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5.1 l REACTOR CO' NTAINMENT LEAKWE TESTING AND SURVEILLANCE ,EQUIRDNS 

,S IP) CONTAINENT TESTING AND SURVEILLANCE 

In recognition of the need-to provide evidence, during service, of the 
capability of -a containment, system to-perform .its intended safety 
function, a-program of testing and.surveillance is developed.* 

Because the leakage rate of containment system-is a practical zeasure 
of its readiness to- fulfill the-containment function, the.integrated 
leakage rate test is considered a-principal-and.essential test 
(designated as a -Class .A test).  

To justify the- infrequent conduct: of. these Class.-A tests, a series 
of periodic surveillance .tests- (designated Class B- and C tests) are 
suggested to monitor- the principal sources of leakage development 
(penetrations-and -isolatica-valves) during -the-service interval 
between integrated leakage rate tests. These- tests- enable a suit
able program of maintenance and -repair -to-be developed to control 
leakages within acceptable limits.  

For those- engineered. safeguards systems which are.relied upon to 
control or nitigate .contaiment leakages- under;pos t-accident condi
tions, a series of systems-tests-(designated Class. D .test) are 
suggested. These tests aze-intendid -to verify the- capability oZ the 
systems to -function - (when- meeded) -without loss- of- containment leak
tight- integrity.  

The test, program suggests the -performance Initially- of a preoperational 
leakage rate- test (Class A test) -at- two- pressure- levels-one, at the 
calculated maximum peak: accident. pressures • and- the- otheri %at- reduced 
pressure-; • - These-.two. tests .measure the- representative- leakage charac
"-teristics of the .containmet systemn -.-Subsequently, -at-periodic 

intervals, Class *A tests my:then be conducted at a single test 
pressure-te reduced test pressure.  

The reduced test pressure leakage rate test (Class. A.test). is justified 
- -by the- conduct- of-the- more-freqmt. surveillance- tests; (Classa- and C 

tests) at- a test-pressure equal-to the-aaximua-calculared peak accident 
pressure.; These Class B and C tests.provide the means to-maintain the 
containm:ent's• leakage, characteristics- essentially- as :initially deter
mined at the time: of the-preoperationaL.Clas .A test.  

This- testing and surveillance- progrn -huasevotved, frawa, survey of 
con•t-inment leakage characteristics-,• -V -reported. testIngexperiences.
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A retest schedule is suggested which recognizes that the containment 
leakage poteatial and its consequences depend-upon the-magnitude of 
the containment calculated peak accident, pressure and the design 
basis accideat leakage rate- as influenced by siting criteria. Hore 
freqjet testing is considered necessary where low- leakage rates are 

specified because test experiences hays showm the difficulty in 
maintaining such limits.  

The retest schedule progrwm- provides for a--graduated-increase in the 
interval' between- tests for -the. first- three Class -A tests. During 
this period, the' adequacy of the-test-program can- be.-evaluated by the 

observed leakage belavior of' the contalnment--sys ter. The test fre
quency then seeks a level which is governed by -the leakage measurements 
of the successive- tests. -Any leakage-ussurements- which- yield results 
in excess of allowable test limits- will indicate the existence of 

deteriorative service conditions or-'inadequate maintenance programs 
durixg the test interval. On, the- other hand, leakage- measurements 
within limits will attest to. the -adequacy of the test prograM. T7t 
test schedule reflects this flexible approach of allowing, the observed 
leakage behavior of the containment-system during service to dictate 

the test freqmency.  

The allowable test and operational leakage liaits. (to be specified in 

the -licemse) establish the acceptance- criteria- for-.Class A tests.  
These limits-are determined by- adjusting the design- basis accident 
leakage rate to reflect. the differences between:calculated accident 

and test comditions. A. further. adjustment -is- made. to- account for 

testIa•g at- pressures- other- than--the- calculated peak -pressure of the 

desiga basis-accident. Following each- Class-A test-, and before 
resumption -ot- plant operation, the- .-.otainanr leakage- rate is inten
tionally decreased, by repaits if nessarysto -provide- a' margin for 
any leakage iscrease which the contaiment system may experience in 

servic. The margin is proportionally adjust... as the interval between 
Class A test Is extended-by the- test frequency schedule.  

1.1 PURPOSE 

These minimua test requireets are intended to verify periodically 

the leak-tigh8 integrity' of the- contalment-systam, -and- to establish 
the acceptance- requiatmmts of each test. Me purpose of the tests 
is to asure that leikage of the'- contatiment system is' held withbin 
allowable tes limits and that the periodic serveillance tests assure 
proper maintemsnce m repair.
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X.0 TEST CLASSIFICATIONS 

Four classes of tests are -to- be performed' during the- service life of 

the containment system, namely: 

Class A-Tests - -verall integrated leakage rate measuremnts of the 

containment system under the "as is"-service condition, at-the time 

of the test.  

Class'B Tests - local leak detection tests of, containment compcnents 

%hich penetrate, or: seal the boindary of the containment system.  

Class C Tests - individual local-operability and leakage tests of 

containment isolation valves.  

Class D Tests. - individual. opexability tests-under Class A. test condi

tions of those- engineered safeguard systema-hich-influence 'containment 

leakage under, post-accident .conditions.  

5.0 CLASS -A TEST REIREM ES 

3.I Pretest- Require=_nts - All Class A tests, other- than the. initial pre

operational test, are to be performed.-vithout- any-prellmdnary leak

detection surveys and leak- repairs- except. to meet :the -requirements of 

Section 12.0. -Major leak•repalrs-are permissible: provided the measured 

reduction in leakage tbhs. attated' is-added to: the Class A- test result.  

All system- which, under post-accident conditions,- become an extension 

of the containment boundary are- to be vented. to .the- containment atmo

sphere prior to- the. codct of a&Clas. A test.  

Closure of the contaiment isolation alves Is to be ac plisbed by 

the normal mode of actuation, and -ithe•ut any preliminary exercises or 

adjustments. -Correction of- closurealfunction s permissible provided 

the reduction' in leakage effected by Zbe repair* is Included in the 

Class A test-reslt.  

3.2 Test Methods -- Tests employing either the absolute preso-oe-temperature 

method or the reference wessel system in" aevord vith -the ANS-7.6 
Stai•dard* (or otber metbod of dmcstrated equIvalncy) -are.acapwtabla. " 

The method chose-for the initial test vill-smormally be required for the 

periodic retests.  

A*S-7.6 Proposed Standard for Laakage late Testing of Ctainment 

Structures for Valear.sactors, October 31, 1966.
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The test duration is to be determined by the time required to yield 
meaningful results. The minimum test duration is to be not less than 
24 hours unless test experiences of at least 2 prior Class A tests 
provide evidence of the adequacy of shorter teat duration. The .est 
accuracy is to be'verified by a supplementary means to denonstraca the 
validity of measurements. An acceptable means is suggested by ANS-7.6 
Standard.  

3.3 Initial Leakage Rate Tests -,After completion of containment eomstruction 
and installation of all systems penetrating the containment boundary, the 
initial preoperational integrated leakage rate tests are to be conducted 
at two pressure levels in the order specified: 

a. At 100% maximum containment operating pressure, P (corresponds with 
the maximum peak pressure calculated for the design basis accident 
analyses).  

b. At pressure Pt, not less than 50Z maxima containment operating 
pressure P .  

The leakage characteristics yielded by measurements L and L , estab
lish, by the method outlined in Fig. 1, the maxinm alowable% t 
leakage rate L and the allowable operational leakage rate L to be 
specified in license, for subsequnt leakage rate tests.  

3.4 Allowable Operational Leakage late - he wallwoable operational leakage 
rate Lt. establishes the -limit to be met before placing the-contaimesi 
into service and before resumption of plant operation following each 
Class A test.  

As an acceptance criterion, tbe measured leakage rate L initial test 
or L. for retests is to equal or be less than Lto. ' -e*- M. 1). Iepai 
and retests are to-be performed, if-mcessary, until the acceptance 
criterion is mat.  

3.5 Periodic Leakeae Rate Tests - Subsequmet Int•grated leakage rate tests 
are to be conducted at a single test ressure Pt of Sectian 3.4(b) amd 
both of the following acceptance criteria are to be set.  

3.51 As an acceptance criterlon, which governs retest. schedule only, the 
measured leakag- rate. L. is not to. exc. the uaimm.allorable test 
leak- e rate Lt as determined under Section 3.3.. If the measured 
ieakag* rate L exceeds 6, a rvisn of the retast schedula rewvion 
as required byeSoction 7.h2 is to apply.  

ifdL exceeds Lt at the 1 year test interval, the margin. between 
andto limits established by Section 3.3 sball be increased by the 
difference between Le and L.M
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•,j As an-acceptance criterion to be met, before resumption of plant 

operation, the leakage rate, either as measured or following repairs 

and retests, is not to exceed the allowable-.operatiOnal leakage rate 

L a s determined in Section 3.4 

If repairs are necessary to meet the, acceptance criterion, the inte

grated leakage rate test need not be repeated provided local measured 

reductions in leakages achieved- by repaiirs, reduce the overall measured 

integrated leakage rate to a value not in excess of the allowable 

operational leakage rate Lto.  

*0 UCLASS B TEST REQUIRMENTS 

W. I Class B tests are to be performed to .detect or measure local leakages 

originating at the following containment-components: 

a. Containment penetrations whose-design'incorporate resilient seals, 

gaskets, or sealant compounds; piping penetration fitted with 

expansion bellovs; 

b. Air lock door seals, including.operating m chan'sus and- penetrations 

with resilient sealx which are part- of the- containment- boundary in 

the air lock-structure.  

c. Equipment and access doors witL- resilient, seals- or gaskets (seal 

melded doors are excluded); -contanaent"t steaelto•concrete junction 

flexible seals.  

d. Coponents other than a, b, .or c, vhich_-develop-leaks-in service 

and require repairs to meet the acceptance criterion of any Class A 

test.  

Acceptable alternate means of performing Class B tests include: 

a. Ezamination of the pneumatically pressurized test chamber (provided 

for this purpose) of components-by the' soap bubble or the halide 

leak detector.  

b. Measurement of the rate of pressure lose of the pneumatically 

pressurized test chamber of the contaimnt component.  

c. SurveillancS -of leakage by a permanently installed systam having 

pruvivions for individual or group pressurization of contairment 

penetrations or seals, and measurement of pressure loss (or flow 

of air throush .leak. paths)• 

d. Other methods of demonstrated equivalancy'to a, b, or c.
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4.2 Test Pressure - All Class B tests are to be. perfoed .by local pnetunatic 
pressurization of the containment components, either individually or in 

groups, at a pressure not less than 100% maximum contaimmt operating 
pressure P .  

P 

4.3 Acceptance Criterion - Repairs and retests are required when the 
lerkage rate of all Section 4.1 containment components tested yields 
an average leakage rate per. 24 hours .per component in exess of 0.12 of 
L . Repairs of lesser leaks are optional.  
P 

4.4 Alternate Tests - Containment systems in which all of the-components as 
defined under Section-4.1 are aot-fitted-vith means-to emable-Class B 
testing are to be subjected instead to the performance of a Class A 
test in accord with Section 3.5 at intervals specified uader Section 
7.22 except that the test pressure is -to corresp~o~d with Section 4.2.  

5.0 CLASS C TEST REQUIREMENTS 

5.1 Class C tests are to be performed to verify operability-and leak-tight
hess of those isolation-valves on lines- which- penetrate the-containment 

boundary-and perform a containmet- function, i.e., 

a. Valves-W,-ch communicate directly with -the outside atcosphere 
(includea vacuu relief valves).  

b. Valves which, in the event of valve leakage or valve malfunction 
upon isolation signal, may extend- the containmt- boazdary beyond 
that- included during the cooduct of Class A tests.  

c. Valves which, under post-accident containment Isolate.•-conditions, 
are not expected to be maintained continually at system fluid 
pressures equal -to or greater-than- the cont t maximum operatifg 
pressure P p" 

5.2 Valve -Operability Tests- Valve operability tests are to be conudcted 
prior to leakage tests to demonstrate proper closure of maLly open 
valves (or opening and closing of normally closed valves) upon -islation 
signal . Uhere complete valve motion (coumplete tclamue or openiag is 
impractical during plant operation, - partial exercising of-the valve is 
acceptable.  

Valve malfunctions are to -be corrected and reported •ith eaoh Class A 
test report.
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3.3 Valve Leakage Tests - Isolation valve leakage tests are to be performed 

by local pressurization (or other equivalent means).at a pressure not 

less than 100% maximum containment, operating..pressure P p, and by employ

ing any of the test methods applicable to Class-B tests to detect leaks.  

Where valve seal-water systems are provided, the operation of the system 

is an acceptable -lternate test.  

5.31 Acceptance Criterion - Repairs and retests are required whenever the 
leakage rate of any valve tested yields an equivalent leakage rate per 
24 hours in excess of 1% of L . Repairs of lesser leaks are optional.  p 

6.0 CLASS D TEST REQUIREMENTS 

6.1 Class D tests are to be performed to demonstrate the system operability 
(in accordance with design specifications).of those engineered safe
guards systems (e.g., containment spray, containment air cooling, etc.) 

which, -under post-accident conditions, are relied upon to limit or 

reduce directly or indirectly the consequent leakage from the contaimnst.  

The mode of operation of each system may be modified to the extent 

necessary or practical to enable operational testing of the-system or 

its composunts, Such tests are: to- be conducted Initially- In conjunction 

with the-preoperational leakage rate test, under- th pneumatically 

pressurized condition of Section 3.3 a. Subsequent tests may-be performed.  

at normal ambient conditions.  

-System malfunctions are to be corrected .cnd.reported.with thq Class A 

test results.  

q'.0 CONTAINMENT PERIODIC RETEST SCHEDULE 

7.1 Class A Retest Schedule 

/7.11 After the initial preoperational leakage rate test, consecutive intervals 
bet- tests are not to exceed the schedule of the table in Figure 2 
for the applicable classification provided the acceptance criteriom of 

Section 3.51 (first sentence) is met.  

q.12 In the event the measured leakage rate of any Class A test (including 

leakage rate reductions effected by leaks-repaired either directly 

prioc to or during the teat) exceeds the maximum allovable test leak

age rate, L the test schedule for successive tests returns to the 

begiming ol-the seluence-of-intervals .of-the- applicable classification 

show in the table of Fig. 2.
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7.2 Class-B Retesr Schedule 

7'21 At least two Class B-tests (except-for air locks).at approximately 
equally spaced -intervals. are to- be .performed. during, the interval bef
ween any -scheduled Class A test, but no Class B test interval is to 
incrse-beyond -1 year.. Air locks are to be tested at 4- month intervals 
irrespectilve-of- the- Class :Btest schedule except when air locks are not 
opened-during this intervali .in which .case, tests are-to be-perfowed 
after each opning-, but, no interval, is to increase beyond 1 year.  

7.22 If Class-B'-tests are-not practical (e.g., containment vessels not 
fitted with component-test provisions), Class A tests are to be per
forned-at- intervals not greater- than-l1ear-for-the contafýent service 
lifetime (or-uatil such time- when-modifications are- made- to enable 
Class B testing).  

7.3 Class C Retest Schedule 

7.31 Valve- operability and leakage tests of isolation valves defined by 
Section 5.1 a, are to coincide with the schedule of Class B tests.  

7.32 Valve operability and leakage tests of isolation valves defined by 
Section 5.1 b and-c-are to be performed during a scheduled Class A 
test or during other plant shutdowns to-achieve at least one test per 
year.  

7.4 Class-D. 41etest -Schedule 

7.41 Class D tests are to be conducted during each scheduled Class A test 
or other plant shutdowns to achieve at least one test per year.  

7.5 Test Interval Allowance - Class A test schedules may be varied by not 
more than 6 months to coincide with scheduled or unscheduled plant 
shutdown periods.  

7.6 Permissible Periods for Testing 

7.61 The performance of Class A tests is to be limited to-periods when the 
plant facility iS-ho mperational .and secured in the-shutdowm condition 
under administrative control:and safety procedures defined in the 
license.  

7.62 Prior to pressurization for and-during the-performance of any Clam A 
test, the-containment atmosphere-temperature-is to be maintained such 
that the lowest service--metal temperature of pressure retaining 

components is at least 30PF above, the maximum value of the ductile 

brittle transition temperature (NDTT) of the containment's constrac

tional steels.
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6.0 CCiTAINMENT MODIFICATIONS 

Any major modification or replacement of components of -the containment 

system performed after the initial preoperational leakage rate test is 

to be followed by either a Class A test- or a Class B test to meet the 

acceptance criteria of Section 3.51 and Section 4.3 repsectively.  

Modifications or replacements performed directly prior to the conduct 

of a ClassA test need not require a separate test.  

S.0 
C.TiqNUOUS LEAKAGE MONITORING SYSTEM 

S.1 
A continuous leakage monitoring system is acceptable as a. supplemental 

means (but not in lieu of Class A tests) to measure or detect changes 

in containment leakage rates provided the average :pressure Pm is not 

less than 10% of Pt 

.2 The operation of a continuous leakage -moni-toring system .may serve to 

monitor- the containment leak-tight-.integrity during plant operation to 

avoid exceeding leakage-limits which,"if undetected, may lead to a 

reduction in Class A test intervals as required by Section 7.12.  

S .3 The leakage rate measurements- L of the monitoring system, when ,-•' A 
compared with theleakage rate Im of the initial-Class A test, 

establish the-allowable operati- al leakage rate L (see. Fig. 1) for .  

subsequent-operation of-the monitoring-system. .Ths value, L_, is to 

be reverified-rwith-each subsequent Class A-teat performed by com

parison-of- . measurement- taken directly before-the Class A test with 

the measurad t leakage rate L , and revised if necessary.  

Each subsequent measured leakage rate L derived from operation over 

a period sufficient to yield meaningful"results may not exceed the 

allowable test- leakage rate .Ls . In the event this limit is exceeded, 

Class B tests and corrective repairs are required until-the-subsequent 

measured -leakage -rate Lmm meets the--acceptance -criteria.  

/ 0 MULT•iPLE- VESSEL CRTAINMENTS 

Multiple interconnected .containment. vessels are..considered as a single 

containment-in the-performance-:of-Class A tests.  

/1 .0 MULTIPLE BARRIER CONTAINMENTS 

.Containment systems .with several- leakage barriers are to be subjected 

to Class A tests-to verify-separately- thati-the measured leakage rate 

is not in excess of-allowable test leakage.rate specified for each 

barrier.
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[2.0 %.QLUAL INSPECTION 

A detailed visual examination of the accessible interior and exterior 
of the containment structure and its components is to. be-perfozmed 

a~nually and prior to any Class A test, to uncover any. evidence of 
deterioration-which nay affect either the containment's structural 
integrity or leak-tightness.  

The discovery of any significant deterioration must be accompanied by 
corrective actions in accord- with acceptable .procedures, nondestruc

tive tests and inspection, and local testing where practical, prior 

to the conduct of-any Class A test. Such repairs are to be reported 

as part of Class A test results.  

13.0 REIORT OF TEST RESULTS 

Each Class-A test is to be the subject of a sut-ary technical report, 

which includes a schematic arrangenent of the leakage measurememt 

system, the instrumentation employed., the test procedure, test results 

in graphical form, and the analysis and interpretation of-leakage rate 

results in meeting te-allovable-leakage rates-specified-in the license.  

Sumaries of Class B, C, and D test results as mey be specified under 

the respect•ive.sec-ion-sare-to-be included in the same report.
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Fig. 1 - Determination of Allowable Leakage Rate Limits 

Applicable to Containment Testim

L 
LLiit of leakage rate under 

E Limits to be specified in design basis accident cuiditi=
technical specifications
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Lto
Il
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Li IP4< Litit of allowable test leakaW 

rate under test conditions 

e

Initiil-ly measured leakage rates.
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p

Containment Pressure, psig 

The leakage rate limits are established from the followixg relations: 

1. Maximum allovable leak&ge rate at pressure P 
L . L (IT~ I RT)•z 

p a p 

2. Allowable test leakage rate Lt at pressure Pt,' te lesser of

L (LtR / LrQ ) and L Ct / Pp)VI

3. Allowable operational leakage rate Lto at pressure P

from Table I selecX AL

4. Allowable t leakage ratc L of monitoring aystn (if provided) at 
pressure P

L a Lt (L= / In)

19

P a

I1 !

L to M L t U - Ad
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Notations and Definitions 

e dcontainment vessel design pressure.  

P mp- imum containment cperating pressure (calculated peak pressze) 
which may be imposed upon containment vessel as determined from 
the safety analyses of design basis accidents.  

Pt containment vessel test pressure selected to measure the inte
grated leakage rate for successive tests.  

P average containment atmosphere pressure maintained during the 
Soperation of a contlnous leakage monitoring system 

L design basis accident leakage. rate at pressure: P , applied in 
a the safety analyses to evaluate the consequences of contain

ment leakage, under the calculated design basis accidents 
conditions in accord vith the site exposure guidelines set forth 

in 10 CFR 100.  

L maximum allowable leakage rate at peak pressure P , under the 
P test conditions of the containment air atmospheree 

L maximum allowable test leakage rate at pressure .Pt defining 
t the limit governing retest schedule requiremen•s.  

L allowable operational leakage rate at pressure P , defining 
Lto the limit for both:itial measurement-.Li-and-subsequent 

measurements L , at the outset of plant operation following a 
Class A test. 0 

L , L the initial measured leakage rates at pressure P and P 

tti' respectively. p t 

L measured leakAU* rate-of azy, subsequent integrated- leakage rate 
test at-prossure Pt.  

L me•asured leasage rate-derived from operation-of continous 
leakage aonitoring•sy"tem- at pressure P! (ave).  

L allowable operational leakage rate defining the acceptable 
Unimt of leakage rate ea-uemnts yielded by. coutinu 
leakage mocitoring s*stem with respect to-leak repair 
requ•rements.  

TaI TP absolute teaperature *R coincident with prassure Pp auer 

accident and tast-coadititns respectively.  

equivalent gas constant of the -containnet atmosphere atiture 
a P or compositicn under accident and- test codt•ions respectively.  

AL Lak-age deterioratics alloance factor applied to obtain L 
limit (see Table 1) for the appropriate'retest schedul L 

classif cation.'
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V~.2 -Con~tainmeont flctcst Schedule Classificat-on 

(Class A tests Intepgratcd Leakar~c Rate) I 
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Table 1 - Le-a-ge Deterioration Allpvwanc, Factor AL

Latst 
Schedule Preoperational - year 2 year 3 year 4 year 5 y~ar 

iuimsfication Test Iatarval Interval Interval Interval Inte 

1 0.10 0.10 - _ 

II 0.10 0.20 0.20 - _ 

III 0.10 0.20 0.30 0.30 

IV 0.10 0.20 0.40 - 0.40 

V 0.10 0.30 - 0.50 - 0.50
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