NEDO- 31722
B8. 0 | NSTRUVENTATI ON
Tabl e 3

LI ST OF ClI LRTs BY CATEGCRI ES

Nunmber of Per cent of
Cat egory Number Description Test s Tot al
1 Fai |l ed as-found 6 30
2 Fai |l ed as-found and 3 15
initial as-left
3 Failed initial 0 0
as-left
4 Passed as-found and 11 55

initial as-left

It is significant that no test fell into Category 3. |If the total
as-found | ocal | eakage was |l ess than the 0.75 La criteria, then the
addi tional | eakage neasured during the subsequent Type A test was never
enough to put the total over the acceptance criteria. This, in effect,
says that passage or failure of the Type A tests was al ways determ ned
by local |eak test results performed before the Type A test began.
Leakage fromthe structure and other parts of contai nnent detectable
only by Type A testing is al nost always very | ow and does not change
much over tinme. The |eaks found during Type A tests were usually
caused by either omssions in the |ocal |eakage testing program or
| eaks in non B&C tested instrunment |lines and manifolds. NRC
I nformation Notice 86-16 al so nentions cases where Cl LRTs found
deficiencies in Type B and C testing prograns.

There were three instances in Table 2 where the total as-left | ocal
| eakage (third colum) were | ow and the subsequent Type A test
identified large | eaks. Test 18 was a Pre-Op test where nost of the
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| eakage was frominstrunment |iens not subject to |ocal |eak testing.

I n anot her case (test #2) the | eakage was froman area that was
inproperly locally leak tested prior to the CILRT. The third case
(Test 11) was a leak froma fan cooler tube, an area that is not
locally leak tested. This system was depressurized during the ClLRT,
but during unit operation or post-accident conditions, it would have
been mai ntained at greater than accident pressure. This |eakage would
have been found prior to startup when the systemwas re-pressurized.

Type A testing has definitely been useful in finding the above
types of problens. Accelerated schedules in response to failures due
to |l eaks found during the Type A test seens reasonable. [In contrast,
66% of the as-found failures found here were due solely to high | ocal
| eakage paths (Category 1). The performance of additional Type A tests
in response to these failures yields no new information. NRC
I nformation Notice 85-71 states that, in sonme cases, a high degree of
contai nment integrity may be better achieved through inproved
mai nt enance and testing prograns for containment penetration boundaries
and isolation valves rather than by perform ng nore frequent ClLRTs.

To inplenent this, after failing two consecutive CILRTs, the |icensee
woul d submt a corrective action plan as an Appendi x J exenption
request. |If approved, the |licensee may inplenent the plan in |ieu of
goi ng on an accel erated CI LRT schedul e.

A corrective action plan would address correction and surveill ance
of the specific source(s) of |eakage responsible for the Type A test
failure. The vast majority of major |eaks are fromvalves, closures,
and penetrations. Since surveillance of these areas can be perforned
by | ocal |eak testing alone, inplenentation of corrective action plans
coul d sharply reduce the nunber of unnecessary ClILRTs performed. |If
even a small fraction of the cost per CILRT saved is applied toward the
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per manent fixes of recurring problem containnment isolation systens,
overall containnment integrity would be inproved.

A good corrective action plan woul d:

(1) Address the root cause(s) of |eakage in such a way as to
prevent recurrence.

(2) Ensure that the unit in question has a conprehensive Type B and
C testing program

(3) Ensure that the local |eak tests perforned next outage in place
of the accelerated CILRT are as-found tests on the problem
ar eas.

(4) Not include any additional costly requirenments (such as m d-
cycle testing) that add nothing to safety and thereby induce
the utility to reject the plan.

The ulti mate purpose of determning the as-found integrated |eak
rate is to verify the adequacy of the maintenance perforned since the
|ast CILRT. The requirement to performnore frequent CILRTS in
response to as-found failures can hel p achieve the above objective only
by shortening the tinme between | eakage di scoveries, the thereby
decreasing total unit operation tine with di mni shed contai nnent
integrity. For plants with conprehensive |local leak rate testing
prograns, this benefit will be realized only if the | eaks found are of
the kind only detectable by Type A testing, since Type B and C tests
are perforned every outage anyway.

By far, the nbst comon cause of as-found Type A test failures has

Bases- 33



NEDO- 31722

been shown to be leaks in locally tested areas. The requirenent to
perform additional Type A tests for those cases nakes little sense. 1In
sone cases, the source of the |eakage is not adequately addressed and
the next test fails for the sane reason. |If, instead, a corrective
action plan that addressed permanently elimnating the specific source
of | eakage is inplenented, then accelerated Type A testing would serve
little purpose. By inplenenting a root cause specific corrective
action plan, both cost and Man- Rem woul d be reduced while inproving
confidence in the integrity of the primary contai nnent system

B7.6 ACCEPTANCE CRI TERI A

B7.6.1 Type A Testing

The intent of 10CFR50 Appendix J Type A testing is to verify the
primary containnment is capable of maintaining its |leak-tight integrity
during normal and post-accident conditions. Leakage rate criteria are
based on 10CFR100 cal cul ations. Consistent with 10CFR50 Appendi x J,
the CILRT is either conducted in the "as-is" condition of the CILRT
LSLR is adjusted to provide an as-found | eakage rate. The as-found
criterion has been established as <1.0 La. This verifies that
cont ai nment | eakage was accept abl e t hroughout the previous operating
cycle. The as-left criterion has been established as <0.71 La. This
provides a 25% margin for primary contai nment degradation over the
operating cycle. Both of the above limts are consistent with he
proposed 10CFR50 Appendi x J rul e changed published in the Federal
Regi ster on Cctober 29, 1986.

B7.6. 2 Type B/ C Testing

As was established for Type Atest criteria, the Type B and C test
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criteria also have a margin for primary contai nnent isolation barrier
degradation. Prior to startup, the sumof all Type B and C conponents
must be <0.6 La using MXPLRs. This provides a 40 margi n of degradation
and is consistent with 10CFR50 Appendix J. Appendi x J does not
explicitly require running totals during unit operation; its intent is
to ensure primary containment integrity is maintained during operation.
Therefore, if R'As are perfornmed during operation, the Running Tot al
Cont ai nnent Leakage Rate nust be adjusted and verified to be <1.0 La.

Bases- 35



NEDO- 31722

Thi s provi des adequat e assurance that prinmary containnent integrity is
mai nt ai ned as established by 10CFR100 cal cul ati ons.

B8. 1 GENERAL REQUI REMENTS

The practices as described in Section 8.1 are standard t hroughout
the nuclear industry. 10CFR50 Appendi x J does not provide guidance in
these areas. Generally, post-test calibrations are used in all cases;
performance of a verification test however, is not a normal practice,
but is done with the CILRT. A verification test as described in
Section 9.9 is in itself a calibration check of the Type A test
instrunmentation and thus precludes the need for costly post test
cal i brations.

B8. 2 | NSTRUVENT PERFORVANCE AND CALI BRATI ON REQUI REMENTS FOR TYPE A
TESTS

I nstrunentation requirements are consistent with the
characteristics of comonly used equi pnent. Experience has shown that
the calibration interval required for each instrument may be different.
The licensee may select his own calibration interval based on a
docunent ed performance history of each instrunent.

B8.2.8 Atnobspheric Conditions

Si nce neasurenents of the environnental atnospheric changes are not
used in the | eakage rate cal cul ations, the precision of the neasuring
equi pnent shall be such that significant atnospheric changes coul d be
recorded for possible correlation with test data. Hourly recordings of
at nospheric tenperature to 1°F and pressure to 1 inch nercury are
sufficient. NBS traceability is not required.
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B8.2.9 VWat er Level Measurenent

Experi ence has shown that the accuracies given for water |evel
measurenent in the reactor vessel and in the suppression chanber are
adequate to account for water |evel differences when cal culating the
Type A | eakage rate.

B8. 3 | NSTRUVENT PERFORVMANCE AND CALI BRATI ON REQUI REMENTS FOR TYPE B
AND C TESTS

I nstrunent requirenents are consistent with the characteristics of
commonl y used equi pnent. Experience has shown that the calibration
interval required for each instrument may be different. The |icensee
may select his own calibration interval based on a docunented
performance history of each instrunent.

B9. 1 GENERAL

Al t hough all owed by Reference 10, the reference volune nethod is
not recomrended. Past experience has shown that the absolute nmethod is
far superior. Specific areas of difficulty with the reference vol une
met hod are tenperature stabilization and test vol une | eakage.
B9. 2 CONTAI NVENT | NSPECTI ON

This requirenment is consistent wth 10CFR50 Appendi x J.

B9. 3 TEMPERATURE SURVEY

Area tenperature surveys of primary containment nust be conducted
prior to the Type Atest. The survey is used to determ ne placenent of
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the tenperature nmeasuring instrunents and assi gnnment of vol unme
fractions. Unidentified tenperature variations have the potential to
effect the nmeasurenment of the containnment dry air mass and, in effect,
create |arge data scatter. It is acceptable to use fans or other neans
to circulate air within he contai nment to reduce tenperature
stratifications, as long as the survey is conducted under the sane

conditions. It is also acceptable to use a survey of a different unit
if it can be shown to be identical. This is consistent with ANSI N45. 4
and 56. 8.

B9.4.1 M ni nrum Nunber of Sensors

No m ni mum nunber of drybulb tenperature and dewpoi nt sensors are
speci fi ed because quadrature theory shows that, in many cases, the
quantity volune fraction per sensor is not a relevant factor in good
cont ai nment nodeling. A better basis for determ ning the nunber of
required tenperature elements is a contai nnent tenperature survey which
determ nes tenperature gradients wthin the containnment.

B9. 4.2 Syst em Per f or rance

The instrunment selection guide fornmula is consistent with Reference
9. For purposes of instrunent selection and | oss of sensor criteria,
the ISGis only calculated for t = 24 hours. The |ISG need not be
calculated for a smaller t if a shorter duration BN-TOP-1 test is run,
because the BN-TOP-1 nethod contains a factor (97.5% UCL) that corrects
t he neasured | eakage rate for ending the test in |l ess than 24 hours.
This 97.5% UCL cal cul ati on so conservatively conpensates for a short
duration (<24 hours) test, that no addition conservatismin instrunent
accuracy i s required.
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B9. 5 PRESSURI ZATI ON

No specific pressurization rate has been dictated by this docunent.
Due to the vast variety of containments, no one pressurization
criterion could ensure equi pnent safety fromin-gassing. The intent of
Section 9.5 is to ensure that the reader is aware of the potential for
equi pnent damage.

B9. 6 CONTAI NVENT STABI LI ZATI ON

Cont ai nnent stabilization tests are perforned foll ow ng
pressurization but prior to beginning the Type A test.

B9.6.1 BN- TOP-1 Requirenents

Reference 16, Section 2.2.B, requires that plots be made of both
the average containnment air tenperature and the contai nnent air
pressure versus time. That section also stipulates that the pressure-
time curve should follow the tenperature-tinme curve.

Ref erence 16, Section 2.3. A requires that the contai nnent be
allowed to stabilize for about four hours, and that the contai nment
satisfy stabilization criteria 9.6.1.1 or 9.6.1.2. is this report's
interpretation of this requirenent. The equation chosen is a first-
order, two-point, backwards finite difference approximation for this
rate of rate of change.

Ref erence 18 provides NRC acceptance of BN-TOP-1 Revision 1

B9. 6. 2 Dry Air Mass Met hod
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The dry air mass nethod tests for containnent stability by
exam ning both the rate of change of containnment dry air mass and the
anount of scatter of those masses. The two specific tests chosen are
intentionally sinple. The paraneters required to performthe required
calculations are currently avail able at nost plants, and nost plants
have the capability to performthe cal cul ati ons without requiring
sof t war e changes.

O her nmethods test for containnment stability by exam ning the rate
of change of containment tenperature. |f a containnment is properly
nodel ed and instrunented, it may have a | arge tenperature transient
with no resulting change in calculated dry air mass. This is due to
t he contai nment pressure changing in response to the tenperature
change.

The dry air mass contai nment stabilization nethod elimnates any
specific mninmumtine interval, while at the sane tinme inposing
physi cally meaningful criteria. The tinme savings is encouragenent for
the licensee to inprove the Type A test instrunentation system
cont ai nnent nodel i ng, and punp-up techni ques.

B9.6.2.1 Test for the Rate of Change of Dry Air Mss

I f the calcul ated | eakage rate is not close to being constant, the
Type A test should not start. A changing | eakage rate may indicate
unst abl e cont ai nnent at nospheric conditions or suggest specific types
of | eakage (| eaks through airlock shaft seals are known to be
nonsteady). This test requires the rate of change of the | eakage rate
to be less than a value which would result in as 0.01 La change in one
hour .
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It is believed that a valid Least Squares fit cannot be perforned
w thout utilizing at | east 20 data sets. In order to acconplish this
while not requiring an inordinate length of tinme for data collection,
the sanple interval nust be decreased. Intervals as short as two
mnutes are allowed. This interval is |ong enough to acconmodate the
transi ent response characteristics of nost RTDs. The | eakage rates for
two overl apping 20 data set intervals are calculated. The difference
bet ween these two | eakage rates divided by the tine between intervals,
is the rate of change of | eakage rate.

B9.6.2.2 Test for Dry Air Mass Point Scatter

An excessive anmobunt of scatter in dry air mass data points may
i ndi cate unstabl e contai nnent conditions or instrunment problens. In
either case,t he test should not begin until the scatter is within
reasonable limts. The UCL is calculated fromthe average of the
devi ation of mass points fromthe | east squares cal cul ated | eakage
rate. The difference between the UCL and the Least Squares |ine of
| eakage rate may be used as an indicator of the anobunt of data scatter

The amount of data scatter is considered acceptable for determ ning
contai nment stabilization if the difference between the UCL and the
Least Squares | eakage rate is less than 0.25 La for the 30 data sets
used. The 0.25 La value was chosen to be consistent with the
acceptance criteria used for the verification test.

B9.6.3 Appendix J Method

This nethod is consistent with the requirenments of Section
I11.A 1.(c) of Reference 8. Unlike the nethod described above, there
are no specific checks on the allowable rates of change or scatter
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The decision of when to start the test is left tot he judgenent of the

licensee. |If that judgenment proves to be flawed, then the result would
be either an extended Type A Test, a Type Atest restart, or failure of
the Verification Test. In no case would this result in the passing of

a bad Type A test.

B9. 7 CALCULATI ON OF CONTAI NMENT DRY Al R MASS

The determ nation of the overall dry air mass for contai nnent at
any point in tinme is based on the application of the fundanental idea
gas equation PV = NRT.

Thus, the overall dry air mass at tinme t can be determ ned using
the total containnent average val ues for pressure, vapor pressure,
tenperature, and free air volune. For the thernodynam c conditions
present during the CILRT, the assunption that the containnment air wll
behave as an ideal gas is valid.

B9.8.1 Mass Poi nt Met hod

This nethod is based upon the assunption that the true | eakage rate
is constant during the text period. |If this assunption is true and if
there was perfect containment nodeling and instrunmentation, a plot of
t he neasured containnment dry air mass versus tinme would yield a
straight Iine with a negative slope. The |eakage rate is proportional
to the slope of this line. In a real case, the mass points are
scattered about any straight |line drawn through them The Mass Poi nt
Met hod calls for performng a Least Squares Fit of the mass points.
This fit determ nes the Slope and Y-Intercept of the line that
m nimzes the total anmount of scatter of these points along its path.
The net hodol ogy for calculation of this | eakage rate and its 95 percent
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upper confidence limt is presented here.

Each tine a data set is collected during the Type Atest, the tine
of collection and the Total Containnment Dry Air Mass at that tine are
cal cul ated and stored. A collection of K such tines/nmass pairs are
shown bel ow.

tl., M tZl MZ t3l IV!B- o tK—ll M<°—1 tKl M('
wher e
t; = Time (hours at which data set i was collected. By

definition, the time at t, equals zero.

M = Total Containnment Dry Air Mass (Lbm at tine t,.

Let

ST = Starting data set nunmber of the cal cul ational range.
SP = Endi ng data set nunber of the cal cul ati onal range.
N = Nunmber of data sets to be Least Squares Fit.

N = SP - ST + 1

For the above set of data points when contai nnent mass M=At +B, A
and B for the range of points starting from ST and extending to SP are
cal cul ated as shown bel ow.
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substituting for A A= —L= M

SégT i N
sp ENS i &p
Z M; EST(ti) - i Mit;
g_iST__i=sT i-ST  i-ST
SP sP 2
NY (ti)z—[ Yy ti]
i-ST i-ST

Bases- 45



NEDO- 31722

wher e
A = Rat e of change of Total Containnent Dry Air Mass, the
sl ope of the straight |ine discussed above (I|bnthr).
B = Cal cul ated val ue of Total Containnment Dry Air Mass (| bm
at t_i.

The | eakage rate of dry air fromcontainnment at t;, L;, expressed in
units of percent per day is shown bel ow

-2400A
Let T be the Student's dlsﬁflbugrﬁqﬁfunctlon at the 95th

percentile, expressed as a function of N

1.6449(N-2) + 3.5283 + 0.85602/(N-2) o
. > fident Limt

(UCL) of the true | eakage rate in units of percent per day is given

| gnori ng neglJ@

bel ow.
2 1172
N M
el 1 |zS:T [zs; ) e (2400) (weight%
(N-2) SP 2 B + Atg; perday)
N Z Yt
i=ST i=ST

Bases- 46



NEDO- 31722

B9. 8. 2 Poi nt -t o- Poi nt Met hod

The point-to-point method is not recommended for use in determ ning
overal | | eakage rate acceptance criteria for Type A tests. However,
this nethod can be useful in providing quick assessnents of | eakage
rate changes during the test.

This nethod i s based upon the assunption that the rate of change of
| eakage rate is constant during the testing period. |If this is true,
and if there was perfect containnent nodeling and instrunentation,a
pl ot of contai nment | eakage rates versus tine would be a straight Iine
with a negative slope. The mass out of contai nnment | eakage rate of dry
air is proportional to the equation of the line. 1In a real case, the
| eakage rates are scattered about any straight |ine drawn through them

The point-to-point nethod calls for performng a Least Squares Fit
of the | eakage rates determ ned fromeach data point interval. This
fit determnes the slope and the Y-intercept of the line that m nim zes
the total amount of scatter of these points along its path. The
met hodol ogy for calculation of this | eakage rate is presented here.

Each tine a data set is collected during the Type Atest, the tine
of collection, the Total Containnent Dry Air Mass, and the point-to-
poi nt | eakage rate for the last two data sets are cal cul ated and
st or ed.

A collection of K such points are shown bel ow

t,2,M t,,M t;; M ¢ v T Mor t M

NL,Z IVI3,3 NI? K-1 IVI’,K
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wher e

t; Time (hours) at which data set i was collected. By
definition, the time at t, equals zero.

M Total Containnment Dry Air Mass (Lbm at tine t,.

M| Poi nt -t o-poi nt | eakage rate for the interval of T,.,; to
t; (weight percent per day).

The point-to-point | eakage rate at tine i is calculated as

M.
The | eakage rate of er&gi#—é%gﬁleE?tﬁkdn}nt at t,, L;, expressed in
i-1

units of percent per day is showh beldw.

L = -

wher e

Let

ST
SP

(B + At)

Rat e of change of Point to Point |eakage rates,

(% day/ hr).

Cal cul ated value of Point to Point |eakage rate at t,
(% day) .

Starting data set nunmber of the cal cul ation range.
Endi ng data set nunber of the cal cul ati on range.
Nunmber of Point to Point Leakage rates to be Least
Squares Fit.
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N = SP - ST

For the above set of point-to-point | eakage rates, A and B for the
range of internal |eakage rates starting from ST+1 and extending to SP
are cal cul ated as shown bel ow

SP SP
sSp N_Z S}!:iIWP,i B _Zsﬁti_iz SF[@P,i
B9. 8. 3 Total Ti me A} hifle D S
B - STl i-37-1 _
N2 (T - i
This method is based upcm’inlwie)as 'n?‘f} @r

of | eakage rate is constant doiihg the t¥esti‘hg

that the rate of change
eriod. If thisis
true, and if there was perfect containment nodeling and
instrunmentation, a plot of containnent |eakage rates versus tine would
be a straight line with a negative slope. The |eakage rate of dry air
mass out of containnment is proportional to the equation of the |ine.

In a real case, the | eakage rates are scattered about any straight |ine
drawn through them

The Total Time Method calls for performng a Lease Squares Fit of
the total tinme | eakage calculations. This fit determ nes the slope and
the Y-Intercept of the line that mnimzes the total anobunt of scatter
of these points along its path.
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Each tine a data set is collected during the Type Atest, the tine
of collection, the total containnent dry air mass, and the total tine
| eakage rate at that tinme are cal cul ated and stored.

A collection of K such points are shown bel ow

t,M t,,M t;, M ¢ v T Mot M

M,Z M,3 IV",K—l M,K

wher e

t; = Time (hours) at which data set i was collected. By

definition, the time at t, equals zero.

M = Total Containnment Dry Air Mass (Lbm at tine t,.

M = Total Tine Leakage Rate at tinme t; (weight percent per

day) .
The total tinme |eakage rate at tine t; is calculated as shown bel ow.
M.
Let [@Ti: 2400 1
_ ot -t My _

ST = Starting data set nunber of'the cal cul ation range.

SP = Endi ng data set nunber of the cal cul ati on range.

N = Nunmber of Total Tine Leakage rates to be Least Squares

Fit.
N = SP - ST
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For the above set of total tine | eakage rates, A and B for the
range of mass points starting from ST and extending to SP are
cal cul ated as shown bel ow.

SP

SPNZS} B spng;[@Tu
wher e ) ; ‘ 't it
B = N Z D" | 2§
A = Rat e of chamgéiﬁH(QQpaL Tﬁ??Lt kage Rat es, (% day/ hr).
i=ST+1 i=ST+1
B = Cal cul ated val ue of Total Tine Leakage Rates at t 4
(% day) .

The | eakage rate of dry air fromcontainment at t,, L', expressed in
units of percent per day is shown bel ow.

L =- (B + A))
Let T be the student's t distribution function at the 95th
percentile, expressed as a function of N

_ 1.6449(N-2) + 3.5283 + 0.85602/(N-2)
(N-2) + 1.2209 - 1.5162/(N-2)
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I gnoring negligible ternms, the 95% Upper Confidence Limt (UCL) of
the true Leakage Rate is given belowin units of percent per day.

UCL = L + TF

Let
2
Then
( P N- 2|§+3t)
1/2
BO. 8. 4 BNT@Jl'TVbtﬂ% (,@ )§ >y N ]
(N 2) 1-ST+3 FE e +:N 2 :Z; a

This nethod cal cul ates total tinme | eakage rates and the statistical
| eakage rate in a manner identical to that specified in Section B9. 8. 3.
Only the Upper Confidence Limt (UCL) is calculated differently, and
t hat met hodol ogy i s described here.

The student's t distribution used for the BN-TOP-1 Method is a
doubl e sided distribution at the 97.5 percentile.

2.37226 2.8225

| gnori ng negligibl Py té'r1%59%§1 Wle dence Limt of the
| eakage rate is given below in units of percent per day.

UCL = L + TF
L was given in Section 9. 8. 3.

Let
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1 SP 2
Then t,- Z t,

(N 2) isT+3
2 1/2
B9. 9 VERI fLCAﬁO\{TE%LF QM Qf E_>t2 MT iti)
(N-2)\i'sTs N |ST+@N 2) !
B9.9.1 General Requirenents

The sane cal cul ati onal nethods, tine steps, and instrunentation
shoul d be used for both the type A test and the verification test,
because the purpose of the verification test is to qualify the
instrunments used for the Type A test. Any changes to the cal cul ati onal
met hods, tinme steps, or instrunmentation m ght change the cal cul ated
| eakage rate and nullify the verification process.

B9.9. 2 Test Start Tine

The verification test procedure is based on the assunption that the
actual containnent | eakage rate is constant. The error resulting from
any small rate of change in | eakage rate may becone | arge over a | ong
time period.

Data nmust continue to be collected during the interimperiod in
case the start of the verification test is unexpectedly delayed | ong
enough to result in a significant difference between | eakage rates at
the end of the Type A test and the start of the verification test.
Then the data is used as part of the Type A test, and the error is
elimnated by sliding the Type Atest end tinme forward to the start of
the verification test. A difference of less than 0.1 La was chosen as
the criteria. In nost cases, this nuch error in the Type A test wll
still allow passage of the verification test within the +0.25 La band.
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B9.9. 3 Stabilization Period

BN-TOP-1, Section 2.3.C 1, states that contai nnent atnospheric
conditions shall be allowed to stabilize for about one hour after
superinposi ng a known | eakage rate.

Al though starting the verification test stabilization period too
soon or extending the period too long will result in an unnecessary
extension in the tinme required to verify the Type A test results, it
wll not result in verification of an invalid Type A test.

B9.9.4 Measur enent of | nduced Leakage Rate/ Verification Test

The verification test conpares a known | eakage rate agai nst the
measur ed contai nnent | eakage rate. Any flow nmeasurenent instrunent
that nmeets the specifications listed in Section 8.2.4 is sufficiently
accurate to quantify the induced | eakage relative to the known
acceptance criteria for the neasured | eakage rate.

The verification test nethodol ogy is based upon the assunption that
t he induced | eakage is constant, therefore it should not be
intentionally varied. Since the differential pressure across the flow
measurenent device is essentially constant over the duration of the
verification test, no manual adjustnents should be required in order to
mai ntain this constant flowrate. |In sone cases, however, the neasured
val ue of induced | eakage rate may drift a small anmount. Readi ngs of
the | eakage rate should be periodically taken in order to verify that
t he amount of drift has not becone excessive, and to alert the |icensee
to make corrections if needed. Typically, a drift of less than 0.05 La
shoul d not adversely affect results, and therefore no correction woul d
be required.
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B9.9.5 Cal cul ation of Target lLeakage Rate

Once the final value of the LSLR is known fromthe Type A test, a
known additional |eakage is induced fromthe containnent. The new
cont ai nment | eakage rate is expected to equal the LSLR plus this
i nduced | eakage rate. It should be noted that the above statenent is
based upon the assunption that the LSLR remains constant during the
course of the induced | eakage rate test.

The acceptabl e range of induced | eakage rates was chosen to be
between 0.75 La and 1.25 La. This is due to the fact that this range
comonly appears in many plant's existing Technical Specifications.

Al so, use of induced | eakages in this range for many Cl LRTs has proven
to be both practical and acceptabl e.

Fl ow neters comonly neasure the induced | eakage rate in units of
scfmor sccm since these volunetric flowrates are specified at a
standard tenperature and pressure, the density of the air is known.
Thus, the mass flowrate is specified.

Pl ant Techni cal Specifications |ist acceptance criteria in units of
% day. An equation nmust be used to relate | eakage in % day to scfm

Percent/day inplies the percent of the total containnment inventory
per day that is |eaking out of containnment. The fact that the
inventory is changing during the verification test is ignored, and the
containnent dry air mass present at the start of the verification test
is used at all future tines.

Many different val ues of standard tenperature and pressure are
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listed in various references. One pair was specified here for the sake
of uniformty.

The mass flowrate M,y of the induced | eakage rate equals Qg Fsig.

PSt

RT ¢
(144)

The total dry air mags def ctisfraishnent jam/ilie start of the
" R(T,,+459.69)

Substi tuting, Fota

verification test M is

144P V.

The | eakage rate i n peMgepttday—+s——
g Q pete R(T,, +459.69)

M.
@- M”d(loo)(1440)%/day

(0]
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Substi tuting,

Qxﬁ&gt(l44)R(Tmﬁ459-69)(144,000)

(T, ¥459(BayroP @A)
| 144,000P_, (T, +459.69)

@%/day:
B9. 9. 6 Test Dura an-6, .

BN- TOP-1, Section 2.3.C 2, states that the verification test
duration shall be approximately equal to half of the integrated |eak
rate test duration.

If a method other than BN-TOP-1 is used, no m ni num duration for
the verification test is required. However, for the verification test
to be declared successful, the LSLR nmeasured during the verification
test nust be stable and within he acceptance band described in Section
9.9.7(2). Continuation of the test after these two conditions are net
will only serve to unnecessarily extend the tine to performthe

verification test and will not result in verification of an invalid
Type A test.
B9.9.7 Acceptance Criteria

The accuracy of the Type A test neasuring system and the | eakage
rate test results are verified provided the difference between the
i nduced | eakage rate and the Type A test |eakage rate is within 0.25 L,.
The acceptance band specified in Section 9.9.7 is consistent with
Ref er ence 8.
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B9. 10 DEPRESSURI ZATI ON

Li ke Section 9.5, Section 9.10 only provi des awareness of the
potential for equi pnment damage. Each plant nust determ ne the
appropriate depressurization rate to avoid equi pnment damage due to
out gassi ng.

B10. 1 GENERAL

This section provides acceptable Type B and C test nethodol ogy.
ANSI N45.4 and 10CFR50 Appendi x J do not provide specific test nethods
(only test paranmeters). ANSI/ANS 56.8 (which has yet to be endorsed by
the NRC) does provide pressure decay, flowrate, water collection, and
vacuum retention as acceptable test nmethods. Al these nmethods are
outlined in Section 10.0. In addition water displacenment and bubbl e
testing are included.

B10. 2 TEST METHCDS

B10.2.1 Pressure Decay Met hod

Pressure decay is probably the nost frequently used test nethod.
This nethod enploys the ideal gas |aw to neasure the change in vol une
with respect to changes in tenperature and pressure. The methodol ogy
and | eak rate equation in Section 10.2.1 is consistent with ANSI/ANS
56.8. The derivation for the pressure decay fornmula is provided bel ow

From the ideal gas |aw

PV
RT
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Leakage i s obtained by taking the derivative wwth respect to tine

dn Vd(P/T) 1dP P dT
| f we assune that lP*on&g R 'grr -rgrg- f time

L= Y e BT
wher e RT)t T
T T, + T
T = Averagetemperature = m
P - Averagetemperature - —~ 2
P-P, -P, 2
=T, - T,
Substi tuting,
Ll V P,-P, [(P,-P )/2](T -T,)
R)t ET ST Y2

L +2T1T2 +T2

4p Ty 4ETT ~1 )2/4

If T, =T, then (T, + T,)? = 4T1ﬁ)

|_/ VE[PT PTJ
L/ = Jj) } n°1m le/hr
2

R t P
wher e DYV, o | P ft3/hr

RE[T, T,

\% = nmol ar volune of air at 14.696 psia and tenperature T.

Si nce

vV_ T

L V[R pgleos .
)T, T,[14.696
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If T =T,, standard tenperature (68°F) L is in Standard Cubic Feet per
Hour .

Lo VP Pl T oo
YT, T,[14.696
wher e

Visin ft?®

Pis in psia

Tis in °R

dJt is in hr

T, is in °R

P, P
L/-Y |t 2135 9scfh
. YT, T _

To conservatively correct “the Ieazkage rate to what it would have

been if the test volunme had been nmaintai ned above P;:
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Corrected -I—e&le 14 HIEBCFH) P, P,
TotalPbesr—votpqﬁi§+14)’2 < 14.696 +1

El apsed tinme (hr)

Initial pressure (psia)

Fi nal pressure (psia)

Average test pressure of the test (atnospheres)
Peak acci dent pressure (atnosphere)

Initial tenperature (°R)

Fi nal tenperature (°R)

Measur ed | eakage rate (SCFH)

In sone cases, when the pressure decay nethod is used, the pressure

int he test volune drops below P,. Reference 11, page 26, Equation 39

can be used to correct the neasured | eakage rates for this drop in

pressure.

A short derivation of this correction factor is shown bel ow.

Ful | y devel oped, isothernmal viscous gas flow through a circular

channel

wher e

is described by the Hagen-Poi seville equation.

32 MVI
g.D?

P,-P_=
Air's viscosity
Aver age velocity
Channel s's length
Channel ' s di anet er
Gravitational constant

Pressure (psi)
Anmbi ent pressure (psi)
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The mass flowrate of the air (W) at test pressure P, is equal to Q
Favg, where Qis the air's volunetric flowrate and Favg is the air's
average density. The channel cross sectional area, A is equal to BDYA4.
Also, V= QA

From t he above equations, it can be seen that

BD*
For a perfect gas, Fa\xrg:i-sg]—ceq-mg@vgh(PadDBVg/R T..

128 M1
wher e
Pavo = Aver age pressure
T, = Aver age tenperature
R = Appropriate gas constant

For isothermal conditions, this flow s Favg nmay be approxi mated by

P.+Pr 1

THT 2, RT

_ 9.BD 1 a 52

W,- PP
256 MI R T,

Let

a

BD*4
9e 1 a constant K
Lot 256 MIWR “K(P>-P?)

— P

a

_a:_ ']
_ piPPrZ
2 2 2 2 2
The correction fact oladE(RaPe-Pe)=K P (P;-1)

L

a

wher e T
L, = Leakage rate expected if the test were conducted at P,
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L, = Leakage rate at the actual test pressure
W, = Mass flow rate at the test pressure P,

W = Mass flow rate at the actual test pressure
P = Final test pressure (atnospheres)

P, = Peak acci dent pressure (atnospheres)

Converting mass to volune (| eakage rate),

W W
where F, and F, are the densi tLiEEsE%fammé.tg&EE at P, and P,, respectively.

B10.2.2 Fl ownet er Makeup ©Met hod Pe-1/P,

The use of rotaneters or mass flow neters is useful in nmeasuring
| arge |l eak rates where a pressure decay test is not practical, or when
the test volunme is unknown, therefore not allow ng the use of the
pressure decay nethod. The test nethodology is consistent with
ANSI / ANS 56. 8.

B10. 2.3 Wat er Di spl acenent Met hod

The water displacenent nethod is an easy |leak test to perform
Typical ly water displacenent tests are conducted on systens normally
filled wth water, thereby saving time. The water displacenent nethod
assunes any loss fromthe test container is a direct neasurenent of
conponent | eakage. As long as the water source has been vented or
di sconnected, it is a safe assunption. The test nethodol ogy and | eak
rate equation in Section 10.2.3 is not addressed in ANSI/ANS 56. 8, ANS|
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N45.4 or 10CFR50 Appendi x J.

B10. 2.4 Vacuum Testi ng Met hod

The vacuumtesting nethod is basically the sane as the flownreter
met hod. To use this nmethod it has to be proven that all the | eakage is
passi ng through the fl owreter.

B10. 2.5 Bubbl e Testing Met hod

B10.2.5.1 | mrer si on
| mersion testing is sel domused due to the need to i mrerse
the test conponent. Imrersion testing is typically used in |ocating
| eaks rather than quantifying |eak rates.
B10.2.5.2 Liquid Application Mthod
This method is usually used in conjunction with other nethods.

Quantifying leak rates with nethod is not practical. To use this
met hod the acceptance criteria nust be zero | eakage.
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B10. 2. 5.3 Bubbl er Col um

This nethod is useful in detecting very snmall |eaks, but
gquantification of the leak is not possible.

B10. 2.6 Cont i nuous Mbni toring

This section requires that penetrations served by continuous
| eakage nonitoring systens nmust be leak rate tested, as required by
Paragraph 11.D. 2(a) of 10CFR50 Appendix J. The nethod of determ ning
the | eakage rates nmust be technically justifiable. Both pressure decay
and makeup vol unme are accepted nmethods for determ ning | eakage rate.

B10. 2.7 Ref er ence Vessel ©Met hod

The reference vessel nethod may be used to neasure the | eak rate of
a test volune when its volunme is unknown. This is basically a pressure
decay test using an additional test tank of known volunme. The | eakage
rate equation is the sane as that developed in Section 10.2.1.
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APPENDI X
REPORTI NG REQUI REMENTS

REPORTI NG FORMVAT

The following format shall be used in reporting Type A, B and C
test results. Each format section has editorial comments delineating
the required information. |If a Type A test is not perforned, these
sections shall be marked "N A."

REACTOR CONTAI NVENT BUI LDI NG | NTEGRATED LEAKAGE RATE TEST

TABLE OF CONTENTS
DEFI NI TI ON OF SYMBOLS AND ABBREVI ATI ONS

Provide a listing of all synbols and abbreviations used in test of
report. Synbols and abbreviations used in attachnents should not be
i ncl uded here.
1.0 ABSTRACT

Identify plant, plant docket nunber, plant owner, plant |ocation,
out age cycle, date of test conpletion, a description of primary
contai nment, and test results. This section should be short and
conci se.

2.0 | NTRODUCTI ON

2.1 TYPE A TEST (as applicable)
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2.1.1 Test Sunmmary

ldentify test instruction and technical data, such as design
tenperature and pressure, peak accident tenperature and pressure, test
duration, containnment volune, and all owabl e | eakage rate.

2.1.2 Concl usi on

Provi de conparison of test results, both total tinme and nmass point
for as-found and as-left conditions. Provide a positive statenent as
to whether the test passed or failed as-found and as-left criteria.

2.2 TYPE B AND C TESTS

2.2.1 Test Sunmmary

ldentify test instructions and types of tests.

2.2.2 Concl usi on

Provi de m ni nrum and maxi num pat hway | eakage rates for as-found and
as-left conditions. Provide positive statenent as to whet her
accunul ati on of path | eakage rates passed failed criteria. Do not
di scuss individual conponents in this section.

3. 0 CONTAI NVENT | NTEGRATED LEAK RATE TEST (as applicabl e)

3.1 CGCENERAL TEST DESCRI PTI ON

3.1.1 Cont ai nnent | nspection
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Briefly discuss how primary contai nnent was i nspected and any
findings and corrective action.

3.1.2 Equi pnent _and | nstrunentati on

Briefly discuss pressurization equi pnent, types and quantities of
instrunmentation, verification test equi pnent, and depressurization
equi pnent .

3.1.3 Data Acqui sition System

Provi de a description of the data acquisition system This section
shoul d be detail ed enough so that it stands alone. No other portion of
the report discusses the data acquisition system

3.1. 4 Systens and Penetrati ons Not Tested

Provide a list and explanation of all systens and penetrations that
were in service or isolated during the test.

3.2 EDI TED LOG OF EVENTS

Provide an edited version of the |og maintained during the
performance of the ClLRT.

3.3 TEST RESULTS

3.3.1 Mass Poi nt Anal ysi s

Provide a detailed description of Type A test results using the
mass poi nt analysis. Provide figures in Attachnent 1 (see Paragraph

A-3
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6.1) as aids for clarification. Do not provide equations if a standard
or technical report can be referenced. Provide justification for
rejected data, as applicable.

3.3.2 Total Tinme Analysis

Provide the sanme information as in 3.3.1 using total tine analysis.
Refer to Attachnment 2 (see Paragraph 6.2) for clarification of results.

3.3.3 | nstrunent Sel ecti on Gui de

Provide the results of the instrunent error anal ysis.

3.3.4 Verification Test

Provi de the anmount of inposed | eakage and t he neasured | eakage by
the CI LRT nmeasurenent system

3.3.5 Leakage Penalties Added to the Cal cul ated Type A Leakage Rate

ldentify all penalties added to the cal cul ated Type A | eakage rate
as a result of systems in service and penetrations isol ated.

4.0 TYPE B AND C TESTS

4.1 COVPONENTS NOT TESTED

Provide a list of components/pathways not subjected to Type B or C
testing and a brief description of the reason why they were not tested.
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4.2 AS-FOUND LLRTs

4.2.1 MXPLRs and M\PLRs

Provide the totals for the MXPLRs and M\PLRs. Refer to Attachment
3 (see Paragraph 6.3) for list of individual MXPLRs and IMNPLRs.

4.3 REPAI RS AND ADJUSTMENTS
Provi de a description of any repairs or adjustnments made as a

result of the as-found testing. Use the followng format. Do not
i ncl ude conponents on which no repairs or adjustnents were nade.

Penetration Conponent Repair Description
X-10 2-FCV-71-2 Repl aced val ve seat and

i ncreased torque switch
setting from2.25 to 2.5.

4.4 AS-LEFT LLRTs

4.4.1 MXPLRs and M\PLRs

Provide the totals for the MXPLRs and M\PLRs. Refer to Attachment
3 for list of individual MXPLRs and MNPLRs.

4.4.2 Type B and C Runni ng Tot al

Provide the as-left Type B and C Running Total Containnment Leakage
Rate (RTCLR) and the Total Contai nnent MXPLR

5.0 CORRECTI VE ACTI ON PLAN (as applicable)
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Provide a detailed corrective action plan in lieu of increased
CI LRT testing frequency.

6. 0 ATTACHMENTS

6.1 ATTACHVENT 1, PRI MARY CONTAI NMVENT LEAKAGE RATE AND UCL vs. TI ME,
MASS PO NT ANALYSI S

This is to be used on conjunction with Section 3.3.1 to explain
anal ysis of test results.

6.2 ATTACHVENT 2, PRI MARY CONTAI NMVENT LEAKAGE RATE AND UCL vs. TI ME,

TOTAL TI ME ANALYSI S

This is to be used on conjunction with Section 3.3.2 to explain
anal ysis of test results.

6.3 ATTACHMVENT 3, TYPE B AND C TEST RESULTS

Provide a list of as-found and as-left LLRTs in tabular form Use
the format of Table 1 on the follow ng page. This table should include
all contai nnent penetrations tested. The tables prepared per Section
4.3 wll be a subset of this table.
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Table 1

Leakage
( SCFH) MXPLR M\PLR

Penetration Test Procedure Test Test As- Found As-Found As-Found MNPLR
Nunber Description No. & Rev. Date Date Met hod As-Left As-Left As-Left Reduction
X-10 2-FCV-71-2 2-S1-4.7-71a 3/ 16/ 89 A 100

2/ 11/ 79 3/ 20/ 89 10
2-FCV-71-3 2-S1-4.7-71Db 3/ 16/ 89 B _50 100 _50
2/ 11/ 79 3/ 20/ 89 5 10 5 45
X-11

The col umm | abel ed "Test Method" shall be used to delineate how the conponent was tested. Use the

foll ow ng codes:

- I nboard conponent tested separately.
- Qutboard conponent tested separately.

mooOw>»

| nboard conponent tested sinultaneously with other conponents.
- Qutboard conponent tested sinultaneously with other conponents.
- Inboard and out board conponent (s) tested sinultaneously.



