnces due to 
leaknge would be proportional to the 

-- increase in the containment leakage rate. 

3. The impact of increased leakage rates on 
- r ~ - a i d w m c  effluent releases har not 

- ~ & t a t i v e e ~ y  assessed. ~oses  tiom 
currmf airborne reIcases have ken 
e~rluotad by the EPA as resulting in doses 
of less than H few mrem per year (EPA91). 
Asonly about 10 percent of containment 
pquations Constitute a potential direct 
pathway to the environment during ithe 
normal operating mode, impacts, if any, ,are 
likely to be :small. 
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10 1 4 On-Line Monj- system, containment purge system. aria2 
containment atmosphere monitoring system. 

Abilitv tp. De tea 

Continuous monitoring methods exist that appear 
t e c h n i d y  capable of detecting iealrs. in reactor 
containments. While OLM docs not have the 
accuracy of Type A testing, it does s m  to 
offcr enough accuracy and spaad to detect gross 
leakage. OLM is capable of detecting leaks 
within one day to several we&. 

OLM can dcicct only gross containment leakage 
(NRC88). It cannot detect leaks through 
systems that do not normally communicate with 
the containment atmosphere. Gross leakages PIC 

most likely to occur from systems left open, 
such as air, locks, purgdvcnt pathways, or 
similar direct air path system vaIvts or 
penetrations, or from failures in isolation 
mechanisms in such systems. 

OLM cannot bc cansidered as a complae 
replacement for Type A tats since it cannot 
challenge the structural and leak-tight integrity 
of the containment system at elevated presrmm. 

The usefulness of OLM systems depends on !+e 
resolution of several issues requiring further 
research. Specifically, the following iirnita,tions 
are noted: 

1. difficulty in accounting for the effect of 
tmpcratlllrt and moisture gradients and 
variations on the test results, 

2. the possibility of an actual leak being 
masked b y  containment air/gas inleakage, 

3. inability to account for leaks in closed 
pressuriud systems inside containment that 
would probably not be measured during on- 
line monitoring, 

4. potential "false dam" from on-line 
monitorirrg, and 

5. the need Tor stabilized conditions within the 
containment during reactor operation. 

Fisk Co- 
10.2 cosir 

OLM d0e.s not significantly reduce the risk to 
the public from nuclear unit operation and, thus, 
cannot be justified solely on risk considerations. 
As noted for the Surry unit, containment 
isolation failure has been found 10 contribute 
approximately 0.05 percent of the total lateat 
accident risk. Given this low ~ m t r i b U t i 6 1 1  and 
the limitations of on-line monitoring systems 
noted above, the potentid risk bentfit of amtine 
monitoring appears to be quite limitid. 

With rcspect to cost, the key issue is "'Can a 
revised containment testing rule, which has a 
marginal impact on safety, also significantly 
reduce the financial burden on utilities?" 

"he fms of the cost analysis are provided >in 
~ h c  fiiimbg paragraphs, ami the industry-wide 
cost savings of the various alternatives are 
summrkd in Table 10-2. 

€numati- 1. Costs of' performin$ Type 5 and C tests are 
relatively insensitive to the allowable 

Canadian. French and Belgian utilities have leakage rate. Only a small number of 
installed OLMs on their PWR units and penetralions fail any given battery of tests, 
monitored containment lcakage during power .and the percentage of penetrations that 
operations. They reported that OLMs are marginally fail is even smaller Thus, i t  IS 

capable of detecting leaks in the radiation unlikely that any significant amount of 
timitoring system, nuclear island vent and drain repairs would be avoided regardless of the 

allowable leakage rate. 
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2. Costs of Typc B and C itcats art 
considerably less than rhose of Type A tests 
because they are not performeti on the 
critical path. 

3.  Costa of Typc A tests, which are prfomwd 
on the critical path, are dominated by the 
cust of rcplacemcnt power. Rqlacemcm 
power is estimated to account €or almost 
8Opercmt of thc total costa of Type A 
testing. Increzsing the allowable fcakqe 
rare is estimated to reduce the critid-path 
time required to conduct an ILRT by 16 
haun md decrease the cost of an ILRT by 
about 10 percent. 

4. Bascd on 20 years of operational life 
ranrining for thc avtragc reactor and an 

frequencies arc estimated to have a net 
present cost of $6.6 millioti per reactor at a 
5 percent discount rate, and $4.5 million 
per reactor ai a 10 percent discount rate. 

l&mOr#h d ~ ~ l @  ti~hedul~, WtTWt t a t  

allowable leakage rate i s  estimated to reduce 
the remaining costs of leak testing by 
LO percent. 

6. Reducing the number of ILRTs from three 
per 10 years to one per 10 years is 
estimated to eliminate more that 66 percenl 
of the remaining costs of leak testing 
Testing on a one in 20-year interval would 
eliminate a b u t  83 percent of remaining 
c a t s .  

7. For illustrative purposes, it was assumed 
that 58 percent of the casts of LLRTs could 
be eliminated by a performance-based rule. 
Such a reduction would result in about a 
6 percent reduction in the remaining costs 
of leak tatlig. 

8. A rough estimate for OLM systems 
indicares that costs would be on the order of 
onequarter of a million dollars. If OlLM 
were an addition to existing requirements, 
this would represent approximately a 
4 percent increase in testing costs. 
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Acceptance criteria - standards agaimt which test resuits are to be connpared for establishing the 
functiori acceptability of the containment as a leakage-limiting boundiuy.' 

AB found - leakage measured during an integrated !&age-rate tcst befiore any remediation is 
pcrfmncd; if maintenance is p e r f a d  on penmations and isolation vdvw prior to the integrated 
test, the W-rrlcasurad leakage rate plusl the l&8e savhgs resulting from such maintenance. 

As l& - teakage mePsured during an integrated leakagarate test after remediation, if necessary, has 
b J 1  performad. 

ConWnmeat isoiotfw valve - any valve that is relied on to seal off the primary reactor contaInmcnt 
from the outside atmosphere. Containment isolation valves are those that: (1) provide a direct 
conncction bctwcen the Inside and outside atmospheres of the primary reactor containment under 
nonrlal operation, such as purge and ventilation, vacuurn relief, and htrummt valves, (2) arc 
required to close automatically upon receipt of a containment isolation signal, (3) are required to 
operate intermittently under post-accident conditions, ond (4) am in main s t t a m  and fttdwater'piping 
and other systems that penetrate containmnlt of directcycle Wiling water power reactors.' 

' l ontahxs t  'pemtr&ow - components desi@ to provide a presswanraining or leakage- 
limiting boundary for piping and electrical iystcms penetrating the primary reactor containment. 
Included are containment penetrations whose design incorporates resilient seals, gaskets, or sealant 
compounds. piping penetrations fitted with expansion bellows. d clcc.trical penetrations fitted with 
flexible metal seal assemblies; airlock door seals; and doors with resilient seals or gaskets except for 
seal-wcldd doon. ' 
EPRI - acronym for the Electric Power Research Institute. 

Exclusiou areia - a m  rmrroulLding the reactor, in which rht muor lima has the authority to 
ddeimine all activities including exclusion or remod of pawxmel and property from the 

FSAR - Final Safety Analysis Report, dowmtnt a utility mbmb to NRC in support of its request for 
an operating license. 
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L,. L, (prwnt/24 hours) - total rneasured containment leakage rates at pressures P, and P,, 
rrspwlively, obtained from testing the containment with components and systems In the state as C!OS: 

as practical to that which would ex,ist under design basis accident conditions (r.g , vented. drained, 
flooded. or pressurized).' 

Ledage rate - for rest purposes, leakage which occurs in a unit of time, stated as a percentage of 
weight of the original content of containment air at the leakage-rate tesi pressure that escapes tal the 
outside atmosphere during a 24-hour test period.' 

LER - Licensee Event Report. reporting mechanism required of licensees by the NRC to inform it of 
any nuclear unit condition potentially adverse to safety. 

LLRT - Local Leakage-Rate Test, another name for Type B and T y p e  C tests 

LAW population zone - area immc!diately surrounding the exclusion area which contains residents, the 
total number and density of which are such that there is a reasonable probability that appropriate 
protective measures could k taken in their behalf in the event of a serious accident.* 

Minimum path - for a penetratiori. leakage through the penetration accounting for the fact that there 
are multiple components in series providing isoIation. If the penetration consists of two valves in 
series. and the first valve leaked 1 SCF/H and the second 10 SCFllH. the penetration minimum 
leakage path is I SCFIH. For containment as a whole, the minimum path leakage is the cumulative 
leakages summed across all penetrations. 

Overall integrated leakage rate leakage rate which is obtained from a summation of leakage 
through all potential leakage paths including containment welds, vailves, fittings, and components that 
penetrate containment. ' 
P, (psig. pounds per square inch gauge) - calculated peak containment internal pressure related to the 
design basis accidtnt and specified either in the technical specifications or associated licensing bases.' 

P,(psig) - containment vessel reduced test pressure selected to measure the inlegrated leakage rate 
during periodic Type A tests.' 

Population center distance - distance from the 'reactor to the nearest boundary of a densely populated 
center containing more than about 25,000 residents.z 

Population dose within entire region - exposure, expressed in effective dose equivalents 
(person-rem), due to early and ch,ronic exposure pathways for the population within the entire affecited 
region. 

Population dose within 50 miles - exposure, expressed in effective dose equivalents (person-rem), 
due t c i  early and chronic exposure pathways for the poputation within 50 miles of the reactor. 
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Rrlmrvy reactor coatairmat - strucrure or vessel that encloses the components of the reactor 
coolant pressure boundary (s e . ,  basically the reactor and its connected piping, purnps. hardware, 
e:c.). The containment gcrvts as an essentially leakage-tight barrier against the uncontrolled release 
of radioactivity to the environment.' 

Glemctor containment Ipalrsqe-test program - includes the ptrformancc: of Trpe A, Type B. and 
Type C ccsu.' 

' h d d c n l  rpedfldol ls  - with respect to nuclear power units, d document specibing the limiting 
conditions for continued operation which are consistent with the design1 basis of the unit. 

Total later# cauter fatalities - total number of predicted latent cawer fatalities due to both early and 
chronic exposure. 

Type A Tests - tests intended to m s u r e  the primary reactor containment overall integrated leakage 
rate ( 1 )  after the containment has been completed and is ready for operation, and (2) at periodic 
intervals thereafter. I 

Type B Tests - tests intended to detect local leaks in systems penetrating containment and to measure 
fealcage across each pressurecontaining or leakagc-lhihing boundary.' 

Type C Tests - tests intended to measure containment isolation valve lhkage rates.' 

1. 10 CFR P a  50, Appendix J ,  Section 11, 'Expladon of Terms" 

2. 10 CFR Part 100.3, "Definitions" 
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APPENDIX A 

ANALYSIS OF Tk'PE B/C LEAKAGE-RATE HISTORY 

A 1 INTRODUCTION 

This appendix describes the analyses which were 
performed to dcteminc the effect on nuclear 
unit risk resulting from changes in the testing 
schcrnm and testing intervals of components 
undergoing Typc B and C tests. Extensive test 
result data and component data were cdlcctad at 
the North Anna Power Station through the 
cooperation of its owner and operator, Virginia 
Electric Power Company.' In addition, 
extensive test result data and component data 
w e n  collected at the Grand Gulf N u c h  Station 
through the .cooperation of its owner and 
operator, Entergy Operations.' In February, 
the Nuclear Management and Resources Council 
(NUMARC} submitted a letter (NUM94) 
summarizing data representative df a wide 
spectrum of nuclear power unit designs. 

This data collection effort was performed to 
provide sufficient information for calculating the 
costs and man-rem exposure associated with 
local leakage-rate testing, and to identify and 
quantify the effect of component and system 
parameters on component ltakage rates and 
component leakage-rate frquencie;s. This 
information was also used to develop models for 
evaluating the impact of dtemative local 
leakage-rate teeting schemes on the probability 
and magnitude of cantainment tcakage rates. 

The data collbctsd for North Anna wari evaluated 
to determine the historical ContainmCnt leakage 
Jtcs over time and the corresponding 

component leakage rates. This analysis was 
penN md to identify any trends in thae leakage 
rates, to provide a baseline against which 
changes in testing schemes or intervals ace 
cnmparui against, and to validate the 
containmen' penetration model wed in thee 
anah s. Vext, data collected concerning 
indh d u  mtration components (component 
characteristics and component service data) were 
analyzed to determine if coniponent f'ailure rates 

could be predicxed as a function of this Clara. 
Based on this analysis, no r'aristically significant 
differentiation in componeini failure rate5 could 
be found based on the coxiiponent data. I t  was 
found, however, there was an increased 
probabihi;f of component failure if that 
component had previously failed. In addition, 
there is evidence of component w m o n  mode 
failures ai the penetration level. Based on the 
absve analyses, a Monte Carlo simulation model 
of the North Anna containment penetrations was 
constructed. This model was used to determine 
the risk impact of various component testing 
schemes and ttiiting intervals. 

Based on the ihights gained from the North 
Anna analyses, a more restricted set of analyses 
was performed on the data gathered from Grand 
Gulf. The rcdts of these analyses were in 
general agreement with the results of the North 
Anna analyses. 

A.2 NORTH ANNA ANALYSES 

The North h a a  Power Station comprises two 
pressurized water re~ctors.~ Data collected at 
he power station consisted of the following: 

* 

a 

0 

0 

A - l  

reactor containment building Integrated 
Lcakage-Rate Test (ILRT) reports 

penetration leakage logs for 1985 
through 1993 for Unit 1, and 1986 
through 1993 for Unit 2 

t h e  estimates for conducting Type A, 
B, and C tests 

estimated man-rem exposures for 
conducting Type ,A, €3, and C test!; 

dates of seal replacement or door 
adjustment for personnel air-lock, 
emergency escape air-lock, c'quiprnenr 
hatch, and fuel transfer tube 
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.* "as-found" leakage rates from 
component mintcnancc records 

containment penetration component 
coclfigurat ions 

8 manufacturer, type, operator type, type 
of service (i.e., chromatad water, 
compressad air, etc,), number of 
operations per operating cycle 
(I8 months), hours of flow per 
operation, and flow rote, tanperamre, 
and pressure seen by the valve during 
operation for each containment isolation 
valve tested during the Typc C tests 

A.2.1 

Type B tests are performed on two types of 
equipment: dcctrical penetrations and air-locks 
(and othcr doublsgasketed and double O-ring 
seals). Due to the w t  differenccs in these two 
typcs of equipment Icakagt tests, they arc 
describbd separately bcluw. 

Each unit contains approximately 130 electrid 
penetrations. Type B tests are performed on 
each of these pcnetrptians approxirtrPtely every 
18 months. Benve.cn testa, each penetration ia 
left prcssurizad pbd utpched to a presaure gauge 
which is checked monthly. If a pressure gauge 
shows a low, but mn-zero pressure, the 
penetration is repressurized us@ 11 portable 
compressed air BOWCC. If a pressure gauge 
shows zero prrsaure, a Type B teakage test b 
p c r f o d  on the pemtmtion. In dl ruch caw 
but one, the caw of thC Itakage wa.8 fouad to 
be the connection to the pressure 3aUge, rother 
than lcakage of the penetration Itself. In the OIIC 
case where the electrical p"dI8tion was 
leaking, the Ic!ahge fotc was tao small to 
measure using standard Iakqe-test quipmat. 
The specific location of the l u g e  had to be 
determined by prts8uriZing the peattratian with 
helium and using a helium leakagedetector 
probe. The leakage on the bundle w a  corrected 
by tightening the nut on the bundle by a qumer 
turn. Based on this infomtion, North Anna 
has experienced no significant clcctrical 

penetration leakage in approximarely 27 ;mjt- 

ycars of operation. 

Based on the a.bove information, p e r f o m -  
based Type IB testing would result im a 
significant reduction in tests of the electrical 
penetrations. if the leakage pattern of these 
penetrations do not deviate from the histciricaI 
leakage pattern, an insignificant increase in risk 
would result from performance-based testing of 
these penetrations. 

Type 8 testing is performed on all air-locks, 
i x . ,  the fuel transfer tube, the pkrsonncl air- 
lock, the emergency escape air-lock, and the 
equipment hatclh. The fuel transfer tube is tested 
approximately every 18 months. The,personncI 
air-lock, emergency escape air-lock, and 
equipment hatch are rested on a &month test 
interval and can be tested during power 
operation. Noith ;ma maintains an aggressive 
maintenance program for these penetrations. 

North h d n t a h  a policy of ztro allowed 
tealcage on thc equipment hatch. If any leakage 
is detected through the equipment hatch door 
seals, thc Ieaklge test is terminated ad the 
leakage c~rrcctal. No "as-found" leakage a t e  
is dttermin#1 for the equipment hatch during 
Type €3 tests unless the test coincides with an 
integrated ltakagaratc test. Siace Junc 1987, a 
seal €us been replaced on the Unit 1 equipment 
hatch five t h .  Since April 1989, a seal has 
been replaced an thc Unit 2 equipment hatch two 
times. 

The door s a l s  for the firel transfer tubes in 
Unit 1 ad Unit 2 were r c p k c d  in I)ecember 
1985 and August 1984, respectively. There has 

time. 
bem IXTO hkikge through th- A S  S h X  that 

S k  January 1986, either a personnel air-lock 
seal has been replaced or a door adjusted 13 
t h  for Unit 1. Since August 1986, either a 
persotpel air-lock seal has been replaced or a 
door adjusted 12 times for Unit 2. Maximum 
path leakage rates for both Unit 1 and Unit 2 
personnel air-locks have ranged from zero to 
22 scflh. 
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'>inir  June 14'87, either ;t? *wrgency air-lock 
:% ha, 'been replaced 01 a door adjusted five 
times fi)r Ui i i t  1 and five times for Unit 2. 
Maxinmurn path leakage rates for both Unit 1 and 
Urur 2 emergency a:r-locks have ranged from 
zzru to 9 scflh. 

Based on the above infomiion, perfcmancc- 
based Type f3 testing would not result in a 
significant reduction in tests of the air-locks. In 
all ases c x q t  for the fuel transfer tubes, 
repairs have been perfomud on the air-lock 
seals oftcn enough that the seals would not meet 
the performance requirements newwary to 
reduce their test intervals. 

A.2.2 T y ~ c  C 1.L RT 

A.2.2.1 Historical Performance: 

Prior to the data collection effort at North Anna, 
a group of system and component parameters 
were identified that might have an impact on the 
frequency of containment isolation valve lcakage 
and the distribution of leakage rate 'aver time 
once the valve started to leak. The pametem 
identified were: manufacturer, type, operator 
type. type of service (i.e., chromatod water, 
compressed air, etc.), number of operations per 
optrating cycle (18 months), average hours with 
flow per operation, and the flow rate, 
temperature, and pressure men by the valve 
during operation. These data, along with the as- 
found and as-left leakage rates for each 
cantainmcnt isolation valve tested during the 
Type C mts and the component configuration 
for each containment penetration, were: collected 
for both units at North Anna. 

The first step in the analysis was to establish-the 
historical performance of the containment 
isolation mmpownts. This provides a baseline 
against which performance-based a l t c d v e s  to 
the current leakage-rate testing scheme can be 
rneasurd. 

Based on the as-found and as-left I&ge rata, 
a master time-line matrix was built showing 
component leakage rates over time and when 
each component was placed in maintenance to 
corrcc( leakage. Based on the containment 
pcner r a  I i o n  component  configuration 

information, a computer niodel was huilr 
calculate the minimum path leakage rate for e x h  
penetration and, by summing the penetration 
minimum p'tth leakage rrates, the overall 
containment minimum path leakage rate. The 
penet:ation minimum path leakage rate was 
calculated by taking the minimum of the leakage 
rates for components or component trains in 
series, and the maximum of the leakage rates ft,: 
components or component trains in parallel for 
all flow paths through the penetration. 

Based on the time -versuscon~nent- lege-rate 
matrix and the containment penetration leakage 
model, the overall containment leakage rate 
versus time was determined for each unit. The 
minimum path containment leakage rate versus 
time since January 1985 for each unit is shown 
in Figure A-1. 'Two assumptions were made in 
calculating the unit leakage rates. The first 
assumption was that the component leakage rate 
for a component varied linearly over time 
between the time-points where component 
leakage rate was measured. For example, if the 
component leakage rate was measured at rmo 
scflh at time 100, and 10 scfh at time 110, the 
component leakage rate at time 105 was 
estimated to be :S scfh The second assumption 
regards compontnr leakage ram rhat were 
indeterminable lduring Type C leakage testing. 
The Leakage-tea equipment used during T m  C 
t e s t a  can m u r e  leakage rates up to 
approximately 257 scfh. Xf a component had a 
leakage rate greater than this amount, the 
component leakage rate was recorded as 
" >257." In this figure, a leakage rate of 257 
scfh was assumed when the component leakage 
rate was indetenninabla. Due to these 
assumptions, lhi figure can be interpreted as the 
expacited value of the containment leakage race 
versus time. In order to determine the 
sensitivity of the minimum path leakage rate to 
the first assumption (linear change ip leakage 
rate over time), Figure A-2 was created. This 
figure BSSUIILCS that the component leakage rate 
bctween time-points where the component 
Idcage rata was measured is the maximum of 
the two leakage rates. This figure can be 
interpreted as the worst-case containment 
leakage rate veirsus time assuming no conlponent 
le& more than 257 scfh. 
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Min Path Leak Rate Versus Time 
(Linear Change in Leak Rate Over Time) 
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Figure A-1. Minimum Path Leakage Rate *flus Tlme - Lincar Change in Leakage Rate 
Over Time (hiax Component P r ~ w  237 scfh) assuming no component leaks 
tnotc than 25’1 scfh. 
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Min Path Leak Rate Versus Time 
(Max of Start and End teak Rates) 
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Figure A-2. Minimum Pa& Leakage Ratc Versus Time - Leakage Rue Max- of Starr an$ 
End Rates Over T k  (Max Component Flow 257 scfh) 
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0 

1 1 '  i !!:a[ [') determine the sensitivity of the 

, ~ ~ . ~ ~ . i ~ ~ q v i o n  (maximum component leakage rate 
t i l  25'; \cf /h) .  Figure A - 3  was creatld. In this 
iip.tire .i leakage ra:e of 500 scfh was asumed 
uhrri the component leakage rate was 
rndcrerminabk and the leakage irate for a 
,:ornp.mcnt is linear over time. Figure A 4  
w u m e s  that the component Ic;hgt rate 
bclrwccn time-points where the component 
loakage rate was measured is the maximum of 
rhe t ~ o  leakage rates, and a leakage rate of 500 
s c f h  was assumed when the compmnt leakage 
talc was indeterminable. A leakage rate of SO0 
s c f l h  in Figures A,3 and A 4  was selected when 
the coinponent leakage rate was indleterminable 
simply bexause it was higher than L, (304 scfh), 
but less than twice the maximum measurable 
coinjxmnt leakage rate (2*257 =:514 scfh). 
hs ign ing  a,leakage rate of 500 scfth forces the 
containment minimum path leakage rate above 

in these two figures if all components in a 
series pathway for a penetration are leaking at 
a n  iiidetenninable rate at the same time (Le., the 
penetration minimum path leakage rate was 
indetcrrninah~e). As there is no w,ay 20 know 
what thc actual component leakage rate was in 
these case:,, the actual leakage rate could have 
becn less than SO0 scf/h (but higher than 257 
scfh) o r  significantly higher than 500 scfh. 

1 ,  i . i r*: i t ;urn path teakage m e  LO *he second 
Based on a review of LEI< surfi:u:'tcs ; C , P J : , : :  . 

failures of containmen[ ;solati dcrec:cii i-\. 

Type C testing, leakage r u e s  I n  [he tt!ijg\aiidx * 

scf/h have beem measured fer :sc;Ia~1~~0 \.ai:e\' 
The assumpticins used for Figure A 4  ( 5 i l i  
maximum cornponent lakage rate, cctmponrnr 
leakage rate the rraximum of the as-left aid u- 
found leakage rates between time points) art., 
referred to as the worst-case assumptions rn rhe. 
remainder of this appendix. 

By sampling the containmerit leakage web. 
shown in Figures A-1 to A-4, the prohahilir! o! 
North Anna Units 1 and 2 having historicall! 
exce#ied L, at any random point in time can be. 
determined for each set of assurn1 !ion>. ' rahle 
A-1 shows the, probabiliry of having excecdcd I 
at any randa'm poinl in time for che cases 
described above. From this [able. ir can bit seer! 
that having a containment lcakage rate gmrcr 
than L, ranges from zeIo percent of the iiiiic 

(Unit 2, most optimistic conditionsj 10 22 6, 
percent of the time (Unit 1 ,  worst-cast' 
assumptions.) As can be seen from Figurt! A-t,, 
even under worst-case assumptions (component 
lcakage rate above L, when indetennimable., 
component leakage rate between test points the 
maximum of the start and end leakage rates), rw 
containment minimum path leakage rates 
approaching I,, have occurred since mid- 19XP 

Table A-1 , Probability of Exceeding L, at any Randam F'oint in Time 
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Min Path Leak Rate Versus Time 
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Over Time (Max Component Flow 500 scffi) 
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fur either Unit 1 or %it 2. Since mid-1989, the 
containment iriinirnurn path leakage rars for each 
unit has been jess than 15 scfh. 

Figure A-5 shows the number of times a 
component with a leakage rate of 25'7 scflh or 
mor2 was found versus time since January 1985. 
From this figure, it can be seen that there have 
becn occurrences of components leaking at an 
indeterminable rate since mid-1988, but there 
has not been a simultaneous indeterminable 
leakage rate for all components constituting a 
series containment leakage-rate path. The 
number of such components found during each 
refueling outage has ranged from zero to ten. In 
several cases, additional such components were 
found during tests between refueling outages. 

A.2.2.2 Analysis of Historical Leakage- 
Rate Data 

The historical component leakagarate data 
collected from North Anna covered 
approximately 7 years of experience for each 
unit. This amount of data is insufficient for 
directly evaluating the impact of perfonnancc- 
based testing schemes, some of which relax the 
testing interval for selected components to one 
test in ten years. In order to evaluate the impact 
of altering the Type C testing scheme, a m e ~ s  
of probabilisttically estimating component 
performance over a longer period of timc i s  
required. The data collected from North Anna 
were examined several different ways in order to 
attempt to build a component model to predict 
future component performance. 

Figure A 4  shows a scatter plot of individual 
component leakage rates versus time since last 
maintenance on the wmpnent. in creating this 
figure, it was assumed that all companents had 
undergone maintenance 18 months priior to the 
first ftakage-rate test recorded in the data 
collected from North Anna. The leakage rates 
presented in this figure are the m e a s d  as- 
found leakage rates of the components. Spikes 
in the figure can be seen at 18, 36, 54, and 72 
months. which correspond to the w ! d  18 
month testing interval. In this figure, if a 
component had a leakage rate greater than 257 
scfh (the maximum measurable leakage rate), 
the component leakage rate was recorded as 257. 

Since Figure A-6 is a scatter plot, the iwmber 0 1  

occurrences of a given leakage rate at a given 
t h e  since maintenance IS not shown. Figurc A- 
7 shows the number of times a component wirfi 
a leakage rate of 257 scf/h or more was found 
versus time since last imintenance on the 
cornpnent . 

These figures show that m y  of the component 
failures occur relatively soon (within 36 months) 
after the prcvious maintenance event. This 
suggests that the component failure rate 
decreases versus the time since last maintenance. 
Based on Figure A-7, approximately 66 percent 
of the failures occutrcd within 36 mmths of the 
previous maintenance event. 

Figure A-8 shows a scatter plot of component 
leakage rate at maintenance versus the as-left 
leakage rate from the last test performed on the 
component. Figure A-9 is the same as 
Figure A-8, except only as-found leakage ;at% 
up to 30 Scfh are shown. For reference, there 
were 57 cases where the as-found leakage rate 
was 250 scfh OK greater, 40 cases where the as- 
found leakage rate was between 25 and 249 
scfh, and 181 cases where the as-found leakage 
rate was between zero and 24 scfh.  From these 
two figures, several observations can be made. 
F i t ,  in all cases where the component as-found 
leakage rate was greater than 25 scfh, the as- 
left leakage rate at the last test was less than 2 
scf/h. Second, combined with the number of 
componen~ where the as-found leakage rate qwas 
250 scfh or greater, this figure shows that when 
a component fails with a high Ieakage rate, the 
degradation from a small leakage rate to a high 
leakage cgtc occurs rapidly. This is not to say 
that all leakage rates increase rapidly. Figure A- 
9 shows that in many cas& the component 
leakage rate incxeases slowly. 

Estimation of the future performance of 
containment isolation components based on the 
above figures LP restricted by the unavail- 
ability of a leakage rate versus time 
history of components once they begin1 to 
leak. The reason for ais is that North 
Anna performs maintenance on the com- 
ponents once thley begin to leak at a r4ate 

A-9 NUREG1493 



Component Leak Rate >2,57 vs Time 
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Leak Rate vs. Time Since Maintenance 
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Component Leak Rate >257 ws 
Time Since Maint 

0 I I I------ 

0 12 24 36 48 60 72 
Tlme Since Maint (Months) 

84 96 108 

NUREC-1493 A-12 



Leak Rate at Maintenance vs. 
Leak, Rate at Last Test 
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Leak Rate at Maintenance vs. 
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~ I P I V C  .hc XI mnal expected lcatzagc rptr! for the 
tr i iquieni .  This i s  perfectly understandable for 
umt operations, but prevents determining the 
rate at which the leakage rate for components 
Increase once they begin to I d c .  Btcawre of 
this, it is uncertain whcthcr the c o m p o n e ~  with 
leakage rates between 25 acfh pnd 250 rcfh 
were: caught on a rapid increase to above 257 
scflh, increasing slowly, or had plateaued at the 
measured leakage rates. 

From the data described above, an cstimote of 
four component failures (leakage rate > 250 
scfh) per year per unit w u  made for time 
independent failures of components. Since each 
unit has an average of 1% componeentrr, if we 
assume no difference in failure rate due to 
component or system pruamctuo, the component 
failure rate per ycar is approxixnately 1.8E-2. If 
we assume p&ct rcpaira, a containment 
leakage rate failure rate of 7E-2 per ycar was 
calculated based on penetration configurations 
across both  unit^.^ This correepondd to one 
containment leakage-rate failure every ten 
refueling outages for each unit. At each 
refucling outage, en average of flvc cornpon~mrr 
would have failed. Comparing thia number to 
the number of wqonent failures= &ow in 
Figure A-5. it CBCI be seen that ttJil calculrrsd 
failure rate is about double the failure rpte that 
has been experienced at North Anna s b  April 
1989). The calculated number of fdurcs 
expected per outage is higher due to the large 
number of component failures that occurred 
earlier in the unit lives. 

A.2.2.3 Statistical Atralyria of 
Component Data 

As previously described, the data gatherad from 
North Anna was inSufficknt to directly evaluate 
the impact of perf0rmance-W testing 
schemes. In order to evaluate these testing 
schemes, a model was constructed to ptcdict 
containment leakage b a d  on she #m~poncnt 
configuration for each containment pencrruion. 
In order to makt the containment lcaluq~e model 
as accurate as possible, n serits of analyres were 
performed to determine how the individual 
soniponents should be modeled. 

The first analysisl was a statistical data analysis 
which was performed to investigate the effect of 
component and system parameters on rhhe 
component failuire rate. 'The intenr of this 
analysis was to determine whether comp0m:nt 
leakage failure r a t s  should be assigned based on 
these parameters, or whether a generic failure 
rate could be ;issigned to all components. 
Table A-2 lists the data collected for each 
component. For class-variable data (data with 
qualitative values), Table A-3 lists the meaning 
for Each qualitative value, Based on this 
information and the time between maintenance 
events for each compoaem, 8 statistical analysis 
of variance (ANCWA) was performed. 

The statistical analysis considered the Eeagth of 
time a particular component was in service 
before requiring maintenance. Each component 
was categorized ruing nine variables: operator 
type, valve type, type of service, size, 
operations per operating cycle, hours of flow per 
operating cycle, flow, temperature, and 
pressure. The d y e i s  sought to u s e 8 8  which (of 
the nine variabla were most predictive of the 
timc until maintcnan ct was required. Each 
wmponent's time: to maintenance was either 
Interval or riaht cimaorcd. Components that 
required mniateaooce following inspection were 
interval ccnsored since the component hiid 
degraded dc ient ly  to require service sometime 
between the inspection that identified the 
problem and the previous inspection. The 
specific time point at which the component 
required maintenance was unknown. 
Cimponents that never requit naiptenancx 
folbwhg tnspaion were right censored sincx 
Ww- -would not be required until 

- ~ 6 e - f i m e  &et the data collection period ended. 
A data set was created containing the nine 
descriptive variables, the number of hours the 
c.xrmponcnt was iri strvicc before maintenance 
wui required, and whether the component 
malntcnnnce time vvas interval or right censoreci 

A fQorWard stcpw.isc regression procedure was 
utilized to determine which variables were most 
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Table A-2. Penetration Data 7_ c 
?3 

F: Y 

a 
\o w 

c 
QI 

Fundon 
1 I 1 I I I I I 6 a 

1 fSC-TV-lO3B . Fl30 12CC-W-203S F130 CC FM B RHR HX H j B 1  IS[ c 120 105'00 107 35 

4 1cc-191 M?M) 2CC-199 1 M360 CC TO B RHR HX F C 1 8 C  1 720 10500 105 m' 
5 tCC-TV-103A F130 2CC-N-203A FI3O CC FM A RHR HX H B 18 C I  6 1201 10500 101; 80 

V085 H C  3 8  1 s 666 160 0 7 141-79 1 VOllS 1 24-93 .HHSI (BIT) 

2 1CC-193 P340 2€C-194 MMO CC TO A RHR HX I C 1 1 8  c I no i ~ o o  la5 15 

- 

71 1al-n 1 ~ 3 4 0  jzahaj I voas I A m F i  2 B 0 0 0 160 0 

6 1.3 306 1601 

6 1.3 300 16Q 

1 V085 26H-335 voas I- 15 1 -CW-MOV-1289 I VOW ZCH-MOV-2289 V085 

1-CH-322 

' CC l 6 B  RACC J C 6 

CC TO A RACC H C  Is 
CC FM B RACC D B  6 

E R -  6 

CC FM C RACC D B  6 
D B  6 I : D \  6 

-~ 

CC FM A RACC [ D 1 B ~  61 D 6 

D ' 0  6 D  6 

CHARGING F C  3 B  I 

B E  3 0  ! 

i 

I i - - i - d  

' CC TO C RCP AND F C  I !  13140 715 105 RO 1 B C  
SHROUD 



Table A L (Continued) 

? 

24 

~ 25 

2% 

-- 
Umt 1 Urn1 2 0P Oys' Houn Fknr Temp R r u  

Funcbon Type Tvpe Sire Service Cvtlc now! (gprrv ('R ( p g I  
I L 

op r c h )  
ComplD Munrf ComplD Minuf 

1CC-!19 M360 2CC-lI5 M360 CC TO €3 RCP AND F C  8 i  I 13140 
SHROUD ' I-CC-N-!OQB F130 2SC-N-2048 f130 H B 8 C  I 13140 715 105 S! 

1 CC-84 1 M360 2SC-78 M360 C C T O A R C P  F C :  8 C  I 13140 715 105 8C 

ICC-TV-lWA F130 2cC-TV-204A F130 H B  8 C  I 131401 715 I05 85 

1CH402 KO85 2CH-331 KO85 SEAL W r R  FM RCP'S H C .75 8 0 0 0 166 C 

lCH-MOV-1380 A200 Z-CH-MOV-23BO B E  3 0  I I3140 10 166 Ioc 
10 l a 6  loc  I-CH-NOV-1381 ~ A200 '2.CH-MOV-2381 A200 B E  3 0  I 13110  

141-if0 R340 12-51-136 KO85 SI ACCUM MAKEUP 3 8 IS 105 6SC 

15 105' 650 141-58 W40 24147 R34Q A F  3 8 1 B  

A2M I 
--- ~ .- 

141-185 , VU85 241-85 VO85 HHSt(ALTCH)TOCOLD H C 3 B  0 0 0 I60 0 

3 B  0 0 0 180 a 
LEGS 

141-NOV-1836 B E  . VO85 2-S1-HOV-2%316 VOW 

81 2500 123 lOa 

1-RH-37 W32 2-RH-38 c684 A E  6 8  1 8 25XM 123 100 

l-CC-TV-1OZF Ft30 2CC-TV-202F F130 CC FM A RCP AND H B  8 C  I 13140 675 116 40 

1 13140 675 1161 35 ICC-TV-1ME F130 'ZCC-TV-202E F130 H B  

i-CC-TV-i32a FSj6 XC-w-2m i-'lfO CC FM C RCP AND H E  I 13140 675 116 45 

I -RH-36 +ZOO 2-RH-37 A200 RHRTORWST A E  6 B  I 

SHROUD 

81 C 
i 

SHROUD 

1CC-TV-IO2A F130 2CC-TV-202A F130 H B  E C  1 13140 675 116 35 

IEC-TV-tmD F130 2CC-TV-202D F130 CC FM B RCP AND H B I B  C 1 1  ):la 675 I16 41) I 
SHROUD 

1 13140 675 l l b  3 5 I-CC-TV-1OZC F130 Z-CC-N-ZMC F130 H 8  6 C  

1 CH-W-1204A M 120 2-CH-TV-UMA M I20 LETDOWN H D  2 B  1 I3110 RO 275 300 

l-CH-W-1204B M120 2-CH-TV-2204E Ml2O H D  3 B I  1 13110' 80 275 300 

5 0 120 
L _c-- 

1-HC-14 V135 HC SYSTEM a 
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Table A-2 (Continued) 

? 
c 

:a 

w 

I -SS*W* I02A M I20 2SS-TV-202A 

' ISSTV-lMfi M120 2.sS.TV-202B 

1-SS-TV-112A MI20 2SS-N-212A 

MI20 - 
MI20 

MI20 
MI20 

M120 

M120 
MI20 

Function 

H F  
HOT LEG SAMPLE H F  

I 

l H l F  

I 
CompIO Manuf CompID Mamtf 

I I 1 I I 

21 8 46 1CH-330 KO85 2CH-952 ' KO85 LOOP FILL ' H  C 
I 

46 14H-FCV-1160 Mt20 2CH-FCV-2160 M t t O  A l F  2 8  
I 1 

2 A  47 1-1A-55 IVOSO 2-1A-250 V085 INSTRUMENT AIR F C I  
0 F ,  2' A 47 l*IA=TV-l02B Fl30 2- IA-W-ZMA F130 

4 1  1-VcETu=loloS F130 2-VG-W-2OOB Fl3O PRI VENT HEADER H F 1.5 A 

4lt l-v&TV=l#A , F13Q L 12-VO-W-200A Ff30 H F 1.5 A 

50 I J l ~ H C V ~ l Q S 6  1 M120 (%$I-HCV-2936 MI20 H2 TO PRT D F  I A  

30 161-m-101 1 Fl36 12&€-'W20i ~ i 3 0  E ~ F  I A  

53 ldl*lW 1 R340 2-SI-j32 R346 H 1 C  1 A  

s3 141-Tv-loo 1 FlfO 2st*Tv-200 F130 D F  I A  30 100 2000 

54 1bOA*33 1207 ,I2-Dk-7 I207 PRI VENT POT VENT D D  2 A  

2 A  541 143A-41" C L , . : . .  , ,  ' .  lm, "' " '  , '24M-9 " ' .  ' ' ' 1 I207 
Ssb1 1-LM-TV-lbOF MtPq .Z-LM-TV-200F 1 MI20  LEAKAGE MONlT V F .375 A 

550  I*LM-TV*lcm)E M120 24LM-TV-200E 1 MI20 0 F .I75 A 

* 
D D  

56A I-dS-TV*IOOA Mi20 ,2SS-TVa260A I MI20 PZR LIQ SPACESAMPLE H F .375 B 

M 120 

COLD LEG SAMPLE 

** 

LEAKAGE MONlT 

.375 350 I B I 

I 1 

' .375 B 350 1 1 547 2235 I 
.375 i i 5  1 5 j z i  I S O  f 

f 
~ .375 IS I 

0 0 1  !OS! 6 j 
b 

I 
.375 A 0 0 
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Table A-2 (Continued) 
2 c 
Q F 
c 
t 
\o 
t, 

PEN Unit I Unit 2 
A .  

COW ID M8nuf Camp ID Manuf 

93 I-CV-N-15OB F130 2-CV-TV-2SOB Fl30 

94 l - C V - ~ - I O o  F130 2-W-TV-200 F130 

94 I-CV-4 W32 2-CV-4 Po3 2 

97A 1-SS-TV-103A Mi20 Z-S-TV-203A MlZO 

97A tSS-TV-fO38 M120 2SS-W-203B Ml2O 

105A 

Function 

~ -~ 

D F  
CONT VAC EJECTOR H E  
SUCTION 

A E  

RHR LtQUlD SAMPLE 

LkAKAGE MONIT D 

Service Cvcle !s 
A I 2 

8 

8 

1 

1 

0 

0 

1-RC-I76 KOES 2-RC-143 6 8 5  PZRDEAOWT ~ A C .15 A 0 0 
CALIBRATOR 1 ,  

I -RC-178 KO85 2-RC- 14s KO65 A G .13 A 0 0 0 

1-HC-lV-lOOA YO30 Z-HGTV-ZOOA VU30 HC SYSTEM E F 3 7 5  A 0 0 
1-HC-TV-IMlB V030 2-HC-TV-2OOB VMO E F 375 A 0 0 0 

C -- 
T 1 

1-HC-TV-IOBA ' 'VMO, 2-HC-'IV-ZOBA V030 HC SYSTEM 375 A 01 0 0 E 1 F 

I -RP-6 -- I-RP-8 
I -LM*W* I OOD 
1-LM-TV.IOOC MI20 

0 f20 

0 120 
r 
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Table A-2 (Continued) 

? 
t -J  
:A 

t SEALED REF 
105C I-LM-TV-lOlA MI20 2-LM-W-ZOlA I MI20 
1050 I - L M - ~ - I b l R  M I 2 0  2-LM-TV-IOIB Mi20 LEAKAGE MONIT D F 375 A I 0 0 to5 1 ~ 

SEALED REF 

105D I-LM*TV-IOIC Mi20 2-LM-TV-2OIC M120 D F 375 A 1 0 01 105 0 ' 

9 

1s 120 660 106 l-St-TV-lS42 M I20 2-SbTV.2842 M120 SI TEST LINF D F .fS B 42 7 

lo6 I-S1-W-1$59 M t20 2-SI-TV-2859 M120 D F .7s a 42 7 is 120 660 
w- 

106 l - W - S I 1  C604 2.WT.439 V135 LAYUP C SG A / E ~  4 E  I ii i s G I  ~ C G  im 
108 l-wT-Sl4 CbM 2-WT-448 V135 A E  3 E  1 8 150 loQl I 0 0  

1 

109 1-HC-18 Vi35 2-HC-20 V135 HC SYSTEM J C 2 . 4  I a 50 120 5 

109 I-HC.TV-103A VOJO 2*HC-TV*203A V030 E I F .375 A 0 0 

109 I-HC-TV-IO3B VO30 2*kk-'W-203B VO30 E F .37S A 0 0 0 120 5 

109 I-HC-TV*1078 e635 Z-HC*W-207B C635 D F 2.5 A I 81 

5 0 120 

5 

5 

50 120 

so 1 2 0  

I 1  ID l-QA-TV-IO3A PI30 2-Dh-TV-203A C635 POST ACCIDENT H F  2 B  24 1 5 100 

I09 I=HC.TJ-I07A I C635 ' 2*HC-TV-207A C63S H F 2.5 A 1 8 
" 

I *  I 

51 I 

SAMPLE RETURN 

- 7 l l l D  I-DA*l'V-lOSB F130 2-DA-N-2038 ' C635 , , D  F 2 ,  B 24 1 5 120, 

I I2 NOT USED F 136 2- i A-w-26 i A rim 1 iiuSTRUiviEKf AiR D F ]  5 1  A 01 0 o i i c ;  
r 9 -.-.. 

112 NOT USED FI 30 2-1 A-"V-20 1 B F130 D F  3 A  0 0 0 l l 0 l  

1 13 141.90 VOBS 2-SI-It9 I V085 HHSi (NORMAL AND H C  3 0  MQ 1601 ::3<1 I 

8 ,  i ALTERNATE CHG) TU 
HOT LEGS I I '  

I 1  8 6001 !hOi 2 ? 7 J  - I 13 I-SI-MQV-18698 V085 2.SI-MOV-2869B V085 B E  3 B  

V085 241-107 V085 H C  3 B  I R 600 IO0 223'. 

V085 2SI-MOV-2869A VOSS B E  3 E l  ! 8 600 iRO 2 2 3 5 j l  --. - 



T able A-3. Class Variable Data Codes 

] 
7 

TYPE 
TYPE 
CODE - 

A ( ' H b n u a 1  I 

K W U F  M A N U F A m R  NAME 
CODE - 
A200 Aloyco L i v  1 Walworth 
E391 Anchor / Darllng Valve 
C630 Contromatics D i v  / L i t t o n  Inds 

C635 Copes - Vulcan Inc 

A180 A l l i r r  Chalmers 

- 

C684 Crane Valve Product6 / Crane Co 
F13Q Fisher Controls Co Inc 

GO75 General Dynamics 
I207 ITT GriMell 

- 

KO85 Kerotest Mfg C o r p  

Ml2Q Masonellan International Inc 
M360 Mission Drilling Prod Div / T R W  InC 

PO32 Pacific Valves 1 Mark Controls Carp 
P305 William Powell Co 
P340 Henry Pratt Co 

SO75 Schutte and Koertincl Co (Amerek Inc) 
VQ30 Valcor Enqineerinq Cor 

VO80 Velan Enqineering 

V135 Henry V o g t  Machine Co 
~ 0 8 5  v e l a  Valve Corp 

W O 3 0  IWalworth Co 
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predictive of time between maintenance Lvents. 
In this proccdure, the emphasis was on 
ccminuous measures of vaive performance: size, 
operations per operating cycie, hours of flow per 
operating cycle, flow, temperanire, and 
pressure. in step-wise p r d u r r s ,  variables are 
included in the &el om at a time. At each 
step, the ve-iable which rnaximizbd the 9 value 
of the model was retained, and the model's 
ability to t i t  the dependent data was ~ssesse '  
The procedure m v w  forward stepwise in tha, 
the initial d e l  utilizes only one independent 
variable and additional variables are added at 
each step. Since the stepwise procedure could 
not utilize ccnsorcd data, thc right censored 
components were excluded and the interval 
censored components were assigned a particular 
maintenance time. Specifically, the interval 
censored components were assumed to have 
required maintmanct exactly halfway between 
the inspection which identified a problem and 
the prior inspection which found no problems. 
The variables wmpnding to hours flow pet 
operating cycle and flow were selected as a 
result of the step-wise regression. This 
oquatiofi, however, explained only 10.246 of the 
variability in the mainteMncc times (?=O. 102). 
incorporating additional variables such as size, 
operations per opeming cycle, temperature, and 
pressure increased the 9 only marginally 
(<176). 

The find statistical procedure was a regression 
analysis which utilized censored data. It was 
decided to urilizc a model with five independent 
variables: operator type, valve type, type of 
service, hours flow per operotixq cyde, -and 
flow. The three descriptive vawles were 
included in tbc hope of enhancing thc-model's 
ability to describe the censored maintenance 
times. The procedure was performed on the 
original censored data-set usia the five 
identified variables as independent predicton of 
maintenance time. The results of this arralysis 
suggested that only operator type and type of 
service were statistically significant predictors of 
censored mintenance time (pC0.05). Valve 
type was marginally significant @<0.10). 
Coefficient estimates for hours flow per 

operating cycle and flow were not significantly 
different from ;cero (p > 0. IO). 

The maximum correlation between the five 
variables and time until maintenance rate was 
26percent. It appeared khat random matches 
provided a large portion of this correlation. If 
quantitative values were handled as class 
variables, no significant change in resufts 
O C C U K ~ .  Based on these results, variations in 
valve performa~ice cannot be predicted based on 
system and valve physical characteristics. Thus, 
a generic failwe rate could be used in the 
containment l e i i e  model for the individual 
component leakage failure rates. 

As previously discussed, Figures A-6 and A-7 
suggest that the component failure rate decreases 
versus the time since last maintenance. In the 
next series of .analyses, &he North Anna data 
were analyzed to determine if the failures of 
cmponcnts should 'be modeled as dependent or 
independent. The two types of dependent 
failures which were investigated were common 
mode failures of the same component, and 
cOmmOn mode failures of wmponents in the 
same 

There are 392 tmnponents at North Anna that 
are Type C tested. Of these mgponents, 168 
have undergone maintenance to correct leakage 
problems, with a total of 278 maintenance 
events, since 1986. Of the 168,91 components 
have failed one time, 51 components have failed 
twice, 21 components have failed three times, 3 
components have failed four times, and 2 
m*wnts have failed five times. 

If multiple failures of a component are 
Wependent, the probability of two failures of a 
component is the square of the probability (sf a 
single failure of the component. Table A 4  
shdws the act~lal and expected number of 
component f a h m  (essurning independent 
failures of the ccpmponeru~) for two failure cases. 
These =failure tmes are defined as (1) any 
leakage rate causing a maintenance event a d  (2) 
comprxnt leakage rate of 250 scfh or higher. 
The component failure rates per year were 
cdlculated by dividing the total number of 
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;.orrrponent failures by the total number of 
"titages inuitiplied by 1.5 (assuming an 18- 
month interval between outages). Numeric 
sirnulat;ons were then run using these failure 
raws to determine the average expcc:tcd number 
of failed components given the number of 
outages at each unit. This table shows that the 
failures of a component are not independent, 
I e , once a component has failed, it is more 
likely to fail again. 

Tabie A-5 shows the actual and expectcd number 
of component failures (assuming dependent 
failures of the components) for the same two 
cases as Table A 4 .  The component failure rates 
per year were determined by running the 
numeric simulation model described above and 
adjusting the component failure rates until the 
expected number of zero failures qualcd the 
actual number. A component beta value was 
then introduced into the numeric simulation such 
that if a component failed, the component would 
fail again with a probability qw to the beta 
value (i.e., a common mode failure b e e n  
successive failures of a component). This 
failure was in addition to any random failures of 
the component. The component beta vduc was 
determined by running the numeric simulation 
model and adjusting the bcta value until the total 
expected number of failures equaled the actual 
number. Table A-5 shows that there is a good 
match between the actual and expected numbcr 
of failures if a component beta value of 
approximately 0.34 is used. 

Based on a review of the North Anna data, in 29 
cases a valve had two or more tests whcrt the 
us-found leakage rate was 25 scfh or larger. In 
18 of these cases, the tests with tbcse lcnlmgc 
rates were 18 months apart.- In 10 cpscs, the 
tests were 36 months apart. In one ctlsc, the 
tests were 72 months apart. From these data, it 
is estimated that if a common mode fpilure of 
the compomt occurs at Mltrrge N, 64.3 pcrcart 
of the time the scamd failure will be detected at 
outage N+1, and 35.7 percent of lthe timc, tbe 
second failure wilt be detected at ouwe N+2. 

An e.valuation of the penetrat:on common mcde 
failure probability reqtiired rhe us8e i!f 
containment leakage rnocicl, and IS described ::n 
the next section. 

A.2.2.4 Test Options Analysis 

Because only 6 to 7 years of coniponent lrakage 
rate versus lime data (five to six refueling 
outages) were available for each unit, od:y 
iimited m1y:iis of Type C test options be 
p e r f o d  directly using historical unit data. 

The only testing scheme for which sufficient 
data exist to permit even limited evaluation IS 
the testing of all components every 36 mon. t~ 

unless a component fails a test, in which case !it 
is tested every 18 months until it passes two 
successive tests. The component maintenances 
that would not have been performed under this 
testing scheme were identified and removed 
from the leakagerate data-base, and this data- 
base was evaluated to determine the new North 
Anna unit containment leakage rates over time. 
While sevcrai valves that were leaking at an 
indeterminable ratc would not have been 
detected for an additional 18 months, there was 
no significant change in the overall contammerit 
ldagc rues, and no change in the historid 
probability of exceeding La. 

Bascd on the penetration configuration data and 
the data in Table A-5, a containment leakage- 
rate model was created to evaluate selected t a t  

This model assumes that all 
compo- have a constant failure fiquency of 
i.3E-2 p# y c a ~  d a probability (component 
beta value) of 0.34-such that if &e fompoacnt 
€ails at outage N; tbt oompo~~ll will fat1 again 
dtoutpge N+1 or N+2. Based on tbc North 
Anna dur, 64.3 pctccaa of these secund failures 

occur at ouugc M+2. Failure of a component 
is dcfimd asthecompoocnt leaking at a me of 
250 scyh or greater. 

SchuXE optioas.' 

will oocut atouyge N+1 aad 35.7percenr will 

Tabk A 4  shows the probabilities o f  
indeterminable c o ~ a i n m e ~  b g e  paths for the 
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T'ahlr A 4  Acrual Versus Expected Number of Multiple Valve Failures Assumirrg 
Independent Failures 

' Assuming independent failures of 4compoacnts. failure rate = 8.6OE-2r'yr per component. 
Assuming independent failures of mnpmcnts, failure fate = 1.76E-21yr per component. .. 

Table A-5. Actual Versus Expected Number of Multiple Valve Failures Assuming Dependent 
Failurw 

4 ! 3 j  6 1  
5 2 1.6 

6 0.2 
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Table A d .  Probability of Metemhate C o w  Leakage Paths for Test Scheme Options 



aeiw:tcd wa scheme options. The test scheme 
optwns evaliiated are: 

I .  Test all  component^ every 
UUUgC. 

2. Skip next test of comp~llcnt if 
test pa=sed. 

3 .  Skip no teats if pass one test or 
failed previous test. 
Skip two tats if pass two tests. 
Skip six tests if pass three tests. 

4. Skip no tests if pass OIK test or 
failed previous test. 
Skip one test if pass two tests. 
Skip two teas if pass three twu. 

5 .  .Skip IW tests if pass one test or 
failed previous test. 
Skip oflc t a t  if pass hvo tests. 

6 .  Test every 3rd outage' (om test 
approximately every five years). 

7. ACSt mcv 7th outage (om k8t 
approximately every 10 years). 

In Tabte A-6, two values (0 and S.5E-2) were 
used as common mode failure (CMF) 
probabilities for each penetration. The CMP 
probabiliti 9s were applied such that if one or 
more componc~s associated with a penetration 
failed, the penetration would faii. 

The CMF probability of 5.5E-2 was selected to 
result in a probability of wroximatety 0.93 €or 
zero indeterminable canrainmcnt lea@& paths. 
The value of 0.73 is basad on N o d  Anna'a 
experience of 3 occurrcn~ of indadaablc  
contaimnertt lcakage paths in 11 unit olltagcs. 

Table A-7 shows the w e  in incrcmcntal hsk 
due to containment leakage' relative to the 
current t a t  scheme (teat scheme option 1) €or 
the selected t a t  scheme options. The lvatues in 
this table were dculatbd as: 
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iincrcmental risk for test scheme 
option S, penetration common 
imode failure probability p 

probability of having N 
iindettrminable containment 
Ilcakage pathways for test 
schexne option S, penetration 
c o m m o n  mode failure 
probability ,p 

This quation asmmcs a linear relationship 
between risk due to containment leakage iand 
containment leakage rate. 

Tables A-8 and A-9 are similar to Tables A 4  
and A-7, respectively. In these tables, the 
component failure rate was reduced by 54 
percent to refld the lower probability of failure 
seen at North Anna sirrct 1990. This value is 
bajcd on 14 indeterminable valve leakage 
failures in the last 5 outages, as opposed to 57 
iadeteMlinable valve leakage failure3 in the 1 1  
outages in the complee data-base. The 
component be& value and the penetration 
common d e  faiw probability areassumed to 
mndn the same as previously dacrmincd As 
can be 8een from Table A-9, there is no 
si8nifitxgt change in incremental risk compared 
to Table A-7. This impties that the impact of 
pwform4nCbbasad testing on incremental risk is 
driven by the conrrponent beta €actor rather than 
the ilndopcndmt lmmponent failure rate. 

A.3 GRAND GULF ANALYSIS 

The Grand Gulf Power Station is comprised of 
8 singlc'boiling water Data collected 
at the power station was similar to that collected 
at North Anna. 
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Had on the insights gained from the Nodi 
Aiina analyses, a more restricted sei! of analyses 
was performed on the data galhered from Grand 
Gult. No statistical analysis was performed to 
iiivestigate whether component failure rates 
i4.wld be predicted in t e r n  of the t:omponenrs' 
physical and usage data. The analyses 
perfornied using the Grand GuIf data consisted 
c,t the calculation of a valve generic failure rate, 
the w m m ~  mode failure probability for the 
valves. and the penetration conunon mode 
failure probability. Using the resiilts of these 
analyses, the effect on incremental risk due to 
comainrnent leakage was calculated for the seven 
test schemes analyzed in the North Anna data 
analysis 

Table A-10 shows the number .of component 
failures observed at Grand Gulf binned by the 
types of component failures observed. The 
types of failures considered were those with an 
unnleasurable leakage rate, failures with a 
measurable leakage rate, as well a5 those cases 
where a component didn't undergo it leakage test 
before maintenance on that component was 
performed. Leakage is cissified as 
"immeasurable" when the component lcakage 
rate exceeded the range of the testing equipment. 
As an example, the first h e  of Table A-10 
shows that two valves had both two measurable 
leakape failures and two immeasurable leakage 
failures, and the valves underwent maintenance 
t w w  ?Tior to being lcrtkagc tested 

Table A-1 1 presents various statistics related to 
curitai~irnent penerrationcomponent performance. 
Sased on rht information in Tables A-10 and 
A- 1 1, estiirlatcs of the valve indepe!ndcnt failure 
rates tvere cmiputed and are shown in Table 

A-12 The first set of calculations in Table 
A-12 assumes that all valves which undenverit 
maintenance lprior to being leakege tested would 
not have faiifed such a test if i t  had been 
performed. The second calculation corrects the 
failure rate for these 'cases by assuming no 
knowledge off the state of the valve prior 10 the 
maintenance. For the remaining analysis. the 
latter failure rates were used. 

Table A-13 shows the actual versus expected 
number of valve failures assuming independent 
valve failures due to measurable as well as 
immeasurable leakage rate. Two different 
expected number of valve failures are presented 
for each case. The first value accounts fix tes'ts 
which were riot performed prior to maintenance. 
The second value is the expected number of 
failures which would have been expected if all 
tests had been performed. As can be seen from 
this table, the expected number of multiple valve 
failures is lower than the actual number 
experienced. The latter is due to the assumed 
independence of failures up to this point 

Table A-14 shows the actual versus expected 
number ofvalve failures assuming dependent 
valve failures for both" measurable a d  
heasurablc valve leakage rates. In preparing 
this table, a component beta factcir was 
introduced :such that there was an increase 
probability of a component failing if it had failed 
previously, The value of this beta factor was 
derived in thic same manner as performed in tlhe 
analysis of the North Anna data. 

Based on th t  penetration configuration dlata and 
the data in Table A-14, a containment leakage- 
rate model was created to evaluate se1ecr.d t t s t  



Table A-8. Probability of Indetemhate Containment Leak Paths for Test Scheme Options - Data from 1990 to Presenr 

1 A I  

1 I I 

1.7381 0 0 1 0 1  0 1  0 0 
2.20E-4 2.36E-S 2J7Ed 1 2.97E-7 I 0 1 0 0 

3.646-4 4.JSE-5 s.lOE-6 1 1.49E-7 1 4.95E-I 1 0 0 
' - 

J.69E-3 1.37E-3 2.99E-4 1 5.69E-5 1 9.31E-6 1 8.9IE-7 1.9%: 

7'- Schanc Options: 
1: Test all components e v e v  ourage 
2: Skip next t& of component if test passed 
3: Skip no tests i f  p a s  I test or failed previous test 

Skip 2 tests if p ~ s s  2 tcsts ( [ut  rpproximtely every 5 yecrrs) 
Skip 5 tests if p u s  3 tests (lest rpproximately every IO years) 

4: Skip no tests if pus 1 test or failed previous test 
Skip 1 test if pass 2 tests 
Skip 2 tests if pass 3 tats (test npproximatc~y every 5 y u t s )  

5 :  Skip no tests if pars I test or failed prevmus test 
Skip 1 test if pass 2 tests 

6:  Test every 3rd oubge (1 test approximately every 5 years) 
7: Test every 6th oubge ( I  test approximately every IO years) 



Table A- 10. Containment Penetration Component Failures 
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'l'abie A -  t I .  amponent Statistics 

1 
I 

Total number of failures of valves 

Total time period (including 18 months prior to first refueling 86 months 

Table A-12. Valve Failure Ratts 

170 valvca * 86 months = 14620 valvc-months 
EXpOSurt 

170 valved 5  tog# 850 valvt+~taga . 

181 14260 - 1.2E-3 per valvc-month 
immcpsurablc Failures 

= 2. IE-2 per valvc-outagc 
It 1 

= 2.5E-3 ~ c f  valvc-month 1 _ _  . _ _ -  
Measurable Failures 

36BM = 4.2E-2 Dtr valvc-outane 
I _ _  c 

= 3.7E-3 per valve-month 54114620 
54/8M- = 6.4E-2 V ~ V C . O U ~ ~ ~ C  

Total Failuns 

ll To* 54172 1 = 7.X-2 per valvc-outagc 
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Ignores all cases whew a valvc: didn't undergo a leakage test befori: maintenance. 
Assulrllng independent failures of components, failure rate = 5.OE-Z/yr per wmponeni. 
Assumlag independent fajlures of components, failure rate = I .7E-2/yr p e r  cornponeill 
t.rrsr value i s  cxpected number o f  valve failures awmnting for the times where a valve did?'( untlerpci a 
leakage irsi before rnainler:mncr. The second value is the expected number of valve  failures assuming all 
icakage tcsts were performed prior to valve maintenancc. 

.* 

... 
_._- 

'I'able A- 14. Actual Versus Expected Number of Multiple Valve Failures Assuming Dcprnderit 
Failures 

4 I 0 I 0.7i0.8 I 

lgnorcs all cases wlierc a valve didn't undergo a ~eakagt lest befo!rc mainlenance. 
Assunling indtspcridenr failures of mmponenis, failure rate = 3.813-Yyr pcr mmponenr. component beta 
facior -1 0 IT I. 
Assirminp idepndeni  failurrs of conlponents, failure rate = 1.4E-2/yr pcr component. cornpnent beta 
l'irctor = 0.17. - - -  

Firs! vniue is  expected number of valve failures accounting for lhi: times where a valve didn't undergo a 
leakage test before rrlainrcnance. The second value is the expected number of valve failures assurmng all 
icakagt iests wcrr perfonid prirr tu valve maintenance. 

.I 

.*. 

.-.. 



%hem options. This model a88umcB khat all 
cornpownu have a ~ O M W  failure fnxirttncy of 
14E-2 pcr yrar md a probability (wmpomt 
beta value) of 0.17; such that if the wmpoaent 
faiia u o u q e  N, rhc compo~ltllt will, fail qrln 
at wtagc N + 1  or N+2,  B u d  on the No* 
Anna dur, 64.3 perceat of the# 8uwnd failm 
wi!l occur at outbge N+ 1, pnd 35.7 percent will 
occur u OIttPgt N+2. These v d u a  arc 
consistent with the ( 3 d  Gulf data. Foilme of 
a cxmpmmt is d e f i d  a& the componmr leaking 
at an immPsunble rate. 

Table A-15 shows the prohabilitica of 

Bet& test schane options. In this table, two 
vducs (0 and 6.0El-2) were uaui as common 
mode failurc (CMF) probabilities on cpch 
penetration. These penetration CMF 
probPbiIitiea iere appiiai such that if one or 
more components sssociated with a penemion 
faitad, the penemtion would fail with thh 
probability. The C W  probability of 6.OB-2 
was selcacd to rcsult in a protrobility of 
oriproximately 0.80 for having zero 
urdctermhable containment Idagtpoths. The 
value of 0.80 is based on Grand Oulfa 
txpcrietlce of 1 occu- of iadetenntonb ' le 
crontpimnent leakage paths in 5 unit outages. 

indetcrmirvble coatrirmmu Idage piths for tbc 

Table A-16 shows C ~ C  change ia incremenraf rislr 
due to cocltoildmcnt leakage ralativa to the 
curtent test scheme (tat schdne optiotr 1) for 
the selected test scheme options. The values in 
this table were caldated in the same manlEr as 
in the North Anna imdysi8. 

Table A-17 shows a compuisOn between 
COntajamcM isolation valve lmbge Murc rata 
calculstod for North Anna ad for Grtibd Gulf. 

canbc 4an from this table, the indcpendcm 
ud the dep#dmt failure rata ut comparable 
between thc plrrnts, Ah Orand Gulfs failure 
rates being slisfitly lower. Thc: component beu 
factors for vdvc fkiture with any l e e  rates 
are also comp9lmblc. The compar.rt beta factor 
for valve failure W i t h  immeasurable !&age 
rates for Grand G~il f  is about half tbe 

emcaponding beta factor for North knm 
W k t k r  this is due to Pn actual difference in the 
valva between the tw J plants, or is due i o  the 
fact thar some of the Grand Guif components 
with the worst performance history are also the 
valva which are kmg maintained before king 
leakage-tertarl (and potentially under- 
representing h e  number of multiple *valve 
Iriilutes) is unknown. 

Table A-18 shows a comparison of changes in 
incranental risk due to containment leakage rate 
relative to current test scheme for test scheme 
options for North Anna and For Grand Gulf. 
The analysis of alternate testing schemes 
perfomled based on the North Anna data showed 
a strong dependence between the incremental 
risk impact of the various testing schemes and 
the ampmnt beta factor. While the Grand 
Gulf component beta factor, for those valves 
with 00. immeasurable leakage rate. is lower than 
rhrt for North Anna, no significant difference in 
th reaults was found. For all perfor nce 
brsad Wng schemes (schemes 2 t h r o ~ ~ . ~  5) .  
the maximum increase in incremental risk was 
opproximatcly a factor of 3. 

A S  Findings 

l l i e  kllowing f-s regarding Type C testing 
UT mpde based on the turalysis of the North 
Anna and Grand Gulf data: 

The randam failure rates of components 
cannot be predicted based on system and 
componentphysicaldata. Because of 
this, the component beta factor (a 
measure of common mode falure) 
b a m m ~  re&ively more important and 
diivea the above results. 

Given a component failure, there is a 
high probability that the component will 
faif agdn in the next two operating 
cycla. If the component does not fail 

0 within two operating cycles, further 
failures appear ta be governed by the 
random failure rate of the compont:nt. 

Of the perfomamx-based testing 
schemes evaluated, none incrrat: the 



iirtitiab~lrtv r I f  containment leakage by 
~ i ~ o i ~  rhan a f p m r  of approrcimately 3.  
~ i i d  IIO! tr: 'ictease the containment 
Icakage or.:ributl in to overall unit risk 
l j y  .:wt f ! i . j i l  fc w percent. 

ir Any test scbleme considered should 
require a failed component pass at least 
two consecutive tests before allowing an 
cxrended tesi interval. 

The NUMARC simmiary did not prov:dt. 
sufficient detail t1.1 perform independrrit 
quantitative assessment o f  inr leakaye-ra!r 
experience or to derive coniponent failuix hefa 
factors as was done for the North Amxi and 
Grand Gulf tiara. Qualitatively the NUMARlC 
observations appear to be consistent with the 
insights derived from the orher analyses. 
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Table A-15. Probability of Indctenninable Containment Leakage Paths for Test Scheme Options 

? 
W 
4 

6.E-2 

15.40 0.17 

7 "  6.oE-2 16.94 0.17 

0.7268 

0.8012 
- 



'Tablc A-16 Change in Incrtmcnu.l Risk Duc to Containment Leakage Race Ke1alrb.c 
for Test Scheme Options 

('urrrnr ' I C > :  ~ L L c ~ ! ~ <  

Mo6!FailwprohMlity 1 2 3 4 !  s f  6 

0 1.00 2.09 3.08 1.92 11.93 4.63 

6.OE-2 1 1.00 1-52 1.98 I 1.47 1.47 2.59 

7 
14.27 

5.82 

Table A- 17. Comparison of Conlainment Isolation Valve Lealrage Failure Rates 

Table A-18. Comparison of Changes in lncrmrental Risk Due to Containment Inakage Rale Relative to 
Current Test Scheme for Test Scheme Options 
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2. Thc NRC gratefully ackwwlcdges tix wistmcc provided by Entergy ntia€f, especially Mr. Michael 
J .  M e i s m  and Mr. Kevin Christian. 

3. Each -or is t Wutingholue 3 loop Reuurized Water Reactor (PWR) rotcd at 934 MWe, net. The 
mUinmr?nt for ercb reactor h a conviDtionJfy reinforcad concrete !muam with a flat base mat aad 
cylindriul walls toppad with 1 hcmitpheric dom. Tbe 'mi& concntt murfacca an covcmj with stet1 liner 
plater for lerlugetightnepr. Cont.inmm! &sign pnrnrre is 4S pig. 'ihc containment is designed for opmuicm 
II subruwrphwic prcrron and is nubtahd u h u t  10 pia whcn the unit tr in smicc. Free air volume is 
1,825,alO cubic feu. Unit 1 wu plrcd in operation in 1978; Unit 2 in 1980. 'ihc technical specifidon. L, 
for cacb reactor is XM.4 scdard  cubic Peec per bow (scfh) (0.10% volW&y). 

4. St, Luck 1, DCS number 870413ou1,3/7187; peaurPtion lakqe ntc of 3435 r f h  St. Luck 2, DCS 
number 89071#)I)17,6/5m, vdve leakage trtc of 6710 Icfh. St. Lucie 2, DCS aumbtr 9012260091, 
11/28/89; vdve lealugs rate of 1923 rcflh, DrcrdeP 3, DCS numbcr 8512100206, lln/85; vdve leakage rate 
of 3026 acfh. Dmdm 3, DCS number 9209240032, 12/7/89; valve leakage me of 1062 scfh. Browns Ferry 
2, DCS number 8503290100,9/22/84; valve leakage rate of 1117 s c f h ,  vdve 1-e rate of 2687 Scfh. La 
Satle S. DCS ruLznbcT 8701070483, 11/5/85; vdvc leakage rate of 1892 din. 

5. F q u u z y  of QOIltPinmtPt leakage u either Unit 1 or Unit 2 = 2119z+Ppf, where p is bmpcncy of 
individual component lciiiuge, This equation was derived at fol10w8: 

4 Q P*(@lp)+@+p)) = 4*2d 
2 d @+p)+@+p+p) = 2 % ~ '  
165 Q p+p = 165*lp' 
2 9  P*(P+P+P) = 2*3$ 
14 41D P+@+P) - 14w 

where p+p mcuu two valves in rwicr, uad p+p muja two valvca in parallel 
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8.  See Section 7. I for a description of risk due to containment leakage rate versus totd unit risk. 

9. Grand Gulf is a 1142 net ,MWe BWR which utilizes a Mark I11 containment. 

10. Scc Saclion 7.1 for a description of risk due to conrainmtnt leakage rare versus totd un~l risk. 

NUREG1 493 



APPENDIX B 

APPROACH TO ASSESSING RISK IMPACTS 



ki.1 NUREG-1150 Approach, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H-1 
B . 2  NUREGKR4330 Update . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B 4  

k€!mh hfLE 

B-t N U R E G - l l N R i s k W y s i s R ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-2 

I 



APPENDIX B 

APPROACH TO ASSESSING RISK IMPACTS 

This appendix provides a more detailed 
explanation of the risk assessment &\odoIogy 
d in NUREG-1150 (NRCW) und the 
approach taken in the present study to update the 
h'LiREXKR-4330 (NRC86) results based on 
NUREG-I 150. 

B. f NUREG- 1 150 APPROACH 

The main objective of NUREG-1150 was to 
provide a current state-of-the-art assessment of 
severe accident risks for five U.S. nuclcar powcr 
units with different designs. The five 
commercial nuclear power units include: 

S U ~  Power Station, Unit 1: a 
Westinghouse-designed three-loop 
pressurized water reactor in a 
subatmospheric containment building, 
located near Wiltiamsburg, Virginia 

Peach Bottom Atomic Power Station, 
Unit 2: a General Electricdesigned 
boiling water (BWR-4) itactor in a 
Mark I pressure suppression 
containment, bcatcd near Laricaster, 
Pennsylvania 

Saquoyah Nuclcar Power Plant, Udir 1 : 
a Westinghousedesigned four-loop 
p r t s s u r ~  water reactor in an ice 
condenser containment building, :located 
near Chattanooga, Tennessee 

Grand Gulf Nuclear Station, Unit 1: a 
General Electricdesigned boiling; water 
(BWR-6) reactor in a Mark If1 pressure 
suppression containment, tocated near 
Vicksburg, Mississipni 

Zio,i Nuclear Plant, Unit 1: a 
W es tinghouse-des igned four' -loop 
pressurized water reactor in a large. dry 
containment building, located near 
Chicago, Illinois. 

The study can generally be characterized as 
consisting of four major analysis steps and an 
integration step as described below and in Figure 
B-I. 

1. 

2. 

3. 

4. 

5 .  

S,vsterns analvsiE: the 
determination of the likelihood 
and nature of accidents that 
result in tihe onset of uxe 
damage. 

Accident orwession ana lysis : 
an investigation of the core 
damage process, both within the 
reactor vessel before it fails and 
in the containment afterwards, 
arld the resultant impact on the 
cc) ntainment . 

ce term analvsig: the 
estimation of the radionuclide 
transport within the reactor 
ca~olant system (RCS) and the 
cantainment, and the nature and 
mgnitude of the subsequent 
releases to the environment. 

nce u v s i s :  the 
calculation of the off-site 
consequences, primarily in 
terms of h d t h  effects to the 
general population. 

nratiog: . the assembly 
of the outputs of the previous 
tasks into an overall expression 
of risk. 

The first step is the systems (frequency) 
analyses. 'This step identifies the combination of 
events that can lead to core damage anti 
estimates their frequency of Occurrence. 
Potential accident-initiating evenu (including 
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c4:~1-:1ai s\ents fw IWO units) were examined 
, i ia i !  prc iupd  accordtng to the required 
:.~~bsequent system response. Once these groups 
were rstdhl tqhed, accident sequence event trees 
w r e  developed IO detail Lhe relationships among 
trystems required to respond to the initiating 
event in terms of potential system succcsscs and 
failures. The front-line systems in the event 
m e s ,  and the relaid support systems, were 
mcxieled with faulr trees or Boolean logic 
expressions as required. The core damage 
sequence analysis was accomplished t y  
appropriate Boolean reduction of the fault trees 
in the system combinations specified by the 
event trees. 9nce the imponant failure events 
were identified, probabilities were assigned to 
each basic event and the accident sequence 
frequencies were quantified. The accident 
sequence cut sets were then regrouped into unit 
damage states (UDS) in which all cut sets were 
expected to result in a similar accident 
progression. 

Accident Progression AM lvsis 

The smnd step. the accident progression and 
containment response analysis, investigated the 
physical processes affecting the care after M 

initiating event occurs. In addition, this part of 
the analysis tracked the impact of the accident 
progression on the containment building. The 
principal roo1 used was the accident progression 
event tree. The output of the accident 
progression event tree (APET) was a listing of 
numerous different outcomes of the accident 
progression. As illustrated in Figure B-1, these 
outcomes were grouped into accident 
progression bins (APBs) that allow the collection 
of outcomes into groups that are similar in terms 
of the characteristics that are important to the 
next stage of the analysis, the SOUCCR term 
est h a t  ion. 

Once the APET was constmctcd, the 
probabilities of the paths through ths APET 
were evaluated by EVENTRE. EVENTRE 
perfomis the lunction of grouping similar 
outconies into bins. The accidents chat are 
grouped in a single bin art similar enough in 
iertns of timing, energy, and other 

characteristics that a single source term estimate 
suffices for estimating the radiological impact of 
any of the individual accidena wit im that bin 

The qualitative product of this srep is a set of 
accident progression bins. Each bin consists of 
a set of event tree outcomes (with associated 
probabilities) that have a similar effect on the 
subsequent portion of the risk analysis, analysis 
of radioactive material transport. Quantitatively, 
the product consists of a matrix of conditional 
failure probabilities, with one probability for 
each combination of unit damage state and 
accident progression bin. These probabilitics are 
in the form of probability distributions, 
reflecting the uncxrtainties in accident processes. -- 
The next step w a s  the source term analysis. A 
unit-specific model was developed for each of 
the five units, wnth the suffix SOR built into the 
code name. For example, SURSOR was the 
source term model for the Suny unit. The 
results of the source term analysis were release 
fractions for nine groups of chemically similar 
radionuclides for each accident progression bin. 
As with the previous analyses, many results 
were generated, too many far direct transfer to 
the next step. The interface in this case was 
;rccomplished through the calculation of 
"partitioned" source term groups, The large 
number of unit-specific XSOR results (where 
"X" represents the prefix for the individual unit) 
were assessed and grouped in terms of early 
health threat ptential and latent health threat 
potential and by similarity of accident 
progression as it affects warning times to the 
surrounding population. The product of this 
step was the estimate of the radioactive release 
of a set of source term groups, each with an 
associated energy content, timing of the release, 
and duration of rc:lcase. 

Off-site con segue^ Analvsis 

The foua step was the off-site consequence 
analysis which was performed with the MACCS 
(MELCOR Accident Consequence Code System) 
computer code. The MACCS calculations were 
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performed for each of the partitioned source 
(emu defined in the previous step. The product 
of this step of the analysis w u  a set of off-site 
consequence m a s u r s  for each ZiourCt term 
group. For NUREG-1150, the specific 
consequence measures include carly fatalities, 
latent cancer fatalities, population dose (within 
50 milts and total), and early as well as latent 
individual cancer risk for comparison with 
NRC's safety goals. 

Risk In- 

The final stage of the risk analysis assembles the 
output of the first four steps into an expression 
of risk: 

where the total risk is represented by s d n g  
the product of the probability that the hithtihg 
event leads to a unit damage state, given: 1) the 
frequency of the initiating event 2) the 
probability that the Unit damage atate leads to 1Ln 
accident progression bin 3) the probability that 
the accident progression bin produw a given 
source term group, and 4) the c o ( 1 s c ~ u c ~  of 
the source term group. 

B.2 NUREG/CR4330 UPDATE 

The purpose of the NUREG/CR4330 update is  
to incorporate the latest PFU results, notably 

supporting documentation. Hower,  not all of 
the interim results d e d  to evaluute tbe risk 
were reported in NUWGI150. Instead, the 
update presentad only a summpiy of-the results. 
Thus, in order to extract the dwiiedinfodm 
on the risk conuibution of cantabmat l t W F ,  
some of the otigianl ComputcT filesgulgptcdin 
the preparation of NURBG-1150 were & k d  
for each of the five units. The following 
describes the g a d  contents of cpch file. 

those in NUREG-llSO (NRCW) pnd telated 

Master Bin File: Definitions of the 
accident progression 
bins 

~~ 

Frequency File: 

Consequence File: 

Pointer File: 

I=requencres of each oi 
the unit damage s a t e s  
re1 aii ng to relev 2:) t 
accident progression 
ibins and associated bin 
lprobabiliiies 

Expected consequences 
for each of the source 
term groups 

Relationship between 
each unit damage state 
and accident progression 
bin to its appropriate 
source term group. 

The information extracted from each set of the 
above files includes the frequencies and cxpeclad 
c o ~ c q u c ~  of each of the source term groups 
for thc following thret casu: 

1. 

2. 

3. 

Tbe bese case included all 
possible combinations of unit 
damage states, accident 
progression bins, and source 
term ;&roups. This case is 
idmticrl to the rcsults presented 
i n  NUREG-1150 a n d  
cOmpPrfSOa of the present result 
w8a used 90 verify chc! correct 
u&qc of the data files. 

Combinations w i t h  no 
contaimmt failure ox bypass 
which were used to Charanerize 
thc risk Conaibution of the 
ossumsd r n d  mntaimcnt 
-. 

tht contribution of Ihc m) 



ccmtairiment leakage (Point 1 )  Case 2 resulted These three poinrs were p l o t ~ d  s le.& f.LTZ 

in 11rc risk contribution of normal cunt,ainment leak area versus expected ri:sk and d ~ 1 1 s  L' +..i*. 

Iwkage (Point 2). Using the expected fitted through them I t  was tound that 3 ~ w l i r ~ ~ l  
crwiqurnces for a large leak (Case 3) together order polynomial would accurately reprc hfLi1' :h' 
with the prohabililjr of no containmenr failure three points. These pol~nomiai tits wcrt' :ii:.*. 

!Cue 2) yielded the potential risk contribution used to interpolate risk impacrs of I a k . ~ p %  
of a large pre-existing leak (Point 3). above the nominal values that had heen used 111 

the original NUREG-1150 analyses 
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APPENDM. c 
CANADIAN AND EiUROPEAN OLM AND TYPE A TESTS 

C.1 T H E  F R E N C H  O N - L I N E  
MONITORING SYSTEM (THE 
SEXTEN SYSTEM) 

Containment lmk-tightness is continuously 
monitored during reauoe optrations in all of the 
French PWR plants using rhe SEXTEN systcm. 
The SEXTEN system is also being cvaltuuad by 
the Swcdcs for their PWR units. 

On-line leakage ducction is bawd on the fact 
rfiat thc containment air prtssute goes up and 
down in a cycle. Air pressure builds up as air 
from thc instrupcnt comprawd air distribution 
system (ICADS) I& through the air-opersrted 
valves inside the contdnmcnt. Whca the 
pressure reaches a sd limit, the operotor quickly 
depressurizeu the mntaimmt and, &r that, a 
new pressunzat ion cycle begins. A typical 
containment air pressure cycle is shown in 
Figure C-l . The pregsure cycle is about 20 days 
for a 9ooMw PWR unit. The amplitude of the 
cycle is about 100 mbar (1.5 psi). 

Leakage from the w-nt can be calculated 
by air matp balancc. Air mass is fotmd by 
measuriq the averwe containment partial titcam 
pressure and the absolute air pressures (absolute 
method). The dry air content of the containr&ent 
can then be Calallatbd, Thc fCP\rPlt rate is 
caiculatd by subtra&ng the ICADS air flow 
rate from the total dry air ~4ntcnt. The average 
gauge pressure in the codnmcnt can be 
mcaurcd every day. Curves 8s that @om 
in Figure C-2 can be obtabcd. By a d y & g  - 
these cu17rc0, a diagnosis of the 2nf 
ileok-tightness cam be d e .  

Instrumentation capable of accurately a#asuring 
the average temperature ad the average parlid 
steam prcssurc ia rcquired as these parameters 
exhibit large floctuatlons during reactor 
operations. -ion of sensors and their 
weighting for the computation of avcragc values 
IS essential to obtaining awuratc results. 

SEXTEN system instrumentation is shown in 
Figure C-3. 'lac following equipment is 
installed for each containment: 

a 10 tcmperaturt sensors 
2 dew point sensors 

b 1 absolute pressure transducer 
e I atmospheric pressure 

a 
transducer 
1 flowmeter in the C A D  system 

A data acquisition 9nd processing system, which 
consists of the following components, is shared 
by two wntainments: 

a 
a 1 computer (HP VECI'RA 

386/25) 
0 software 

1 printer 
0 1 plotter 

1 data logger (HP 75000 B) 

The system operata continuously and provides 
measuramne daily or at the cnd of each 
presswhfion cycle in the cantaiament. At the 
operator's request, the air mass inside the 
contpixrmcnl can lbe plotted in real time when 
leab are being sought. Once it has detected a 
Icalrppe problem, SEXTEN can be used as an 
aid - to idcatJPylnJ3 the defective systems or 

. The effects oncmtaimmt lcaLarre 
Z c I M i n g  a particular qystan or the 
repair qf=a @dar compoocnt can be scul 
from the fcal timt plotting of clmruinmmt air 
IIPISS. 1_zw!firstcwuimnclpt lcalqc-rate tests in 
an qmating unit pcl.formad in 1980 provides a 
good example. The rt8uLLB of these tests are 
shown in P@c C4. "he solid line (dM/M) 
describes the change of air msss in the 
w- versu t h e .  The stope of this 
cuwe r@resents tbc containmem leakage rate. 

nwpectivtly describe the changes of absolute 
temperature, absolute pressure, and water vapor 
pressure inside the containment during the test. 

_ -  

The CUNCS dT/T',, dPI(P-H),, and dH./(P-H), 
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Daring the tim phaae, tzrc syaten! rrcordcd a 
dccrcasc in the air  mass conalponding to a 
lcakagc rate of 21 N d / h  (742 sdh) at 
52 mbars (0.76 psig) positive prasure. An 
effon was made LO locate the lcakage path by 
closing valves on diffcrcnt pen#rUio~.  During 
Phase 2, with the plant radiation mnitoring 
system closed, the SEXTEN system mcpirmrcd M 

air ingress into the containment of about 
6 Nm'h (212 acfh). During phase 3, the plant 
radiation monitoring system wiu back in 
operation and the SEXTEN eyetem m~~ilured a 
lcakagc tate of 13 m3/h (459 Scfh) at 37 mbor 
(0.5 psig) positive pressure. During phaac 4, 
the service compreasad air distribution system 
(SCADS) was iaolattd and a change of the 
dM/M curve was notictable. During Phase 5, 
with both the plant radiation monitoring system 
and the SCADS closed, there was no mcawable 
leakage at 33 mbars (0.49 psig) positive 
pressure. 

In conclusion, the SEXTEN system c&ectcd a 
lcakagc through the plant radiation monitoring 
system a d  an undesirable air in-le9lrage lnro the 
containment from the SCADS. This first tet, 
therefore, demonstrated that integrated 
containment leakage tatt Wuki be e 
during reactor operation with an aawacy 
sufficient to detect leakage problems that may 
Occur. 

Detailed descriptions of the SliXTEN systrm arc 
provided in EDF93 and EDF89. 

C.2 T H E  B E L G I A N  O N - L I N E  
MONITONNG SYSTEM 

The opcration of the Eklgian Ion-Line 
Monitoring system described bellow 1s 
Sumrrmtlz(sd ' from details provided in reference 
BOEW. 

In nonnal operation, the pressure in ithe 
co- tends to increase due to lcakage 
from the compressed air system. If the flow of 
hcodng ah, the pressure, the temperature, and 
the humidity in the building are mcasurad, the 
leakage rate can be csldatcd. 

For a typical test, the pressure is allowed to go 
from -20 to +60 mbar (-0.52 to +0.88 psi). 
The minixnun pressure range should be 'between 
0 and +H) 'mbar (0 to +0.74 psi) if reasonable 
acuuacy is to be achieved. The pressure 
i n c m  rrtc is normally in the range of 0.5 
to I mborm (0.073 to 0.015 psfi)  and, 
therefore, p: tat would last several days. A 
minimum test duration of 56 houri, is d c d  to 
obtiin UrK~Cnt data porn. If during tbe teat, 
tbc rmrospketic pnssurtdroprr suddenly md the 
maximum diffwntiaI prcssurc is reached before 
50 h, the Leat thould be performed again. 
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air system. To save a pemuotion, the ptcssurc 
difference between the containmnu andtbe 
auxiliary buildlng is not mecrsured d i r d y ,  but 
is computed from absolute pressu:~ 
meas u r e m t s  . 

The temperature is measured wing 30 senson to 
provide a more reliable average tunperamre. 
The humidity is nmeasurcd by 5 to 10 proba. In 
the absolute method, the air m s s  w e  in the 
contairuncnt is computed from the rb6olute 
pressure, the temperature, Md t4e humidity. In 
thc reference mthod, the air mass change is 
computed fram the obsolute ,pressure, the 
pressure differem berwacn the refercaa verse1 
and the containmart, uwi the humidity. For 
both methods, the fret volume of the 
containment must be b w n .  

The difference=bctwEea the air mw change 
computed from tbc puunatcrs in the 
containment, md tbe rir XIUM c b q c  muwed 
by the flow mctcrt on the caqmmul" ah 
system, is the leakage flow of the coatahcat. 
This lcnkagc b then plattdd v m  tbrc rquut 
root of the differential prcasum b#wcen ehe 
containment and the auxiliary buildiDg. 

humidity in the contairuneni as stable as 
passibit. 

The standard deviation typically lies between 0 
and 2 NmVh (0 and 71 scffi). One should not 
place too much emphasis on the value of the 
Ieakagz rate because the error is of the same 
magnitude as the value measured. 

C.3 TYPE A TESTS 1N BELGIUM 

In conjunction with on-line monitoring of 
cow- leakage during reactor operations, 
Type A tats arc conducted o m  in 10 years a! 

peak rccidcnt prtssurt (0.5 PJ (BEL%, 
BEMA).  Acc;ording to the Belgians, the 

nducad pressure (PJ of not less thanhalf of the 

dhlvmtrges of testing at P, are: 

The P, pressure is not repreaentativt of 
tbt I d  pre8sure in tbe co- &r 
an accident because of the margins of 
eonsenwive msmptiow and tthe 
deprcrruriution effects of the 
contunmad amli i  ryrtans 

rn The duration of teating at P, is 
conrlderebIy longer than mtiq at Lower 
pnuutb-more time for preparotian, 
pramridon, dtkpmswm * ion 

c-3 HcaEG-1493 



at pressure P, as spcc.ified in the 
technical specificatiom or 
associated bases, and as 
specified for periodic tests in the 
operati~g license 

This test  acceptance criterion is different tha. 
the one specified by Appendix J to 10 CFR 
Pan 50. According to Appendix 3, the 
acceptwce criterion for reduced pressure twts 
conducr. d at pressure P,, which is not less than 
0.5 P,, is: 

L, < 0.75 L, 

where, 
L, (percent/24 hours:i is the 

maximum allowable leakage rate 
at pressure P, atkl is  derived 
from the pre-omrrrtipllill test 

tls follows: 

where, 
L, is the total-  measured 

containment leakage rate at 
pressure P, 

The Belgian criterion is independent of the 
leakage rates measured during the pro 
operational leakage test. Errors in !he measured 
values of L, and L, would become grcater as 
the actual lcakage rate becomes smaller. The 
~elgian criterion is more conservative for 
laminar flow dong the leakage paths as the-usc 
of SQRT(PJPJ is less conservative than (PJp3 
in laminar flow. 

-tion Cr itcrion 

In Belgium, Typc A tests arc performed using 
both the absolute method and thc reference 
vessel method. These two methods are totally 
independent, and their results can be used for 
Inurual validation. The advantages of using two 
independent methods are that the duration of 
leakage msts m y  be shortened and the calibrated 

leakage test to verify the accuracy of the 
leakage-ratc measurement may not be necessar);. 

The Belgians have adopted the following test 
duration criterion: The test can be disconrinuecl 
if, over a period of at least 8 hours and with at 
Icast 30 consecutive measurement points, both 
measurement techniques find a leakage rate that 
meets the test acceptance criterion. 

It is not necessary to perform a verification test 
( i t . ,  calibrated Idage test) if, at the end of the 
test period, the difference between the measured 
leakage rates derived from each method over tht: 
last 8 hours is: 

< 0.25 h- 0.1 L,* 
where, 

bo = L, (PJP,) and L* is the mean 
value of the two leakage rates. 

rated J&ne Test 

If the above concordance criterion is not met or 
if only one method is used, a calibrated leakage 
test is mandatory. In a calibrated lcalcage test, 
a lrnown flow rate or step mass change is 
introduced to the containment and the leakage 
rate or mass change mcasured by the 
instnrmtntacion is determined and compared with 
the h w n  value. 

C.4 THE, C A N A D I A N  O N - L I N E  
MONlTORlING SYSTEM (THE TCN 
SYSTEM) 

tmnnAn’s Hydro-Qucbec began the development 
of an OLM syst&in in 1987. The Canadian 
QLM system uses the Temperature 
Compensatioxl Mahod (TCM). Tht TCM uses 
ancxmnsmc ‘ network of W i  as a reference 
vohrmt md a second independent tubular 
network for lhumidity sampling (CAN94). The 
systun is shown in Figure C-5. 

The appropriate referem volume was obtained 
by installing a leak-tight network of copper 
tubing, abut 0.75 km (0.47 mile), throughout 
all significant volumes of the mcior building 



I l i : -  iuhtriy i:. ~17.Cd and routed in such a way 
I tiikr the reference volume fraction contained 
within ea,h rooin 1s proportional to the volume 
o t  the room 

'The differential pressure between the reference 
volume and the reactor building is a critical 
p a r m t e r .  The test p r d u r e  requires that the 
leak-tightness of the tubular network reference: 
volumc he verified. After the leak-tightness 
verification, the reference volume and the 
reactor building internal pressures are 
quilibmed and then isolated from each other. 
A decrease in the differential pressure can be 
directly related to the reactor buildiing leakage, 
as the reference voiume continuously replicates 
thc overall reactor building temperature. 

The tubular network for humidity sampling 
includes two hygrometers to obtain the 
"weighted" I reactor building dew point 
measurements, and a suction pump and 
flowmeters for verification of the loop 
calibrarion. The tubular network, is si&, 
routed, and designed with orifice flow control to 
ensure the intake of the correct amount of air 
from tach of the I 1  reactor builtding zoncs 
defined for "weighting" purposes, 

In October 1992. containment integrity testing at 
low pressure (3 kPa(g) nominal) and at 100% 
full power was performed at Gentilly-2 Nuclear 
Power Station. The test methodology and 
precision were contimed and the r;ystem was 
declared in-service for on-line containment 
Integr:*y verification. 

The 1992 test and the following test in June 
1993 indicated higher than the expected reactor 
building feakage rate. A conliiinmeat bypass to 
the spent fuel discharge bay due -to a- valve 
alignment problem was subsequently discovered. 
Four additional tats performed in 1993 and 
1994 have demonstrated consistent leakage-rate 
results. Thus, the usefuIness of tho: system to 
detect a degradation of containrnenr leak- 
tightness was demonstrated. The outstanding 
feature of the system is the accuracy of better 
than 5 %  of the measured leakage rate under 
typical conditions. 

from the on-line, lovi-prt:ssurc :GI.: rrsii!c , $ -  ih: 
containment leakage criteria a: iiigh presburc 
(124 kPa(g)), i . e . ,  0.5% ot reairor h u t l c l i ~ i ~  
volume per clay ( %  V/D]. A conip:er; ~ i o r i -  

linear extrapolation equation ic required t i ;  

transform a low-pressure test leakage rate to the 
equivalent high-pressure! leakage rate. This 
equation is heavily dependent on the "R, ' factor 
which represents the ratio of laniinar to turbulent 
flow, Reactor building leakage is characrerized 
by a combination of turbulent and h i n a r  ga.s 
flow. The leakage-rate (% V/Dj extrapolation 
ratio between the 3 kPa and 124 kPa nominal 
test conditions varies from 3.7 for purely 
turbulent flow to 30.8 for purely laminar flow. 
The extrapol,ated leakage-rate error depends 
heavily on the: uncertainty of  the "R, " factor 

in order to quantify precisely the turbulerir 
component of RI. and IO identify its time 
dependent nature, a series of leakage-rate 
measuremcnts at various pressure hold points 
were incorporated into the 1990 and 1993 
reactor building pressure tests. Figure C-0 
represents leakage-rate data collected at tht: 
pressure hold points during these tests. This 
preliminary iinformation supports the premise 
that the reactor building leakage characterisric is 
stable over a period of many years and permits 
extrapolation of low-pressure test results to high- 
pressure leakage rates. However, the leakage 
rate measured during any given test wil'l 
decrease over time during the test, with the rate 
of change (decreasing with time. This 
phenomenon ,must be examined further. The 
low-pressure test and high-pressure test data 
base must be expanded to demonstrate the 
comelation conclusively. 

The Gentilly-;! TCM system was developed with 
thi- primary .goal of demonstrating "overall" 
containment iw6lability. Specifically i t  was 
deigned IO detect a 25 rnm ( I" )  diameter leak 
or hole in the: reactor building. However the 
remarkable sensitivity of the test allows re:liabk 
detection of a 2 mm (96-4") hole. Because of 
the rapidity and high precision of the TCMI 
system, it is possible to use the TCM system 
instead of the traditional method as the primary 
measurement system employed during Type A, 
test. 

'I'he stxondary goal of the Gentilly-2 testing 
program wx, to correlate leakage measurements 

c-5 
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APPENDiX D 

DETAILED COST ESTIMATES FOR 
20- AND #YEAR. BASELINES AND ALTERNATIVES 



Appendix D 

Raseline: 20-Year Tart Cycle - No Licen.0 Bxtensione 
Current Appendix J Requiremanto 

$165,000 per teat 
$1 ,890 ,000  par t e ~ t  

Period 

13th Power Cycle 
13th Outage 
1 4 t h  Power Cycle 
1 4 t h  Outage 
l s t h  Power Cycle 
15th Out?.ge 
1 6 t h  Porter Cycle 

1 7 t h  Power Cycle 
17th Outage 
lath Power Cycle 
1 8 t h  Outage 
13th Power Cycle 
1 9 t h  Outage 
20th Power Cycle 
20th Outage 
2 1 a t  Power Cycle 
21rt Outage 
22nd Power Cycle 
22nd Outags 
23rd Power Cycle 
23rd Outage 
2 4 t h  Powor Cycls 

16th O\rC8ge 

Shut dawn 

Teutm Co.ts 
Duration Required S I  Discount 

0 - 18 monthr 
18 - 20 month. 
2 0  - 38 months 
3 9  - 40  month# 
40 - 58 month. 
58 - 60 m o n t h  
60 - 78 month. 
78 - eo month 
eo - 98 nunttu 
9e - 100 month 

100  - 118 nJontfrr 
116 - 120 month. 
120 - 138 month 

140 - 158 month. 

178 180 wnthr 
180  - 198 months 
198 - 2 0 0  math. 

138 - 140 month. 
155 - 160 month. 
160 - 178 month8 

2 0 0  - 218 month8 
218 - 220 m t h s  
218 - 230 Wnth. 
238 - 240 month. 

B & C  

A + B & C  

B L C  

A + B & C  

B & C  

A + B & C  

S L C  

A + B & C  

B C C  

A + B C C  

B C C  

none 

1 5 3 , 3 5 3  

1 , 6 1 9 , 3 7 7  

130,331 

1, .3 7 6 , 2 6 4 

110 ,765  

1, '169,649 

94 ,136  

!994,053 

80,003 

8 4 4  I 818 

6 7 , 9 9 3  

0 

Total Net PmB(3flt  Valuer . 6,154 0,742 

C06tS 
101 Discount 

143  , 017 

1 , 3 9 7 , 5 6 1  

1 0 4 , 0 8 7  

1 , 0 1 7 , 1 3 9  

7sg754 

740,270 

5 5 , 1 3 4  

538,765 

40,126 

392 , 111 

29,204 

0 

4 , 5 3 3 , m  

t 

! 

t 

.. . . . . .  
... . . . ... 
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kiternativt 1: 20-Year T t q +  cycle - No Lic ns Extendions 
Current Appendix J Test Frlequcncies w i t h  Higher Acceptable Leakage & r e s  

?ype B c C Teots  (LLRT3) - 
Type A Teste (ILRTe) - 
Period mration 

13th Power Cycle 
13th outage 
14th Power Cycle 
14th OAtage 
15th ower Cycle 
15tP Outage 

i o t h  Outags 
17th Power Cycle 
17th Outage 
18th Power Cycle 
18th Outage 
1 9 t h Power Cycle 
19th Outage 
20th Powar Cycle 
20th Outage 
21et Power Cycle 
21et Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 

16'.A P o l  Cycle 

Shutdown 

0 - 18 month. 
1 8  - 20 mnthe 
20 - 38 months 
38 - 40 month 
4 0  - 58 mntha 
58 - 60 monthr 
60 * 78 months 
78 - 8 0  month8 
8 0  - 98 month* 
98 - lCl0 monthe 
100 - 118 monthe 
120 - 136 months 
138 - 140 mntha 
140 - 158 month 

118 - 120 M t h S  

158 - 160 month8 
160 - 178 mntha 
178 - 180 month8 
160 - 198 montha 
198 - 200 fiwnthe 
200 - 2318 month8 
216 - 220 months 
218 - 238 months 
238 - 24LO monthe 

Total Net Present Values 

$157,000 per t e s t  
$1,690,000 per test 

Teste Costs 
Required 5 t  Discount 

B & C  145, 

A + B & C  1,448,014 

B L C  124, Ci2 

A + B & C  1,230,1628 

B C l C  105,394 

A t B & C  1,045,077 

B C C  8 9 , 5 7 2  

A + B & C  w a , a 6 2  

B C I C  76,124 

B & C  6 4 , 6 9 6  

0 

5 ,974 ,537  

none 

. .  
._ . .  

. .. ~. . 

. .  . .. 
. . .. 

. -  - .. . . _ _ _  - .  

..- 
.~ - .  . 

- - .. .. . . .  - .  - . .  . . .  . .  

136,093 

I, 249,671 

99,041 

909, S O 6  

72 , 081 

661 , 934 

5 2 , 4 6 1  

481., 753 

38,181. 

350,618 

27,788 

0 

4,079, ll:? 

IVURl3G 1493 D-2 



Alternative 2 :  20-Year Teat Cycle - No License Extensions 
Appendix J Leakage Criteria, Frequency of ILRTe Reduced to 2/10 Year6 

$165,000 per  t e s t  
$1,890,000 per test 

Pc riod 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power  Cycle 
16th Outage 
17th Power Cycle 
1 7 t h  Outage 
1 8 t h  Power Cycle 
lath Outage 
19th Power Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
Z l s t  Power Cycle 
Z l s t  Outage  
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd outage 
21th Power  Cycle 

Shutdown 

Tests Costs  Coat8 
Duration Raqu i red 5 %  Iliacount 10% D l B C O U i t  

0 - 18 months 
1 8  - 20 mcnthe 
20 - 38 month8 
38 - 4 0  montha 

58 - 60  months 
6 0  - 78 months 

98 - 100 months 
100 - 11s months 
118 - 120 mnthe 
120 - 138 mcthe 
138 - 140 montha 
140 - 158 months 
158 - 160 montho 
160 - 178  months 
178  - 180  months 
1130 - 196 months 
198 - 2 0 0  months 
200 - 2 1 8  months 
218 - 220 mclnths 
218 - 238 mnthe 
238 - 240 months 

4 0  - 56 mc;ntb  

78 - 80 manthe 
80 - 96 mcinths 

Total Net Preaent Values 

B & C  

B t C  

A + B & C  

B & C  

E L C  

A + B & C  

B & C  

B & C  

A t B & C  

B L C  

B & C  

none 

153,353 

1 4 1 , 3 7 4  

1 , 4 9 2 , 8 8 0  

1 2 0 , 1 5 0  

1 1 0 , 7 6 5  

1 169,649 

94 , 1 3 6  

8 6 , 7 8 2  

916 , 403 

73 754 

67,993 

0 

143,017 

122 , 009 

1 , 1 9 2 , 2 7 3  

98 , 796 

75,754 

7 4 0 , 2 7 0  

5 5 , 1 3 4  

47 0 3 5  

4 5 9 , 6 2 6  

34 I 232 

2 9 , 2 0 4  

0 

4 , 4 2 7 , 2 3 9  2 , 9 8 7 , 3 5 2  
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Alternative 3 :  33-Year Teat Cycl - No Liccns EXtt!?nEIiOn6 
Relaxed Laakac;e Critcrie, Frequency of ILRTe Reduced to  2 /10  Years 

Type 8 fi C Testa (LLRTe) - 
Type A Teate ( ILRTe) - $157 , 000 per test 

$1 , 690,000 par t e a t  

Period 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
18th Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th Rower Cycle 
20th Outage 
21st P o w b t  Cycle 
Zlst Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 

Shutdown 

Teste Coeto costa 
Duration Required 5 4  Diacount 10% Diecount 

0 - 18; monthe 
18 - 2 0  month8 
20  - 38 months 
3a - 40 months 
4 G  - 58 months 
58 - 60 months 
60 - 7 8  months 
7 8  - 80 montha 
80 - 9H mnthe 
98 - 100 months 

100 - 118 monthe 
118 - 120 months 
120 - 138 months 
138 - 140 month@ 
140 - 158 months 
158 - 160 mnthe 
160 - 178 WnthP 
178 - 163) month8 
180 - 196 month8 
198 - 200 montha 
200 - 2 $ e  months 
218 - 220 months 
218 - 2313 monthe 
238 - 240 wnthe 

B L C  

B L C  

A + B & C  

B L C  

B & C  

A + B L C  

B & C  

B 6 r C  

A + B & C  

B C C  

B L C  

none 

145,918 

134 , 520 

1,334 , 903 

114,325 

10S, 394 

1,045,877 

8 9 , 5 7 2  

8 2 ,  5075 

819,429 

70,1.78 

64,696 

0 

136 , 083 

116,094 

1,066,106 

a4  , 493 

72,081 

661,934 

5 2 , 4 6 1  

4 4 , 7 5 5  

410, gea 

32 ,, 572 

27 ,, 708 

0 

T o t a l  N e t  Present Valuee 4,007,367 2 , 7 0 5  , 355 

NUREG1493 D-4 



R i t r n r n a t i v e  4 :  20-Year Teet Cycle - No License EXten81Cm8 
kpperldix J Leakage C r i t e r i a ,  Frequency of ILRTs Reduced to 1/10 

T;pe €3 & 0 T e a t s  (LLRTe) = 
Type A Teets (XtRTs)  I 

Period Duration 

13th P o w e r  Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th P o w e r  Cycle 
isth Outage 
16th Power cycle 
1 6 t h  Outage 
17th P o w e r  Cycle 
17th Outage 
18th Power Cycle 
18th Outage 
19th Power Cycle 
19th outage 
20th Power cycle 
2 0 t h  OL".ge 
218t Power Cycle 
~ 1 s t  Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 

Shutdown 

0 - 18 months 
18 - 20  months 
20 - 38 months 
36 - 4 0  months 
4 0  5 8  months 

6 0  - 7 8  m o n t b  
7 8  - eo monthe 
ea - 98 months 

118 120 monthe 
120 138 mnthe 
138 - 140 month8 
140 - 158 months 

160 - 178 months 
1 7 8  - 180 months 
180 - 198 monthe 
198 - 200 months 

218 - 2 2 0  months 
218 - 238 months 
238 - 240 months 

58 - 6 0  mOnthrr 

98 - 100 month6 
100 - 118 mnthe 

158 - 160 mnth8 

200 - 218 months 

Total N e t  Present Values I 

$165 , 000 per t e s t  
$1,890,000 per e e s t  

Testa Costs 
Required S t  Di.scount 

B & C  153,353 

E & C  141,374 

B & C  130,331 

R & C  120,150 

B & C  1 1 0 , 7 6 5  

A t B & C  1,169 649 

B 6 r C  

B L C  

B & C  

B & C  

B L C  

94 , 136 

86,782 

80 I 003 

73,754 

67 ,993  

none 0 

2 , 2:28 , 290 

Y e a r s  

Costa 
10% Discount 

143,017 

122,009 

104 I 087 

88,798 

7 5 , 7 5 4  

7 4 0 , 2 7 0  

5 5 , 1 . 3 4  

97 , 035 

4 0 ,  I26 

3 4 , 2 3 2  

2 9 , 2 0 4  

0 

1 , 479,666 
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f i l t e r n a t i v e  5 :  20-Year Teat Cycle - No Llcen8e Extensions 
Relaxed Leakage Criteria, Frequency of ILRTs Reduced to 1/10 Years 

Period Duration 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
18th Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
21at  Power Cycle 
21st outage 
22nd Power Cycle 
22nd Outage 
23rd - .ver Cycle 
23rd Outage 
24th Power Cycle 

Shut down 

0 - 18 month  
16 - 20  monthe 
2 0  - 36 months 
38 . 40  month  
40 - 58 month 
58 - 6 0  months 
60 - 30 months 
78 - 801 month 
eo - 98 month 
98 - loci months 
100 - 1181 months 
118 - 120 months 
120 - 1381 mntha 
1 3 6  - 1 4 0  month8 
140 - 150 months 
158 - 16Ct montha 
160 - 178 monthe 
178 - 180 months 
180 - 19B montha 
198 - 200 month 
200 - 218 months" 
218 - 220 months 
218 - 233H month8 
238 - 240 montb 

Total Net Present Values 

$ ~ S f , 0 0 0  per teet 
$1 69O,OOO per t e a t  

Teats costs 
Required 5 t  Discount 

B L C  145,9:L8 

B L C  134, 520 

B & C  124, 0'12 

B C C  114,3:25 

B & C  105,394 

A + B & C  1 , 0 4 5 ,  a 7 7  

B & C  6 9 , 5 7 2  

B C C  8 2 , 5 7 5  

B G C  7 6 ,  I24 

70,1743 B & C  

B & C  64,696 

none 0 

2,053,191 

costs 
10% Discount 

136,063 

116,094 

99,041 

84,493 

72,081 

661,934 

52,461 

44 755 

3 ~ 3 ~ 1 ~ 1  

32,572 

27,768 

0 

1 , 3 6 5 , 4 8 3  
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kltexriat ive 6: 20-Year Teat Cycle - No License extensions 
Appendix ;I Leakage Criteria, naqucncy of ILPTa Reduced to 1/20 

Period Duration 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
lath Power Cycle 
18th Outage 
19th Power cycle 
19th Outaga 
2Gih Power  Cycle 
20th Outage 
21et Power Cycle 
2lst Outage 
22nd Power Cycle 
22nd Outaga 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 

Shutdown 

0 - le m c m t h a  
18 - 20 months 
2 0  - 3e manth. 
38 - 40 months 
40 - 58 month  
ti8 - 60 months 

78 - eo month 
B O  - 98 month. 
98 - 100 monthm 

100 - 118 month 

120 - 138 month 
138 - 140 month. 
140 - 158 montha 
158 - 160 month 
160 - i f e  month 
178 - 180 mbnthe 
180 - 198 montha 
198 - a00 month. 
2 0 0  - 218 month 
218 - 220 month 
218 - 238 month. 
2 3 8  - 240 ~ ~ n t h s  

60 - 78 mnthr 

118 - 120 m n t b  

Total Net Present Value8 

$165,000 per t at 
$1,890,000 per C e e t  

Test8 Coats 
Required 5 %  Diecount 

3 I ; C  153,353 

B L C  141,374 

B & C  130,331 

B & C  120,150 

B C I C  110,765 

B & C  102,112 

B & C  94 , 136 

B & C  86 , 782 

B & C  

0 & C  

8 0 , 0 0 3  

73 , 754  

B C C  6 7 , 9 9 3  

none 0 

1,160,753 

Years 

Costs 
lot Discount 

143,017 

122,0C9 

104,087 

8 6 , 7 9 8  

7 5 , 7 5 4  

6 4 , 6 2 7  

55,134 

47,035 

40,126 

34,232 

29,204 

0 

804,023 
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Alternative 7 :  20-Year Test Cycle - N o  License Extensions 
Relaxed Leakage Criteria, Frequency of ILRTa Reduced to 1/20 ?(ears 

l'ype E & C Tests (LLRT6) .I 
Type A Teste  ( I L R T s )  E 

$157,000 per test 
$1,690,000 per test 

Period 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
1 5 t h  Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
lath Power Cycle 
18th Outage 
19th Power Cycle 
1 9 t h  Outage 
20th Power Cycle 
20th Outage 
21st Power Cycle 
2lat Outage 
22nd Power Cycle 
22nd outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 

Shutdown 

T e 8 t S  Coat6  Costs 
Duration Required 5% D 1 8 C O U ' t  10k D i 6 C C s U r  

0 - 18 months 
1 8  - 20 month6 
20 - 3 8  month6 
38 - 4 0  months 
40 - 58 months 
58 - 60 months 
60 - 78 months 
78 - 80 monthe 
80 - 98 months 
98 - 100 months 
100 - 116 months 
118 - 120 months 
138 - 140 month8 
140 - 158 monthe 
158 - 160 months 
160 - 178 months 
178 - le0 monlhe 
ise - 2 0 0  months 
200 - 218 monthe 
218 - 220 months 
218 - 238 month 
238 - 240 mntha 

120 - 138 month8 

190 - 198 months 

B & C  

B & C  

B & C  

B & C  

B & C  

B & C  

B & C  

B C C  

B h C  

E C I C  

B & C  

none 

145,918 

134,520 

124,012 

114,325 

105,394 

97,161 

89,572 

02,575 

76,124 

70,178 

64,696 

0 

136 , C83 

116, 094  

99, 041 

8 4 , 4 9 3  

72, 081 

61,493 

52,461 

4 4 , 7 5 5  

38, Ita1 

32, !j72 

2 7 , '7 0 0 

0 

Total N e t  Present Values 1,104 , 4  7 5 765 ,042  
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Alternative 8 :  20-Year T at, Cycle - No Licenee Extension8 
Current Leakage Criteria md ILRT Frequency, Reduced LLRTa 

Period 

13th Power Cycla 
13th outage 
14th Power Cycle 
14th out&ge 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outagr 
17th Power Cycle 
17th Outage 
18th Power Cycle 
18th Outaga 
19th Rower Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
21st Power Cycle 
2 la t Outage 
22nd Pover Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Powar Cycle 

Shutdown 

$70,000 pelr t e e t  
81,090,001, per teet 

Pura t ion  Te8ts Coat8  
Required 51. Diecount 

0 - 18 month. 
18 - 20 months 
20 - 38 monthr 
38 - 40 months 
40 - 58 month. 
58 - 60 mntha 
60 - 78 months 
78 - 8 0  months 
eo - 98 months 
98 - 100 month. 
100 - 118 mnths 
118 - 120 month. 
120 - 138 U10nth8 
138 - 140 month. 
140 - 158 mnthr 
158 - 160 month. 
160 - 178 month. 
178 - 180 month8 

198  - 200 monthr 
200 - 218 monthm 

228 - 238 months 
238 - 240 months 

180 - 198 month8 
218 - 22O'mnthr 

B & C  

A + B & C  

B L C  

A t E C C  

B & C  

A + B & C  

B C l C  

A + B L C  

B C C  

A + B & C  

B & C  

none 

65,059 

1 , 6 1 9 , 3 7 7  

55,292 

1,376,264 

4 6 , 9 9 1  

1,169,649 

3 9 , 9316 

994 , 053 

33,941 

0 4 4 ,  61'8 

2 8 , 8 4 5  

0 

Total N e t  Present Values 6 , 2 7 4 , 2 2 5  

60,673 

1,397,561 

44,1.58 

1,017,1.39 

32,138 

740,270 

23,390 

530,765 

17,023 

392,111 

12 , 389 
0 

4,275,618 

NUREG- 1493 



Aii1:erriative 9 :  20-Year T st Cycl - No License Exteneiona 
S e l a ~ c d  Le Kage Criteria, duc d LLRT6 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th outage 
15th Pousr Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
lBth Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th Power Cycle 
20th Ourage 
218t Powsf Cycle 
2lat Outage 
22nd Power Cycle 
2 2 n d  Outage 
23rd Power Cycle 
23rd Outage 
34th Power Cycle 

Shutdown 

0 - 18 months 
18 - 2 0  monthr 
20  - 38 months 
38 - 4 0  month. 
40 - 5 8  months 
5 8  - 60 montho 
60 - 78 months 

80 - 98 months 

100 - 118 monthe 
120 - 138 monthm 
138 - 140 months 
140 - 1 5 8  montha 
158 - 160 months 
160 - 178 montha 
178 - 180 months 
180 - 198 monthe 
198 - 200  months 
200  - 218 mntho 
aae - 220 m t h r  

238 - 240 m o n t h  

7 8  - 80 monthe 

98 - 100 months 
118 - 120 months 

218 - 238 manth8 

Total Net Prdesnt Values 

$67,000 per teat 
$1,690,000 per t@6t 

Taste coat8  
Required 52 Discount 

B & C  

A + B & C  

B L C  

A + B L C  

B & C  

A + B C I C  

B L C  

A + B & C  

B h C  

A + B & C  

B C C  

62,271 

1,448,014 

52,922 

1,230,628 

44 97’7 

1 , 0 4 5 , 0 3 7  

3a 2 2 5  

088,862 

32,4H6 

755 4‘20 

27,609 

none 0 

5,627,291 

Costs 
102 Disc=,mr: 

5 8 ,  0 7 4  

1 249.671 

4 2  266 

9 0 9 ,  !SO6 

30,’761 

661,934 

22,388 

481,753 

16,294 

350,618 

11,858 

0 

3,835,123 

NlWG-1493 D-10 



A i t e r n a t i v c  10: , ; - Y e i f  T 8t Cycle - 
( ’ 1 i r r e n t  Leakage Criteria, 2 ILRTsIlO 

Type €3 t C Tests (LLRTo) - 
Type A Teats (ILRTe) = 

Period Duration 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Pawcr  Cycle 
16th Outage 
27th P o w e r  Cycle 
17th Outage 
18th Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
218t Power Cycle 
21et Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 

Shutdown 

o - i a  mont 
18 - 20 miont 
20 - 38 mont 
38 - 40 w n t  
40  - 58 wont 

6 0  - 7 8  m n t  
7 8  - BO w n t  
e o  - 98 wont 
98 - 100 m n t  
100 - 118 mont 
110 - 120 m n t  
120 - 138 mnt 
130 - 140 mant 
140 - 158 mlont 
156 - 160 mont 
160 - 178 m n t  
178 - 180 wnt 
180 - 198 mnt 
198 - Z O O  rtkOnt 
2 0 0  - 210 mont 
216 - 220 mnt 

238 - 240 miOnt 

5 8  - 60 m n t  

218 - 2 x 1  m ~ n t  

Total Net Preesnt Valuae 

he 
hB 
ha 
he 
ha 
hrr 
hi3 
ha 
h8 
he 
ha 
he 
hm 
ha 
he 
he 
he 
hs 
hs 
h8 
he 
ho 
he 
hS 

I NO Licens Ext naions 
Ydare, Reduced LL8RTa 

$70,000 per test 
$1,890,000 per teet 

Teats cost 8 Cost6 
Required 5 t  Discount 10% Discount 

B t C  6 5 , 0 5 9  6 0 , 6 7 4  

5 9 , 9 7 7  51,762 B L C  

A + B & C  1,492,880 1,192,273 

B C C  50,973 37,672 

B & C  46 , 991 32 138 

A + B L C  1,169,649 740 I 270 

B f C  39, 936 23,390 

B L C  36 I 817 19,954 

A + B C C  916,403 459,626 

B L C  31,290 1 4  523  

B t C  29 , 945 12,389 

none 0 0 

3,938,820 2,644 , 6 7 1  

D-11 MlREG-1493 



n 1 ,. n - i e r n t i t L * ~ g  11: 10-Year Tart Cycl - No Licene Ext.ansions 
Pelaxsd Leakag Criteria, I! ILEiT8/lO Yeare, Raduced LLRTs 

Period 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
1 5 t h  Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
I 8 t . h  Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
218t Power Cycle 
21et Outage 
221x13 Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 

Shutdown 

$67,000 per teat 
$1,690,000 per t e s t  

Teats  Coats 
Required * 5 t  Diecowit 

0 - 118 mnthe 
38 - 2.0 montha 
20 - 3 8  month8 

4 0  - 58 month8 
50 - 60 mntha 

78 - 30 months 
80 - 98 month8 
98 - 100 monthe 
100 - 118 months 

39 - 40  month 

60 - 76 month 

118 - 120 month8 
120 - 130 month6 
138 - 140 mnthr 
140 - 1 5 6  month6 
158 - 160 month8 
160 - l 7 R  nuntho 
178 - 180 months 
180 - 198 month. 
198 - 2 0 0  months 
200 - ?:Le monthe 
218 - 2 1 0  mntha 
218 - 2:38 months 
238 - 240 monthe 

E & C  

B & C  

A + B & C  

P ’ I  

src 

A + B & C  

B C C  

B & C  

A + B C C  

B h C  

B & C  

none 

6 2  , 271 

57,406 

1,334,903 

40, ‘706 

44, I977 

1 , 045 , ,877 
38 , 225 

35,239 

819,429 

29,949 

27,609 

0 

Total Net Ptament Value6 3,544,673 

costs3 
101 Diecounr: 

5 8  , 074  

4 3 , 5 4 3  

1, u66 , 106 

36 , 057  

30.761 

661,934 

22,388 

19,099 

410 , 988 

13,900 

i ~ , 8 5 a  

0 

2,380,708 

NLREG 1493 D-12 



A l t e x n a E i v e  12: 20-Year Te8t Cycle 
(Turrent  Leakage Criteria, 1 IWIT/lO 

Period Duration 

l3th Power Cycle 
13th Outage 
14th F 2 w e r  Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th  Power Cycle 
16th Outage 
17th Poker Cycle 
17th Outage 
16th Power Cycle 
1 8 t h  Ourage 
19th P o w e r  Cycle 
19th Outage 
20th Power Cycle 
20th Outage . 
2 l ~ t  Power Cycle 
2 l s t  Outage 
22nd Power Cycle 
22nd Outage 
23rd P o w e r  Cycle 
23rd Outage 
24th Power Cycle 

Shutdown 

0 - 1 8  Wr~th8 
18 - 20 mrlths 
20  - 38 Mriths 

4 0  '- 5 8  mOrlth8 
58 - 6 0  month8 
60  - 78 mrrths 
78 - 8 0  mrLth8 
8 0  - 98 months 

313 - 40 Mrlthe 

98 - 100 months 
100 - 118 months 

120 - n e  moritha 
138 - 140 months 

158 - 160 months 

118 - 120 months 

140 - 158 mrithe 

160 - 178 months 
178 - 180 month8 
180 - 196 months 
198 - ZOO months 
2 0 0  - 21e mohthrr 
218 - 220 monthe 

238 - 240 monlthr, 
218 - 238 months 

Total N e t  Preeent Values 

- No Licenee Extene:lone 
Yeare a Reduced LLRTs 

$ 7 0 , 0 0 0  per ireat 
$1,890,000 per te8t 

Tests c08 t 8 
Required 52 D:Lecount 

0 & C  6 5  a 0 5 9  

B & C  5 9 , 9 7 7  

0 h C  5 5 , 2 9 2  

B & C  S O ,  973 

46,991 a 6 i c  

A + B & C  1,1.69,649 

a b c  
B & C  

0 & C  

3 9 , 9 3 6  

36,817 

33,941 

B C C  3 1 , 2 9 0  

B C C  20,  e45 

none 0 

1,6818,770 

60,674 

51,762 

4 4 , 1 5 8  

37,672 

32,138 

740,270 

23,390 

1 9 , 9 5 4  

17,023 

14,523 

12,389 

0 

I, OS3 I 953 

D-13 NI;aEE149.3 



klternative 13 : 20-ycar Test Cycle 
r;.elaxec! Leakage Criteria, 1 ZLRT/10 

Type B & C Teats (LLRTa) I 
Type k T e s t s  (ILRTEI) - 
Period J3urat:ion 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
1Sth Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
18th Power Cycle 
lath Outage 
19th Power Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
2 1 e t  Power Cycle 
21et Outage 
22nd R o w e r  Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 

Shutdown 

0 - 18 months 
18 - 20 monthe 
20 - 38 months 

40 - 58 monthrr 
56 - 60 month8 
6 0  - 78  month8 
78 - SO -the 
8 0  - 98 month5 

la0 - 118 months 
118 - 120 mnthe 

138 - 1 4 0  -nth8 

38 - 40 W n t b  

98 - 100 months 
120 - 138 wntha 

240 - 158 montha 
1 5 6  - 160 month8 
160 - 178 montha 

l e 0  - 198 month. 
198 - 200 mntbrr 
200 - 218 monUlo 
218 - 220 month8 
218 - 238 months 
238 - 240 mtbs 

176 - 180 mbnthr 

Total Net Proeent Value6 

- No Licena Extenaione 
Years, Reduced LLaTa 

$ 6 7 , 0 0 0  per test 
$1,690,000 per t e s t  

Teete Coete 
Required 5 %  Di8COvRt 

B & C  

B C C  

5 7 , 4 0 6  

5 2 ,  922 

B k C  48,7188 

B L C  4 4 , 9 7 7  

A + B & C  1 , 0 4 5 , 8 7 7  

B & C  38 ,225  

B G C  35,239 

B & C  

B L C  

32,486 

29 ,949  

B L C  27,609 

costs 
10% Discount  

5 0  , 074 

4 9 , 5 4 3  

4 2 , 2 6 6  

3 6 , 0 5 7  

30,761 

661,934 

22,388 

19,099 

16 , 294 

13 * 900  

11,858 

0 

962,174 

D- 14 



Alternative 1 4 :  20-Year Teat  Cycle 
Current Leakage Criteria, 1 ILRT/20 

Type €3 & C Teste (LLRTs) I 
Type A Teats ( ILAT8)  - 
Period Duration 

13th Power Cycle 
13th Outage 
1 4 t h  Power Cycle 
14th Outage 
1 5 t h  Power Cycle 
15th Outage 
1 6 t h  Power Cycle 
16th Outage 
1 7 t h  Power Cycle 
1 7 t h  outage 
18th Power Cycle 
10th Outage 
19th Power  Cycle 
19th Outage 
20th Power Cycle 
2 0 t h  Outage 
218t Power Cycle 
2 l s t  Outage 
2Znd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th B o w e r  Cycle 

Shutdown 

0 - 18 months 
18 - 20 m0nth8 
20 - 38 months 
38 - 40 months 
40 - S 8  Writhe 
58 - 60 months 
60 - 78 months 
7 8  - 8 0  monthe 
80 - 96 months 
98 - 100 months 
100 - 118 months 
118 - 120 monthe 
120 - 138 months 
138 - 140 months 
140 - 158 months 
158 - 160 monthe 
160 - 178 monthe 
178 - le0 montha 
180 - 198. month8 
196 - 200 monthe 
200 - 216 months 
218 - 238 months 
238 - 240 months 

218 - 220 month8 

T o t a l  N e t  Pre8ent Values .. 

- No License Extensions 
Years, Reduced LLRTs 

$70,000 per test 
$1,89G,OOO per test 

Teete costa 
Required 5% Di8COunl:  

B & C  6 5 ,  05'3 

B & C  59 , 97'7 

B & C  55 , 2 912 

E & C  50,973 

B & C  46 , 991 

B & C  43,320 

E & C  39,936 

B & C  36 , 817 

B & C  33,941 

31,290 B & C  

B & C  2 8 ,  a45 

none 0 

492,441 

costs 
10% Discount 

60,674 

51,762 

44,150 

37,672 

32,138 

27,417 

23,390 

19,954 

1 7  , 0 2 3  

14  , 523 

1 2 , 3 8 9  

0 

3 4 1 , 1 0 0  

D-IS 



kltsrnative 15: 2 0 - Y u r  Test Cycle - No Lictne Extensions 
Relaxed Leakage Criteria, 1 I U T / 2 0  Yeara, Reduced LLS1Ts 

$ 6 7 , 0 0 0  par t t e t  
$1,690,000 per test 

Par iod 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Out8ge 
18th Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th Power  Cycle 
20th Outage 
21at Power Cycle 
~ 1 s t  Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 

Shutdown 

TeStt3 Coats 
Duxat ion Raquired 5 t  Ditrcount 

0 - 18 months 

2 0  - 38 mnths 
38 - 40 months 
40  - 5e month 

60 - 78 months 
78  - 80 months 
BO - 98 months 
96 - 100 months 
100 - ilB month 
118 - 120 mnthe 
120 - 138 montha 
138 - 140 montha 

18 - 20 months 

58 - 60 mntha 

1 4 0  - 158 months 
158 - 160 -nth8 
160 - 178 mths 
178 - 180 month. 
198 .. 300 month@ 
200 - 218 montha 
218 - 230 months 

238 - 240 months 

i e o  - 198 mnthe 

218 - 231 month6 

B & C  

B & C  

B L C  

B & C  

B & C  

B & C  

B & C  

B L C  

B & C  

B & C  

B & C  

none 

62,271 

57,406 

52,922 

48 , 788 

44 # 977 

41,464 

36 I 225 

35,2139 

32,486 

29,943 

27,609 

0 

Total Net Present V8luee 471.336 

5 8  , 074 

49 ,  !543 

4 2  , :266 

36 I 8057 

30,761 

26,242 

22,388 

19,099 

16 , 294 

13,900 

11 e 8 5 8  

0 

326 I 462  

NUREG1 493 0-16 



i.iss-.:r.e 40-Year Teet Cycle - 20-Year Licenee Extens -ne 
,- .I: : ?:it hppendix J Requir ments 

Par1od Duration 

13th Power Cycle 
13th mtage  
14th P o w e r  Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
18th P o w e r  Cycle 
18 th  Outage 
19th Power Cycle 
19th Cutage 
2Cth P o w e r  cycle 
20th Outage . 
2 l e t  P o w e r  Cycle 
Z18t Outage 
22nd Power Cycle 
22nd Outage 
23rd P o w e r  Cycle 
23rd Gdtaga 
24th Power Cycle 
21th Outage 
25th P o w e r  Cycle 
25th Outage 
26th Power Cycle 
26th Outage 
27th Power Cycle 
27th Outage 
2 8 t h  Power Cycle 
28th Outage 
29th P o w e r  Cycle 
29th Outage 
30th Power cycle 
30th Outage 
3let Power Cycle 
31st Outage 
32nd Power Cycle 
32nd Outage 
33rd Power Cycle 
33rd Outage 
34th Power Cycle 
34th Outage 
35th Power Cycle 
35th Qutagd 
36th Power Cycle 

Shutdown 

0 - 18 month6 
le - 20 months 

38 - 4 0  month 

S8 - 6 0  months 
6 0  - 7 8  monthe 

8 0  - 98 months 
98 - 100 month8 

100 - 118 monrhe 

120 - 138 months 
138 - 140 monthe 

160 - 178 mnthe 
178 - i a o  months 
le0 - 198 months 

218 - 220 monthe 
2113 - 238 months 

240 - 258 montlur 
258 - 360 months 

278 - 280 monthr 
280 - a98 months 

20 - 36 month8 

40 - 5 8  month8 

7 8  - 80 month8 

118 - 120 months 

140 - 158 months 
158 - 160 month 

198 - 200 months 
200 - 218 Wfithe 

238 - 240 Math6 

260 - 238 n\lonthe 

298 - 300 Wnthtr 
300 - 318 Wnthr 
318 - 320 month8 
320 - 338 months 
338 - 340 months 
340  - 3S8 months 
358 - 360 mn€ho 
3 6 0  - 338 month6 
378 - 380 mnthrr 
380 - 398 raonthB 

400 - 418 MnthB 
418 - 420 =the 

438 - 440 month8 
440 - 458 months 

396  - 400 mntha 

420 - 438 months 

458 - 460 monthe 
460 - 478 motithe 
4 7 8  - 480 -nth8 

Total N a t  Present Values 

$165,000 p t € !e t  
51,890,000 per t e a t  

Teste C O t l t S  
Raqui red 5 t  Diecount 

B C I C  1!53,353 

A + B & C  1,6:19,377 

B C C  130,331 

A + B L C  1,3'76,264 

B & C  110, 7 6 5  

A + B & C  1,169,649 

B G C  '94,136 

h + B C C  9'94,0S3 

B c l C  ;BO, 003  

A + B & C  844, 6x8 

B & C  67 , 993 

A + B & C  717,986 

B L C  57,785 

A + B & C  610,198 

B L C  49,120 

A + B & C  518 , $91 
B C C  41,737 

A + B & C  440,736 

- B L C  3 5 , 4 7 1  

A + . B  G C 3 7 4 , 5 7 0  

--B -si C 30,146 

- A + B ~ C  3118,336 

B C C  2 5 , 6 2 0  

none 0 

9,861,03 0 

Costs 
10% Dicicount 

143,017 

1,397,561 

104 , 087 

1,017,139 

75,754 

740,270 

55,134 

5 3 8 , 7 6 5  

40,126 

392,111 

2 9 , 2 0 4  

2 6 5 , 3 7 7  

21,254 

207,696 

1 5 , 4 6 9  

1 5 1 , 1 6 0  

11,258 

110,014 

a. 194 
80,068 

5,963 

5 8 , 2 7 3  

4,340 

0 

5,492,234 
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kl ternat ive  1: 40-Year Teal: Cycle - 20-Y ar Llcense Extensions 
C u r r e n t  Appendix J rest Frequencies w i t h  Higher Acceptable Leakage Rates  

Type €3 h C Teste (LLRTe) - 
Type A Tebte (ILRTs) - $157, OOG par t e s t  

$1,690,000 per test 

Period 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th P o w e r  Cycle 
17th Outage 
18t.. Power Cycle 
18th Outage 
19th P o w e r  Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
21at Power Cycle 
21st Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cy..,a 
23rd Outage 
2 4 t h  Power Cycle 
24th  Outage 
2 5 t h  P o w e r  Cycle 
25th Outage 
2 6 t h  Power Cycle 
26th Outage 
27th Power Cycle 
2 7 t h  Outage 
28th Power Cycle 
28th Outage! 
2qth Power Cycle 
29th Outage 
30th Power  Cycle 
30th Outage 
318t Power Cycle 
31st outage 
32nd Power Cycle 
32nd Outage 
33rd P o w e r  Cycle 
33rd Outage 
34th Power Cycle 
34th Outage 
35th Power Cycle 
35th Outage 
36th Power Cycle 

Shutdown 

Teets costs Coste 
Duration Required 5% Discount 10% D i a c c x m t  

0 - 18 months 
18 - 20 months 
20  - 38 months 
38 - 40 months 
40 - 58 monthe 
S 6  - 60 months 
60 - 78 months 
78 - 8 0  months 
80 - 96 monthe 

100 - 518 months 
118 - 120 month8 
120 - 138 months 

140 - 158 month8 
158 - 160 month8 
178 - l8Ci month  

198 - 290 monthe 
200 - ‘ J ~ U  monthe 
218 - 220 month6 
218 - 23N months 

2 4 0  - 250 monthe 

278 - aec) months 

98 - 100 months 

138 - 140 month8 
160 - 138 monthe 

180 - 1981 months 

238 - 240 month  

258 - 2 6 0  month6 
260 - 27ti months 

260 - 298 -the 
198  - 300 IWCktfi8 
300 - 31W month8 
318 - 320 months 
320 - 338 mntha 
338  - 340 mntb 
340 - 3513 monthrr 
358 - 360 montha 
360 - 378 month 
378 - 3810 monthe 
3 8 0  - 3918 months 
396 - 400 aLqntha 
400 - 41B 
418 - 420 matha 
420 - 436 months 
438 - 440 moatha 
440 - 458 mntha 

478 - 480 months 

458 - 460 months 
460 - 478 month6 

B & C  

A + B & C  

B & C  

A + B & C  

B & C  

A + B & C  

B L C  

A + B & C  

B t C  

A + B & C  

B & C  

A + B L C  

B & C  

A + B & C  

B L C  

A + B r C  

B i i C  

A + B C C  

B & C  

A -+ B- G k 
B t -C 

- A  + B c;.C 

B & C  

none 

145,918 

1,440,01.4 

124,012 

1,230,628 

105,394 

1,045,877 

69,572 

aae,  e62 

76,124 

755,420 

64 , 696 

642 , 0 IO 

5 4 , 9 6 3  

545,6.27 

46 ,729 

463,734 

39,714 

394,097 

33, ’752 

334,933. 

26 * 685 

284,650 

24,378 

0 

136 , 083 

1,249,671 

9 9,104 1 

909,506 

72,061 

661,934 

52,461 

481,753 

36,161 

350,618 

2 7 , 7 8 8  

255,178 

2 0 , 2 2 4  

185, 716 

14 , 719 
135,165 

10,712 

90 , 372 

7,796 

7 x  (I 595 

5 ,, 674 

52,106 

4,130 

0 

Total Net Preeent Values 8 .86  7,70 9 4 , 9 4 C ,  5 0 6  
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Alternative 2 :  40-Year Teat Cycle - 20-Year License Extensions 
Appendix J Leakage Criteria, F’requency of ILRTs Reduced tG 2 ; : O  Years 

Period 

13th Power Cycle 
13th Outage 
!4th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
18th Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
21et Power Cycle 
f l e t  Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 
34th Outage 
2 5 t h  Power Cycle 
25th Outage 
26th Powr Cycle 
26th Outage 
27th ~ O W O T  Cycle 
27th Outage 
28th Power Cycle 
2 8 t h  Outage 
29th P0-r Cycle 
2 9 t h  Outage 
30th Powar Cycle 
30th Outage 
31at Powar Cycb 
31et Outago 
32nd Qowsr Cycle 
32nd Outage 
33rd Powor Cycle 
33rd outage 
34th Power Cycle 
34th Outage 
35th Power Cycle 
35th Outage 
36th Power Cycle 

Shutdown 

$155,000 per teat 
$1,890,000 per t e s t  

Teets cost 8 cos ts  
Duration Required S t  Discount 10% 3rscount 

0 - le month 
18 - 20 month 
2 0  - 38 months 
38 - 4 0  months 
40 - 5tl mmths 
56 . 6 0  months 
6 0  - 78 rmmtha 
7 8  - eo mntb 

100 - 110 months 
116 - 130 months 
120  - 138 months 
138 - 140 month. 
140 - 158 m n t b  
158 - 160 month. 
160 - 178 month. 
178 - 180 month# 
180 - 198 months 
198 - 200 month 
200 - 218 lbonth.8 

218 - 338 montb 
230 - 240 monthrr 

80 - 98 mnthr 
98 - 100 month8 

718 - 220 month. 

240 - 250 -th8 
250 - 260 month 
260 - 2 7 a a m n t h o  
278 - 280 nrantha 
aeo - m e  m ~ a t s u  

JOO - 318 mtua 
298 - 300 mtb 

318 - 320 mthr 
320 - 338 mtb 
33% - 340 mth8 
340 - 358 months 
358 - 360 mtbr 
360 - 378 0 ~ ) p t b .  
378 - 380 awrathrr 
380 - 39% B t h r  
398 * 400 mmtha 
400 - 418 mth8 
418 - 420 d t 5 m  
410 * 438--th8 
438 - 440 Qmnth8 
440 - 458 n k b 8  
Jse - 460 m- 
460 - 478 -tho 
470 - rpoatb 

B & C  

B L C  

A + B & C  

B & C  

B C C  

A + B & C  

B C C  

B C C  

A 4 B E C  

B & C  

B L C  

A + & & C  

B & C  

B L C  

A + B & C  

B C C  

B C C  

A + B & C  

B L C  

B L C  

A + 0 & C  

B L C  

1 5 3 , 3 5 3  

1 4 1 , 3 7 4  

1 , 4 9 2 , 8 8 0  

120,150 

1 1 0 , 7 6 5  

1,,169,649 

94 , 136 

86,782 

916,403 

73,754 

67 I 993 

717,980 

57 , 7 0 5  

53 , 271 
562,533 

4 S e  274 

4 1  , 737 

440,736 

3 5 , 4 7 1  

37 I 70& 

345,310 

27,791 

25,620 

0 

143,017 

122. OOSl 

1, 192,2721 

0 8 ,  79€1 

75,754 

740,270 

55,134 

47,03!j  

4 5 9  I 626  

34 , 232 

2 9 , 2 0 4  

2 8 5 ,  37’7 

21,254 

Le , 13:2 

177,1018 

1 3 , 1 9 7  

ii,25a 

110,014 

a, 194 

6,990 

68 ,306  

5 ,087 

4 , 3 4 0  

0 

Total Net Present Values C, 813,456 3,7 16‘6 8; 4 
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hlternative 3: 40-Year Test Cycl - 20-Year License Extensionfr 
Relaxed 1,eakage Criteria, Frequency of ILRTs Reduced to 2/10 Y e a r G  

Period 

13th P o w e r  Cyclc. 
13th Outage 
14th Power Cyclc 
14th Outage 
15th Power Cycle 
15 th  Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
10th Power Cycle 
18th Outage 
19th Power Cycle 
19th  Outage 
20th Power Cycle 
20th Outage 
~ 1 s t  Power' cycle 
21at Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 
24th Outage 
25th Power Cycle 
25th Outage 
26th Power Cycle 
2 6 t h  Outage 
2 7 t h  Power Cycle 
2 7 t h  Outage 
2Bth Power Cycle 
28th Outage 
29th Power Cycle 
29th Outage 
30th Power Cycle 
30th Outage 
31et Power Cycle 
3 1 s t  outage 
32nd Power Cycle 
32nd Outage 
33rd Power Cycle 
33rd Outage 
34th Power Cycle 
34th Outage 
35th Power Cycle 
35th Outage 
36th Power Cycle 

Shut down 

$157,000 per t e s t  
$1,690,000 per t e s t  

Teste costs Costs 
Dura t i cln Required S t  Diecount 1 0 t  Discount 

0 - 18  trioonthe 
16 - 20 nronths 
20 - 38 numthe 
38 - 4 0  nlonthe 
40  - 58 month6 
58 - 60 mntha 
60 - 78 nonthe 
7 8  - 80 cnonths 
60 - 98 months 
98 - 100 rnonthe 
100 - 118 rnonths 
118 - 120 months 
120 - 138 months 
138 - 140 monthe 
1 4 0  - 158 months 
158 - 160 montha 
160 - 178 month 
178 - 180 Imanthe 
180 - 198 months 
19B - 2 0 0  months 
200 - 216.monthe 
218 - 220 months 
218 - 238 morithe 

240 - 258 month8 
258 - 260 monthe 
260 - 278 month 
278 - 280 months 
280 - 290 monthe 
298 - 300 mnthe 

320 - 338 monthe 
338 - 340 months 

358 - 360 mntha 

378 - 380 monthe 
380 0 398 months 
398 - 400 montha 
400 - 418 months 
418 - 420 montha 
420 - 438 months 
438 - 440 months 

238 - 240 monthe 

300 - 318 month8 
318 - 3 2 0  mnth6 

340 - 358 months 

360 - 378 m n t b  

440 - 458 l M A t h 8  
458 - 460 month8 
460 - 478 monthr, 
478 - 180 months 

B I C  

B & C  

A t B L C  

B L C  

B L C  

A + B C C  

B L C  

B L C  

A + B & C  

B & C  

B L C  

A + B L C  

B L C  

B L C  

A + B & C  

B & C  

B S l C  

A + B L C  

B L C  

B C C  

~ + a c c  

B C C  

B L C  

none 

145,918 

134 , 520 

I. 334,903 

1 1 4 , 3 2 5  

IOS, 394 

I, 0 4 5 , 8 7 7  

6 9 , 5 7 2  

a2 , 575 

8 1 9 , 4 2 9  

70,178 

64,696 

642,010 

S4,96:3 

50,688 

503 , 0 0 6  

43,079 

39 ,714  

3 9 4 , 0 9 7  

33,752 

31,11.5 

3 0 8 , 7 6 9  

2 6 , 4 4 4  

24 ,378 

0 

136,083 

116 , 094 

1,066,106 

a 4 , 4 9 3  

72,081 

661, 934 

52,461 

44, 755 

4 1 0  , 988 

32 ,  5'72 

27,  7iB8 

255, 1'78 

20,224 

17,253 

1 5 8 , 4 3 8  

12 , 557 

10,712 

9 8 , 3 7 2  

7,796 

6, EiSl 

61,078 

4,841 

4 , 1 3 0  

0 

Total Net Present Values 6,159,4;22 3 3 6 2 , 5 8 5  
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k?!:err;at.ive 4 :  40-Ytaar reet Cycle - 20-Year Licenrre Extensions 
k : : ~ ~ x d : x  J Leakcige ‘-iL.teria, Frequency of ItRTs Reduced to 1/10 Years 

Period Duration 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th OLtage 
15th Power Cycle 
15th Outage 
1 6 t h  Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
18th Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
2 2 t  Power Cycle 
2 1 at Ou tags 
22nd P o w e r  Cycle 
22nd Outage 
23rd Powor Cycle 
23rd Outage 
24th P o w e r  Cycle 
24th Outage 
25th P o w e r  Cycle 
25th Outage 
26th Power Cycle 
26th Outage 
27th Power Cycle 
27th Outage 
28th P o w e r  Cycle 
2 8 t h  Outage 
29th Power Cycle 
29th Outage 
30th Power  Cycle 
30th Outage 
31st Power Cycle 
31at Outage 
32nd Power Cycle 
32nd Outage 
33rd Power Cycle 

! 33rd Outage 
1 34th Power  Cycle 

34th Outage 
35th Power Cycle 
35th Outage 
36th Power  Cycle 

Shut down 

0 - 18  months 

20 - 38 months 
38 - 4 0  monthe 
40 - 58 months 
58  - 60  months 
60 - 76 monthe 
78 - 80 months 
80 - 98 month 
98 - 1 0 0  month 

100 - 118 months 
iia - 120  months 

138 - 140  months 
140  - 158  months 
150  - 160 mnthe 
160 - 178 manthe 
176 - 180 monthe 
198 - 200 monthe 
218 - 220 months 
218 - 236 month 

10 - 20 months 

120 - 138  month8 

1 8 0  - 198 tmnth8 

200 - 218 month8 

236 - 240 month8 
2 4 0  - 258 monthe 
2 5 8  - 260 month8 
260 - 2 7 8  months 

298 - 300 months 
300  - 318 m n t h s  
318 - 320 month8 
320 - 338 months 
338 - 3 4 0  months 

358 - 360 month8 

380 - 398 monthe 
398 - 4 O Q  Rtontha 
400 - 428 monthe 

438 - 440 month 
440 - 458 mnthdl 
458 - 460 months 
460 - 47% months 
478 - 480 nlOtkth6 

278 - 2 8 0  month@ 
280 - 298 months 

340 - 358 month8 

360 - 378 months 
378 - 380 mmtha 

418 - 4 2 0  mDnth8 
420 - 438 =nth8 

Total Net Preeent Valuea 

$165,000 per t e a t  
$1,890,000 per t e a t  

Teats Coeta  costa 
Required 5% Discount 10% Discount 

B & C  

B L C  

B C l C  

B L C  

B & C  

A + B & C  

B h C  

B L C  

B L C  

B L C  

B C C  

A + B & C  

B L C  

B G C  

B L C  

B & C  

B h C  

A + B C C  

B L C  

~ B L C  

l ! j 3  , 353 

141,374 

1:50,331 

1 2 0 , 1 5 0  

1 1 0 , 7 6 5  

1 , 169 , 6 4 9  

94,136 

6 6 , 7 8 2  

80,OQ3 

7 3  , 754 

67 , 993 

7 1 7 , 9 0 6  

57 , 785 

53,  271 

49,110 

45,274 

4 1 , 7 3 7  

4.40 , 736 

35,471 

32,701 

143,017 

1 2 2 , 0 0 9  

104,087 

88,798 

7 5 , 7 5 4  

740 , 270 

55 , 134 

47 , 035 

4 0 , 1 2 6  

3 4 , 2 3 2  

29 , 204 

205,377 

21,254 

1 6 , 1 3 2  

15 , 469 

13 , 197 

i ~ 2 5 a  

110,014 

8,194 

6,990 

B t C  3 0 , 1 4 6  5,963 

B & C. 27 ,791  5 , 0 8 7  

-B & C 2 5 , 6 2 0  4 , 3 4 0  

none 0 0 

1 , 9 6 4 , 9 4 1  3 , ‘7 8 5 , 9 2  0 
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hl terr?at ive 5: 40-Year Teist Cycle - 20-Year Licens'e Extensxons 
I-elaxed Leakage Criteria, :Frequency of ILRTs Reducemd to l / l ( j  'fears 

$157,010 per test 
$1,690,000 per  test 

Period 

13th Fower Cycle 
l?th Outage 
1 4 t h  Power Cycle 
i 4 t h  Outage 
15th Power Cycle 
15th 3utage 
1bt .h  Power Cycle 
16th Outage 
l ' t t h  P o w e r  Cycle 
17th Out.age 
18th Power Cycle 
18th Outage 
19th Power Cycle 
19th outage 
20th Power Cycle 
20th Outage 
21st P o w e r  Cycle 
219t Outage 
22nd P o w e r  Cycle 
22nd Outage 
23rd Power Cycle 
23rd outage 
24th Power  Cycle 
24th Outage 
25th Power Cycle 
25th Outage 
2 6  th ?ower Cycle 
26th Outage 
27th P o w e r  Cycle 
27th Outage 
28th Power Cycle 
28th Outage 
~ 9 t h  Power Cycle 
29th Outage 
30th Power Cycle 
30th Outage 
3lst Power Cycle 
31St Outage 
32nd P o w e r  Cycle 
32nd Outage 
33rd P o w e r  Cycle 
33rd Outage 
34th Power Cycle 
34th Outage 
35th Power Cycle 
35th Outage 
36th Power Cycle 

Shutdown 

Tests coscs cos ts  
Duration Required 5% Discounc 10% Discounc 

0 - 18 months 
18 - 2G monthe 
20 - 3P, months 
38 - 40 months 
40 - 58 months 
58 - 60 months 
60 - 78 months 
78 - 80 months 
80 - 918 months 
98 - 1ClO months 

100 - 118 monthe 
116 - 120 months 
120 - 13#8 months 
138 - 140 months 
140 - 158 months 
158 - 160 months 
160 - 178 months 
170 - 180 months 
180 - 198 months 
198 - 200 months 
200 - 2x8 months 
218 - 220 months 
218 - 238 months 
238 - 240 months 
240 - 2!X months 
258 - ,2150 months 
260 - 2'78 monthe 
278 - 280 months 
280 - 298 months 
298 - 300 months 
318 - 3:20 months 
320 - 338 months 
338 - 340 munthe 
340 - 358 months 
358 - 360 monthe 
360 - 378 month8 
378 - 380 months 
380 - 398 months 
398 - 400 months 
400 - 418 months 
418 - 420 months 
429 - 438 months 
438 - 440 months 
4 4 0  - 458 months 
458 - 460 rnonthe 
460 - 478 months 
178 - 4 8 0  months 

300 - 3'18 month8 

B & C  

B L C  

B & C  

B & C  

B & C  

A + B & C  

B L C  

B & C  

B 6 r C  

B & C  

0 & C  

A + B & C  

B C C  

B & C  

0 6 ; c  

B & C  

B t C  

A + B & C  

B h C  

B & C  

B & C  

_ B & C  

B - &  c 

none 

145, '318 

134, '520 

124,012 

114, 325 

105,394 

1,045,877 

89,572 

82,575 

76,124 

70,178 

64,696 

642,010 

54,983 

50,688 

46,729 

43,079 

39,714 

394,097 

33,752 

31,. 115 

28 ,, 605 

26,, 444 

24 ,378  

0 

136,083 

116,094 

99,041 

e4,493 

7:. , 081 

661,934 

52,461 

44,755 

3 8 ,  l e i  

32,572 

271,788 

2 5 5 ,  178 

20,224 

17, 2 5 3  

14 , 719 

1:2 I 55'7 

10, 71;2 

98, 37:2 

'7 , 7 96 

16,651 

S,6. ' 

4 I 841 

4,130 

0 

'rota1 Net Present values 3,468,865 1,823,590 

D-22 



k i t e x n a t i v e  6: 40-Year T st Cycle - 20-Year License Extensions 
Appendix J L akage Criteria, Frequency of ILRTa Reduced to 1/20 

$165,000 per t es t  
$ 1 , 8 9 O , i ) O O  per t e s t  

Period 

13th Power Cycle 
1 3 t h  Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
16th Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th  Power Cycle 
20th Outage " 

21st P o w e r  Cycle 
21at Outage 
22nd P o w e r  Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 
24th Outage 
25th Power Cycle 
25th Outage 
26th Power Cycle 
26th Oucagc 
27th Power Cycle 
27th Outage 
28th Powet Cycle 
28th Outage 
29th Power Cycle 
29th Outage 
30th P o w e r  Cycle 
. th Outage 
-1st Power Cycle 
318t Outage 
32nd Power Cycle 
32nd Outage 
33rd Power  Cycle 
33rd Outage 
34th Power Cycle 
34th Outage 
35th Power Cycle 
35th Outage 
36th Power Cycle 

Shutdown 

Tee t 8 Cost6 
Duration Required 5 t  Discount 

0 - 18 months 

20 - 38 mathe 
38 - 4 0  month8 

18 - 20 monthe 

40 - 58 morrths 
58 - 6 0  monthe 
6 0  - 78 months 
78 - 80 naoriths 
B O  - 98 months 
98 - 100 monthe 
100 - 118 months 

120 - 138 month 

158 - 160 months 

178 - 160 monthe 

198 - ZOO months 
2 0 0  - 219 montha 
218 - 220 month8 
238 - 240 monthe 

258 - 260 mntha 

280 - 298 montha 
298 - 300 mnthe 

318 - 320 mclnths 

338 - 340 monthe 
360 - 378 rnantha 

380 - 398 months 
400 - 418.mnths 
4 1 8  - 420 Msnthe 
420 - 4 3 8  mnthe 
4 3 8  - 440 mnthe 

458 - 460 monthe 
460 - 478 months 
478 - 4BO m n t b  

I18 - 120 moxlths 
138 - 140 moxlth 
140 - 158 month8 
160 - 178 month8 
180 - 198 Mnthe 

218 - 238 month6 

240 - 258 month6 

260 - 278 Mnthe 
278 - 280 wnrha 

300 - 318 mnths 

320 - 338 months 
340 - 358 ms7Xlth6 
358 - 360 MiIths 

378 - 380 man- 

398 - 400 Mnth8 

440 - 458 mntke 

B L C  

B L C  

B & C  

B f C  

B h C  

B & C  

B z t C  

B t C  

B L C  

8 & C  

B L C  

A + B & C  

B G C  

E h C  

E & C  

B h C  

B h C  

B b C  

B & C  

B L C  

B &-c  

B & C  

B C C  

none 

153,353 

141,374 

1 3 0 , 3 3 1  

120 ,150  

110,765 

1.02,112 

94 , 136 

86,702 

80,003 

73 , 754 

67,993 

717 , 988 

57 , 785 

53,271 

49 , 110 

45,274 

41 , 737 

38 , 477 

35 * 471 

32,701 

30,146 

27,791 

25,620 

0 

Total Net Present Values 2,316,124 

Years 

Costs 
102 Discount 

143,017 

122 , 009 

104,087 

08,798 

75,754 

6 4 , 6 2 7  

5 5 ,  i34 

4 7 , 0 3 5  

40,126 

34,232 

29,204 

205,377 

21 , 254 

18,132 

15,469 

13 , 197 

11,258 

9,604 

8,194 

6,990 

5 , 9 6 3  

5,087'  

4 , 3 4 0  

0 

1,208,0813 
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Alternative 7 : 40-Y ar Teet Cycl - 
Relaxed Leakage Criteria, Prsquency 

Type B & C T e s t f l  ( U T o )  D 
Type A Tests (ILRTe) I 

P riod Dura t ion 

13th Power Cycle 
13th Outage 
14th Power  Cycle 
14th Outage 
15th P o w e r  Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
16th Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
21st Power Cycle 
2 1 R t Outage 
22nd Powar Cycle 
22nd Outage 
23.d Power Cycle 
23.d Outage 
24tn Power Cycle 
24th Outage 
25th Power Cycle 
25th Outags 
26th Powar Cycle 
26th Outage 
27th Power Cycle 
27th Outage 
28th Power Cycle 
28th Outage 
29th Power Cycle 
29th Outage 
30th Power Cycle 
30th Outage 
31et Power Cycle 
31at Outage 
32nd Power Cycle 
32nd Outage 
3 3 r d  Power Cycle 
33rd outage 
34th Power Cycle 
34th Outage 
3Sth Power Cycle 
35th Outage 
36th Power Cycle 

Shutdown 

0 - 18 mcrnthe 
18 - 20 months 

30 - 40 montb 
40 - 58 months 
5 8  - 60 - n t h  
60 - 78 months 
7 8  - 8 0  month 
8 0  - 98 mnthu 

100 - 118 months 
118 - 120 months 
120 - 138 monthe 
138 - 140 months 
140 .. 158 umnthq 
158 - 160 month 
160 - 178 -tho 
178 - 180 months 
180 - 198 month. 
198 - 200 montha 
2 0 0  - 218 month. 
216 - 220 months 
218 - 230 months 
236 - 240 months 
240 - 258 motatha 
258 .. 260 months 
260 - 278 monthr 
278 - 280 month. 

298 - 300 m n t b  

320 - 338 months 
338 - 340 month 
346 - 358 monthrr 
358 - 360 months 
360 - 338 months 
378 - 3801 mntha 
380 - 398 mnthe 
398 - 400 months 
400 - 418 month 
416 - 420 -At& 
4 2 #  - 430 months 
438 - 440 months 
440 - 450 months 
458 - 460 monthe 
460 - 471 monthm 
478 - 480 months 

20 - 38 month# 

9 B  - 100 manthe 

280 - 298 IWntbs 

300 - 318 month8 
318 - 320 Mntb.8 

20-Ysar License Exteneione 
of ILRTo Reduced to 1/20 Yeare 

$157,000 per test 
$1,690,000 per teat 

Test3 Coete Cost6 
Requited S t  Diecount 101 D i s c o u t  

B G C  145,918 136 , 083 

B & C  134,5210 116,094 

B & C  124,012 99,041 

B G C  114,325 84,493 

105,394 ?2,081 B L C  

B L C  97,161 61,493 

8 & C  89,572 52 , 461 

B C C  82,575 44,755 

E L C  

B & C  

76,124 3e ,  181 

70, 178 32 , $72 

B L C  6 4 , 6 9 6  2 7 ,  :res 
A + B L C  642,010 255,  178 

B & C  54,983 20, :224 

B L C  

B C C  

5 0 , 6 8 8  17 , :253 

46,729 14,'719 

B C C  43,079 1 2 , 5 5 7  

39,714 10,712 B C C  

E L C  

B L C  

.B C C 

B & - C  

36,611 9 ,139  

3.3,7.52 7 , 7 9 6  

31, l :LS 

28,685 

6,651 

5,674 

B C C  26,444 4,841 

B C C  24,376 4 , 1 3 0  

none 0 0 

Total Net Present Values 

N UREG 1493 

2,162,663 1,133,916 

€3-24 



Alternative 8: 40-Year Teet Cycle - 20-Year Licenee Exteneions 
Current L akags Criteria and I'LRT Prequancy, Reduced LLRTs 

Type B & C T O t J t E  (LLRT8) - 
Type A Teste ( X R T s )  I 

Period Duration 

13th Power  Cycle 
13th Outage 
1 4 t h  Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Porar Cycle 
16th Outage 
17th P o w e r  Cycle 
17rh Outage 
ruth Power Cycle 
18th Outage 
19th Power  Cycle 
19th Outage 
20th Power Cycle 
20th outage. 
2lnt Power Cycle 

22x3 Power Cycle 
22nd Outage 
23rd Power Cycle 

24th Power Cycle 
2 4 t h  Outage 
25th Power Cycla 
25th Outage 
26th Power Cycle 
26th Outage 
27th Power Cycle 
2 7 t h  Outage 
2 8 t h  Power Cycle 
2Bth Outage 
29th Power Cycle 
29th Outage 
3 0 t h  Rower Cycle 
30th Outage 
31st Power Cycle 
31st Outage 
32nd Power Cycle 
32nd Outage 
33rd Rower Cycle 
33rd Outage 
3 4 t h  Power Cycle 
3 4 t h  Outage 
35th Power Cycle 
35th Outage 
36th Power Cycle 

2 1 n t  0Ut8ge 

23rd OUt8gO 

Shut down 

0 - la month 
re - 20 rmnthe 
20 - 38 months 

40  - 58 months 
58 - 60 months 
60 - 78 mclnths 
78 - eo manthe 
80 - 9e montha 
98 - 100 months 
100 - 118 months 
118 - 120 month 
120 - 138 months 
138 - 140 manthe 
140 - 150 mcmthe 
158 - 160 mnths 
160 - 178 mnthe 
138 - 180 mntha 
leJ - 198 montha 
198  - 200 mnths 
300 - 21s manthr 
218 - 210 monthe 
218 - 238 months 
238 - 240 montha 
240 - 258 mntha 
258 - 260 montha 
260 - 278 monthe 
278 - 280'monthr 
280 - 298 mnths 
298 - 300 months 
300 - 318 nrsntha 
318 - 320 months 
320 - 338 months 

340  - 358 month. 
358 - 360 moatha 
360  - 378 montha 
378 - 380 months 
380_- 398 months 
39e - 400 months 
400 - 418 mantha 
die - 420 month 
438 - 440 montha 

460 - 478 untha 
478 - 480 month0 

38 - 40 mnth8 

338 - 340 mntke 

420 - 438 m n t b  

440 - 458 -nth8 
458 - 460 month8 

TOtUl Net Present Values 

$ 7 0 , 0 0 0  per test 
$1,890,000 per teet 

Testa Cost6 
Required 5 t  Discount 

B 6 C  

A + B C C  

B & C  

A + B & C  

B & C  

A 4 B C C  

B & C  

A + B & C  

B L C  

A + B h C  

a c I c  

A + B C C  

B & C  

A t B c C  

B E C  

l i + B & C  

B & C  

R + E & C  

B & C  

A:+ B & C 

6 5 , 0 5 9  

1,619,377 

55,292 

1,3 16,264 

46,991 

1,169,649 

39,936 

994,053 

33,941 

844 , 810 

28,845 

7 1 7 , s m  

2 4 , 5 1 5  

6 1 0 , 1 9 8  

2 0 , 8 3 5  

518, f91 

1 7 , 7 0 7  

140,736 

15,048 

374 , 570 

B t c- 12,789 

A + B & C  318 ,336  

B L C  IO, 869 

none 0 

9 ,356 ,407  

costs 
101 Discount 

6 0 , 6 7 4  

1,397,561 

44,158 

1,017,139 

32,130 

7 4 0 , 2 7 0  

23,390 

538,765 

17,023 

392,111 

12,389 

285,377' 

9,017 

2 0 7 , 6 9 6  

6,561) 

151,16O 

4,776 

110,014 

3 , 476 

e o ,  068 

2,530 

5 8 , 2 7 3  

1,841 

0 

5,196,409 
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k l l  Srnativc? 9 :  40-Year T et Cycle - 20-Year Licenee Extensione 
Lelaxcc! 1.e k'ag Crit r ia ,  Reduced LLRTa 

$67,000 per t e s t  
$1,690,000 per test 

Period Dura t i on Tests cos C B  
Required 5 %  Discount 

cO#t6 
10% Di count 

13th P o w e r  Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
1 B t  Power cycle 
16 Jutage 
L 2ower Cycle 
15 Outage 
20th Power Cycle 
20th Outage 
21et Power Cycle 
2 1st Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 
24th Outage 
25th Power Cycle 
25th Outage 
26th Power Cycle 
26th Outage 
27th Power Cycle 
27th Outage 
28th Power Cycle 
28th Outage 
29th Power Cycle 
29th Outage 
30th power cycle 
30th Outage 
31st Power Cycle 
31st Outage 
32nd Power Cycle 
32nd Outage 
33rd Power Cycle 
33233 Outage 
34th Power Cycle 
34th Outage 
35th Power Cycle 
35th Outage 
36th Power Cycle 

Shut down 

0 - 18 month8 
10 - 20 monthe 
20 - 38 monthe 
38 - 40 m~nthe 
4 0  - 58 months 
58 - 60 m n t b  
60 - 78 months 
78 - 60 months 
8 0  - 98 montha 
98 - loo month6 

100 - 118 monthe 

120 - 138 months 
140 - 158 months 
158 - 160 months 

178 - 180 months 

2 0 0  - 218 months 
218 - 220 months 
218 - 238 months 
238 - 240 months 
240 - 258  months 
258 - 260 months 
260 - 278 months 
278 - 2 8 0  months 
280 - 298 montha 

118 - 120 month8 

136 - 140 month8 

160 - 178 month8 

180 - 198 MIltb 
1 9 8  - 200 months 

298 - 300 month 
300 - 318 month8 
318 - 320 months 

338 - 340 monthtt 
320 - 338 montha 

340 - 359 months 
358 - 360 months 
360 - 378 MIlthe 
378 - 3891 month 
380 * 398-mnths 
396 - 460 month8 
400 - 416 mQIlth.- 

420 - 43H months 
438 - 4 4 0  Mfithe 

418 - 420 monEha 

440 - 45tl monthe 
458 - 460 mnthe 
460 - 4711 months 
478 - 480 months 

E & C  

A + B & C  

' B L C  

A + B & C  

B L C  

A + B & C  

B C C  

A + B & C  

B L C  

A + B & C  

B & C  

A + B & C  

B L C  

A + B & C  

B P C  

A + B c r C  

B & C  

62,271 5 8 , 0 7 4  

1,448,014 1,249,671 

42,266 52,922 

1,230,620 

44,977 

909, 5'06 

30,761 

1,045, a77 

38 ,225  

661,934 

2 2 ,  xm 
888 , 662 4 8 1 , 7 5 3  

32,486 

755,420 

27,609 

16,294 

350,616 

11, a58 

255,178 

8,631 

642,010 

23,464 

545 , 627 

19 ,942  

463 , 714 

165, '710 

6,281 

135,165 

16,9408 4 , 5 7 1  

A + B & C  

E & C  

A t B & C  

B C C  

A - +  B f C 

B L C  

none 

394 , 097 

14 , 404 

334,933 

12,241 

204 , 650 
10,403 

98,372 

3,327 

71,595 

2,421 

52,106 

1,762 

0 V 

4 , 6 6 0 , ,  2 5 0  8 , 3 0 9 , 7 2 4  Total N e t  Breesnt Values 
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A l t e r n a t l v t  st.: 1.- Year T e s t  Cycle - 20-Year Licene Exteneionfl 
Surrer.r Leakaj Cr i l . er ia ,  2 I L R T s / l O  Years, Reduced LLRl'a 

$70,000 per t.est 
$1,890, 0 0 0  per t e a t  

Period Duration T28t8 Coete  Coat€ 
Required 5 5  Dzecount 101 Discount 

13th Powsr Cycle 
1 3 t h  Outage 
14th Power Cycle 

LSth R o w e r  Cycle 
lSth Outage 
16th Power Cycle 
16th Outage 
17th P c w e r  Cycle 
17th Outage 
18th Power Cycle 

19th Power Cycle 
19th Outage 
20th Powrr Cycle 
2 0 t h  Outags ' 
21ot Power Cycle 

22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 
24th Outage 
ZSth Powar Cycle 
2 5 t h  Outage 
26th Power Cycle 
26th Outage 
2 7 t h  Power Cycle 
2 7 t h  Outage 
28th  Power Cycle 
18th Outage  
2 9 t h  Power Cycle 
29th Outage 
30th power cycle 
30th Outage 

3 1 ut Ou tage 
32nd Rower cycle 
32nd outage 
33rd Powar Cycle 
33rd  Outage 
3 4 t h  Power Cycle 
3 4 t h  outage 
35th Power Cycle 
35th Outage  
36th Power Cycle 

14th mt8g@ 

18th Out89 

2ldt Outage 

31St Power  Cycle 

Shutdown 

0 - 18 months 
16 - 20 months 
20 38 monthr 

40  - 58 morith~ 
56 - 6 0  moilthe 

38 - 40 WIlth8 

60 - 78 morlths 
78 - 60 I I I O J I ~ ~ S  

98 - 100 tn011ths 
100 - 116 mltths 

120 - 138 Writhe 

140 - 158 month8 

80 - 98 months 

118 - 120 manthe 
138 - 140 months 

158 - 160 montho 
160 - 178 months 
178 - 180 month 
160 - 198 montha 
198 - 200 month8 
200 - 218 months 
218 - 224 months 
218 - 238 montha 

240  - 258 monthe 

260 - 278 monthe 
278 - 280 mnths 
280 - 298 months 
298 - 300 month. 

318 - 320 manthe 
320 - 338 mnthe 
330 - 340 mnthe 
340 - 358 months 

360 - 378 mdnthe 

380 - 398 months 

400 - 418 months 
418 - 420 mantha 
420 - 43Q munthrr 
4 3 8  - 440 months 
440  - 456 months 
458 - 460 months 
460 - 478 months 
478 - 480 months 

238 - 240 mnth8 

258 - 260 months 

3 0 0  - 310 mdtho 

358 - 360 llicbnths 

378 - 380 months 

398 * 400 months 

B & C  

B & C  

h + B & C  

B h C  

% h C  

A + B & C  

B & C  

B d r C  

A + B L C  

B & C  

B & C  

A + B & C  

B h C  

B G C  

A + B & C  

B & C  

B L C  

A + B & C  

B & C 

6 5 , 0 5 9  6 0 , 6 7 4  

5 9 , 9 7 7  51,762 

1 , 4 9 2 , 8 8 0  

5 0 , 9 7 3  

4 6 , 9 9 1  

1 , 1 9 2 , 2 7 3  

37,672 

32 I 138 

1,169,649 740,270 

39,936 2 3 , 3 9 0  

36,817 19,954 

4 5 9 , 6 2 6  9 1 6 , 4 0 3  

3 1  290 14,523 

2 8 ,  a45 1 2 , 3 8 9  

285,377 

9 , 0 1 7  

717,9B8 

2 4 , 5 1 5  

22,600 

562,533 

19,207 

7 ,692  

177 iaa 

5 , 5 9 9  

1 7  , 707 4 776 

440,736 

15 ,046 

110,014 

3,476 
- 

B & C  13 073 

345,310 

11 , 790 

10,869 

2,9651 

68 I 306 

2,158 

1,841. 

A - +  B & t: 

B & C  

E & C  

none 0 u 

Total N e t  Present Values 6 , 1 ? 0 , 9 9 6  3 I 323,060 
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Alternative 11. 40-Ysar Taelt Cycle - 20-Year Licenee Extensions 
keiaxed Leakage Cri e r i a ,  2 ILBTs/lO Yeam, Reduced L:LRTs 

Peri3d 

13th Power Cycle 
13th Outage 
14th Power Cy-le 
14ph Outage 
15th Power Cycle 
15th Outage 
16th Power  Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
18th Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
21et P o w e r  Cycle 
2let Outage 
22nd Power Cycle 
22nd Out89e 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 
24th Outage 
25th Power Cycle 
2Sth Outage 
26th Power Cycle 
26th Outage 
27th Power Cycle 
27th Outage 
28th Power Cycle 
28th Outage 
29th Power Cycle 
29th Outage 
30th Power Cycle 
30th Outage 
31st Power Cycle 
31et Outage 
32nd Power Cycla 
32nd Outage 
33rd Rower Cycle 
33rd Outage 
34th Power Cycle - 

34th Outage 
35th Power Cycle 
35th Outage 
36th Power Cycle 

Shutdown 

$67,000 per t e a t  
$1,690,000 per test 

Costs Duration Taetfi Cost8 
Required 5 %  Discount 1OC Discc;mt 

0 - 18 mOne 
18 - 20 mont 
20 - 38 mont 
36 - 40 mont 
4 0  - 58 mont 
sa - 60 mont 
60 - 78 mont 
7 6  - 8 0  mont 
8 0  - 98 m t  
98 - 100 mnt  
100 - 118 mnt 
118 - 120 mont 
120 - 138 w n t  
1x1 - 140 mOnt 
140 - is8 mont 
158 - 160 mOnt 
160 - 178 mnt 
178 - 180 mnt  

198 - 200 mont 
206 - 218 mnt 
218 - 220 mnt 
218 - 238 mat 
238 - 240 w n t  
240 - ase mont 
258 - 260 mt 
264 - 278 mnt 
278 - 290 imnt 
280 - 298 mont 
298 - 300 mont 
300 - 316 mont 
318  - 320 mnt 
320 - 338 mnt 

340 - 351) mnt 
358  - 360 mnt 
360 - 378 mnt 
378 - 380 mont 
380 - 3-98 mbnt 
398 - 400 mht 
400 - 416 e n €  

180 - 198 moat 

338 - 340 m t  

418 - a a  mnt 
r a o  - 43s mOnt 
438 - 440 mcrnt 
440 = 458 Wnt 
458 - 460 mont 

478 - 4 8 0  mont 
460 - 478 mCmt 

B & C  

B & C  

A + E & C  

B C C  

B & C  

A + B L C  

B & C  

' B & C  

A + B C C  

B t C  

B & C  

A + B & C  

R & C  

a k c  

A + B C r C  

E L C  

B G C  

A + B e C  

B C C  

B & C '  

A + E r C  

B C r C  

B h C  

- none 

62 I 27'1 

5 7 , 4 0 6  

1,334,903 

4 8 , 7 8 8  

4 4 , 9 7 7  

1 , 0 4 5 ,  e77 

38 , 225 
35,239 

819,429 

29,949 

27,609 

642 010 

23,464 

21,631 

503 I 006 

18,364 

16 948 

394,097 

14,404 

13,278 

308,769 

11,28S 

10,4103 

0 

58,074 

49,543 

I, 066,106 

36,057 

30,761 

661 I 934  

22,388 

19 , 0199 

4 1 0 , 9 8 8  

13,900 

11,858 

255,178 

8,631 

7,363 

158,438 

5 , 3 5 9  

4,!571 

98,  :372 

3 , 3 2 7  

2,838 

61 I 078 

2,066 

1,762 

0 

Total Net Present Vialuerr 5,522,352 2,989,691 
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$ A '  'rnative 12: 40-Year Teat C ~ c l s  
f .  - r :e-nt  Leakag C r i t e r i a ,  1 IW:TI10 

Type B h C Teote ILIJZTB! - 
Type A Taste (TLRTs) - 
Period Duration 

13th P0-r Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th Power  Cycle 
1 5 ~ h  Outage 
16th P o w e r  Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
1 8 t h  Powa- Cycle 
18th Outage 
1 9 t h  Power Cycle 
19th (hitage 
20th Power Cycle 
20th Outage. 
216t Power Cycle 
21.t Outrgr 
22nd Power Cycla 
22nd Outage 
23rd Powsr Cycle 
23rd Outage 
24th Power Cych 
2 4 t h  Outage 
25th Power Cycle 
25th Outage 
26th Power Cycle 
2 6 t h  Outage 
27th Power Cycle 
27th Outage 
28th Power Cycle 
26th Outage 
29th Power Cycle 
29th Outage 
30th Powar Cycle 
30th Outage 
3let Power Cycle 
3 l B t  Outage 
32nd Power Cycle 
32nd Outage 
33rd Power Cycle 
33rd Outage 
34th Power Cycle 
34th Outage 
3 5 t h  Power Cycle 
35th mtage 
36th Power Cycle 

Shut down 

0 - 18 morntho 
18  - 20 wnthe 
20 - 38 mnths 
38 - 40 month8 
4 C  - 56 month 
58 - 60 months 
60 - 78 m o n t b  
78  - 80 months 
80 - 98 mntho 
98 - 100 months 
100 - 118 months 
l i e  - 120 monthe 
120 - 138 months 

140 - 158 month6 
158 - 160 month 
160 - 178 months 
178 - 180 mnths 
160 - 198 months 
198 - 200 nmntha 
200 - 218 monthe 
t X S  - 120  mnthe 
218 - 238 month8 
238 - 240 months 
240 - 256 month8 
258 - 260 mantho 
260 - 278 nronthe 

138 - 140 m t h s  

278 - 280"mthm 
280 - 298 month8 
298 - 300 month8 
300 - 318 monthe 
318 - 320 months 
?23 - 338 monthe 
2 3 8  - 340 montha 
3 4 0  - 358 months 
358 - 360 months 
360 - 378 month8 

380 - 396 months 
400 - 419 month 
4 1 8  - 420 mnthr 

438 - 410 month8 
440 - 4Se mnthe 
458  - 460 monrhe 
460 - 478 mnthe 
478 - 480  months 

378 - 380 mathe 

398 - 400 Matha - 

420 - 438 m t h s  

- 23-Yaar Lfcens Extenmione 
Years, Raduc d LLRTe 

$ 7 0 , 0 0 0  per t:erst 
$ 1 , 8 9 3 , 0 0 0  per t e a t  

Teete Coat e Coste 
Requi r ad 5 C  D:Lecount 10% Dirrcount: 

B & C  65,059 60,674 

B C C  59 , 977 51,762 

B L C  5 4  , 292 44 , 158 

B 6 C  5 0 , 9 7 3  37 , 672 

B L C  46 , 991 32 , 138 

A + B & C  1,169,649 740 270 

B & C  

B i b C  

B & C  

B & C  

a c r c  

39,936 23,390 

36, e17 19 ,954  

33 , 941 17 ,023  

31,290 14,523 

20 , 045 12,309 

A + B & C  717 ,988  285,377 

B L C  24,515 9 , 0 1 7  

B L C  22,600 7,692, 

B L C  20 ,835  6,5631 

B L C  1 9 , 1 0 7  5 , 5 9 9  

B & C  17 707 4 , 7 7 6  

110 , 0l.U 

P1.r- c 15,048 3 , 476 

- - A + E & C  440,736 

--. - - B & c 1 3 , 8 7 3  2,965 

B .&I C 

B C C  

- B  6r c 

12,789 2 , 5 3 0  

11,790 2 151B 

io a69 1 , 8 4 1  

none 0 0 

Total Net Preeent Values 2 946,727 1 , 1 9 5 , 9 6 1  
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Aiternative 13: 4 0 - Y  ar Teat Cycle - 20-Year License Exteneions 
Ft?LaXed Leakage CriLeria, 1 ILRT/l@ Yc\d'8, Reduced LLlRT6 

Type B & C Tests (LLRTe)  = 
Type A Teete [ILRTs) - 
Period 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
lath Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
21at Power Cycle 
2 l e t  Outage 
22nd Power Cycle 
22nd Outage 
23rd Powet Cycle 
23rd Outage 
24th Power Cycle 
2 4 t h  Outage 
25th Power Cycle 
25th Outage 
26th Power Cycle 
26th Outage 
27th Power Cycle 
27th Outage 
28th Power Cycle 
28th Outage 
29th Power  Cycle 
29th outage 
30th Power Cycle 
30th Outage 
31st Powor Cycle 
31st Outage 
3Znd Powsr  Cycle 
32Rd Outage 
33rd Power Cycle 
33rd Outage 
34th Power Cycle 
34th Outage 
35th Power Cycle 
35th Outage 
36th Power Cycle 

Shutdown 

$ 6 7 , 0 0 0  per teat 
$1,690,000 per  test 

Duration Testa Cost8 Coets 
Required SI; Diecount 10% D i s c c m n t  

0 - 18 W:;ths 
18 ~ 20  months B h C  
20  - 36 monthe 
38  - 40 months B & C  
40 - 58 months 
58 - 60 months B L C  
660 - 78 mantha 
78 - 80 monthe 8 6 r C  
8 0  - 98 months 
98 - 100 month8 B C C  
100 - 118 montha 
118 - 120 m n t b  A + B & C 
120 - 138 monthe 
138 - 140 months B & C  
140 - 158 months 
158 - 160 months B & C  
160 - 178 months 
178 - 180 mnthe B t C  
la0 - 198 months 
198 - 200 m t h s  B & C  
200 - 218 months 
218 - 220 mnths B t C  
218 - 238 mnthe 
238 - 240 monthe A + I3 L C 
240 - 2581 months 
258 - 260 monthe B C C  
260 - a7W mnthm 
278 - 2ecr month B L C  

298 - 300 WnEh8 B & C  
300 - 31€1 months 
318 - 320 montha B & C  
320 - 338 manthe 
338 - 340 manthe B & C  
340  - 358 months 
350 - 360 mSWhs A + B & C 
366 - 378 mth@ 

280 - 2 9 ~ 1  wraths 

378 - 300 mntha B & C  
3BiO - 3996 moatha 
396 - 4013 months B L C  
400 - 419 mnthe 
4 1 8  - 4 2 0  month B L C  
420 - 436 mimth6. 
438 - 44D fttOnthB B b t C  
440 - 4 s e  nonths 
458 - 460 months B & C  

478 - 480 months none 

- 

460  - 478 m o n t h  

62,271 

57,406 

52,922 

4 0  , 768 

44,977 

1,045,677 

38,225 

35,239 

52,486 

29,949 

2 7 , 6 0 9  

642,010 

23,464 

21,631 

19,942 

18,384 

16,948 

394,097 

14,404 

13,278 

12,241 

11,285 

10,403 

0 

5 8 , 0 7 4  

49,543 

42,266 

36 , 057 
3 0, '7 6 1 

66 1, '334 

22,388 

19,099 

16,294 

13,900 

11, a58 

255,178 

8,631 

7,363 

6,281 

5 , 359 

4,571 

98,372 

3,327 

2 , . 8 3 e  

2 I, 421 

2,066 

1,762 

0 

Total Net Preaent Values 2,6734 836 1,360,343 
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Alternative 14: 40-Year T st Cycle - 20-Year License Extenaions 
Current Leakage Criteria, 1 ILAT/2O Years ,  Reduced LLRTs 

$70,000 per test 
$1,890, D O 0  per t e s t  

Period 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
lSth Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
18th Power Cycle 
18th Outage 
19th Power Cycle 
19th Outage 
2 0 t h  Power Cycle 
2 0 t h  Outage 
;lst Power Cycle 
2 18 t Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 
24th Outage 
25th Power Cycle 
25th Outage 
26th Power  Cycle 
26th Outage 
27th Power Cycle 
27th Outage 
28th Power Cycle 
28th Outage 
29th Power Cycle 
29th Outage 
30th Power Cycle 
30th Outage 
3 i s t  power cycle 
3 18 t Ucl tage 
32nd Power  Cycle 
32nd Outage 
33rd Power  Cycle 
33rd Outage 
34th Power Cycle 
34th Outage 
3 5 t h  Power Cycle 
35th Outage 
3 6 t h  Power Cycle 

Shut down 

Teete costs  Costs 
Duration Required 5 %  D18COunt 10% Discount 

0 - 18 months 
1 8  - 20 montha 
20  - 38 months 
38 - 40 montha 
40  - 58 months 
581 - 6 0  months 
60 - 78 months 
78 - BO month 
80 - 98 months 
98 - 100 months 
100 - 118 months 
116 - 170 montha 
120 - 138 month 

140 - 158 months 
158  - 160 months 
160 - 178 months 
178 - 1 8 0  months 
180 - 198 monthe 
198 - 200 m o n t b  
200 - 218 months 
218 - 238 month 
238 - 240 months 
240 - 258 monthe 
258 - 260 months 
260 - 278 months 
278 - 280 mntha 
280 - 298 nranth8 
298 - 300 m t h 8  
300 - 318 Mnth8 
318 - 320 months 
320 - 336 months 
338 - 340 months 
3 4 0  - 358 Wnths 
358 - 360 months 
360 - 378 Wtlthe 
378 - 380 math8 
380 - 398 mnthe 
398 - 400 wnths 
400 - 416 mnthe 

138 - 140 month8 

218 - 220 month8 

418 - 420 Wnths-  
420 - 438 m o n t h  
438 - -440 months 

458 - 464 mtG 
440 - 458 months 

460 - 476 m n t h s  
4 7 8  - 480 months 

B L C  

B C C  

B G C  

B & C  

B & C  

B & C  

B L C  

B & C  

B h C  

B & C  

B & C  

A + B & C  

B & C  

B & C  

B f C  

B f C  

B & C  

B L C  

a & c  

B h - C  

none 

65,059 

59,977 

55,292 

50,973 

46 , 991 

43 ,320  

3 9 , 9 3 6  

36 , 817 
33,941 

31,290 

2 8 ,  e45 

717,9i3e 

24,515 

22,600 

20,835 

19 ,207  

17,707 

16,324 

1 5 , 0 4 0  

13,873 

12,789 

11,790 

10,869 

0 

60, 67,4 

51, 762 

44,156 

37,672 

32 1 13.8 

27, 41'7 

23 , 390 

19,954 

17,023 

14,52:3 

12,389 

285,377 

9 , 01'7 

7 ,  69:2 

6 , 5 6 3  

5,599 

4,776 

4,075 

3 , 4 7 6  

2,965 

a ,  5 3 0  

2 , 158 

1 , 841 

(1 

Total Net Present Values 1,395,906 677,169 
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Alternative 15: 40-Year T rt Cycl 
Relaxed Leakage C r i t s r i .  1 IwZT/20 

T y p e  E3 & C Taete (LLRTU) - 
m e  A Tests (ILRTel - 

- ZO-Year License Extensions 
Peare, R duced L:LRTs 

$ 6 7 , 0 0 0  par c St 
$1,690,000 per teat 

Testa 
Required 

Costs 
10% Discount Period Duration 

13th Power Cycle 
13th Outage 
14th Power Cycle 
14th Outage 
15th Power Cycle 
15th Outage 
16th Power Cycle 
16th Outage 
17th Power Cycle 
17th Outage 
16th Power Cycle 
18th Outage 
1 9 ~ h  Power Cycle 
19th Outage 
20th Power Cycle 
20th Outage 
21et Rower Cycle 
21st Outage 
22nd Power Cycle 
22nd Outage 
23rd Power Cycle 
23rd Outage 
24th Power Cycle 
24th Outage 
25th Power Cycle 
25th Outage 
26th Power Cycle 
26th Outage 
2 9 t h  Power Cycle 
27th Ouraga 
28th Power weis 
28th Outage 
29th Power Cycle 
29th Outage 
30th Power Cycle 
30th outage 
31at Power Cycle 
3 18 t Outage 
32nd Power Cycle 
32nd Outage 
33rd Power Cycle 
33rd Outage 
34th Power Cycle 
34th Outage 

35th Outage 
36th Pouer Cycle 

35th Power cycle 

Shutdown 

o - ie mtb 
l e  - 30 mtb 
20 - 38 m t h 8  
38 - 40 month8 
40 .. 59 mOt,:he 
SB - 60 mntho 
60  - 78 months 
7 8  - eo1 mtb 
B O  - 98 mnth. 
98 - 100 month# 
100 - 1lN months 
118 - 120 months 
120 - 138 months 
140 - 1JB month. 
ise - i 6 0  month. 
160 - 178 month8 
178 - 180 montha 
180 - 198 month. 
198 - 200 month. 
2 0 0  - 218 month8 
218 - 2411 month. 
218 - 238 month 
238 - 240 mentho 

138 - 140 month8 

240 - 258 mt& 
258 - 260 B t h r  
260 - 278 
278 - 280 mnth8 
284 - a90 moatha 
298 - 300 mnth 
300 - 318 mntha 

320 - 338 Wnth6 
338 - 340 month8 
340 - 358 nlanths 
358 - 360 mbath. 
360 - 376 n W  

380 - 398 mopthB 
398 - 400 -the 
4UO - 41s mtha 
418 = 490 month8 
429 - 438 mthr 
438 - 440 mMthB 
440 - 458 mtbe 
458 - I 6 0  mantha 
460 - 478 mtbrP 
478 - 480 mnthn 

318 - 320 

378 - 380 ~BC+XI- 

B C C  62,271 

29  , 406 

52 , 922 

sa, 074 

49,543 

42,266 

36,057 

30,961 

26,242 

22,388 

19,099 

16,294 

13,900 

11,858 

2 5 5 , n a  

8,631 

7,363 

6,, 281 

5 ,) 3 5 9  

4 , 5 7 1  

3 , 900 

3,327 

2 ,  e39  

2,421 

2 , 0 6 6  

1,762 

0 

630,1791 

B & C  

a 6 r c  

B L C  48.788 

B & C  

B C C  

B C C  

44,977 

4 1 , 4 6 4  

38,225 

B L C  3 5 , 2 3 9  

B L C  3 2 , 4 8 6  

B L C  2 9 , 9 4 9  

27,609 B & C  

A + B C C  

B t C  

642 , 010 

23,464 

3 L C  

B & C  

B L C  

21,631 

19 ,942  

10 , 264 

B C C  16 ,948  

B C l C  

B t C  

lS, 624 

14,404 

13,278 

12,241 

11,285 

IO, 403 

0 none 

T o t a l  Net Present Valuea 1,290,950 
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APPENDIX E 

DEPENDENCE OF EPI'VIRONMENTAL SOURCE TERMS O Y  
CC)NTAINMENT LEAKAGE 

In order to help explain the nature of the from the containment arrnosphcre by various 
derived dependence of reactor accident risks deposition mechanisms. 
on the assumui containment leakage ' m e  
developed in Chapter 5 ,  it is useful to consider The following differential quation describes 
the relationship between fission product losses the time dependent concentration of airborne 
from the containment by leakage and removd fssion products in a single well-mixed 

volume: 

d/dt C, = - (ZA&, - a,C, + S,(t) (1)  
w titre, 

C, = airborne concentration of componmt i 
A,, 
C P summation over all applicable rmroval mechrrnisms 
u, 
S,(t) Q source into containment of ampent  i 

= 

= 

removal rate co~tant foe component i duc to mechanism j 

leakage rate of conrporwnt i, m i o n  of the volumc pcr unit time 

The above expression is quite g h d ,  but 
dcctptivtly simple. 11 applies to fimba 
product grrsea, vapors and 0cM;BOfi. Its 
application to locvcft accid#u tituitjom 
involving many removal mechmhm, each of 
which is time- and spccies-ea, ~ ~ ~ ~ I t i p l e  
containment compsrtmenu, specia- 
timing of relaws, ctc., c ~ l l  ba#wac 
cxcocdingly complcx, N~~mcnnu cump!m 
codes, such IS the SOUKX Turn Cod0 Packqe 
(GIEW), MELCOR (SNL91). rad CQEfTAW 
(NRCBSA) have ban dcvelopcd to Uutyrt 
these pmccsscs. In its most geotnl farm, tbe 

solution to the samingly simple equation 
above can nquirc very cxtmdivc computing 
capability u well an mbacantial computer time. 

E- f 



If :. 'e make the further simplifyirg asumption 

the cantainmcnt, with all of thc source 

available initiall:~, the expression for the leaked 
amount reduces IO that there is w timedependent SOUICC: term to 

The latter assumption is tan- to saying 
that the rclcasc period to the c~ruimcnt b 
ahon compared to the relase period from the 
containment to the environment. Thi, 
assumption is quite reasonable since in typical 
severe accident scenarios the releaseis to the 
containment take place over a few hours, 
whereas the environmental rtl#ses an 
assessed over about 24 hours. Thc long 
leakage durations are particularly ceelevaut to 

intact. 
scenarios in which the contlrinnent rtrys 

All of the above ~implifying PMUnaptiQn arc 
made to illustrate the essential physics 

involved and the roles of the competing 
mccbanidms for fission product removal from 
the contaimcnr atmosphere. Such simplifj'ing 
assumptions would not necessarily be generally 
applicable to the analysis of severe accident 
scenarios. 

The last expression can now be easily 
e- to explore the relationship between 
Iakage and thc other removal m~~h;uusms. 

if it is a s s d  that the leakage term, at, is 
mucb smaller uhan the removal term, X, (c.g., 
u = O,lh), the above expression reduces to 
Pppronimotcly 

For thc lulrage term, a, approxhnrtely equal 90 rh removal term, A, Equation 5 reduces to 
approximately 

And for the lcrrkage turn, a, much V i e r  than the ranoval t ~ m ,  A, (t.g., Q = ION, Equation 5 
reduces to approximately 

E-2 



mechanisms, as would be the case €or tomirral 
leakage rates, the source terms (leaked mount 
L in Eqn. 6) are seen to be essentially directly 
proportional to the lcakagc rate (a). (A 
icakagc rate of 1 percent per day corrcqxmds 
to 4.17 x IO* loss rxr hour, in contrast to the 
0 .13hr  nominal ctcposition rate.) As fission 
product losses due to lcakage become 
comparable t6 other removal mechanism, the 
envlronrrcntal source tenns (L) lxcome 
independent of the leakage rate (a) and, under 
the foregoing assumptions, approach one-half 
of the total release to the containment (Eqn. 
7). As the leakage is assumed to increase still 
funher, to the point that it dominatu; other 
removal processes, environmental source terms 
are independent of the specific leakage rate 
and in the limit approach the total releases to 
the containment @qn. 8). Thcse observations 
arc consistent with the dependence of risk on 
containment leakage developed in Chapter 5. 

I 

To lend additional, more quantitative,' insight 
to the environment on containment leakage rate 
and competing fission product dgosition 
mechanisms, solutions to Quation 5 are 
presented in Figure E-1. Solutions are shown 
for removal lambdas of 0, 0.13, and "1.3/hr as 
functions of the assumed containment I,c.akage 
rate. A rcmoval lambda of 0 would apply to 
the noble .gases which arc not subject to 
deposition or removal by normal engineered 
safety features. As noted above, the removal 
lambda of 0 . 1 3 h  is taken from WASH-1400 
and was derived for natural deposition of 

aerosols. The 1.3hr value for lambda is an 
arbitrary increase over the WASH- 1400 figure, 
recognizing that much larger removal rates 
would be encountered with the operation of 
engineered safety features. The curves in 
Figure E-1 are quite consistent with the 
qualitative discussion presented above. It is 
noteworthy that the shapes of the curves are 
very similar to those derived in Chapter 5 1.0 
show the dependence of risk on containment 
leakage rate. This is to be expected since risk 
measures, particularly for long term effects, 
should be proportional to the magnitudes of 
the source terms. The results in Figure E-1 
are limited to environmental source terms due 
to leakage only; the risk results in Chapter 5 
include contributions from all containment 
failure modes. 

In Chapter 5 ,  fission product source t e r n  
were presented far early containment leakages 
in the Surry unit. These source t e r n ,  
reptatad below, represent the composite 
frqutracy-weighted source terms for all 
accident scenarios involving early leakage 
through a 0.1 ftz opening. Comparison of 
these source terms with the simplified results 
illustrated in Figure B-1 suggests that the 
average effective removal lambda for species 
such as iodine and cesium as inferred from 
NUREG-1150 is between the 0.13/hr talcen 
from WASH-140 and the 1.3/hr value 
assumed for illustration purposes. Thus, the 
foregoing simplifications haw not prevented a 
meoRiDgful illusaratiOrr of the essential physics 
involvul. 

Table E-1, Source Tenas for Sum 

9.5-E4 I 
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‘ I  he toregoing simplified analysis of deposition rare has been show) to be consisrrnt 
riivrronmental fission product rr:lcases as with the results of the: extremely complex 
functions of leakage rate and containment NUREG-1 150 W U I Y S ~ S .  
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1 *6 

0.0 

0.6 

0.4 
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Containmmnt Lorkag+ A m t i  % par day 

Figure E-1. Impact of Leakage on Source Tern,  
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APPENDIX F 

GRAM) GULF NUCLEAR STATION 
LOCAL LZAKAGERATE TEST PROGRAM 

The Grand Gulf Nuclear Station (GGMS) Plant 
Operations Manual describa the local leakqt- 
rate test program for meeting the requirmcm 
of the Appendix J Containment Iakagc-testing 
requirements. The LLRT Program conducts 316 
tests (penetrations, valva and other componmts) 
organized into the following categories: the 
Performance-Based Testing Program (250 
components), Fixed-Interval Components (241, 
Pressure Isolation Valve Tests (241, Drywell 
Air-lock Tests~ (4), Drywell Bypass 'Test (l), 
Containment ILRT (l), C o n t a h ~ U  md 
Drywell Visual Inspection (1). Con~nmcnt Air- 
lock Tats (81, and the Contoinme~lDryweU 
Air-lock Tubing Drop Testa (3). 

The following summary is excerpted h m  the 
Plant Operations Mmuai's Performance ud 
Engineering Instruction. By following the 
requirements and applying the guidance provided 
in the engineering instructions, Grand Gulf t a t  
engineers determined that 149 of 8 to@ of 316 
components will require LLRTI duriq the PCM 
scheduled unit autage. Of the Cueg0r-k~ d 
above, the greatest reduction in c o m p m ~ ~  to 
be tested was from thc Monnur;c-Ikrrad 
Testing Program, where 164 of a total of 250 
components wili be not bc tested in the ocxt 
outage. Table F-t pmvidm t omnpuh#m af 
some of thc changes brought a b u t  by tk 
pcrformancc-basodprogranr. Ascbttg;#icd* 
process is shown in Figure F-1. 

F.1  PURPOSE 

F.2 COMPONENTS REQUIRED TO IBE 
LOCAL LEAKAGE-RATE TESTED 

The instruction provides a table specifying each 
peaamion, valve and component to be tested 
per Type B and Type C requircmcnts, including 
the test medium (air, water, nitrogen). 

F.3 TEST METHODS 

Type B tests shall be performed by local 
pneumatic pressurhtion at a pressure not less 
thrn P,. Type C teats shd1 be performed by 
I d  pneumatic prtssurization at a presswe of 
P,, unku it  is I rrlvc scaled witb a fluid, which 

Test prraeurizMion shall be applied in the samt 
direction ad that when the valve would be 
required to perform its safety function unless it 
CM be determined that direction of 
prcss-on isn't a safety consideration. 

un eht des@ of tbc c4apoaenr. Each valve to 
be tested rhll k ckmd by normal optration, 
i.c.. witbwr any p r d h i m q  cxcrciding or 

is then mted at a pressure not less than 1.10 P,. 

cutain excquions to tbr lutcr arc dlowed based 

adjttsoberttj, 



Grind Gulf Nwlur Stliion 
Appendix f Performance Bued Testing Program 

T y p ~  A Test 
Progrun 

Interval 10 Years 
(06-ME-IMlO-a0002) 

Type B & C Test 

(17-545-1) 

Overall Airlock Teat 
2 Y a r  Interval 

{WME- i M23-V-OOO I) 

for 

Tutiqj Progm 

Type 3 dr C Tested 

Page 2 
(17-S-OS-1) 

Non-PerComwce 

(17-S-OS-I Ttbb 1 
Note 28) 

'YES 

I \ 

I 
Performrnce Based 
TeftcdCo~ymtnts 
(17'445-1 Table 1 

Note 27) 

J. 

1 
initial Interval 

Sclecfion 

Figure F-1. Schematic of Performance-Based Program Process 
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I Component Selmion for h e  
Performance Based Testing Program 

L7-S4S-I 

* J 

Components 
Seleclcd for 

Performnnce BU~A 
Program (Note 27) 

sclea Components 
For Performance 
Bwd Program Rrfomurm Butd 

F 

Program 

L__tJ 
lnithl Test lnurvrl 

Establishment 

F-3 

Figure F.  1 ,  Schemailc of Perfwmance-Basd Program Process (Continued) 
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- 
Document inttul Review Past Work 

Orders and 
Determine if Test 

Compile Ail 

T a D u r  Into 

Review bst 3 Turr 
hermine if P ~ s r  or 

Pail Allowable 
DliuBua m g c  Rue 

. Qualified u 
crmpoaa*d 

T m  fnlcrvrl 
Selection with 

Evaluation Reporr AS-T;ound - 

Test Prior Fl Maintmtnce 
Noc Expixlcd to 

W Y  Af€w Lak 

Tea for Routin 
Uaintannce Corrective Action Out 

Figure F- 1 .  Schematic of Perfcrmance-Based Program Process (Continued) 
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Perform Engineering 
Evaluation to 

Probability of Failure 

1 

Figure F- 1. Schematic of Performance-Based Program Ihcess fC.minued I 
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3 
R5 
rp - 

Perform h e  
Following 

'Test Reaulu/ 
PcrformJnce 

Interval Evaluation' 
(1 7-S-05- 1 

Anrdumru V I) 

I Test Pcrfomunct aut Interval Monitoriw for rhc 
Performance Based Testing Program 

17-S-05- 1 

s I 

Perform U T  
4 (WME- 1 hi6 1.V.ooO 1 

JI 

Corrective Action Maint. Work Pus or Fail 

1 

Fieure E-1 . Schematic of Performance-IBased Program Process (Coixinuedi 



7 CTMT Lukrgc Tracking 
Type B & C Components 

17.~05-1 

Mainstream Line k Type C Hydrostatic Type B a t  C Leakage 

Figure F- 1. Schematic of Performance-Based Program Process (Continued) 
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$ l'abie F-I , Conparkon of Perfommcc-Based and Prior Test Programs 

8 
In- a 
rg 
W 

T 
00 

ACtivftr 

II.RT 

Mabwcam & W w a t c r  Isohlhn 
Vahts 

Re-Maintenase Ax-Fbund 
Testing 

CTMT Purge Valva 

Fixcd-Ftoquency Cornpaatnu 

t'ressurr Isolation Valve Tests 

I k y w r l t  Bypass Test 

I)t-ywvrll Air-lock Tests 
-. 

I 

Every 72 boun I Everymanth 2 
I 1 

Every 2 ycur 

Every 2 yeur 

Every 30 days 1 Nochange I 8  

Every 2 ycua No change - Tbtsc components 8rc thc CTMT Equtpmcnr Hat& lod Pucl 2 
T m f e r  Gate. Bo& cornpontnrs will be ranovej  each mtage. ditteforc 
extcndmg the &mal would be of no benefit. 

No change - 7hcse tests are required p r  technical specificarions and ape not 
Appendix 1 tests. 

Every 18 moorbs 

Every 18 m t h s  Every 5 or 10 1 

Every 18 months No change 4 

24 

I 

Rcqiiirtnient; moved 10 the FSAR. .4 50.59 IS hcrng wrlflen to possihl! 
climirlaie the test or relax Ihc acceptance crireria 1' - . - 

I- 
___ 

i I Every 18 monihs 

r , . . .V I8 monchs ' cliangr { Z  



nor Iwss than 1.10 P,. Overall air-lock leakage 
shall b lws than or equal to 2 scfh at a pressure 
equa) to or greater than P,. Pressure isolation 
valves shall be limited to a leakage rate of less 
than 1 gpm at a reactor coolant prcsewc between 
1040 and 1060 psig. Provbions exist for testing 
at lower pressure differentials provided 
requirements art met. Purge supply md exhaust 
isolation valves shall not exceed 0.01 L,. The 
Icakqt r a t a  noted in the precediryE for 
individual components may be exceeded 
provided the overall Typc B & C l i n G ~  arc: 
maintained. 

F . 5  DATA ANALYSIS 

The procedure identifies those instances when 
data analyses we required to ascertain the 
reason(s) why an &CCCPtlU)(IC limit was excaded 
during a tat,  and spacities when and, which 
corrective actions are necessary. The procedure 
also allows a test to be repeated, in lieu of the 
foregoing, as determined by the supervisor in 
charge. 

F.6 TEST FREQUENCIES 

Local leakage-rate testing for Type B Br C 
valves and penetrations shall be pcrfomd at 
intervals ,, ‘ai 011 the prfonnance of ea& 
componen, Testing history will be evduatcd 
and intervals adjusted in accardancc with defined 
criteria. Test vent and drain valves, pressure 
isolation vdvw, vent and purge vatva, two-year 
interval components and fixed two-year imtcrval, 
components are excluded from the perfomam- 
based testing program. 

Test intervals shall bc established by reviewing 
the last three constcutive Typt BIC: tests 

if tach performed and by dctemmmg 
component had passed or failed, A failure is a 
test that exceeded the allowable teakage limit. 
Consecutive means J test must bc performed in 
sequence at least 12 months apart .with a 
minimum o f  12-inoiiths inservice time before the 
test 

1 .  

If retest data are used to extend tht: tmt 

interval, criteria ami restrictions apply and are 
specified in the instruction. The initial interval 
selection will be reviewed and approved by an 
cxpcn panel. 

The test interval for : B and C components 
shall be as follows: c .cry  two years for 
cornponenu that pass one test or that have failed 
the previous test and every five years for 
compontnts that pass two consecutive tests. A 
review of all consecutively-passed tests will be 
performed to determine if the leakage was high, 
erratic or indicative of a degrading trend. High 
or erratic teakage could indicate a potential 
failure prior to the next scheduled Type B/C 
test. In order to evaluate the probability for 
failure the responsible engineer will consider the 
following information: 

Past failures - To determine i f  
the component had failed a 
previous Type B/C test, if the 
failure was catastrophic (greater 
than 0.60 L,) and if the 
appropriate corrective action 
wail taken to avoid recurrence. 

Component application\Usage 
factor - To determine if the 
component is normally open, 
n o d y  closed, used for 
systcm isolation, used for flow 
control, or used in any way chat 
could induce a higher wear rate. 

System function - To determine 
if the component is in a system 
that is used for n o d  unit 
operation, such as main steam. 
feedwater, etc. and could induce 
a higher wear rate. 

Component size - To determine 
if the size of the component has 
a n y  effect on probability chf 
failure or increases the 
consequences of failure. 
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Operation medium - To 
determine if the component is in 
an operating mtdiuni that could 
induce a higher weair rate. 

Industry operatmg experience is reviewed to 
idenrify any generic problems including those 
associatad with containment isolation valves and 
other componnu~ subject to Appendix J testing. 
Any generic problem identified will prompt a 
review to detcrminc if the problem could affect 
the Type B/C test pcrformanw of any 
coni; onent(s). if the problem W l d  affect t a t  
performance, an evaluation will be done and the 
t a t  interval will be adjwtcd to an appropriate 
interval. The problem will be moniltorcd until it 
is resolved or until the problem is canwted. 

A review will be performed on each failure to 
detcrrnine if the failure was generic, or isolated. 
If it is detcnnined hat the failure was generic, 
all other components that are subject to the same 
failure mechanism will be adjusted to an 
appropriate interval. All components located in 
a penetration of a failed cOmpOnent will be 
evaluated for placement in the s h e  interval 3s 
the failed component. 

Following these procedures, Ckiind Gulf 
performed an engineering evaluation of the 
performance hisrary all its containment 
penetrations, valves and components. This 
effort resulted in the development of a 60-page 
LLRT database which, along with other 
information, WBS used to determine initial twtirrg 
intervals. A separate rcpott provide all 
justifications atld rationale for the selections 
made, which arc thcmsclves revkwec.by iu1 
expen panel. Examples of the justifications 
provided for interval selection atei 

- 

"The LLRT on this valve was changed 
from a water tar to an air t a t  in 1993. 
Only 1 air test has ban performed to 
date, therefore, the test interval is 
limited to 2 years until additional cesting 
is performed, " 

"This compor,enr has a fatal 
allowa.ble leakage rare of 30.289 
ml/min. Therefore, Iukage oi 2700 
ml/mi:n is not considered high and does 
not inciicare a potential failure. 'The 120 
month test interval is acceptabie. The 
LLRT perfotmcd in I990 was a retest 
for scheduled maintenance activities and 
was nlot for corrective action of a failed 
LLRT. This lest was used in the 
interval selection process per the 
guidclin es.... Although this set ot 
LLRTs meets the criteria for 10-year 
interval selection, the last 3 tests :results 
display an apparent trend of increasing 
leakage. Test interval will be kept at 60 
months until the trend is better defined, 
the trend stops increasing, or corrective 
action is taken." [Note that subsequent 
to chi8 evaluation, the NRC approved a 
one-time exemption to Appendix J 
requi.rements, allowing up to a 5-year 
LLRT test interval for Type C valves.] 

F.7 REPAIR, REPLACEMENT AND 
MAINTENANCE 

An as-found Type B/C test, as appropriate, will 
be performed prior to any maintenance or 
modification activity performed on a component 
if the activity coutd affect the' component's leak- 
tightness, Components remaining on 2-year 
intervals will, not require as-found testing durins 
outages during which a Type A test is not 
PCrfOlltl&. 

Each maintenance or modification activity that 
could affect the component's leak-tightness is 
followed by a Type B/C test after the completion 
of the activity. If the post-work Type BIC test 
leakage rate for extended interval componerirs 
was not greater than + 5 96 of the Type H/C test 
I;akagc rare performed prior to the maintenance 
or modification, and other applicable retesis 
(such as tests required for the Motor Operated 
Valve Testing Program) are acceptable, re- 
establishment of component performance will 
not be required and the component will remain 

Nt'REC-1493 F-li) 



on its current test interval. If the post-work 
Type B/C test leakage rate for extended interval 
components was greater than +5 X of the Type 
B/C test lcakage rate performed prim to the 
rtuiA,tenimm or modification, or other applicable 
raau were unacceptable, rtcstablishment of 
mmponent pcrformancc is required and the test 
interval for the cOmpnc,ii will be adjusted to a 
2-year interval. The ;at interval may be 
extended once satisfactory performance is rc- 
established in accordance with the requirements 
of this program. 

F.8 D A f A  PACKAGE REVIEW 

The instruccion provides requirements for review 
of the data package supporting the results of the 
testing, 

F.9 GENERAL REQUIKEMEN'TS I U R  
TYPE El & C TEST RESULTS 

During refueling or maintenance cQtages when 
Type B & C testing is performed before a Type 
A test, the Type: A test results shall be adjusted 
for any repairs or adjustments made so that (he 
As-Found condition of the containment can be 
properly determined and evaluated. As-Left 
leakages are permitted during certain refueling 
outages in accordance with conditions specified 
in the instructiors. Specific data recording needs 
are identified for Type B & C test results during 
refueling outages and during power operation; 
for main steam line isolation valve leakage, and 
hydrostatically-leakage-tested valves. 

F.10 DATA 'TRENDING AND ANALYSE 

If a trend of increasing valve leakage rates is 
evident or suspected, it  may be appropriate to 
analyze data for adverse trends. The procedure 
recommends ;a step-by-itep method for 
conducting such analyses. 

F-11 



:i i- 'A  J.32 L; 0 NUCLEAR RCOULATORY COMhhiSSiGh 

B1BL100RAPHIC DATA SHEET 
[ S a  In81rwtIons an t N  r w h ~ )  

Perionnence-Based Containment Leak-'Rst l?ogram 

Frnal Kepon 

- 
3 OATE F i E W R f  "UO,i!;hE3 -- 

- - =  \ E A R  

-- September 1995 -. 
4 FIN OR GRAF.T NUME'ER 

- 
6. TYPE OF REPORT 

Final - 
7 PERIOD COVERED (Inclusive Da!eE; 

M. Dey/NHC 
L. Skobiar. P. Chen, D. Goldin/SC&Al 
I? Cybuldus, L. Minton, S. Aost/BatteUe2 
W. Roman/SPC3 - 

I PERFORMNO O R W Z A T I O N  - NAME AND ADOREBB (If W C .  povld# Dlvlrlm, Offlw 01 Raglan, IJ. 8 NuC1m.r Rqulatory CMlmlIiiW. and 
mailing .dbtrii; If cgntryltor,  povld. n u n  and mmlllng Owre##.) 

Division of Regulatory Applications 
Office of Nuclear Regulato~y Rcscarch 
U.S. Nuclear Regulatory Commission 
Washmgton, DC 20555-0001 

'S. Cohen & Associates, Inc., 1355 Beverly Road, Suite 250, 

Inattelle, 505 King Avenue, Columbus, OH 43ul1 
%c~~thwest Power Consultants,, Inc., 4935 E. Rancho Del Oro Prive, 

McLean, VA 22101 

Cave Creek, AZ 85331 
I 

0. WONSORHO ORQANlZATION - NAME M ADORES8 IN NRC, typ. '8- u d V V ;  11 mrmta, ~ 0 v l b  NRC DIVIBIO% Ofllce o( Rsglon, 
U 8. wluf Rl(jul~tory CommlmrM, ud malllng W r r r . )  
Same as above 

- 
10 SUPREMENTARY NOTE8 

Pcport is a technical, support document for revision to 10 CFR Part SO, Appendix J, "Containment 
Leakage ?tsting." I 

11 ABSTRACT (;d words of WE] 

7T.c Nuclear Regulatory Commission (NRC) lis implementing an initiative to eliminate requirements that are 
marginal to safety and yet impoec a significant regulatory burden on licensees. The containment leak-testing 
requirements for power reactors have been identified as one area where performance-based requirements could 
replace the current prescriptive requirements with only a margbd impact on safety. This technical support 
document (TSD) prwides the technical bases for the NRC's rulernaking to revise leak-testhg requirements for 
nuclear power reactors in 10 CFR Part 50, Appelidx J. This report identifies alternatives to anent  containment 
resting requirements which would meet the NRC's Safety Goals and achieve greater efficiency in the use of 
resources. Changes in the dowable leak m e  for containment and the testing frequenaes for both integrated and 
local leak rate tests are ewluated in terms-of both risk and cost impacu. The feashiliity of appiying statistically-based 
sampling techniques lo local leak-rate testing,, and the u9c of on-line monitoring systems to continuously moniror 

. .  conkinment integrity are a b  evaluated. 
~ 

. .  

Heactor 
Containment Ieakage testing 
Risk-based regulation 

- Kcgulaiory review and improvement 
I Elrmina tion of requirements marginal to safely 

P e r f o n m n c e - M  regulations 

13. AVAnABILlTY STATEMENT 

Unlimited 



Federal Recycling Program 





~ C P  * ' f G * , ,  U.S. NUCLEAR REGULATORY COMMlSSlON Septernbt., t 3'35 
4 .. 

. >  

OFFICE OF NUCLEAR REGULATORY RFSEARCH 
r 

+ * * i t 4  

REGULATORY GUIDE 1.163 
(Draft was OG-1037) 

PERFORMANCE-BASED CON FAINMENT LEAK-TEST PROGRAM 

A. INTRODUCTION 
Tht. Nuclear Regulatory Com.mission has 

amended its regulations (hO FR 49495.1 to provide a 
perform,iice-haseci option, Option B. fcir leakage-rate 
icrt~rig of containmeilts of light-water-cooled nuclear 
power plants. Licensees may voluntarily comply with 
this Option €3 as an  alternative to compliance with the 
current requirements in Appendix J ,  "Primary Reactor 
C.'onta.:rrnent Leakage Tesring for Water-Coded Pow- 
er RCaCLiXS,* tb 10 CFR Part SU, "Domestic Licensing 
o l  Production and Utilization Facilities. The amend- 
ment is aimed at improving rhe focus of the body of 
regulation5 by eliminating prescriptive requirements 
that are marginal to safety and by probiding licensees 
greater flexibility €or cost-effective irnplementation 
methods for regulatory safety objectives. Thls tegulato- 
ry guide provides guidance on  an acceptable perfor- 
mance-based ieak-test program, leakage-rate test 
methods. procedures, and analyses that may be used 
io comply with the performancebased Opiion B in Ap- 
pendix J LO IO CFR Part 50. 

me information collections contained in &is ragu- 
Iatory guide are covered by the requirements in 
Appendix J : h l  10 CFRPart 50, which-have beerr ap- 
proved by the  Office of Management- and Budget .~ 

. -  -. - . .  Approval number 3 150-001 1. 
. -  

- . .. 
- .  . .  

. .- . .  . . .  . . . -- .. 
. .  - .. . . .  ... . ~~ 

n.  DISCUSSION 

The Commrssion h3s slated that future regulsrory 
initiatives should use a performance-oriented and risk- 
based regulatory approach in whicli safety standard!; 
are established based upon risk, regulatory require,- 
ments are expressed in terms of meeting a perforrn- 
ance standard, and regulated entities are provided 
flexibility to adopt cost-etkctivt! methods for comply- 
ing with the performance-'based safely standard. See 
Staff Requirements Memorandum dated May 18, 
1994, on SEW-94-090. "lnstitirtionalizatia~n of Con- 
tinuing Prograrn for Regulatory I~nprovement." ] I n  
accordance with the policy that I egulated entities 
should be allowed flexibility to adopl cost-effective 
methods for complying wrLh regulatory requirements, 
detailed technical methods for compliance with the 
performance standard would not be incorporated into 
the regulatory requirement. Instead. the! detailed 
methods would, be described either in NRC regulatory 
guides or in industry standards and guida:ncc docu- 
ments that are: reviewed and approved by the N R C  

'Copies are available for inspection or copying for L fcc from 
the NRC Publfc Document Room a1 2120 L Slreef N W  , 
Washington, D(3; ihe-PDR's mailing address is Mail Slop 
LL-6, Wnshlng'lon. DC 20555; relephonc (202)634-3373; 

. (ax (ZQ23634-3343. 

-_ ,. . ~. - 
-. u(;&n&ts may b.st&nltteu to um Rules Review dncl DlreClive!i 
. . Eia&h; DFPS. APM, UrS. Nu$leri ReQulatwy Comrnissltn. Washing- 
: - i j m ; I ) C - ~ l ,  

Tho &-&is. r;i Issued In ths following ten broad dlvlsiom! 
: 1. poww R*actofz 
2. Rcqf#arr$i ad-Terl Ri&etw$ 7. Transportation 

4. E n v t r m l a l  arxl Sltit-vJ 9. Ant4lrust and Flnalneial Review 
6. M~~Fw(A!s and Plant Praiectlon 10. General 
Slngle;soples of cegdatwoty guides may be cbtained free 01 charge by writ- 
ing IM OtllCe of Adminlstralim, Attenlion. Dislribu!ion and Setvices 
Suction:. U 5. M.rtear Regulatory Comm:ss~on, Washiqgron. !X 
20555-0001; o( by tan at 1301)415-2260 
issued guldes ma$ also DB purchased from the Nalional Technical Inlor- 
tnallcn Service on H standing order basis. Detalts on this smrvicu m a y p e  
obtained by w r l l q  NIiS. 5285 Pori Royal Road. Sprinptiald VA 22 lo I 

6. hoducts  

. 3. Fw!S and Materiels Facililiea 8. Ocwpaliooal Health 
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Q . R E C U IA AI.0 R Y f' 0 S 1'1 t 0 N 
SL! 94-01, Revision 0, dated J u l y  2h, 1995. "In- 

d w r y  Ciuidclinc for Implementing Performance- 
B,i\t.ci Option of 1 0  CFH SO Appendix J . "  I prepared 
b y  the Nuclear Lnergy Iris~irutc, provides methods a i -  
cepiable to thc NKC siaff for complying with the prtrvi- 
w r l s  ijl Opiion B in A p p e n h  J LO 10 CFK Part SO, 
auhjrct lo thL' ftrllawlng: 
1. N E I  94-0 I references ANSI/AFr'S-S6.8- 1994, 

"Containment System Lcakage Testing Require'- 
ments,"2 for detailed descriptions of the technical 
methods and techniques for.perforrning Types A, 
D, and C tests under the  amendmient of Appendix 
J to 10 CFR Pan 50. Howevw,  as stated in NE1 
94-0 1 ,  the test intervals in ANSIIANS 56.8-1 994 
are not performance-based. Therefore. licensers 
intending to comply with opiican E in h e  amend- 
ment to Agpendix J should establish rest intervals 
based upon the criteria in Section-1I;O of NE1 
94-0 I ;ather lhan using._tho.tes!.-intervals speci- 
fied in ANSI/AFfS-S6.8-1904.. Ail att>erite.&ni:-: 
cal methods and techniques lor perfor&ngType-s: 
A. B, and C iesB-. ~-onsairke?.r_in.-I ANSI/. 
ANS-S6-.8-1$%4 are--occeotnblecalha-NRC slnff,.: 

D. IMPLEMENTATION 
- .  

The purpose of this section is to provi.de infurma- 
tion to applicants and licen~ees iegardrng the SiK 

g this rcgulatot y guide. 

s in which an applicant or li- 
eptable alternative method for 

Tkd.porlions of the C cmrnissian's 
ods described in this guide ire- 

will be used in \ h ie  evalus~ion 
iction permits and operating li-  
and will be used IO evaluate the 
0n-b oi AppeiIdix .I 10 i o  C F R  

94-0 1 pmvidgS.@ 
an extended-intZr 

. -  . .  . 
- .  . . .  .- . . .. - . . . . . . .. .. 

- - . - .. - .  . .  
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NUCLEAR REGULATORY 
COMMISSION 

10 CFR Part 60 
FUN St6&AMo 

ptifnary Reactor Conbrlnment Leakage 
Tasting for Wrlar-codsd P a w  
R#ckxs 

ACKMCI: Nuclear Rugulalory 
Commission. 
A C n W :  F b l  rule. 

SUYYARY: The Nuclear Regulatory 
Commission I s  amending its regulations 
to provide a performancdmed option 
lor leakage-rate testing of containments 
of lighl-water-coohd nudear *war 
plants. This option is available for 
voluntary adoption by licensees in lieu 
of compliance with the prescriptive 
muirements contained tn the current 

tist 3 l S I l  sl:lc~',If4 App!"d'X j as 4 

~ { J I V I ~ I L ~ L I  (;wdihtc f o r  rriotiificait I O H  

'I'tie NKC putil:shud in the Federal 
Kegisler, fur wnirnunl. a r .   posed 
rucis ior~  to Appendix j an Cktokw 29. 
I!JBG ( 5 1  FK 39538) to updato 
acwptanm txiteria and test nietlhods 
hsed on exprience ic upplying tl-e 
existing requirements and advances in 
contaiiiment leak testing methods. to 
resolve interpretive questions, and to 
reduce the number of exemption 
requests. This proposed rule was 
wilbdrawn from further consideration 
and superseded witb a mom 
comprehensive revision of Appendix j. 

The NRC published a notice in the 
Federal Register on February 4.1892 
(57 FK 4166). presenting its conclusion 
that Appendix I was a candidata whose 
requirements may be mlaxed or 
eliminated hasxi on cost-banefit 
considerations. On the bask of NRC 
staff analyses of public comments on the 
propmal. the Commission approved and 
ennounced an November 24,1992 (S7 
FR 55156) its plans to initiate 
rulemaking for developf 
performance-oriented an risk-based 
w3ulatim-t for containment leakage- 
testing requirements. On Januury 27. 
1993.15a FR 6186) the NRC rufl 
published a general framework for 
developing performanceoriented and 
risk-based regulations and, at a public 
workshop on April 27 and 28,1993, 
invited discuesions of specific pmpowrls 
for rnodlfying containment 1- 
testing requimments. Industry urd 
public comments on the proposals, and 
lother recoounendatianr and innovative 
ideas raised at the public worlabop, 
wem dociunented in &e procednga of 
the wof2cs)rop (NI.II?E#CP+t29, 
September 1993). Specifidly. the NRC 
concluded that the allowable 
containment leakage rate utilized in 
containment testing may be incraalwd 
and. @her Appendix J mquirements 
ne@ not bs as prtrxriptlvs as IIIB 
I m n t  requimments. To in- 
fIdjdbitity,.lhe detailed and prescriptive 
~~echitjcal mquimmentsamlained in 
Appendix J reguMons unlid be 
imptoved md t.ephcad with 
p9*.lommce-bnsed requinmrentn and 
stkupporling regulalory fflldes. The 
regulatoq guides wou d altow 
attemative appmwhes, although 
compliabce with existingreguiaarory 
requirements would continue to be 
acmptable. The performance-baaed 
requirements would reward superior 
operaling p d i c e s .  

uverall effort and initiative for 
climinaiing requirements that are 
marginal to safety and is guided by the 
policies. frarnrtwork and criteria for the 

To  

The present rulemaking is part of this 





:I( ; , . i s : 8 ~ ~ ~ ~  .. [.riivri;i. after w i i ~ c , l ~  f i r m  til$: 
*i'j:ii i . ir  r t , t t ' \ l  41 t i c d i i i ~ :  t i i r i b  ))I' r~~si~rrit!d 
'I \ I"' Ii -1.t:'ds 

I I I t-.xr.t:pt f o r  uir1iw.k.s. '1 y p :  H tests 
I I I I I \ I  1 1 1 4  p~fr>n~ic.d during r t w  iix 
sliutrfown f o r  rtfuelinR. or oliwr 
c.cinvenient intervals. but in i i o  uw at 
ir i trrv~ls K l e a t U r  than 2 years I f  opened 
f i ~ ~ l ~ ~ w ~ i i g  n 'I'ypo A or  13 test, 
' rmtainmarit penetrations subpci t o  
l 'ype I j  testing must he tested prior to 
re~uriiiiig the reactor to an oiwrating 
rnwlcr rnq~iring cuntainnrant ititegnty 
For p i r r i c u y  mactor c:trnlairiiIient 

i ~ r e t i o n r  eniyloying e cxintinuous 
Ktagt l  irionitoring system. .I'ype tests. 
exr:ept for tost8 of airloch. niuy k 
performed at every other n:wtor 
shutdown for refueling hut in no r x z  a1 
intorvals gmater than 3 yoers. 

( 2 )  Airlocks must be l o s t ~ d  prior to 
initial fuel loading and st six-month 
inlervels thereafter. Alr~odrs opened 
during periods when contalnment 
i n ~ q r i t y  is not required by the plant's 
technical specifications nitist b tested 
at tho end of such periods. Airlcxks 
opened during periods when 
sonlainmont intqrity i s  riqquircd by the 
p l a n ~ ' t ~  ttw:hnicel spc?cifiratioiis must b 
mttd within 3 doys ahor bcirrg apenod. 
For alrlrrck doors oponod nion? 
fmlunntly than once every 3 days. the 
airlcdc must he torlod at least oiice 
every 3 days during the period rbf 
frequent openings. Far airlock doors 
having lastabh wds, tealing the mal6 
fulfills the 3-clay test requiwrnent. 
Airlock door-Mal tssling inus1 not be 
sutjstituted for the 6-rn0nl.b k s t  of tbe 
entire rirlock et not less lhan I'.. the 
aaIcuI~t(H1 peak cwntdnmont prescure 
wlrtad to the design basis accident. 
Type c: 'rests 

l'ype C: tests rnusi b purformrsrf 
during each m d o r  shutdowtr f 4 ~ r  
rcrfueling, bur in no case at intc!ruals 
greator than 2 years. 
Then, have baen M a  aglend5ients 10 

this Appendix since 19f3. The first 
Aniendment, published Saptetntm 22, 
198tI (45 FR 62789). modifid the Type 
n yt?nt?tration test q u i m m e n r s  to 
conform to wbat had b m c  acc-cptcd 
prnctim through the wanling r d  
cxemptions. 'Tho second amendment. 
piblisiied Novumbr 15. I W 8  (53 FR 
45890). inmrprated lhe h 4 a s  Point 
Stalistrtal Analysis Tm3iniqtw as a 
pimi iss i hlc B Iternalive to the Total 
l 'n i t r  awl Fnint-tir-Poinl ~whniques  
s l > t ~ y ' t h I  III h p p i d i \  f 

-- 

._ 

I f  I tc-rnu: 10111 1 I f.-,\:.\lwnc~tlc 2. 

.\ t c i t i h i i i t i t i o r i  o f  T y -  .\ W \ I G  and .tn 
I W  I i t i i .  iiiriiiitoring ( I  ILMI c.*pttlihh is 

t J t ' i i i $  .tt t\rr!v p i r s i i d  \n t-ii;.iii.i nnl! 

Eiilrtjiw. not ;ttr l  v i n Fra r i t t l  . s r i f  f 1 h . i K 1  L I  i n .  

a i 1 1 1  I S  ( ~ i r r v n i l )  h i i i ~ ;  r . t m v ~ i l w ~ i  i i i  
Swr!civri OLM 15  i i s d  1 1 ,  idt~rrt i fy  a 
" i i ~ ~ r i r i , ~ l "  ~cintaiiiniciiit prt:ssuriutiuri  
pat tern and t o  tieiecr drv ia~ ior is  from 
tha,t patleni. Wifh o n - h : .  If~w-pressuru" 
resting, Iiydro-Qwbec's Ikntrlly.2 
station is able to monitor the change i n  
contaioment leaktigblness between 
Type A tas~s. Thc llelgians crindud a 
leakage test using OLM during isactor 
opration after each cold shutdown 
lorigor than 15 days with the objective 
or detecting gross leeks. Thc objective I)! 
tht! Belgian approncb to Type A testing 
is 110 reduce the frequency and duration 
of the tests. The Type A test is 
coinducted at a containment pressure 
(PI) not ' VT than ball of the peak 
pr r~su re  [ ' .'.). It is performed onco 
every 10 y w a .  Ln France. containment 
leaktlghtness is continuously monitored 
during teattor operation in dl of the 
French PWR plants using the SEXTEN 
system. It is also being evaluated by the 
Swedes far thheir PWR units. Leaks may 
be dotected during the rositive or  
nqative pressure periods in the 
conlainnieiit by evaluating h a  air mass 
balance in the contairunent. Type A 
tests are conducted at containment peak 
prossure [loss-ofcootant accident 
pressure) before initial plant startup, 
during the f i s t  refueling. and thereafter 
every IO years unleoo n degradation in 
containment leaktightneas i s  dotded. 
In that case, tests are conducted mom 
frequenlly. 

approaches to containrrmt testing are 
prcwidad in NUREG-1493. 

Advance Noticcs for Hulemahng 
@ar lime, it has become 4pparest 

thut v ~ r i e t i o ~  in ptanl design and 
operation frequantly d e  it dinicult ta 
mat some of !he wguirernmts 
a n t a i d  in Appendix J becausu of i ts  
ymsuiptive natule. +mic and 
a o c u p a t i ~ ~ S - ~ ~  arsld ant bireetly 
related to ths-frequsncy ufetitainmanf 
tasting. CpRtai-1 inrigdid ~~ 

n r e ~ ? t k s C s ~ ~ ~ A f ~ p r a c ~ ~  #y &r 
- m y t o r  rnaide- ~ e t i ~ t i e s  a d  thus 
m'on thaeritw path krt tetum tu 
se&.ca &Orn~n.i+lot In aCf€htirnl 
to rhscrae-al Ihbtast*miegmd is?& 
k i t s  impose tha add& burctea ofthe 
m s t o r m p a p a t q r r .  - I 

r m t a i n m e e t - p m i n  t&s -. 
Rype and CI cari he coadrrektd duriw 
mxry- shutdourn in p U d  with other 
actirihts m d  rhus lend to be tess casth- 
hcrlkever. &e l a w  ~ w m k  of * 
pneirations impuse a significant 
b d m  on the ULlities. AdditicttuIIt, 
ri& assessmenis prturnwd tcc ctJt** 
,nilicare diat the af!owabi* i*dLagr n:v 

Further details of inlerrialional 

h W 2  I JUl:dl : ir lW~~t5  LwI b. 8:1<XFW+3!. 





i i l rLt ' i ; i i r i i t * i i t  ; I . i i iclgt~ ist,[ ~ I ~ I ~ I ~ I '  I* - ,  

I i ! i + l l i f i l  i t i i * l t t  ,i> .J -.~.!;,~r.it*, rli (,or' 

liiniird ba lun  c J f  i r ; t t -k:r3t fet l  IeaLiigc! r O 1 . .  

tests (ILKI's j in rlcrix-1 i ,ix s i ~ n i  f'icant 
leakages froni peiwirations wid rsoln~ 1 1 1 : :  

valves. establish the test interval t m t 4  

on tho pcrfomanct. of the containmerit 
system structure; ( 2 )  The ~)t'rfomant:+~~ 
criterion of the tcst will continue IO bci 

the allowable leakage rate (La); 1:3) The 
industry guideline allows extension of 
the Type A test interval to once e v q  
IO yean based on satisladory 
perfonnance of two prwious tests. 
inclusive of the pre-operational JLRT. 
14) Ln the regulatory guide. the NKC 
takes exmption lo industry guidance lo r  
the extension of the interval of the 
general visual inspection of the 
containment system. and limits the 
interval to 3 times every 10 years, in 
S C C O ~ M O ~  with CuRBnt practice. 

TypsB&CTedhleWdfl) Allow 
local lealcagerats test (LLRTs) irikxvals 
to be easrablished based on the 
performanoe history of each componeri!. 

'tests :12) The wi r 1 continue to be the allowahle 
leakage fete [La]: (31 Specific 
;perfomance factors for establishing 
celclanded test intervals (up to 10 years 
llor Type B componenls. and 5 years fix 
'Type C components) ~ I W  contained in 
Khe mguluory guide and industry 
guideline. In the regulatory guide. the 
NRC has taken exception to the NE1 
guideline &flowing the axlensiori of 
' r y p  C tea intervals up to IO years, ai!id 
Limits such extensions to 5 years'. 
Summary d Public Comments 

Twenty-six letters were received chat 
uddmssd tbe policy, technical. and cost 
aspects of the proposed rulemaking. 
lnduding !he nine questions pos;cd by 
nheNRCietheFebruq 21.1995 
pposed rule. A11 comments. including 
khe one@ w i v e d  by tbe NRC afer  the 
Wlim were cimsidered. The 
c;anewnr Mcluded 4 privata citizens. 
't public inter& group. 18 utiti ties. 1 
n u  upility idaudtry group, t Starc 
re@a@yqpncy, and I foreign 

tbt pmpoded Nit? did i U J t  
-a significant n m h r  of pub't~ 
romm%nts, tbe mumenters did align 

&am v b  rupgsrced pubtisbtng the 
rubsurd tbru*q@na. Thase who 
attpg9rr*d pubhhln rlis rub uim;irlw 

nnd iDeiudd the Nucfbar b r g v  
;lWirutst (WI, which rqJta=nthI :he 
l~uebsu urttiity L c e n u m ,  eighiwn 
:indi+iidwi a w b  y o w ~  plank /i:c cilaw. 

dBets, a S p i i r h  rwguIafoiry 

'J!-p: ,4 7'rvar ~,-I:V,T,J/ i 1 I lirlsvti (111 ;I:.. 

rfomance criterion for the 

-qpJ-G 

-. .theazw4Uer #to two distiila p u p 5 .  - m]erlty or & cummen,ltrr ! lzj  



I I  ' ~ 1 l ~ I " ' p  t t ; t  I I . * l I , I  11.1 r;:! ' 1 1  

% , ~ I I : I  ill( . I I L I I I ~ ~ ,  
1; 5 l i l i l l i 4 i l : t i  11 * I  V i 4 i l ' i l  I' Y i l l l l 1 I r . l ~  I r l l l \  I I t  

r.iuihiiiiiiiw!. ;iii11 [ . l j  I tw I j i v r  i ' v l w  f .  

I t 5 1  1tltl~rVV;lI.  

tlw l i j i t i i i i id h t i i r t :  ( i f  

tho nile. the NH(:rlgri.i.s wi th  Itir: 
i i i~l~i\try HIKI has K C I ' ~ I I I I - C I  I t l i \  ft:iitltr*: 

'iVith nspar:t to Mr  Ar i id l  i t i t t i  I)r 
liic?ytbI;itt. the N K C  iigrt'i!b III pan ~ t t h  
1Wr. Amdt end has c irrc . id t : t l  I N I I  1 1 )  ,tlti!r 
rho L.I.RT t a t  interval as IlfJtl?d iri i ~ r w i  
[3).  The other icsuw raiser1 bv Mr. Anidt 
a r i d  Ih. Reytblatt c:antirin r io infonnat.ion 
that has not teen considered previously 
in u ublic forum. Therefore. tho NRC: 

changes to its proposed nile i is  a rcsu'h 
of the isvuas raisnd. With respect t o  the 
two organizations opposed to the 
p r o p o d  nile (0C:RE and the NJ Bumau 
of Nuclear Fagineering), naither has 
provided new information or a 
compelling mason IO abandon the rislk- 
based approach to teguletion. 
tn its preliminary criteria for 

developing pttrfomianctt-bnsed 
regulations, the NKC identified sever'al 
issues lo be addreswd by the 
rulemaking proass  as a niensure of tlhe 
viability of the mvlsed rule. These 
issues were addressed in the proposed 
NIB and the NRC sought further public 
inpot on them. Comments were received 
on these topics in addition 10 other 
areas of inlemt lo the public. The 
following is a swnmory of commentr 
received on these issues and WS. and 
NRC's response. A complete discussion 
of all comments i s  included in the 
Public Comment R_esolutiotl Dixurnent.s 

1. Can the new Nie and ils 
implementstion. yield an equiveleat 
level 01, or would-it only have a 

I i ; l .  1i1t1.1.. 1 1 . ~  

W i t h  respect 

has B ecided to make no substantive 

& k t  ceport4wem melyzsd. There data 
produced consistent results. Dr. 
Reylblatt'r views, while technically 
comt, have been opposed by mvei!nl 
technicalty competent oganizstioni 

- fncludfng the American National 
St.ndnrds Institute, and oelt Ridge 
Nationel hborntwy because the 
hpmvernents he &wests will have an 
insignificant elfact on measured 
containmsnt laatage rater in ractlce 

' b e  NRC bdfevua thoro has bssn ampla 
-opportunity for p u b k  dlmaslon of the 
bnsb far b e  Ap ndix J revlsionr. 

tiiiffirrnr its prior conclurion (slnted in 
the February 21,1985, Fsderd Rq{lrtst 
notice] that its safety objective for 
containment integrity can be mainteined 
while at  the same time mducirig th.e 
burden on licensees .+ld,di:ionally. the 
final rule provides s greater level of 
workersafety than 'Jiet provided by the 
pmwous rule 

and h a  have no mfaty r ip i  E cance. 

. Based on the  r oregoing. the NRC 



~ t r i ~ i i r i v t ~ r r i t ~ r i t . ~  thr C X I ~ : I I I ~  h;)p,ii~li 1 

j .  I I  wotiltf also ~mpose i i r w  
i v r i  t i  I re rnen is.  t tius, the prupowd rLi  i t .  

c.ctrirtituies ii IJ;lf.Lfit Further. hi\ 
~-ii iri i i i~n~~-r IJ~~I I?WS that, 8s 11 inatti*r (I! 
wirriinistriitive law. an agency l a c b  
authority IO depart from i l s  ow11 nrlw. 
tlius. it rannot waive its own 

7ll e NKC believes that i f  tho mlc w i : r l h  

rriado mandatory. all licensees would 
incur costs setting up tho procedure:. fiJr 
implnmsnting the mle's requarenierits 
following the guidance pmviiitd in t l i c  
rcgulalury guide and ttre NEI gurdancx 
ilocuxnent. For those utilitlea whost! 
circumstances 4e.g.. remaining plarit 
"'e) would load them io follow the 
curwnt Appndix  J .  costs would be 
i n c m d  with no additional benefit. 
Thus, the NRC a p s  with the opinion3 
expressed by the NEI and has decidcd 
to retain the proposed rule in its prc:sent 
form, which provrdes e non-mandatory 
elternstivo lo the cwrsnt Appendix J 
quimments. Because the NRC has 
decided to letairi the optional feai u,w 1~~ 

thu proposed rule, the qilcrslion of 
backlit i s  not addressed 

8. Should NRC pursue a fundanirntal 
modification of its regulations in th is  
0re4 by mtablishing M allowable 
lsakage rate based on risk analysis la,. 
prasentad io dmh NUREG-1483, 

wlations. 



' , : A i t - r , t !  1 a,:! i ! j v ! i ! * * i L ,  ,I..~I t ' l l ~ ~ ~  ,.- : 
~ l p l [ l l l J ~ l ~  ciii !TI,. .'<K( ~ I . , I I I ~ I J .  ! ! P' 1 
i t .st i t iK fri~tjuviit v hlr !-rn~tl,;.!a 
Polrledri. whilt. dKrc!c:ing 111 K f A i i t * : , a i  * ,::: 

prrtp.ist*O i r r  t h H  tiraft t ~ g ~ i l i ~ t t ~ r ~  ~ I J I ( ~ # &  

twht:ves that rrrtairi irit?chuiiic..il  
perirtrations partriularly ,mptrtanr f u r  
plant safely Should ' R leak tested e v r w  
2 4  months. Mr F: Giinler hindr's i iew 
IS that the Lesring history ol 
perietrations, and ospwially of valves .  
does not support having them untested 
for 10 years and suggested that en upper 
limit  should be once every 5 yeem. O n e  
utility in p i c u l e r .  and the Nucleat 
Energy Institute in general believe h a t  
tho  NRC does not go Iar enough in cil!ing 
that several sets of date justify 10-yeau 
LLRT intervals. La contrast, Mr. R i c h i d  
Barkhy. who a h  endorses Type B & C 
testing frequency based on perlormauce. 
strongly supports thy NRC"r propmall to 
probibit the adoption of Type C 
surveillance intervals longer than 60 
months. 
In ostablishing the $-year test interval 

for LLRTs. the NRC has designed a 
cautious, evolutionary approach as  data 
are compiled to minimize [be 
uncertainty now believed ro exist with 
reapecr to L R T  data. The MC's  
judgment. based on risk assessment and 
deterministic analysis, continues to tm 
that the Limited database on 
unquantified !&gdS a d  common 
moth and repetitive fail- introduces 
significant uncertainties into the 
probabilistic rid analysis. The NRC will 
be open to submittals from l i c e o m  es 
more performancebased data are 
develo ec). Tbe extension of LLRT tcnt 
interv s to 5 pars is a prudent fint step. 
By a b w i n g  a 25 pnent margin in 
testing Frequency requirsmentrr. the IURC 
has provided the flexibility to 
eccqmrnodats longer fuel cydes. Wilth 
respect to the Y(kty~ar interval for IW<Ts. 

. - h a  NRCkliwes ils technlcal ,uppart 

. .  .d.Wxnmt m G 1 r 9 3 1  Ls persuasive 
-.by damoas~tlng that testing intervadr 
- - g c & d b u i 3 ~ ~ u p  to once every 20 
. : .-pip wi& an imperceptibt incmasa in 
.-risk. Gin actual W data which 
.---kcot+$far random and plant-specific 

. B p d . &  the fomgtriog discussion. the 
EiJRGbsr d d d d  to ralala. the 60-mnnth 
m : . C  W interval and the l2O-mo:nh 
W a l f o r T  A a a d B W .  [n 

hu mvhci ?he regulatory guide to limit 
h extawion of twt htervds for muin 
&awn tad f d w a t e t  Irokrior~ valves in 
B m .  and containment puge and ?vent 
valvar h PWRB and BWRs beyond 210 
mvntb ~ V M  their openting experience 

t l i t .  tt%St hlXflJflll1 y i t b f  Ivi't. 1.3 A l l t i  !Ih>". 

f d U r e S  846 p!ar?t 8@g t3ffOCtS. 

m p W  to pu T Ifc c o w b .  the NRC 

MdlOr MfSV S@lif!cWlCO. 



i n t e t y .  
Crsaed on the fowgving. Lbe NRC has 

decided to reisin the calarlated design 
basis Icms-of.cwlanl acddcnk peek 
prasswp as the ILRT test pressure. 

,: . * ! : + a  ' .I i :.i. 

! i : ~ .  :I-&! ~ ~ t i ~ ! t , f ~ ~  ,! ,:. . i j i j t i < t j t r . , t i t  

i t i t s  !>+t: t , i -  ~ I ~ ~ V I I ! + - ~  h i r  f i r i d  r r t l p  - I  .. 

I i>i:ijioii+:itl>, H r i 4  I i) Iir i l t tnticin of I ! . I .  
v~!vi ;>ior i  1 J f  tatsf i n t e n d s  f o r  mairi 
sit,niil J i d  fwlwater iwldt i r )z~  v l r lvr .~  .,I: 
I<Wl<s ,  and c . c ) i i t q i i i i i <  ,it puqp and ti:ij! 
q, ii1vf-s ii1 I . ' kYb  arid u w b  b p I l d  '1fJ 
m r i i i t h ~  1 ~ 1 v i v i  their oprattrng expt.!rif*i.i 4 ,  

ai id /or  safcfity signifirirnct: 

Regulatury Guide; L ~ S U B ~ C ~ ,  
Availability 

't 11: Nuclear Regulatory Chnnitssiorr 
has issuud R new guide in i!s Xqwlabr?  
Guide series. n i r  series bas been 
developed to describe and make 
available to the public ouch informatioti 
8s methods ecceptable to the NRC staff 
for implementing s ific parts of thc 

used by the staff in  evaluating specific. 
problems or postulated accidents. and 
data needed by the staff in its ruview- o f  
ap lications for permits and licenses 

"Porfomanca-Bad Containment 
bakage-Test Prwram." enidorses aii 
industry standard which contains 
guidance on JUI acceptable performarit i! 
based leakage-test prcgmn. Icakgr m I c  
test xnelhods. procedures. and analyscs 
that may bo used to implement the final 
regulation published in th is  notice. 

(hmmunts and suggestions in 
connection with items for inclusion i r i  

guides currently being developed or 
iniprovemurits in all published guidp.s 
am eocouraged at eny time. Writtrn 
cornmeiits may be submitmi to the 
Rules Ruvlew and Directives Branch 
Division of Freedom of Information a i d  
Publications Services, Office of 
Administmiion, U. S. Nuclear Regti la 1 m y  
Commission, Washington. DC 20555 
The NHC staffs response to public 
COmmEnts received on the draft versicin 

. * & . *  , , .  . 
Q ~ ; ! : ; , < ~  , i i j *  . ! . . t l t .  1 .  .? ! ,I:: :.. 

~ . ~ . ~ ~ ~ ~ 1 ~ ~ ~ 1 4 ' ~ . ! ~ ~ I  . i ; :  u4 I f I I I  ti-,! ' , I !  I 

I * \  I l j t ' l l l  6 '  ( I f  ~ J ~ ' ~ f i ~ f l ~ l ~ ~ I ~ ~ : t !  [ i f  l \ l j l L ~ ! : t j ! .  

Crlmniission's regu p" ations, 'bchnique:, 

kgulcrtory Guide 1.163, 

ibf this w i d e  IDC-1037. issued in 



I A J i ,  . a ~ ~ ! ~ !  1 1 )  writiirg WIl!<o :12))5 I'orl 
t(vt :! i(c)atl. S ~ ~ r i n ~ f i d ~ f .  VA 221trl. 
K t ~ i ~ l a t r r v  urties am n ~ ~ t  t opyrigtitetl. 
,mi  (~c~rn:..,ssion approval IS not 
;uu.rimci to ittprwlucx thein 

Implementation 

1 wlll ~ ~ L L J ~ U ~ V  d k t i v e  30 days after 
puhlrcalion. At a n y  lime thereafter. a 
Ircerwe or applirmn? may notify the 
NHC of it:, desiro lo parform 
containment leakage-rate testinB 
acclrrding to Option E. Accompnclying 
this notification, B licensee must submit 
pmposed technlcxi specifications 
changer which would eliminate those 
ttn:hnicsl specifications which 
implement the current rule and propose 
a new technical ~p8dRcation 
referencing the NRC mgd~ory guide or. 
i f  ih9 UcenRbs deaim, an alternative 
~rriplernentation guidanm. 
implemea~ation mud await NRC review 
and spproval of the iicensee's pmposal. 
The NHC anticipates that II generic 
ctrminunicntion will be issucd shortly 
which will provide the Impiernenlntion 
procedure to ell power reactor licensees. 
Finding of No SipiRcant 
Environmental Impact: Availability 

t t i l .  proposed Option P to Appendix 

The Commission hae determined 
under the National Ehvtmnmttntal 
Policy Act of 1969, as mended. and the 
Commission's rsgulattoas tn Subpart A 
of 10 CFR Part 51, that tbir ruls. if 
adopted, would not bs P major Federal 
action tipiRcantly affecting the qtldity 
of the human anvloarnent. end - 

therelore an mvironmpntal imp@ - 
statemsat ia not muffed, Them wiH.be 

Paperwork Reduction Act Statement 
I his final rule arrieniis ~lifr~rinritii III 

~:dIer:tiozi reqiiirenwnts that arc j t l t ~ p x  r 
lo Itlo Paperw4,rk Keduction .I( I of I!)HO 
i4r 11.S.C. 3501 et seq.). Thww 
requirements were approvd by the 
Office of Management and Budget. 
ap  rnval number 3150-001 1 .  

&muse the rule will relax existirig 
information collection requirements by 
providing an option to the exisrrng 
requirements. the public burden for this 
collection of information i s  expected I~D 

b reducud by approximately 400 how s 
per licensee per year. This reductiun 
includes the time requited for rt?viowiiiig 
instructions. seercbing exisling data 
wu)urc~s thering nnd maintaining tho 
dale n& and completing and 
mviewing the colld-on of informetiom. 
:Send comments regarding the estimatnd 
burden reduction or any aspect of this 
collection of informcrtion. inchding 
~ug~oslions lor reducing this burden, 1.0 
rlhe Information and Records 
IManagernenl Branch (T-6 F33), U.S. 
Nuclear Regulatory Commission, 
Wasbington, Dc 20555-(1001: and io the 
Desk Officer. Office of tn frrrmation and 
Regulataty Affain, NE0&10202, 
(3150-0011). office of Manegemeril and 

Repla toy  Llaalyrb 

regulatory andpiis un this regubtim. 
.~uiloatysis Oarnines the m . s  and 
-benefits of the al tamtiw arndcteredl 

.. 

* Budget, Washington. DC 20503. 

R e  Comm&ioa has preparad a final 

<,> d t ? f i ~ i t ! t l  in 1 ( 1  C L'H 50 iO( i , i  I I! 1 I 
l 'hereforr. a twc,rii! maly\z\ ,  I \  n r i ~ '  
nci essiuy 

List of Subjwts in 10 r:FK Part 50 

Antitrust, ClassiEed mforrnatiori. 
C r i r n h l  pend~jes. Fire prcrte~tiori .  
Incorporation by mference. 
Intergovernmental relations. Nucluai 
power plants and reactors, Kadiation 
protection, Reactor siting critena. 
Reporting and recordkeepirig 
requirements. 

preamble and under the authonty of :he 
Atomic Energy Act of 195 2 ,  as amended. 
the Energy Reorganization Act of 1974, 
as amended, and 5 U.S.C. 552 and 55:3. 
the NRC i s  adopting the following 
amendments to 10 CFR Part SO. 

PART W-OOMESTIC LICENSING OF 
PRODUCTION AND UTILIZATION 
FAClCmES 

revised to read as follows: 

For the masons set out in tho 

1. The eurhority citation lor Part SO is 

Authorify: Seca 102.103.1M. 105,161. 
182. 1C3. le8, 18P.68 Slat. 936,837,938. 
948.953.9H. 955.958. as amended. aoc 
234.83 Stat. 1244, a& mended  (42 U.S.C, 
2132, 2133. 2 1 3 ~ . 2 ~ 3 5 . 2 2 0 1 ,  2232. 2233. 
2238,2239.22821; wcs. 201. M mended.  
202.208.68 Stat. 1242, as uneadrd. l Z I *  
1248 (42 U.S.C. 5812. W 2 .  JM@, 

601. wc 10.82 Stat. 2951. u mended by 
Pub. t lOt-rW, ryc 2802.106 Star. 3123, 
(42 U.S.C 58.511. Saciloe, M.10 also iuutd 

undor s o u .  101.~85.66 StrL 938,955. I S  

W l o o  sCr7 rho hued  u#dor Pub. L 815- 



of ndi&*tivu'rmtariol that would h;v~  
signdicpni ndiologiul offed on the haak!i af. 
tbe public. 

i: \irii:!i!airy k1..,\:5 t:b a11 ( ipcai i i ig  i , , : t  :e,.,: 

i * r ) r % . A r  r t - . l t  i l r i  i I i  ri>st*r as specrtirc! iil 9 . I ,  s i  

i n  suttsti~utton of ~ h r  m;ciwnit!nts l i ir I ' : . , ,  
ICSIS runldrrled iri  up iun A of this dpprl:,! L 

I f  the rqiiirernents lor tests I I I  Opuan B. l i l  A 
or Option B.111.B BIY bnylm~ented, the 
recordkeeping requirements in Option R. lv 
for these lests must be SIJL. uted for the 
reporting requinrnents of those testa 
contained in Option A of this appridix 
9. irnplementntion 

1 .  Specific exemptions to Option A of llits 
appendix thai have bean formally approved 
by the AEC or NRC. eccording IO IO CFH 
50.12. o ~ e  atill applicable toOption B of l h ~ r  
appendix ifnsasruy. UICUJ rpscificillly 
revoked by Ibs NRC. 

2. A licensee or applicant for an apemtmg 
license m y  dopt Option 8. w parti hersol, 
IS #pacified In s.CrIon V h  ofthis Appendix. 
by rubrnittlng ita implamanulion plan and 
request for r w i b n  to technical 
rpeclnallozu (m m p h  8.3 below) 10 
l e  Dimctar of tbe Of lb  of Nuclear Rsartor 
Rsgulatloo. 
3. Tho mguhory gulde or other 

implsmrabt i~~  doarmant uaed by a 
Ikanrw. M ?pplluut fa UI oplnting 
IIcenm, to develop a prfOrrmncbbr3sd 
IoeAtagu-mtiq p tqpm must be included. by 
gsncnl refanoca, in tbc plant t d n i o l  
speclBatloPr. Th. submittal Lbr technical 
rpsclfiution noirioru must oaarrin 
justiftalion. lncludiw rupportrng analyses. 
If the licewoo choaea tn W l r  born 
mtbodr approved by the k r n i s s i o n  and 
eadumed L I rqphtay g d d r  

I ,  The &Wed 1 i - m  pmlplmr for 
conducting testing under Option B must be 
rrrllrbta at thb p l w ~  cite (or NRC inspudion 

Dated 4t Rockvilla. Muyluld thh 20th day 
of *ptamber, 1995- 

For thr Nuclw Rmgul.rr>ry Commcwion. 
Jobs C. byb, 
L%im@upfrlrs G u n w o n .  
-IFR.dsc 65-23eO3 Pf ld  9-25-85; UAS anal 



. .  .- 
- "  

.. . . .  . 



NE1 Y4--0  1 
Revision 0 

NUCLEAR ENERGY INSTITUTE 

INDUSTRY GUIDELINE FOR 

IMPLEMENTING PERFORWCE-BMED 

OPTION OF 10 CWZ PART 60, APPENDIX J 

. .. - 

.. . 
.. . - .  - .  

. _. . . .. 
- .  

9510200580 950930 
PDR NUREQ 
1493 R PDR 



INDUSTRY GUIDELINE FOR 

OPTION OF 10 CF'R PART 50, APPENDIX J 
IMPLEMENTING PERFORJdANCE-BASED 



i$ c' K N O M I A ~  DGMENTS 

I 

'f'hr- ~ ' u I ~ ~ ~ I I c ~ .  document, - Industry Guideline fur IrnDlementing Pcrformanccb- E h i ~ t ~ i i  

ii)ytion cLf 1 0  CE'H .=jO..Avuend&, NE1 94-01. was dewloped by the Suclttar Enerk?!: 
Inbtirutc. ( S E I )  Appendu J Working Group and the Task Force for the 
I nip1t:mentation of Appendu J Alternative Containment Testing Rule. Ft'e 
appreciate the direct participation of the many licensees who contributed to thc 
dwelopment. of the guideline and the participation of the balance of the industry 
whtj rcviewed and submitted comments to irnpro7-e the document clar ty  and 
twnsistency. The dedicated and timely effort of the many Task Force participants. 
Including their management's aupport of the effort, is greatly appreciated. 

NE1 also wishes to express its appreciation to the Electric Power Research Institute 
(EPRI j who devoted considerable time and resources to the development of this 
industry Appendix J guideline. 

- 
. .  -. . 

- . 

. -- 
.. - . . . . . .. . . . . .-. . . 

Neither NEI ,  . nor t\ny of '$mployi6t&@e~b&, - -  .. . supporting organizations, 
contractura, or condtanh ~O&Q &rrutyi expressed or implied, or assume 
any legal reeponaibility for the as -or 5qi3p1&?&3ks of, or assume any liabilaty 
for damage8 resulting from iirly--u&~' of, a6y hiformation apparatus, method, or 
process discbaed in tk1e report--.&- that such miy not infringe privately owned 
rights. 



FOREWORD 

The purpose of this guidance is to assist licensees in the Implementation of 
Option €3 to 10 CFR 50. Appendlx J, “Leakage Rate Testing of Containment of k h t  
Water Coded Nuclear Power Plants.” In response to NRC data gathering inyulirie;;. 
the industry collected, evaluated, and provided summary data that  supported the 
NRC’s independent data analysie. 

Licensees can minimize the redundant and overlapping engmeering and. 
evaluation efforts aesociated with these related regulatory requirements by internal 
coordi-lation. NE1 will continue to monitor these and other activities to provide 
focus on opportunities for safety improvement and cost .avoidance. 

. . .  
. .  



This document describes a I ;  acceptable approach for implerrient~ng the  
optional performance-based requirements of Option €3 to 10 CFR 50. 
Appendix J. I t  delineates a performance-based approach for dctermininlg 
Type A, Type B, and Type C containment leakage rate surveillance testing 
frequencies. Justification of extending test intervals is baaed on the 
performance history and risk inaights. 

This guideline discusses the performance factors that licensees must  cortsidrtr 
in determining test intervals. It does not addresR how to perforni the tests 
because these details can be found in existing documents ( eg., ANSIIAPiS 
56.8-1994 ). 

The performance criteria for Type A tests is less than l.OL, Extension in 
Type A'telst intervale are allowed baaed upon two consecutive successful Type 
A tests and consideration of performance factors a8 described in Section 11 of 
thia guideline, Type A testing shall be performed at a frequency of at least 
once per 16 years. I€ the'&-found Type A results are not acceptable, a 
d ~ t t  mination t3hould be performed tu identdy the cauae of unacceptable 
pertormance and determine appropriate corrective actions. Once completed. 
acceptable performance ehauld be reestablished by performing a A, test 
within 48 mumthe fdlowiag the uneuccessful Type A test. Following a 
successful Type A test, the surveilfame frequency may be returned to once 
per 10 years. 

iv 



t h e  airlock doors are routinely used for access mote frequently than once 
t : w r _ v  7 dayA 4 e.g. .  shih or daily inspection tOUT8 of tlhe containmentj, door 
seals may be tested once per 30 days during this time penod. 

The p mmance factors that have been identified a8 important and should be 
considered in eetablishing testing intervals include past performance, service, 
design, safety impact, and cawe determination ae deecribed in Section 1 1.3.1. 

Zf a heensee considere cmnded teat intervals of greater than 60 months or 
three refkeltng cycle8 for Type E3 ur Type C tested components, the review 
should include the addItioaal ma8iderationa of As-found tests, schedule and 
review a8 described in 8ection 11.3.2. 

Fmally. the documeat; discusses the general requirements for recordkeeping 
for implementation of8pti6a B ta Appendix J. 

V 
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1.0 INTRODUCTION 

1.1 Backa round 

Currently, containment, leakage rate testing is performed in accordance with 
IO CFR 50, Appendix J, “Leakage Rate Testing of Containment of Light Water 
(:wiled Nuclear Power Plants.” Appendix J specifies containment leakage testing 
requlrements, including the types of tests required. In addition, for each type of 
test. .4ppendix J discusses leakage rate acceptance criteria, test methodology, 
frequency o f  testing, and reporting requirements. The speclfic teeting requirements 
are discussed in a variety of sourcee, inclirhg Technical Speciikations, Final 
Safety Anelyeis Reports (FSARs), National Staridarde (e.gI ANSIIANS 56.8-19934, 
“Containment System LeakagQ Testing hquirernenta”), and LicenseelNRC 
correspondence. These documents require that periodic testing be conducted to 
verify the leakage integrity of the containment and those containment systems and 
componeat~ which penetrate the containment.. 

The reactor containment. leakage teat program includes performance of an 
Integrated Leakage Rate Teat (ILRT), also: known tu a 
performance of h l  LenLage Rate Testa (LLRTB), also known as either Type B or 
Type C test@. The Type A te8t meaaures uverall leakage rate of the primary reactor 
containment. Type E( testa are intended to detect leakage patha and measure 
leakage fbr certain primary reactor txxitahrnant penetrations. Type C tests are 
intended to meaeum wn~ainrnent-isal-trtion v&e leakage rates. 

A test; and 

‘ The NRC bai a&efidd the reguIdione to provide an Option €3 to the existing 

e;$ptidn B would aliow 
&&e.biaad%n experience 

containment teatiag. :k&ij%e-caees, FSAR i.t%&hg requirements differ &om those of 
Appendix J. In many ca&&, Technical SpeEiricatimik wem approved that 
incorporated exemptions to provisions of Appendix J. Additionally, some licensees 
have requested and received exemptions after their Technical Specificatit) Its were 



1.2 Discussion 

This guideline describes, an approach that may be used to meet the alternate 
testing requiremtmts described in Option B to Appendix 21. The performance history 
of containment, penetrations, ,and containment isolation valves is used as the 
means to just& extending test intervals for containment Type A, T y p e  B, arld Type 
C tests. This guideline provides a method for determining the extended test 
intervals based on performance. 

Under Oh~ion B, teat intervale for Type A, Type B, and ‘l’ype C testing may 
be determined by using a perfurmanee-baaed approach. Performance-based test 
intervale are baaed on coneideration of operating history of the component and 
resulting riak fmm ita fdm. Pexformaace-bawd far Appendix J refers to both 
performarice hatory nacsjssary ta extend teet intervds ae well as criteria necessary 
to meet the requirements of Option B. The perfomance--baaed approach to leakage 
rate testing d i s c 4  in NUREG-1493, “Pedormanc@-Based Leak-Test Program,” 
concludes that the impact oapukdic health and eafety due to extended intervals is 
negligible. 

e Licenaee flexibility to implement coreteffective teisting methods; 
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A fmmcwork to ackncwledge good porformance; Hnd 

I:tilization of nsk and performance-based methods 

This guidehe dehneatefi the basis for a performance-based approach for 
determining Type A. Type B, and Type C containment Ieakage rate survt~illanw 
testing frequencies. It drws not addtese how to perform the tests Liic  .rise thew 
detaliw can be found in emsting documents (e.g., ANSIlANS 56.8-1s- t). Licensec?s 
that select Option B are urged to coardinate the implementation of Appendix J, as 
described in this g d & n e r  with their plana for implementation of the Maintenance 
Rule and other change8 in the regulations a8 they are finalized. 

3.0 

Each kia?nwe ehuuld &termins if the requimmeate of  the existing ==ppenr x 
3 (Option A) or tlwt alterrraite requimmenh (Option B) am most appropriate for its 
fadjty. If a h m e e  elcrctb ta implement the Option B requirementrr, the guidance 
dewribd in tkk doameat ha@ h n  myiewed and endorsed by the NRC as an 
acceptable metbod &mphmsntin~ tha requirements. 

3 



Option €3 of 10 CFR 50, Glppendlx J state6. in parr. th;.ii 1 *rj’pt- .I t c b s t  whni( fi 

rneasurell). ,th the containment system o;orall integntcd leakage ratfa at  thv 
containmpr4t yreasure and iiyRtern alignments asfiumtd during a I s r p  brt-ak IO:+ of 
coolant accident (LOCAL and demanatratew the caprtbifrty of the prirnar? 
containment to withstand cfn mnternal pressure load ma!; he conducted s periiodic’ 
interval bawd on tbe pexforu~snce of the overall contail ment Aystem ‘rho lt’iikage. 
rake must not exceed what rS allowed a~ prpecifred in ti plant’s Technical 
Specifications. 

A review of leakage rate teating experience indicates that only a  mall 
percerilrtge of 
leakage rat438 for tb fm ?’ype A teat fehiiuwa were only margina!ly above currfmt 
bi ts .  These obeematiune, together with the inrrensitrvity of pubhc risk to 
mntsrament leafsap rak at thsea low leveb, supgeart that for Type A tests, 
inhntak may be ewtablitrhed bawd on performance. 
t~ detect r e a t  leakage h r a  the containment that would not be detected by 
the Type B rrsd ljqm C teeting pmg~nrrns, and to van& at periodic intervals the 
accident leakage &) ama~ptihgo in $ha nrxideat aadysL. Specific dstaiia of T y p  
A teat req&wments EU$ t i h m d  in A N N M S  6&&1094. 

k t w f a  haw exceesive leakage. Furthermore, the observed 

A test is the primary teet 



1'nmar.v contalnmrnt harncrl; ~caled with H qualifier: ;e 11 :-vstern shall 'N. 
i s  ri dic-;il1y t t k s t e c i  tl, demonstraw their functionabty in accordance with tiic p h l t  
T+-chniwI qwcifications. Specrfic details of thc t.esting methodology HIJ 
requ rt.+rnents are contained in ANSI/ANS 56.#-1994 and fihould be adopted by 
! w m w t + s  with applicable systems. Test frequency may be set using a perfwmanw 

i t ' R t  intervals. Leakage from containment isolation valves that 3re sealed with a 
qualifit.td Heal Hystem may be ex,cluded when deicrrnining the combined ltlakagc rate 
provided that: 

'IS ir! :I manner similar to that described in this guideline fix Type B and Type C 

0 Such vr.rveE; have been dento istratvd tu  have fluid leakage rates that do 
not exceed tho= apecified in the techr;kal specifications or associated 
bases, and 

0 The installed idation valve sed-water system fluid inventory is 
sufficient W assume the sealiag function for at least 30 days at a pressure 
olf .10 Pa. 

7.0 

hcenmtlj h u l d  w e  ekbting industry programs, studies, initiatives and 
data baees, wham-poaaribk 

5 



E 
f 
I 
I 

I 

Pathwsye in s y ~ t e r n ~  char are normally filled with fluid and operablv 
under pet-accidem t cunditions; 

Portions af thc pat,hwsye outeide primary containment that are designed 
to Sai~mu: Category 1 and at least Safety C l a ~ s  2; or, 

For planning m d  achcduiing purpose, or ALAM considerations, 
pathways which are Type B or C ksted within the previous 24 caiendar 

‘ month naed nut b vented or drained during the Trpe A test. 

The proper m&sxle far draining and venting are specified in ANWANS 56.8-1994. 

However. becauee of the per€orman&-b&xi ernphaeis on Type A testing, 
criteria for Type A tests have been definud differently, and do not u m  the leakage 
savings value. The performance criteria uee a calculated performance leakage rate, 

6 



ANSlrANS 56.8 ?994 alm specifies surveillance acceptance criteria for T y p ~  
H nnd Type C toets. The ANSIIANS 56.8-1994 definition i a  that the combined 
lctnktiga rate for all penetrations oubject to Type B or Type C twits it3 limited to less 
than or equa1 t o l 0 . 6 0 ~ ,  when determined on a MNPLR basis from As-found L!AT 
ra.rdts; and b i t e d  tu fsm than or equd tu 3.60La, se determined on a Maximum 
Pathway Leakage Rate (MXFILJSE bseicr frCrm the A d e f t  LLRT results. 
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The I )U~IC)SLJ  of Type .4 testing is to verify the leakage integrity of t h r b  
wntainrncnt  structure. The primary performance objectivre of the 
t o  quantify an  overall containment system leakage rate. The Type .A testing 
methodology as described in ANSUANS 56.8-1994, and the modified testing 
frcquencic.: recornmended by this guideline, serves to ensure continued leakage 
integrity of the containment structure. Type B and Type C: testing i2SSureS that. 
individual penetrations art? essentially leak tight. In addition, aggregate Type B 
and Type C leakage rates support the leakage tightness of primary containment by 
minimizing potential leakage paths. A review of performance history has concluded 
that most, If not all, containment leakage is identified by local leakage rate testing. 

tZ tcst 15 riol 

This section discusses a method to determine a testing frequency for Type 14 
testing based on performance. 'The extended test interval :is based upon industry 
performance data that was compiled to support development of Option B to 
Appendix J, and is intended for use by any licensee, In adopting extended test 
intervals recommended in this guideline, a licensee should perform Type A testing 
in accordance with recommended industry practices. Additional technical 
information concerning data analysis may be faund in NUREG-1493. 

Consistent with standard scheduling practices for Technical Specifications 
Required Surveillances, intervals for recommended Type A, testing given in this 
section may be extended by up to 15 montha. This option should be used only in 
caws where refueling echedule~i have bean changed to accommodate other factors. 

9.1.1 Performance Criteria 

Performance criteriai for eetabhshing Type A test- intervals should provide 
wed and basis for 

emphasis on TypeA 
intervals have'-bek anee ;acceptance criteria 
discussed in ANSI 

. -  
_ .  .. . .~. . . - -  - . 

. -  
. .. . 
. . .  . . ... 

The performancs'i+iti&i fir Type-A+.i&f d.kGw$ble leakage is lees than l.OL,. 
This allowable leakage rate is-cdcdkted ae'the eum of the Type A UCL and As-left 
MNPLR leakage rate for all Type B and Type C~ pathways that were in service, 
isolated, or not lined up in their test p d t i o n  &e,, drained and- vented to 
containment atmosphere) prior to pea ̂ -rrning the Type A test. In addition, leakage 
pathways that were isolated during performance of the teat becauee of excessive 

0 
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It*akagth mus t  be factored into the performance determination. If the  leakage can be 
dt~rf~rmind by a local leakage rate test, the As-found MNPlLR for that leakage path 
must also be added to the Type A UCL. If the leakage cannot be determined by 
loml leakage rate testing, the performance criteria are not met. 

Performance criteria do not include addition of the positive differences 
between the As-found MNPLR and the As-left MNPLR for each pat.hway tested 
and adjusted prior to Type A testing (total leakage savings). Total leakage savings 
art’ identified through performance of me B and Type C testing anti do not 
contri‘ 
Type C test components found during performance of a Type A test should be 
reviewed for cauae determination and corrective actions. 

‘ significantly to performance of a Type A test. Failure of Type B and 

9.1.2 Test Interval 

Extensions in test intervals are allowed based upon two consecutive, periodic 
me A tests’and consideration af performance factors as  described in Section 11.3,, 
“Plant-Specific Testing Program Factors.” The elapsed time between the first and 
the last teats in a wries of consecutive passing tests used to determine performance 
shall be at leaet 24 months. 

9.2.1 Pretest Inspection and Test Methodology 

Prior to initiating a Type .A test, B &sua1 examination shall be conducted of 
! accessible interior and exterior Rurfaces of the containment system for structural 

problems which may affect either-the- containment structure leakage integrity or 
the performance of the Type A--t&iti- This inspection should be a general visual 
inspection of Isccessible interior.alld’extepicrr~~-~facea ... . . .of . the . primary containment 

. .  . . -  . .  
. .  

. . . .  
. .  and components.-- -.- - - - - -  

- I .- - e  1 - - ~ I -  : 
. ... - .. . .  . . .  

. . . .  . - - .  

i 
. . ... . . . -. . . - . 

est. There are 
penetrations to be 

tested under the-. 

Proper outage planning should identify systems that are important to shutdown 
safety. A sufficient number of syeteme should be available 80 as to minimize the 
risk during the performance of the Type A te& 
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For planning and scheduling purposes, or ALAR4 considerrit ions. h ~ n w t ~ . -  
m;ty wani to cansidcr not venting pnd draining additional pcnrtration.c that a r t*  
(.al)iiblc of local leakage rate testing. I t  should bc noted that  the 'I'ypc~ 13 or C' t vs ts  
phrformed on those j)athwayti must test all of its containment barriers. This 
indudcs bonnets, packinge. flanged joints, threaded con:nections, and compri?ss~on 
,ittings. I f  the  Type B or C test pressurizes any of the pathway's containment 
harriers in the reverse direction, it must he shown that test results are not affectccl 
In H nonconservative manner by directionality. The As-found and the As-left 
Icakagrt rate for all pathways that are not drained and vented must be detcxrmincd 
by Type B and Type C testing within the previous 24 ca:lendar months of the time 
t h a t  the Type A test is performed and must be added to the Type 4 leakage rat.e 
IJCL to determine the overall La surveillance acceptance criteria in accordance with 
the definition in ANSIlANS 66.8-1994. 

9.2.2 Initial Test Intervals 

A preoperational M e  A test shall be conducted prior to initial reactor 
operation. If initial reactor operation is delayed longer than 36 months after 
completion of the preoperational Type A test, a second preoperational Type A test 
shail be performed prior to initial reactor operations. 

The first periodic Type A test shall be performed within 48 months after the 
successful completion of the last preoperational Type A test. Periodic T y p e  A tests 
shall be performed at a frequency of at least once per 48 months, until acceptable 
performance is eatablished in accordance with Section 9.2.3. The interval for 
testing should begin at initial reactor operation. Each test interval begins upon 
completion of a Type A teat.and-@nde at the start of the next test. 

.~ 

If  the test intsrvaI.ends.~hilepyimaryIcpntainment integrity is either not 
ies, the test interval may be required or.-it iS requ'ued- solely-for ehgt 

extended indefinitely. . Ho$e$eti - . - .- . asuccks . . . ._ ... . . b e t  shall he completed prior to 
ntajnpenc inte grity . entering the. operating -mod? r+iiingp@in . - - . . . .. - . . . . -  . - .  . . . .~ 

- -  - . . .  
. .  . . 

. .  9.2.3 Extended -Test I.& .. .. . .  . - -  ~. . 
- .  . .  .. - 
. .  .... . . . ,  . 

. -  
~ . -  . 

Type A testirig ahau-beperform6d during a-period of reactor shutdown at a 
frequency of at least once per 10 years based ori-acceptable performance history. 
Acceptable Performance history is defined as completion of two consecutive periodic 
Type A teats where the calculated performance leakage rate was less than 1.0 La. 
A preoperational Type A test may be used as one ofthe! two Type A tests that must 
be successfully completeb to1 extend the test interval, provided that an engineering 

10 



analysis 1s performed to document why a preoperational Type X test  can kw t r i ) : i t t - i i  

as a periodic test. Elapsed time between the first and last tests In a series of' 
consecutive satisfactory tests used to determine performance shall hc a t  least 2.4 
months. 

For purposes of determining an extended test interval, the performance 
leakage rate is determined by summing the UCL (determined by containment 
leakage rate testing methodology described in ANSI/ANS 56.8-1994) with As--left 
MNYLR leakage rates for pcmetrations in service, isolated or not lined up in their 
accident position (i.e., drained and vented to containment atmosphere) prior to a 
Type A test. In addition, any leakage pathways that were isolated during 
performance of the test because of excessive leakage must be factored into the 
performance determination. If the leakage can be dete.rrnined by a local leakage 
rate test, the As-found MM?LR for that leakage path must also be added,to the 
Type A UCL. If the leakage cannot be determined by local leakage rate testing. the 
performance criteria for the %e A test are not met. 

In reviewing past parfarmance history, Type A test results may have bee 
calculated and reported usihg computational techniques other than the Mass POL 
method from AhTSI/ANS 66.8-1994 (e.g., Total Time or Point-to-Point). Reported 
test results from these previously acceptable Type A tests can be used to establish 
the performance hiatory. Additiaadly, a licensee may recalculate past '.TS.pe A UCL 
(using the same test intervals as reported) in accordance with ANSIlANS 56.8-1994 
Mass Point methodology and i ts  adjoining Termination criteria in order t o  
determine acceptable performance h to ry .  In the event where previous Type A 
teste were performed at reduced preseure, at least one of the two consecutive 
periodic Type A testa shall be performed at peak accident pressure (Pa,$ 

9.24 Containment Repajrs and--Ma;dif'icati,ans - -  - - 

- 

Repairs and mod&atione that -de2 the antahmeat leakgge integrity 
require leakage rate teeting MA teetirrgur local leakage rate testing) prior to 
returning the containment f.0 operatiQn.--T&tin&-mi& he deferred to the next 
regularly d d u l e d  - --A te& for the following repairs or modifications: 

- 
Welds of attachments to the surface of steel pressure-retaining boundary; 

Repair cavities, the depth that does nut penetrate required design fiteel 
wall by more than 10%; or 

11 



9.2.5 Surveillance Acceptance Criteria 

The As-found m e  A test l akage  rate must be less than the wccxlptilncc 
criterron of 1.0 La gwen in the plant Technical Specifications. Prior to t’ntwinC: H 

mode where containment integrity is required, the As-left Type A 1c:akage raw 
shall not exceed 0.75 La. The As-left and As-found values are as determined by 
the appropriate testing methodology specifically described in ANSUANS 5G.H-199~4. 

9.2 6 Corrective Action 

If the As-found Type  A results are not acceptable, then a determination 
should bc performed to identify the cause of unacceptable performance and 
determine appropriate corrective actions. Cause determination and corrective 
action should reinforce achieving acceptable performance. Once the cause 
determination and corrective actions have been completed, acceptable performance 
should be reestablished by performing a me A test within 48 months following tht? 
unsuccessful Type A test. Following a successful Type A test, the surveillance 
irequency may be returned to once per 10 years. 

Performance criteria do not include addition of the positive differences 
between the As-found MNPLR and the As-left MNPLR for cach pathway tested 
and adjusted prior to Type A testing (total leakage savings). Total leakage savings 
are identified through performance of Type -B and Type C: testing and do not 
contribute significantly to performance of a Type A test. AB discussed in Section 
9.2.2, ,leakage paths detected during a Type- A test that are caused by failures of 
Type B and Type C test-components are not required to be included in 
determination of adehuate performance.and Type. A test intervals.. Corrective 
actions for Type B and ’Type CXa&resshdjd be taken in accordance with Sections 
10.2.1.4, 10.2.2.3, 3-0.213.4 pf- this g i @ h & ~ ~ ~  - 

~. 

. .  
. . .  . . 

. - .. - .  
. .. . 

. . . - - .- .. - ~ 

. .~ . .  .. .. . . 
. .. . . 

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

10.0 DETERMINING PERM-)&&IANCE -BASED TEST FREQUENCIES FOR 
PE €%.AND TYPE-C TgSTS - 

10.1 Introduction 

This section discusses the method to determine extended test intervals €or 
Q p e  B and Type C tests based on performaxice. lt presents a range of acceptable 
intervals based upon industry data which have been analyzed through a process 
similar to that  used by NRC in NUREG-1493, and have been reviewed for safety 
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- i ~ I ~ l f i ~ . i i  i l t * f ~  !n:i~\.idual I~eriset:,~ may adopt a tcstiiig intprval and approach as 
dihcu>.Lit~d 11; this guideline pro*ctided t h q t  certain performance factors and 
prcJgrtinimaric contrds are reviewed and apphed as appropriate. Programmatic 
i.cinr.rols may he necessary to ensure thot as~umptions utiijzed in analysis of the 
industry data are reasonably preserved at individual facilities. 

The range uf recommended frequencies for Type B aiid Type C t e m  are 
discussed in Section 11 .O The proposed frequencies are In part based upon 
industry performance data thst was compiled to support the development of Option 
I3 to Appendix J ,  and a review of their safety significaiice A licensee should develby 
hases for new frequenciea based upon satisfactory performance of leakage testa that 
meet the requirements of Appendix 3. Additional considerations used to determine 
appropriate frequencies may include service life, environment, past performance, 
design, and safety impact. Additional technical informatiion concerning the data 
may be found in NUREG-1.193. 

Consistent with standard scheduling practices for 'Technical Specifications 
Required Surveillances, intervals for the recommended surveillance frequency for 
Type B and Type C twting given in this eection may be extended by up to 25 
percent of the test interval, not to exceed 16 months. 

10.2 T Y P ~  I3 and T v ~ e  C Testiniz Fregue ncies 

The testing interval for each component begins after its Type B or Type C! 
test is completed and endaet .the beginning of the next test. If the testing rliterval 
ends while primary containment integrity is not required or is required solely for 
cold shutdown or refueling m&&kci, testingmgy be deferred; however, the test 
must be completed prior to the plant . .  e@& k. mode requiririg primary 
containment integrity. .. -- :--. - .  - . - 

kgs$hanI-$be. - . .. . . . . ad@r$&.t&v@kakage rate - -  limits are considered 

.. . 

. . . -  
.. . -  .. _. . .  

Leakage 
acceptable. Admiais;$i&ive Ii~6it 
documented fm each Type 'Bi-aed 
local leakage-rate te&ng; --The 8 ~ i i i i a t r a t ; r v e t ~ ~ ~ ~ ~ ~ ~ d  -. - 

. ..- &each component 
should be spec&@ such .- that-theyhrean~ - iridlc~~or:.ofpoteqtial valve or penetration 
degradation. Administrative limitsfor &&cis -~ m a y b e  e<uivalent to the 
surveillance acceptance criteria Gven for airlMks i n  Technical Specifications. 

.,shag: be established and 
$&r to the performance of 

. . .  ...,--:-.. - -, 

Administrative limits are specific to individual  penetration:^ or valves. an,d 
are  not the ~urveillance acceptance criteria for Type B and Type C tests. Due to the 
performance-based nature of bption B to Appendix J and this guideline. it is 
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Tne Xs-.-found Ictrkage rat.es, determined on a hlNYLR basis, for all n w l y  
tr!stc.d ptbnctratians when summtJd with the .4s-left MNPLH leakage rattbs 
for all other penctratiuns shall be less than O.fj,OL, at all times when 
containment integrity is required. 

The survedlance acceptance criteria for airlocks are as fiyecified in Technical 
Specifications. In addition, there is other leakage rate testing specified in the 
Tt~hnical  Specifications that contain Surveillance Acceptance Criteria and 
Surveillance Frequencies. This guidehie does not address the performance-bawd 
frtquency determination of those surveillances. 

E 0.2.1 Type B Test Intervals 

10.2.1.1 Initial Test Entervals (Except Containment Airlocks) 

Typc €3 tests shall be performed prior to initial reactor operation. Subsequent 
B tests shall be performed at a frequency of at least once per 30 periodic 

months, until acceptable performance is eetablidwd per Section 10.2.1.2. 

10.2.1.2 Extended Test Intervals (Except Containment Airlocks) 

The test intervals for IxLpe-B p_en&ratLme may be increased based upon 
completion of two consecutive period &-found "ypt3 B tests where results of each 
teat are within a licensee's allowab dministirativelimits. Elapsed time between 
thr. first and last tests in-a series of consecutive satisfacmty tests uaed to determine 
performance shall be 24 months or the nominal test hitervd (e.g., refueling cycle) 
for the compunent prior to imple&nting Optiari B to Appendix 3. An extended test, 
interval for Type B teats may be inweasedta ~l specific value in a range of 
frequencies from greater than once per 30 months up to a maximum of once per 120 
months. The specific teat rnterval for 1STpe B penetrations should be determined by 
a licensee in accordance with Section 11.0. 
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Frequency for a Type B testing shall be in accordance with Srxtion 10.2.1.1 1f 

I he ptmctration is replaced or engmeering judgment determines that modification. of 
the, pnetration has invalidated the performance histoq. Testing shall continue at 
t h i s  frequency until adequate performance is established in accordance with Section 
10.2.1.2. = 

10.2.1.4 Corrective Action 

If Type B test. results art? not acceptable. then the testing frequency should bc 
set i i ~  the initial test interval per Section 10.2.1.1. In addition, a cause 
dctcrmination should be performed and corrective actions identified that focus on 
those activities that can eliminate the identified cause of failure) with appropriate 
steps to eliminate recurrence.' Cause determination and correctivta action should 
reinforce achieving acceptable performance, Once the cauHe determination and 
corrective actions have been completed, acceptable performance may be 
reestablished and the testipg frequency returned to the extended interval in 
accordance with Section 10.2.1.2. . - .  

. .  

Failures of we B penetrations-discovered . .- .- . . during . .  performance of a Type A 
test should be considere$ a i  fa$CMs-of:a Type .@&st for purposes of cause 
determination and corfective.a&tio% IThii.indu&s - - .  f'ail~r& 6f penetrations that 
we re not previously identified3 y :i:Ty&iB. t,*itiiig .- p~prm. . 

.. . 
. .  . -  

. -.  . -  - 
. .  . .  . 

. -  . . - .  
. .  . .  

.. . . .. . . . .~ . 
.~ 

... 

... . 

1 A fadure in this context le exceedmg an admmiatrative limit and not the total fadure u i  the 
penetratlon. Admif~istrative hmib are estabhhed at 8 value low enough to identlfy and allow earl:; 
r 'onect im of potential total penetramn failuree. 
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10.2.2 Containm nt Airlacks 

10.2.2.1 Test Interval 

Containment airlock(8) shall be tested at an internal pressure of not less t h a n  
Pa, prior to a preoperational Type A test. Subsequent periodic tests shall be 
performed at a frequency of at least once per 30 months. Containment airlock tests 
Rhould be performed in accordance with ANWANS 56.8- 1994. In addition. 
equahzing valvea, door eeals, and penetrations with resilient seals (i.e., shaft seals, 
electrical penetrations, view port seals and other similar penetrations) which are 
testable, shaU be teeted at a frequency of once per 30 mon,ths. 

&lock door seals should be tested prior to a preoperational Type A test. 
When containment integrity is; required, airlock door seals should be tested within 7 
day8 after each containment acces~. 

For 'periods of multiple containment entries where the airlock doors arc 
routinely used for acce88 more frequently than once e v e v  7 days (e.g., shift or daily 
inepection tours of the contaipment), dwr seals may be tested once per 30 days 
during thh time period. 

Door seals are not required to be tested when containment integrity is not 
required, however they must be tested prior to reestablishing containment 
integrity. Door seals ehaU be  tested at Pa,, or at a pressure stated in the plant 
Technical Specifics tions. 

If containment airlock Type B test results are not acceptable, then a cause 
determination should be performed and corrective actions identified that focus on 
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i l t  IXC' activities that can eliminate lthe identified cause of a failure2 with appropriate 
SI c a j w  1.0 * .  :-~inete recurrence. Cauae determination and corrective action should 
rcbinforcv .:!wing acceptable performance. 

10.2.3 Type C Test Interval 

10.2.3.1 Initial Test Interval 

Qpe C tests shall be performed prior to initial reactor operation. Subsequent 
period c Type C tests shaU be performed at a frequency of at least once per 30 
months, until adequate performance has been established consistent with Section 
10 2 3.2. 

10.2.3.2 Extended Test Interval 

Test intervals for Type C valves may be increased bawd upon completion of 
two conser:utive periodic AP-found Type C tests where the result of each test is 
within a licenses's allowabb administrative h i t s .  Elapsed time between the first 
and la& teets in a wries of consecutive passing teats used to determine performance 
shall be 24 months or the nomind test interval (e.g., refueling cycle) for the valve 
prior to implementing Option B to Appendix J. htervals for '&pe C testing may be 
increased to a specific value in a range of frequenciea from 30 months up to a 
maximum af 120 months. Test intervale for TLpe C valves should be determined by 
a licensee in accordance with Section 11.0. 

i 
1 

1 P 

10.2.3.3 Repairs or AdjurPtrnents 

nancp, repair, modification 
or adjustment act,iftitiy 
provide reaeon&s!e -a jmuqi~e 

nalysisis used to 
t a valve's leak tightness 

mtrative limit,, 

- .  
. .. 

- .  .. 
. .  .. . - 

The frequency for Type'd.festkg shall be in accordance with Section 10.2.3.1. 
if a valve i s  replaced or engineering judgmerit-deter-yines that modification of a 
valve has invalidated the valve's performance history. "eating s h d  continue at 

Y A failure in thie context ie exceeding performance criteria for the airlock, not a total failure. 
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thi6 frequency until an adequate perfsrmance history 1,s established 1x1 iic*cord;j r i ( ~ f ~  

with Section 10.2.3.2. 

10.2.3.4 Corrective Action 

If Type C test results are not acceptable, then the testing frequency should 
bc set at the initial test interval per Section 10.2.3.1. In addition, a cause 
determination should be performed and corrective actions identified that focus on 
those activitiee that can ekmiaate the identified cause of a failure3 with appropriate 
steps to eliminate recurrence. Cause determination and corrective action s h o d d  
reinforce achieving acceptable performance, Once the cause determination and 
corrective actions have been completed, a m p  table performance may be 
reestabliehed and the testing frequency returned to the extended interval in 
accordance with Section 10.2.3.2. 

F~iluree o f  Type C valves that are discovered during performance of a Type A 
test should be coaeidered a8 a EaiIure of a Type C test for purposes of cauae 
determination and corrective action, This includee failures of valves that were not 
previously identsed by a Qpe C test. 

Tb ie  mction progdeeguidatim og establishing leakage testing frequencies 
and provide8 idiormatraro - - . - . , @gB&-gf&k&k . , impact of such actions. Extended test 
internah in Seetione. . .  9;o.&id; . .  f,t);O:.hgye . -. . .k.n$&te.d . . . bemb on performance, and 

ata. The various 

. -  

Section 11.3.2 and 
. .  . .  _. 

. .  
. .  .- - 

. .  - 

~ ~~ 

3 A failure in thb context io exoeeding an-administrative limit and not the tahd faifwe of the valve. 
Adminirtrative limits me ecltablirhed at a value low enough to identify and allow early correction of 
total valve failures. 
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+h[jullf be considered when the extended test intervals are greatcr than U t  month:. 
t)r t h r w  rtbfueling cycles. 

1 1.2 Discussion 

The effect of extending containment leakage rate testing intervals is a 
currespanding increase in the likelihood of containment leakage. The degree to 
which intervals can be extended, if at  all, is a direct function of the potential effects 
on the health and safety of the public that occur due to an increased likelihood of 
con t ai nmcn t leakage . 

In order to determine the acceptability of extended testing intervals, the 
methodology described in NUREG-1493 was applied, with some modlfications, to 
historical representative industry Seakage rate testing data gathered from 
approximately 1987 to 1993, under the auspices of NEI,  The range of testing 
intervals recommended for Type B and M e  C testing was evaluated to determine 
the level of increcteed riek in the event of an accident. The same methodology was 
also appliedto the IO-year interval for Type A testing. In all cases, the increased 
risk corresponding to the extended teet interval was found to be small and compares 
well to the guidance of the NRC'e safety goals. 

NUREG-1493 provid88 the technical basis to support rulemaking to revise 
leakage rate teethg requirements contained in Option B to Appendix J. The basis 
consisted of qualitative and quantitative assessments of the ri8k impact (in terms of 
increased public dose) asaociateld with a range of extended leakage rate testing 
intervals. 

NUREG-1493 found the effect of me B and Type C: testing on overall 
accident risk i9 small and cuncludedthat: ' 
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EPRI cic.veloped an Hbbxviated methodology that ‘was used t o  assess plan1 
risk impact associated with containment leakage rate testing alternatives current]! 
hwng prupoeed by this guideline. The overall approach i n v o l v d  an examination of 
thrb risk epcctra from accidents reported in PWR and BU’R IPEs. Plant risk was 
quantified for a PWK and a BWR representative plants. Quantification of the rlisk 
considered the consequences from containment leakage i n  more detail than reported 
in IPEs. The impact associated with aiternative Type A, Type B and Type C: test 
intervals, measured as a change in risk contribution to baseline risk. is presented in 

Table 1 .  The risk values compare well with the analysis in NUREG-1493. 

The risk modal was specifically quantified by using a “failure to seal” 
probability (as opposed to failure to close considered in IPEs). This required failure 
rates to be developed for this failure mode. Qpe B and Qpe C test data obtained 
by NEI allowed determination of failure rates where failure is defined aa the 
measured leakage exceeding allowable admhietrative limits for a specific Type B or 
Type C component. The failure rate values were used in the containment isolation 
system fault tree, and used b calculate a failure-to-seal probability. 
Characterization of baseline risk (in terne of accident eequences that are influenced 
by containment ieolation valve or containment penetration leakage rate) allowed 
the plant models to calculate the risk .mpact asewiated with changes in test 
intervals. 

As indicated above, historical industry failure rate data was used to develop 
the component failure to sea1 probabilities used in the analysis. This approach is 
quite consemative because these guidelines require demonstration of performance 
prior to extending the component leakage rate testing interval. The performpace 
demonstration consists of suc;ceseful completion of two consecutive leakage :ate 
tests to increaae the interval from- 30 to 60 month8 or three refuebg cycles, and 
three consecutive leakage rate testa to increase the interval to greater than 60 
months or three refueling-cyclea. Tbie takes adyantage of the findings of NUREG- 
1493, Appendix A, which euggests .that-rfthe ccrmionexxt does not fad within two 
operating cycles, fimther fd&eS &pear S.be-g&@md.by the random faihre rate 
of the component,” . .  . .  _ _  . .  . _ - . .  should require a hailed 
component pam at lea ..Ldhihg an extended test 
interval.” In addithq, . mgtitIdered components 
which exceeded the-aa 
computation &%wa~h&.&-k derived from the 
upper bound 
component pe rfom an* 3%n&&Pi&&&j.~$h&jqwary - &afirlPnce demonstration 
that component teakage is &@6&&8&d-.rit &JoW level, 

For Type C teat, a bbGnding~andy8h wss  performed that aesumed all valves 

- . . . .  

’Wmt-gimwnt leakage rate 

e?&f&y@j %‘very conservative, and the - . . .- .-. . - a= : . .. __ .. 

. .  - - .  . 
. -  
. .  

have test intervals that wert, extended to- 48,-60; 3 2  &d 120 monthls. For Type B 
tests,  it w88 assumed that dectncd penetrations were tssted at a nominal 1201 
months frequency. In addition, it bas assumed that 8ome portion of the 
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There ate many points of similarity between the NUREG-1493 report and 
t hrs EYRI Htudy. both in methodology and assumptions, reflecting close agreement 
on ellernontu important to safety for containment leakage rate testing The 
qimilarity a h  extends to the results. The EPRJ study ccinfirms the low risk 
significance aecrociated with Type A testing intervals of 10 years. Similarly, 
extending the Type E3 and Type C test intervals to 120 months waa found acceptable 
provided the Type B or Type C components have successfully passed two 
co;lmcutive tests, arid provided that certain controls werc imposed on the leakage 
raw teeting program. 

Changing Appendix J test intervals f h m  those premntiy allowed to those in 
t h e  guideline Rlightly inmeame the risk associated with Type A and T y p e  E and 
Type C-spec& accident eequencee as discuesed in Table 1. The data suggests that 
increasing the Type C test interval can slightiy increase the aaaociated risk, but ths  
ignores the nek reduction benefits associated with increased test intervals. In 
addition, when considering the total integrated risk (representing ail accident 
sequences analyzed in the IPE), the risk impact aesociated with increasing test 
intervale is negligible (lese than 0.1 percent of totd risk). This finding is further 
reinforced by the conservatiw assumptions used in the analysis. The EPRI study 
r e a h s  the condueion ia N'LmE(3-5493 that changes t o  leakage testing 
frequencies are "feasible without eienificant risk impact." 
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Table 1 

4 - --- 
('ompama well w i t h  
Surry m k  
contribution of 0 07",0 
A range of 0.002 to 
0 .14  percent 18 

reported for other 
I plants in NIJKW; 

Risk Results for Type A, Type €3, and 'I'ypr (I Test Intervals  

I 1 1493. 
A range of 0.2 to 4.4  
percent 18 provlded for 
other plants for both 
Type B and Type C 
penetrations in ' NUREG- 14 93. 

j PRW Hepnwn ta t i w  Plo nt Sumnn a ry 

Tvpe R 

Type C 

incremental riek contributmn. 
it~ntribution. baeed on 
Z'xi., leakage 

brrwed on test interval 1 in 11) years 

4 001% incremental nek <0.001% incremental riek contribution. 
contnbuuon 1.3E44 pereon-remlyr rebaeehed 

nek Bawd on teeting with Borne 
6.9E-05 pereon-rem/yr camponente teated periodically d m n g  
rebaeehned nslc time interval months. In addition, 

bbnd Qangee and penebratione would 
be removed and reteeted d v v l g  every 
refuehng outage. b l o c k s  to be t e e d  
every 23 months. 
Q.04% mcrementd riak contribution, 
8.aE-03 person-remlyr rebasehned 
nek, baeed on 48 month test intervale. 

1E-2, 1.2E-2, and 1,643-2 permn- 
remfyrmk, baeed on 60.72, and 120 

0 022% of total riek 

4 9E-03 person-remlyf 1 A range of 0.2 to 4.4 
percent of total riek is 
provided for other 
plants for both Type B 
and Type C 
penetrations in 
NUREG-1493. 
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B W Rep resen t P t i we Pla n t Sum ma ry 
---- 

Compare6 well wi th  
the Peach Battom 
estimated value of 
0.038% A range of 
0.02 to 0.14 percent Ib 
reported fur other 
plants m NUREG- 
1493. 
A range of 0.2 to 4 i- 

' percent IS provided for 
other planu for both €3 
and C penetration 
typee in NUREG- 
1493. 

i 
< 1 I 

Type €3 ~ 0 . 0 0 1 %  of total nnk 

8 . 0 E 4  person-rem& 

i 

Type C 

? 

0.002% of total m k  

0 029% incremental risk contrrbution. 
b a e d  on teet interval I in 10 years 

0.001%, 1.863-05 permn-remlyr 
Baaed on tecltmg wrth eone 
componante tested penodically durrng 
tune lnterval montho. In addibon. 
btnd flangea end penstratiom would 
be removed and reteeted during every 
refueling outage. Airlocke to be teeted 
every 24 monthe, 
0.006% of totd riek, 1.1E-04 permn- 
rem/yp, 
bared on 48 m o n h  wet mtervale. 

I.8E42.3E-4, and 6.01E-4 person- 
re- riok, based on 6Q,72, and 120 
month test h?rvals. 

. . .  ... 
. . .  . . . .  _. .. - . .  . .  

. .  
. . . . . . . . . . .  

.... -~ . . .  - . -  . .  . -  - .  

. .  
. .  . .  - .  

. .  

A range of 0.2 to 4.4  
percent is promded for 
other plante for both B 
and C penetration 
typee m NUREG- 
1493. 
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$&LWP -.. The environment and UBB of contyoner.its are imponant in 
determining its likelihaad of €dum.  For example, ~f plant. may haw 
r*xperir?ncrd high leakage in valves in a high-flow steam environment due t o  

effecta ai' valve M a t  emsivn. Certain vttfvea that open and close frequently 
duriap; norma! plant operations may have experienced higher leakage. 'The 
iiccnaec's cxistirrg testing program tlhauld identify these types of component,s 
to ~stablish their testing intervals bawd on their performance history. 

- Vnlve type m d  penetration direip may contribute tu kakagc. For 
vmrnpie, motor cqjemted valves in ti plant may be found to leak less 
frequantIy ttinn check WI€WS., and may guyport ti longer test interval. C''endor 
recommendations for 'uahftd or penetration subcomponent servicrs life may bcJ i t  

factor in determining test intekals. Certain pamive penetrations. such as 
c4ectrical penetratianh;, maji have had excdhi l t  performance history. Test 
intervals for thew pe:rre.tratbnkmay bo-relatively longer. 

:?~WY fmaacl - The reh~i~i .?  . - - i.&x&in-& . . . .. . . . &$eiietrations can be judged in 
tcrme of-the poteiiiidf -&paLi iif - - fti&tre, .- .. _. . ifi limitiggeteaiies fiom containment 
under accideat cokditio-na- ._ Dti~-tb Siz~-ijf.tysTek~ .. . . i.ttter-connectians, some 
campopefits pen&&an~ m-&.$e j ~ ~ b i i e  '&portant than others in ensuring 
the safety fu-nctkm of a .tmgt&ifimekt perietiiation is  achieved. This relative 
importance shortid be condidwed in determining the test interval. 

. .  . .  
- .. 

. .  .. 
. . .  . 

* Cuirse Deterrnirwtiori -- For failures identified during an extended test 
interval, n C B U ~  determination should be conducted and appropriate 
correctrve actiuns identified. Part of a corrective action process should hc t o  
identify and addrew ciomrnon-mode failure mechanisms. 
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1 1 . 3 2  P tu gr a nung t i c C 0 n t r o IS 

I k  a l w n w c  conotdcrs extrndcd test intervals of greater thsn 60 months u r  
t h r w  rrfuehnp: cycles for o Type €3 or Type C tested component, the review to 
ctrit Ithlish wuweillanc~. teat intenral~ ahould include the additional cunsiderations: 

m j d  Tedg - In order to provide additionat awurance that the increased 
prohabdity of component 'leakage u kept to a minimum, and is  reamnably 
within the envelope of induetry data, a licenwe should consider requlring 
three RWC98B)V@ penodic Aa-found tests to determine adequate performaiice. 

Sched& - 'h minimize m y  adverse eff'ts of unanticipated random 
fai lwe,  and to increase the UeWlood unexpected common-mode failure 
mschanjsms wil l  be Ktent&ed in a timely manner, a licensee should 
impkment a tm€hg program that emurea components are teeted at 
approximate evenly- distributad intervals ~ c m w  the extended testing 
interval for valves or groups of valveo. A henwe should schedule a portion 
of the taab during each ae&ularly scheduled outage IW on mme regular 
periodic bask, auch that wme pemntaga of the components are tested 
permiically, and all comimenhs am tested at the new extended test interval 
of greater khan 60 man* au three refueling cycles. 
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1 poet-outage report ahall be prepared presenting results of the previous 

2 that outage. The technical content8 of the report are generally described in 
cycle-s M e  B and w e  C teats, and Tvpe A, Type B, and me C tests,  if performed 
G 

ANSIlANS c56.8--1%34, and wdl be available on-site for NRC review. The report 
shall alm show that tbe applicable performance criteria are met, and serves a6 a 
record that continuing g ~ f ~ r r n a ~ i t ~  i s  acceptable. 

Documentrmtian developed for implementation of Option B to Appendix J 
should be done in accordance with lioenme eetabliehed procedures. Sufficient 
documentation 8heU be callected sed retained 80 that the effectiveness of the 
imp1eemeatation of OptiOa I3 tcI Appendix 3 caa be reviewed and determined. This 
documentation e h d  be a v d a b h  for lrrtemRl aad external review, but ie not 
required ta be oubmitbd to the NRC. 
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