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I3 TRODUCTION

“
1t has bean customary to conduct integrated leakage rate tests on -~
primary containment structures for a duration of at least 24 hours.
The basis for the 24 hour test duration came from AEC guidelines

and recommencations made in prelirinary issues of ANS 7.60 (now ANSI
N4S.4-1972), "Leakage Rate Testing of Containment Structures for
Nuclear Reactcrs."”

However, several primary containment tests have been conducted over
the past two years providing additional information in regards to
containcent leakage rate test duration. Test results have shown that
a successful pricary contzinzent leakage rate test can be conducted
in considerably less than 24 hours.

Bechtel Corporation personnel have conducted, commencing with the
Palisades MNuclear Plant, fourteen primary containment leakage rate
tests on seven containments to date. It becazme apparent early in

the containzent testing program that the acceptability or nonaccepta-
bility of the leakage rate measurexzents could be determined within

a few hours (4 to 6) after the start of the test. Early tests were
still conducted for 24 hours in accordance with the original guide-
lines until sufficient data was collected to confirm previous
observations. Twenty-four hour primary containment tests were
conducted at peak test pressure and at reduced test pressure at
Palisades, Point Beach Unit 1, Point Beach Unit 2 and Pilgrim Unic 1.
At Turkey Point Unit 2, the reduced pressure test was run for six
hours. The peak pressure test was run for twenty-two hours, but ':3
the test results were reported based on six hours of test data.

Subsequent to the Turkey Point Unit 3 containment test, a formal
presentation was tade by Bechtel Corporation personnel to the AEC in
Washington, D.C. om July 20, 1971. The AEC was rcpresented by
individuals from the Division of Compliance, the Division of Reactor
Licensing and the Division of Reactor Standards. Data from previcus
containment tests conducted by Bechtel was presented in tabular and
graphical form illustrating the ability of the leak rate measurement
system and cocputer program to determine the containment leakage
rate after approximatley six hours of testing.

As a result of the July 20, 1971 meeting, it was agreed to conduct the
Oconee Nuclcar Station Unit 1 containment leakage rate test for a
duration of ten hours. In August 1971 the reduced pressure test and
peak pressure test werc successfully conducted at Oconee, each for a
duration of ten hours.

The data indicated that a containment leakage rate test can be
successfully run in less than twenty four hours and it seems neither
necessary nor desirable from a practical standpoint for a utility to
commit to a 24 hour lecal rate test.




“1n turen 1972 the Turkey Point Plant Unit 4 containment integrated leak
tate test was satisfactorily completed in less than twenty four hours.
7' teot duraticns for the peak and reduced pressure tests were 8% hours
At nirx hours respectively.

Th.ugh data presented to justify containzment leakage rate tests for
durations of less than 24 hours was originally based on pressurized

water reactor containzments, similar criteria can be applied to boiling
water reactor containzents. TIn June 1972 the primary containment
interrated leak rate test was satisfactorily completed at Pilgris Unit 1.
At the request of the client both the peak and reduced pressure tests
were run for twenty four hours. Howaver, review of the data confirmed
rhat the criceria previously applied to pressurized water reactor
containments also applies to boiling water reactor (BWR) containments.
The Pilgrim Unit 1 containnent integrated leak rate tests could have
been satisfactorily run is less than twenty four hours. The instrumenta-
tion used and the method used to measure the leakage are the same. In
general, only the containment size and maximum allowable leakage rate
vary from site to site.

The recomnended criteria for determining when a containment integrated
leak rate test is successfully completed is presented in Section 2.0. v

Detailed explanaticns as to how the leak rate is determined and reported
are presented in subsequent sections.

Section 4.0 describes instrumentation previocusly and currently used by
Bechtel personnel. iowever, different instrumentation may be used on
future containment integrated leak rate tests if it can be shown that
the instrumentation provides equal or better test F ogress and results.
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2.0

TEST DURATION CRITERIA

2.3 Historical Data ' . ' i

This discussion is based on fourteen containment integrated
leak rate tests conducted on seven containmente during the past
two years. Peak prossure and reduced pressure tests ware
conducted at: Palisades Nuclear Power Station, Point Beach
Nuclear Pewer Plant Unit 1; Point Beach Nuclear Power Plant
Unit 2; Turkey Point Plaat Unit 3; Oconee Nuclear Power Plant
Unit 1; Turkey Point Plant Unit 4; and, Pilgrim Nuclear Power
Station Unit 1.

A computer printout of the test report for each of these tests

is provided in Appendix B of this report. Additionally, a graph
of the Calculated Leak Rate versus Test Duration is provided for
the reduced pressure tests (Figure B.l) and for the peak pressure
tests (Figure B.2).

2.2 - General Discussion

The objective of conducting 2 containment integrated leak rate
test is to verify that the integrity of the containzent is in
compliance with the criteria set forth in the plant Final Safety
Analysis Report and Technical Specifications.

This objective is accozplishad by pressurizing containment and ﬁQFJ
measuring the resulting leakage of contained air. Deve=tem \©

The data is then statistically compiled and reported to emable

test personnel to make a decision as to the test results based

on the data presented.

‘A review of the data shows that in practically every case the
magnitude and the trend of the calculated leak rate indicates

a satisfactorily completed test in less than twenty-four hours
of test duration. Based upon this review the following contain-
ment integrated leak rate test durztion criteria were formulated.

A. Bechtel Computer Program

The decision as to whether or not the leak rate is satisfactorily
completed is determined from the sl —" o

the w ST Y SR
t“ ThE . A Yy o o e
Bechtel Corporation computer program, and the judgment of test
personnel based on an overall review of test data and on
previous testing experience.




Additionally, it should be noted that analysis of data is
based on information received from the Bechtel containment
structure {integrated leakage rate test computer program
printouts. ~

T

“was described im
gection 6 of this topical report. In additien to computing
the lcakage rate, the Bezhtel computer printouts provide
information concerning the MR, AT and Gakr

cclllllllllIlll!ll!l!llllllll!l!l!lta.

Consequently, the below listed criteria may not be useable
by others using different methods to analyze data and
compute the containment structure integrated leakage rate.

Containment Atmosphere grabilization

s

This plot yields a farily smooth curve which will approach
a straight line. A sloped straight line {ndicates that

a heat sink or heat source (due toO ventilation systen
operation for example) exists inside the containzment. If
heat sources OT heat sinks are insignificant the plot will
beconxe horizontal.

1f the status of heat sinks or sources changes during the test
(starting oT stopping ventilation systen fans or cooling water
for example) the slope of the line will of course change.

s

d. The pressu:e-ti:e curve should follow the
temperature-:i:e curve. FfoTr example if the current contain=
ment air temperature and pressure are 70°F and 65 psia,
respectively, and the tezperature drops 0.1°F in one hour, the
pressure should drop 0.012 psi or more (depending on the leak
rate) during the sane hour.
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C. Sensor Malfunction

In addition to the above plots the recorded data of individual
sensors must also be continuously reviewea. g e

e. Deviation from
the trend may indicate a faulty sensor.

In general, the numler of sensors that can be lost without
having to abort the test is a function of the number of
sensors used, the sensor locations, and the volume fractions
assigned to the sensors.

However, 1f data recorded over the past five hours indicates
that dewpoint temperatures, i.e. partial pressurc of water
vapor, have stabilized anad any changas are not of an order

to cause error in leak rate calculations, then malfunction

of any or all of the dewpoint sensors shall not require aborting
the test (See ANSI N45.4-1972, section 7.9). R I

1 .

f ’
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D. System Verification

Subsequent to calculating the leak rate a superimpo ;ed leak
rate of known magnitude is established. Data for verification
portion of the test is reviewed and analyzed in the same manner
as the data for leak rate portion of the test.

Duration Criteria .- .

Specifically, the following criteria shall be met in order to
consider an integrated leak rate test satisfactorily cozpleted:

R e T S AN P S A SRS

Once the containzent is at test pressure the containment
atmosphere shall be allowed to stabilize for about Ry
The atmosphere is considered stabilized when:

1. The rate of change of average temperature is less than
1.0°F/hour averaged over the last two hours.

or

2. The rate of change of temperature changes less than 0.5°F/
hour/hour averaged over the last two hours.

2-3
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B.

Data Recording and Analysis

1.

6.

The Trend Report based onW shall
{ndicate that the rmagnitude of the calculated leak rate
4s tending to stabilize at a value less than the maximunm
allowable le n

a |
caleulated leak rate ray be iameeesteawesistatesy; o 1C
\..
~

last twenty poin cn ever provides the most

points. W the calculated leak rate
can then be m
padmen 1f ¢

k

and

The end of test upper 95% confidence limit for the calculated
leak rate based on Total Time calculations shall be less
than the maximum allowable leak rate.

and

me
€ B N, ¢ et oor last
twenty data points, whichever provides the most data,
. SR - .

and

Data shall be recorded at approximately equal intervals and
in no case at intervals greater than one hour.

and

At least twenty (20) data points shall be provided for proper
statistical analysis.

and

~

In no case shall the minimum test duration be less than
six (6) hours.

C. Verification
1. Containment ztmospheric conditions shall be ahhesbase
8
2. The verification test duration shall be approximately equal
to half the integrated leak rate test duration.
2-4
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3.

Results of this verification test shall be acceptable
provided the correlation between the verification test
data and the integrdated leak rate test data demonstrate
an agreement within plus or minus 25 percent.




3.0 ANALYSIS METHODS

3.1

3.2

aot
o~
‘Il

L L

Gennrral Discussion

The two methods of leakage rate testing generally applied to
primary contzinnment systems are the Reference Vessel Method

and the Absolute Method. Both methods are described in ANSI
N45.4-1972, "Leakage Rate Testing of Containment Structures

for Nuclear Power Plants."

Md, po

P%e.
Both procecires, Tomieemn ! Heimeeeeir & :re cescribed

in ANSI N45.4-1572,

Absolute Method

The method of leakage rate testing employed by Bechtel Corperation
for primary ceontainzent structures is the Ammmadeshee®® @ =ince
Bechtel testing experience has shown that the Absolute Method is
currently more practical for the testing siruations encountered.

Using instrumentation of comparable accuracy and repeatability
both the Absclute Method and Reference Vessel Method provide
comparable leakage rate measurement results. However, the
Absolute Method is preferred by Bechtel for the following reasons:

A. To accurately determine containment atmosphere conditions
ell regions of the containment should be sampled. This
can be accomplished easily and reclatively inexpensively
using the Absolute Method.

B. The leakage rate formula for the Reference Vessel Method
presented in ANSI 1N45.4-1972 assumes that reference
vessel atmosphere and containment atmosphere temperatures
are equal. This temperature equalization is generally
difficult to attain. Therefore, the usual Reference
Vessel Method can make the reference vessel a gas thermometer
and the shorter the tize interval between taking data the
greater the error associlated with a variable temperature
lag.

C. Reference Vessel Method instrucmentation located inside
the containment is susceptable to leakage. Consequently,
an additional leak rate test must be conducted on the
reference vessel svstem. Also, due to their complexity,
a nimum nuumber of vessels would be built and installed.
V_~{Should a small leak occur in a reference vessel the contain-
ment must be depressurized to make repairs = a time
consuning and costly operation. Absolute Method instrumenta-
tion located insidec the containzent is not susceptible to
such failure.




3.3

D. Due to redundancy provided by the number of sensors g
installed for tle Absolute Method, should a small gl \
percentage of the sensors nmalfunction the test need not
be aborted. The inoperative sensors are simply factored
out of th. progran, volume fractions recomputed for the
remaini.g sensors and the test continued.

Total-Tinme and Point-to-Point Calculations (

L A A ———

el T A B < S L A O A SN
lqgh....i.... These procedures are described in ANSI N&45.4-1972. ,
Leakage rate test reperts were originally based on the Point-to- .
Point calculations as recormended by the April 1970 issue of vEFT e
ANS 7.60 (now ANSI XN45,4-1972). Now, however, as recommended )/’
by Appendix J to 10CFR Part 50, "Reactor Containment Leakage "”—‘_,
Testing for Water Coclec Power Reactors,' leakage rate test

reports are based on the Total-Tiwme calculations. Experience has
shown that Total-Time calculations provide better results.
Additionally, the current revision of ANSI N45.4-1972 recommends

the Total-Time procedure.

The Total-Time procedure is preferred since it reduces the effect
of instrument errors on leakage rate computations as the total
test duration increases. Ayt |

T et ettt et AP

e S S AT SR, £ e 8 TR, SOV A 19
e S ——— Db it i T
ST s . As an example, the

following illustration is provided for a time distortion effect

called time parallax:

Assume that the 1400 data was actually taken at
1402 but recorded as taken at 1400, The 1430 data
was taken on time. The test started at 0800. Data
is taken every half hour.

The 1400 Measured Leak Rate using Total-Time calcula-
tions would Ye in error by a facter of

; 42 min - +2 min
5 6 hours 360 min

= 40,0056

or about +'5%. The 1430 Measured Leak Rate would
be correct.

On the other hand, the 1400 Measured Leak Rate
using Point-to-Point calculations would be in error
by a factor ol

+2 min +2 min -y
0.5 hours 30 min +0.067 .

or about 6.7%. 7The 1430 Measured Lcak Rate would be in
error by about the same amount except opposite in sign.
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The Point-to-Point procedure ic retained as part of the computer
report printout since tlhiis mathod of calculation will rcore
rapidly indicate departures from the trend late in the test
period.




4.0 TEST INSTRUMENTATION

4.1 Parareters Mornitored

During the prirary containment leakage rate tests, measurements

are macde of contalnment EEEERNEGNGEEEEEEI—C c ,  R—

tem (for vapor pressure determination), and Slnmhemy
| T

4.2 Drvbuldb Temoeratura

T

damaetmmy ccploying a sensitive element of extremely pure copper
wire, wound and annealed to mininize strains. This counstruction
provides a definite resistance value at each temperature within
the range of the detector, This stability and accuracy assures
the repeatibility so important in leakage rate calculations since
-computations are based primarily on measuring the change in temper-
ature and not on measuring the actual teuperature. Response time
for 90% of a temperature change is about 40 seconds. Ghambibtaed

n

. : 0

Cenerally, twelve to twenty-four resistance thermometers are located
throughout the containzment. The number selected is a function of
the containzent free air volume, the containment configuration, and
the redundancy desired to insure a representative containment air
sampling should there be temperature sensor malfunctions. The
locations of the sensors are selected. based on a temperature survey,
to provide a representative sampling of containment atmosphere
temperature. Each temperature sensor is assigned a volume fraction
vhich is based on the fracticn of the containment total internal
free air voluoe, i.e. temperztu-e zone determined by temperature
survey, that the sensor is moaitoring.

The recorded values of temperature for each temperature sensor are /
fed into the computer. The computer program then corrects for \J/
volume fractions, calibration curves and conversion tables, as
required, and computes one total, corrected, average containment
atmosphere temperature in degrees F.

4.3 Dewpoint Temveraturc (Vapor Pressure)

Dewpoint temperature sensors generally used are described as follows:

&, Aluninuz oxide humidity sensors which consist of an aluminum
strip which is anodized by a special process to provide a porus
oxide layer. A very thin coating of gold is evaporated over
this structure. Tle aluminum base and the gold layer form
the two electrodes of what is essentially an aluminum oxide
capacitor. Water pressure directly affects the eleccrical
capacitance and hence the sensor output. System accuracy is
11°c or +1.8°F over a Dew/Frost point temperaturc range of
=1109C to +20°C, with a repecatability of +0.5°C in the humidity
range coomonly enccuntered during the test.

4-1




4.4

4.5

b. feristance dependent humidi
s~ face consisting of an epo

t
cooler is controlled by comparing the sens
fixed resistor. The dewpoint determininati
conductivity. System range is -20°F ¢ 140

* a
AR

Cenerally, six dewpoint teszperature Sensors are located throughout
the containnent. Dewpoint temperature Sensors are located following
a temperature survey nd

each sensor is assigned a volume fraction
action of the containment internal free air
t s

a
corresponding to the £
h ensor.

r
volume monitcred by tha

-] O
"

The recorded values dewpoint temperature for each sensor are fed
into the computer. The computer program then corrects for volume
fractions, calibration curves and conversion tables and computes
one total, correct

| LT RATAY

Absolute Pressure

The pressure Genscr genera
which consists of two part

Bourdon tube capsule and 2 -sensing optical readout unit.
Optical coupling between pressure sensor and readout eliminates
reactive and frictional forces on the sensor, assuring optimum
repeatibility. PRange is 100,000 counts full scale; resolution
0.001% of full scale; repeatibility 0.001% of full scale; and,
accuracy of M_.

lly used is a precision pressure gage
e n interchangezble fused-quartz

The recorded value of pressure is fed into the computer. The
computer program corrects for a tube constant associated with the
Bourdon tube and compules one total, ¢ neoanzent

| R PRSI

Instrument Error Analvsis

T e ——T G i ¢ . The analyses are used
primarily to select a balanced integrated leak rate measurement
system and evaluate, AR B e iRm——_
Wed
e T e I S -
Se‘llllllIlllllllIllIIIlIllIIIlIll....ll....-lilllllllllllllllll.llyd

Mhanges
in KMUJ-
bWul. However, both analyses are

provided.




ACCURACY EPROR ANALVSIS

The measured leak rate in weight percent per day is computed
using the absolute method by the forrmula:

A
(24) r 1 _n
M = (100) ) Ll L N (1)
n 1l
where:

?l - Pl - Pvl = total containnment atmosphere absolute
pressure, in psia, at the start of
the test, corrected for water vapor
pressure.

Fn - Pn - P 2 " total containment atmosphere absolute
pressure, in psia, at data point n
after start of the test, corrected for
vater vapor pressure,

Tl'Tn = containnment mean atmospheric temperature in °R,

at the start and at data point n, respectively.

H = test interval in hours between time 1 and time n.

R = gas constint (assumed to be a constant for the

entire range of pressure and temperature).

The change or uncertainty interval in M due to uncertainties in
the measured variables is given by:

: ~2600] fen s, \2 (e s, |\ .
M H dp, 2 P 1 '+ e
(2)
'(dM . b )2 +(d!1 _br)z %
d'rl 1 drz 2

vhere & is the standard error for each variable. This formula
4.1sL
BT Even thouph the formula is deterministic it does, <y

however, allow assessment of figure of merit for various equip-
ment to be used in the nmeasuring systeo without the naed for
assexbling and calibrating the system as an entity.




The error in M after difterentiating is:

2 2
2400 e P,T
- .f —_..,)
wocE(ngn )
()%
3 2 P.T 2\
2 e ] e
et oV o e
. N1T3 ) 5y J
vhcr;:

“*) - bPl
e -8
£, P,
& '_"r1 ” ‘rz :

For the purpose of developing a finite number for ey using
equation (3), {t is necessary to assume certain containment
conditions based on historical data encountered in previous
Bechtel tested containnent vessels. Therefore, the following
conditions will be assumed to exist:

1. PFor purposes of comparison to other tests He=24 hours.

2. Containzent leak rate is essentially zero, that is:

Por = Py

3. Containment mean absolute pressure = 60 psig.

4. Containmen:t mean atmosphere temperature (drybulb) = 80°F =
539.7°R based on 20 volume weighted temperature sensors.

Equation (2) has been verified ty K. Joroshek and E. Weipport, Tightness

Investigations o> Reactor fafety Pressure Vessels," Vo. 13, do. 3, March 1961.

"




5, Containment mean dewpoint temperature = 70¢F based on
6 volume weighted dewpoint temperature Sensors.

Equation (Z) becomes:

.

2 \21%
p o
100[:2(3—-) + z(?)] “

the error in pressure which accounts for the
error in the total pressure rmeasurement system;
both total absolute pressure and water vapor
pressure.

- b
| (ep )7 + (e )2]
i T v

#
inst. accuracy error/ vno. inst. = error in
total absolute pressure in psia.

{nst. accuracy error/ vno. inst. = error ia
water vapor pressure (dewpoint) indicator in
psia at 70°F.

inst. nccurncg error/ Yno. inst. = error in
temperature, R.

Substituting the instruuesnt accuracy values for the instrumen=
tation previously described in this section into above equations

yields:

2y

Py

“»

¥

40,0112 psia

g.00! ! NO- B et
+(0.015%) (scale ruding)//“' . ' qur\d o
L v ar 22
: . 0.0:5h = =~
4(0.00015) (74.700 psiz) P
. cend~d

to ¥ .80
Lc 27 . +0.735°F

e = Ve

. and from the steam tables #t & dawpoint of 70°F

e
Py

39.00918 psia




and, | ; ' 1
e * y(0.0112 psta)” + (0.00918 psia) <?fJ>QJ>MJ
= #0.0145 psia

+ 9.3°F _ 0.3%
; 3 - T
V20 v/ 20

e, = +0.0671°R

Substituting iato equation (4) yields:

[, ¢ o.0us (0.057) ' -!k

* © 2100 [ 2| ik 539.7 |
\ /

€y = 20.0326 weight percent/day

REPEATIBILITY ERROR ANALYSTIS

Using the same formulas as before the repeatibility error is
substituted for the accuracy error,
= y RURCE

e, = +(0.001%)(scale reading)

= #+(0.00001)(74.700 psia)

e - +0.000747 psia

4 0.5°c _ o0.9°F
v -\,g Ja.

e, = +0,3§7°F

aud from the steam tables at a dewpoint of 70°F:

e = +0.00465 psia

&
e, = 1_[ (0.000747)2 + (0.00465)2]
e = +40.00471 psia

2% _ R0
20 /20

0.0223%

o,




Q.

Substituting inteo equation (4):

Mo.00z71 |2 lo.0223" 2 %
o = W ZL’\W..?OO . 2\539.7 i

= +0.0107 weight percent/day
v -

1t should be noted that the errors associated with the above
analyses are the worst possible or worst probable errors causad
by the instruments. For measurements systems with multiple
componen»ts, systez calibrations typically show higher precision
than inferred from the 80 called worst possible or worst
probable error analyses.




5.0 COMPUTER PROGERAM AND PRINTOUTS

5.1 General Discussion

.

The computer program used was developed by Bechtel Corporation
specifically for the purpcse of computing containment structuTe
integrated leak rates. The formulas usaed in the Bechtel Integratedy/
Leak Rate Test Program are taken from formulas and guidelines
presented in ANSI N45.4-1972.

The primary computer system currently used is the CES35 time share
system. The computer is located in San Francisco. A recote
terminal is taken to the jobsite and is linked to the Bechtel
computer via telephone. The remote terminal is used to input

data and receive leak rate reports at the jobsite thereby providing
leak rate status reports immediately after data imsertion.

The computer program is basically a two step program. The first
Btep consists of computing the total, corrected, average contain-
ment atuospheric temperature and absolute pressure and providin
a printout of this information. The second step then utilizes
this information, called the Corrected Data Summary, to compute
the leakage rate and provide a printout in report format.

5.2 Corrected Data Summary

The uncorrected value of each containment atmosphere paraxeter
monitored (drybulb temperature, dewpoint temperature, and
absolute pressure) is fed into the computer program. (See
Appendix A, pages A-2 and A-4). The data is then corrected as
explained in Section 4.0 and a Seemewsdabitmetuiiidme

w This
gives the operator an opportunity to verify that the instrumenta-

tion is functioning as expected.

5.3 Report Printout

The second step of the computer program computes the leakage rate
and provides a report as shown in Appendix A, pages A-6 through
A-8. The report is divided into three sections as follows:

A. Leak Rate Based on Total-Time Calculations.
B. Leak Rate Based on Point-to-Point Calculations.

c. TEEE?’ Based on Total-Time Calculations.

The Time, Temperature, and Pressure coluzn data in the leak rate
reports are obtaincd fronm the Corrected Data Surmary blocks
explained previously. The Measured Leak Rate, Calculated Leak
Rate and 95% Confidence Limits column data are computed from the
Corrected Data Summary as shown in Section 6.0.

——— —— e g = — o — -



5.4

t is not the time the data was
taken as in the leck rafc revorls, e . -
The nuzber of data entries since the start
of the test is shown in celunn two. R e ——
Raggy and ( column data are computed
a8 shown in Section 6.0.

The Trend Report has recen:ly been added as a computer program
report printout and is provided to give test personnel a better
indication of how the test is progressing.

Conputer Procrzm logic Diazgram

A computer program logic diagram is shown on Figure 5.1, page
5-3 to illustirate the general flow of the user's decisions.

-~




Bechte! Corporation

(sicn on )

YES /—L—'\ e

‘,r {RESTART? — ~\\
ENTER STARTING NTER BASIC/
DATE OF TEST DATA
' 3

NO __/ENTER PREVIOUS\
\ VALUES ?

ENTER PORTION
OF BASIC

DATA Yas
—»( OPTIONS? INPUT FROM\MND
FILE ?
3 DATA RRZCIzZ
(r*' SUMMARY DTA
\EETER NEXT s;;/ ~4/}
\__ OF DATA P
IES ERROR?)
' ; TREND [TREND
L T | REPORT
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MEASURED DATA L TOTAL TOTAL
! TIUE ——-———-//
YES ERR@ REPORT ‘
NO
ENTER RESORT/ 03913% ?O;ST
;VARIABLSSJ/ .S SN
' REPORT |
TIME _\ ENTER NEW ,/
START TIME
L TERM (sxcn orr)

7 CONTAINMENT INTEGRATED LEAK RATE TEST PROCEDURC
COMPUTER PROCRAM LOGIC DIAGRAM

Figure 5.1




6.0 LEAK RATE CCPUTATIONS

6.1 Measured Leak Rate

The formula for corputing the measured leak rate (M) is taken
from ANSI N45.4-1972, "Leakage Rate Testing of Contuinment
Structures for Nuclear Reactors." The derivation of the formula
is also given in ANSI N4S5.4-1972.

The formula is as follows:

coemfeppe]
- M vl
where,
M = measured leak rate in weight percent per day.
H = time interval, in hours, between measurements.

T)»T, = mean absolute temperature, °R, of the contain-
ment atmosphere at the beginning and the end of
the test interval (H) respectively.

PI’PZ = mean total absolute pressure, PSIA, of the

containment atmosphere at the beginning and
end of the test interval (H) respectively,

?vl'Pvz ™ mean total water vapor pressure, PSIA, of the
containment atmosphere at the beginning and enu
of the test interval (K) respectively.

F) = P] = Py) '
2 = P2 - Py2

Since the computer program corrects the containoent atmosphere
» absolute pressure for water vapor pressure prior to computing
the leak rate M, equation (1) becomes:

T, P
X .2300 ’_1- 1 z] )

T, ?

2 1
The values of time, temperature, and pressure required to calculaze
M using equation (2) are taken from "Temperature and Pressure
Corrected Data Summary” block of the computer printout for both the
Total-Time and Point-to-Point calculations.

An explanation of the origin of the "Temperature and Pressure
Corrected Data Summary" block is presented in Section 5.2.




6.2

Appendix A to this report provides a computer printout report

of an actual leak rate test with a known leak. A tabular listing
of measured leak rates is shown on pages A-7 and A-8. A plot of
the measured leak rates for leak rate based on Total-Time
calculations is provided on Figure A.l, page A-9.

Appendix C provides a sample problem illustrating how the measured
leak rates (M) were calculated in the ILRT Demonstration Report
(Appendix A).

Calculated Leax Rate

Since it is assumed that the leak rate is constant during the teszt.ng
period, a plot of the Measured Leak Rate versus Time would ideally
yield a horizontal, straight line. Obviously, sampling techniques

and test conditions are not perfect and consequently the values of
measured leak rate deviate from the ideal straight line plot situation.

e S S A SN AT
T e I T T
for a set of measured data such that the sum of the squares of the
deviations of each measured data point from the straight line is

ninimized.

Using this statistical process a regression line is "best fit" to

the calculated values of measured leak rates. TmEeE——="
r -

oy

The regression line equation for the Least Squares "best fit"
straight line 1is:

L = A+ Bt ' (3)

and therefore, the calculated leak rate at some specific time
(t) !s expressed as:

Li - A+ Bti . 3r)

The deviation of the measured leak rate (M) from the calculated
leak rate (L) is shown graphically on Figure A.l in Appandix A and
is expressed as:

Deviation = My = L4
It was mentioned previously that the recgression line is "best-fit"
to the measured leak rate data by minimizing the sum of the squares
of the deviations (i{.e., the sum of the squares for error). Expressed

mathermatically we wish to minimize:

$5Q - Sy - Ly)? 4)

6-2
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were SSQ is the sum of the squares of the deviations and
i=1
Substituting equation (3A) intc equation (4) ylelds:

§sQ -= [Hi - (A + 5:1)] 2 (5)

Using differentizl calculus, the nurmerical values of A and B
that will nminimize SSQ can be determined. It can be shown
that A and B are the sclutions to the following pair of simul-
taneous linear equations:

(v, - By -

.o (t1 - t)é
aZeM - (Ze ) (M) ‘
P e T (6)
nZt, ()¢ .
‘A - ﬁ-l’t . (7)
where,
M . .
M o= :T_i. vocar nac hete o whedam */\_.Mr\dufw_'f‘ &
=t :
- <t A
" " e 9

Subs*ituting equations (5), (8) and (9) into equation (7)
yields an alternate equation for A:

2
CMI ") - (S ) (M)
A = i 12 3 - iy 1 (10)

g snit1 -(Eti)'
Equations (6) and (7) sre referred to as the Least Scuare
Equations and are used by the computer pro,ram to compute the
calculated leak rate for the Total-Time and Point-%o-Point
calculations.

Appendix A to this report provides a computer printout report of

an actual leak rate test with a known leak. A tabular listing of
calculated leak rates is shown on pazes A-7 and A-8. A plot of the
calculated leak rates for leak rate based on Total-Time calculations
is provided on Figure A.l, page A-9.




6.3

Appendix D provides a sample problem illustrating how the
calculated leak rates (l) were computed in the ILRT Demonstra-
tion Report (Appaendix A).

Confidence Li=its

Even though the regression line is statistically determined to
minimize the suz of the squares of error, the values of calculated
leak rate cannot be coasiderad to be exactly correct. I1f the
containment integrated leak rate test were rua 2 number of tices,
under the same conditions, the calculated leak rates would be
close in value but not exactly the same each time.

However, based on statistics we ccn establish confidence limits
associated with the regression line such that the limits of the
calculated leak rate computed would successfully enclose the

true value of the desired parameter a large fraction of the time.
This fraction is called the confidence coefficient and the interval
within the confidence limits is ths confidence interval.

Confidence linits for the integrated leak test computer program

are deternined based on 2 ComieamEEERGRISSTETETRRES . e

wi all withio o} A
d

To determine the value of the confidence limits the following
statistical information is required: (/NN ol

B I
TONETE———, 2 ‘he name iuplies, 1S gmmeseiENS——

° I
{ eI : .  The variance of the measured leak rate

(M) from the calculated leak rate (L) is given by:

.tlt.
8l = s58Q 5;@ I_‘_ﬁt‘;:_—;‘:‘_\ (1)

= n=-2 " . n',z/

vhere 82 is the varianuce and s is the lt;ndnrd deviation based on
(n-2) degrees of freedom. SSQ is computed from equation (4).

The standard deviatinn has more practical significance since
computing the standard deviation returns the measure of variability
to the original units of measurement. Additionally, it can be shown
that giver 2 normal distribution of measurements, approximately 95%
of the measurecments will fall within two _standard deviations cf
the mean. :

U
~ a—
i ————

The nunber of standard deviations either side of the regression
line which establish a 95% confidence interval are more accurately
deterwined using a statistical table called a "Table of Percentage
Points of the T-Distribution" and provide increased confidence in

outcomes for small and large sample sizes.

6-4
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Since we are interested in reporting a single value of calculated
leak rate based on miasurcments taken over a specific time period,
en additiorzl factor is applied to the formula for computing the
variance ard hence, the standard deviacion.

For additional inforsation concerning the use of the T-distribution
and the use of the factor applied to the formula for determining
variance and standard daviation consult reference 1 or any similar
publication on probability and statistics.

The Table of T-Distributions has been formulized for use by the
computer program as f.llows:

T = Losess + 232, 2838 o
- (ﬂ-z) (n—2)

where the value of T is based on 957 Confidence Limits and (n-2)
degreees of freedom.

" The application of the additional factor to the variance formula

K
zz,,.,(m,»/efrtf [ N _—:)2]
y (=g -8

yields: , s*s Stmo-L)"
-8 n-
(t_ =~ t)
0_2 e [1-0-%-& ==y ]= 13 &—
e, - 0

where tp {s the time after start of test.

Taking the square root of equation (13) yields the standard
deviation:

l+:+ -
e, -0
The upper and lower confidence limits can now be determined,
the confidence limits being equal to T standard deviations above
and below the regression line. Combining equations (12) and (14)
vields:

. Confidence Limits = L + Tv K. C15) «—
or
uer =L+1¥ E - (1)
L =L~ T an ..
where UCL 2nd LCL are the upper and lower confidence limits 7
respectively.
See cale ¥ o _
;nr R Ly
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tquation (16) and (17) are used by the Computer program to
corpute the 957 Confidence Linmicg for both the Total-Time
and Point-to-Poir: Calculations,

Appendix A Provides z Computer Printout Teport of an actual
leak rate tose with a known leak, 4 tabular listing of 95%
Confidence Limits 1g shown on Pages A-7 angd A~8. A plot of
UCL and 1cL for leak rate based on Total~Time calculations is
Provided on Figure A.l, page A=-9,

Appendix g Provides a Ssacple problen illuscracing how the 952
Confidence Linits were Cemputed in the ILRT Demonstration Report
(Appendix A).

It should be noted that the Standard deviation conmputed by
equation (14) wila ROt yield the Same value for Standard
deviation Teported a: the botrom of the tabulategd data on the
ILRT De:onscra:ion Report Printout, Appendix A, page A-7 and A-8,

&
M, - M
- _}/Lg L - )

n-1

The Standard deviation is equation (14) 15 related not Lo the
Bean but to the Tegression line.

€4 N —

The trend Teport uses values Previously calculated. with the
exception of the change in calculated leak rate coluan, to

pr e
| SRR :M and
:hMe. :
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