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The Primary Containment Integrated Leak Rate Test was performed during June 3-
14, 1980. The test was conducted in accordance with 10 CFR 50, Appendix J: the
Oyster Creek Technical Specifications, and Station Procedure 666.5.007, Revision 1,
"Primary Containment Leak Rate Test". Specific deviations from the testing requirements
of Appencix J were detailed in the "Oyster Creek appendix J Exemption Request' dated
November 22, 1978.

Detailed descriptions of the Containment System and plant configuration were
provided in two leak rate test reports dated February 1971 and May 1971. The leak
‘ate detection system described in these two reports, however, was replaced with one
of an improved design during 1978 and was utilized in the Primary Containment Integrated
Leak Rate Test conducted at Oyster Creek that year. A description of the leak rate
detection system, calculational methods, and test chronology are included herein.

Also included herein, in accordance with 10 CFR 50, Appendix J, is an analysis
and interpretation of the type A and supplemental verification test data. Leakage
rate data and the results of type B and C tests performed since the previous

type A test are provided as attachments.
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LEAK RATE DETECTION SYSTEM

The leakage rate detection system consiste of thirty (30) four-wire platinum
® (RID's) and ten (10) lithium chloride dew cells positioned in the containment structure
! as illustrated in Figure One. The analog signals from these sensors are input to a
multiplexer scanner also positioned inside the containment. A data acquisition
system located external to the containment interogates the scanner on demand for
temperature and humidity information. Containment absolute pressure and reference
vessel differential pressure information is input to the data acquisition system from
a pair of fused quartz bourdon tube manameters which are externally connected to the

containment and reference vessel. The analog signals are processed through an analog

‘0 digital converter and transmitter at present intervals to a PRIME 750 computer. A
system sensitivity check is performed by introducing a calibrated leak through a mass

flow transducer. The output from the transducer is also processed via the analog to
digital converter and data acquisition system to the computer. In addition, the
system reads and records the ambient temperature and pressure.

The camputer operates in a real time mode to oollect the transmitted information
and calculate on demand the containment leakage rate. Figure Two is a detailed
functional block diagram of the Leak Rate Detection System including individual
ppropriate component performance specifications.
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FIGURE 1

(RTD and Dewcell Sensor Location)
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Terparature
Configuration: 4 wire
Operating Range: 32-250°F

Accuracy: 60-120°F,

32-250°F, +

Repeatabllity: + 0.1°F
Element: Platinum

Quantity: 30

Dewpoint Temperature Msasurement

Dewpoint Range: 0-200°F

1

s Dewpoint Accuracy: +1°F

l Dewpoint Repeatability: +0.5°F
Dewpoint Sensitivity: +0.1°F

[ Type os Sensor: Lithiun Chloride
Quantity: 10
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0-150 in. H20 (diiferemtial)

Accuracy': +0.02% of reading
Repeatability: +0.001% of full scale
Stability: Less than 0.001% F.S. degree

Fahrenheit ambient temperature range
Type of sensor: Quartz Bourdon Tube
Quantity: 1 each of the above

Data Acquisition System

A/D Dual slope integration
‘ V + F, constant scan rate
- Display: S + digit, polarity, decimal and legend
Sampling Rate: DC-180DB, 10000 chm unbalance

AC-180DB at 50-60 H2

Normmal Mode Rejection: 80DB

Input Impedance: 1000 megohms/volt

Ambient Temp. Range: 050°C

Zero Offset: Recalibrate before each reading autaratically
Voltage Temp: +0.002% of reading (0.25 V/°C)

Accuracy: #0.005: F.S., +0.005% of reading at

25°C with +10% power ar.at on
At 67% F.S.: 0.012 F.S.
Repeatability: +0.005% F.s.
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CALCULATIONAL METHODS

References

1. ANSI N454-1972, Leakage - Rate testing of Containment Structures for Nuclear
Reactors.,

2. ANS N274 - 1978 (W.G. 56.8 - Draft #2), Containment System Leakage Testing
Requirements

The containment leakage rate calculation was performed in accordance with the above

standards and utilized the absolute system analysis method and mass plot calculational

techniques. In addition, the reference vessel system analysis method was also performed

for camparison to insure confidence in the test resul%. These analytical methods are

described below.

ABSOLUTE METHOD

The absolute method of leakage rate determination consists of measuring the
temperature and pressure of the containment atmosphere, with suitable correction for
changes in humidity. This method assumes the temperature variations during the test
will be insufficient to effect significant changes in the intermal volume of the
containment structure.

‘The percent leakage of air from the containment structure in terms of the original
amount contained and that which escaped during each hourly test period is then calculated
by the following formula:

Leakage Rate (Wt 8/day) = [1 - ~Z2(P2); 150y (o4
(T2) (P1) “h

where:

Tl = mean absolute temperature of the containment structure air, at the start of
each data collection period (point-to-point method) or at the beginning of
the test (total time method).

-Pmeo
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T2 = mean absolute temperature of the contaimment structure air at the end of
each data collection period (point to point method).

Pl = total absolute pressure in the containment structure at the start of each
data collection period (point-to-point method), or at the beginning of the
test (total time method).

P2 = total absolute pressure in the containment structure at the end of each
data collection period (point to point method).

h = total length of test period (hours)

An upper one-sided 95% confidence limit for the leakage rate (total time) is then
calculated using the mass poim -alculational techmique.

EFERENCE VESSEL METHOD

The reference vessel method of leakage rate determination compares changes in the
pressure of the containment atmosphere with the pressure in a hermetically closed
reference vessel system. Due to its geametry and location in the containment structure,
the reference vessel assumes the temperature of the containment atmosphere with a

time lag that is campatible with the frequency of the data collection.
The leakage rate of air from the containment structure in terms of the original

amount contained and that which would escape during a 24 hour period is then calculated in
accordance with the following formula:

Leakage HaL: (WM%/day) = (24) (100) {TL (PR-P2+PV2) - PRI-PL4PV1,
h T2 (P1-PV1) P1-PV1

Where T1, T2, Pl, P2 and h are defined above and
PRl = absolute pressure of the reference vessel at the start of each data collection pericd.
PR2 = absolute pressure of the reference vessel at the completion of each data
collection period.
PV1 = the partial pressure of water vapor at the start of each data collection
period.
PV2 = the partial pressure of water vapor at the campletion of each data collection

-pm?-
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MASS POINT METHOD

The mass point calculational method utilizing the ideal gas law, determines the
mass of air in the containment, at each time point during the test and performs a
straight line least squares analysis to estimate the leakage rate. An exact upper
one-sided limit of a 95% confidence level is then calculated on the leakage rate
using the relationships identified below. The derivations and details for this
calculational method can be found in reference 2.

The calculational methods employed in the computer code for mass point technique
calculates a least squares analysis as follows:

NOTE: Symbols are defined at the end of this section.
The least squares line is given by
W = At + B
where the slope (A) and intercept (B) are given, respectively by

A = N(Ztiwi) - (EWi) (2ti)

2 2
N(ﬁti_) - (Iti)

AND

B
B = (W) (It;") = (IgR,) (It

-

N (ZtiZ) - (Eti)z

E‘.achtiistheelapsedti:mbemeenaclodctimformeinitialreadinqand
the clock tum at which the ith reading is taken. The formulas for A and B
do not require equal time intervals.

The leakage rate is expressed as the ratio of the rate of change of the mass and
themssinmecontaimentattmetl = o. 'mevalmoftihavemimofmsand
since the leakage rate is desired in Wti/day the estimated mass point leakage rate,
expressed as a positive number, is calculated as follows:

L = (-2400) (A/B)

-pm 8] -
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camputation of an upper limi of the 95th confidence level for the leakage.

\
- . - . ‘
™e estimate of the cammon standard deviation of the masses with respects i
toc the line is given by:

LW = ﬁ;z

s E0- 7 ;12

where

wi is the measured mass at time ti and

ﬁi is the estimated mass at time ¢, from ii = At, +B

In order to determine the standard deviation of the slope (Sa) let

K= S

2, _ 2, 1/2
[N(Zti ) (Zti) ]

N 1/2
Sa K[N]

To determine the standard derviation of the intercept (Sb)

Sb = K[Zt.zll/z

i

and the covariance of the slope and intercept (SAB) is

Sab = Kz [-Iti]
In order to calculate the exact upper one-sided limit of a 95% confidence

level for the leakaje rate, let

as= B2 - tgs (SbZ)

2
baka-tgs (S])and
2 -
c=A -tQSSa

then the exact upper one-sided limit of a 95% confidence level for the
leakage rate is determined as [ollows:
" 2 1/2
UCL (+95) = -2400 [b - (®"-ac)™ "]/a



v SYMBOLS AND SURSCRIPTS

SYMBOLS
: P - Total absolute pressure in the containment (psia;
T - Mean absolute temperature of the containment air (°R)
1 v - Internal free volume of the containment (assumed to remain constant for the
. duration of the test - ft°)
: R - Gas constant for air (53.35 ft-1bf/lbm~°R)
T Pv - Pa}rtial pressure for water vapor (PSIA)
N - Number of pairs of measurement
W - Measured mass of contained aiv (lbm)
T - Time interval of measurement after initial measurement (hr)
; - At & B - Lease squares line relating measured masses to corresponding times of
' measurement
i
l A - Slope of least squares line
B - Intercept of least squares line
l S, -~ Estimate of standard deviation of slope of least squares line
S - Estinate of standard deviation of intercept of least squares line

Estimate of covariance between slope and intercept of least squares line
L - 2400A/B - Estimate of leakage rate, derived from least squares slope and

[ — - -
.
i

interrupt, expressed as a positive number (%/day;

1 ‘!'9,5 - 95th percentile of student's distribution
: oL - Exact upper one-sided limit of a 95% confidence level for the leakage rate.
L SUBSCRIPTS
L- i - Indicates the ith data point
|
-
1
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For all analytical methods described above, constant containment volume is
assuned. The leakage rate is later corrected for changes in containment volume due
to water leakage into the containment and changes in reactor vessel water level.

Data for temperature and dewpoint input is corrected for instrument error using
three point calibration data provided by the equipment supplier. In addition, the
pressure sensor readings are corrected using a similar technique. Weighting factors
are assigned to the temperature and dewpoint sensors thus providing a single ambient
and dewpoint temperature reading indicative of containment conditi.ns.

COMPUTER CODE QUALIFICATION:

An independent audit was performed on the computer code prior to utilizing it in
the 1978 Primary Containment Leak Rate Test at Oyster Creek. The audit consisted of
an m-depthckxeckoftreeqmtimsusedmconfimaqreamtwithtmserecmuamed
by the governing standards. In addition, the code was run using data obtained by
contractors who performed leakage rate tests on other containment structures. The
results of this check agreed favorably with the values obtained using the cognizant

contractor's code.



[ S -y “ — - —

TEST CHRONCLOGY AND HIGHLIGHTS

Type B and C local Leak Rate Tests were performed on all testable penetrations
prior to initiation of the Type A Test. The results of the local leak rate testing
as required by 10 CFR 50, Appendix J, are presented in attachment one and cover the
period since the previous Type A test.

Presented in Attachments Two and Three is the calculated leakage rate data for
the Type A test and suplimental test. Also included in Attachment Two are plots of
the change in containment mass and weighted average containment temperature for the
Type A test.

The chronology of significant events during the performance of the Type A test
18 as follows:

June 3, 1980

An inspection of the Primary Containment was conducted. No evidence of structural

deterioration to the contai.ment or contairment compenernts was observed. The reference

vessel was leak tested and determined to be leak tight.

June 4, 1980

Trial checks were made of the leak rate detection and measuring system. During
check-out of the Data Acquisition System, it was determined that RID #29 had failed.
Sensor RTD 426 was relocated in the vicinity of RID #29 (drywell head area). The
following sensors were out of service during the test: Dew-cell #5, RID #6, RID #9
and RTD #29.

June 5, 1980

System valve alignments were completed and the primary containment was pressurized to

37.011 psia at 11:30 a.m. following by the initiation of a four hour pressure stabilization

period. During this “"stabilization" period the following conditions were discovered:

The particulate monitor isolation valves were open; containment vent valves V-
21-1 and V-27-2 were leaking and the containment head manhole cover gasket was leaking.

June 6, 1980

Mdrymllmdepmsmﬁzeiaﬂrep&mmdediswvuedleﬂugepathswerecmphted.

Repressurization of the primary containment commenced.
June 7, 1980

Completed repressurization of the drywell at 4:03 a.m. and began collecting data for
the test at 9:25 a.m. Calculations indicated that the primary containment leak rate
was in excess of the allowable limit. A few minor leakage paths were found and
corrected.

June 8, 1980

A significant packing leak at isolation condenser "A" inlet valve was found and
corrected. Other minor leakage paths were found and repaired.

June 9, 1980

The primary containment head gasket was determined to be leaking significantly and
the containment was depressurized to replace the gasket.

-Page 12 -



June 12, 1980

Replacement of the containment head gasket was completed and the containment was
repressurized to 37.7 psia at 10:00 p.m. A four hour pressure stabilization period

June 13, 1980

Began collecting data for the 24 hour primary containment integrated leak rate test
at 2:25 a.m. Reactor water level input to the camputer was not updated fram 2:25
a.m. to 4:00 a.m. due to computer input downtime.

June 14, 1980

Campleted the Primary Containment Integrated Leak Rate Test at 2:25 a.m. At 3:55
a.m. began collecting data for the six hour verification test.

Completed the six hour verification test satisfactorily at 9:55 a.m. At 10:00 began
to depressurize the primary containment.

-Page 13 -



' ANALYSIS

ACCEPTANCE CRITERIA

10 CFR 50 Appendix J requires that the leakage rate LM at the upper 95% confidence
level shall be less than .75 LT where:

B

| LT = la (PT/Pa) ~/°
LT = 1A (20/35) /2

] | Y
Lt = 1 wt¥/Day (20 psig/35 psig)

! LT = ,75593

|
LM = .75 (LT) = .75 (.75593)

'

) LM = .567 wt %/Day

" EST RESULTS

I The measured and calculated leakage rates for the mass plot, total time, and

' point to point analysis methc is are presented in Table I. A~ indicated in Table I,

‘ both the absolute and reference vessel analysis methods demonstrated an unadjusted

l leakage rate well below the test criteria value. Also included in Table I are the
‘ test results from the suplimental leak check.

| e T

TEST RESULTS SUMMARY

]
\.
1 Absolute Method Reference Vessel
.
Calculational Technique Calculated | Calculated | Calculated| Calcula

. & 95% UCL & 95% UCL
.
' | Mass Plot (Type A) 0.1362 0.1415 | N/A N/A
..

|_Point Point (Type A) 0.1919 ‘A .2521 N/A
l Total Time (Type A) 0.1854 0. 4196 0.0896 0.3117
, |Mass Plot (Suplimental Test) 0. 3980 0.4180 N/A N/A

]

« | Point - Point (Suplimental Test) 0.7676 N/A .4756 ! N/A

| Total Time (Suplimental Test) ‘0.3912 0.4917 0.5547 0.6309 !




. Test Validity

In accordance with 10 CFR 50, Appendix J, a supplemental test utilizing 2 calibrated

T leak was performed to insure the validity of the type A test. The calibrated leak

was set to be 1.00 SCFH which is equivalent to a .19206 wt %/Day leak. This relationship
J is derived as follows:
A) Calculate the mass of air in the containment at the test pressure and

temp using the ideal gas law.
. Test pressure = 36.985 psia - .3459 psia = 36.634 psia

Test temperature = 79.848°F = 539.438°R (weight avg.)

1 Containment volume = 300,000 ftz

.’ PV = MRT
i n e W
RT
z M = 36.634 LBf/in® x 144 in® x 300,000 £t 3
£t
[ 53.34 £t - LBf/LBM °R x 539.438 °R
M = 55001.28 LBM
[ B) Calculate the mass of 1 standard cubic ft. of air
] M (1£67) = 14.7 LBf/in® x 144 'fl%g x 1 ft3
|
. 53.34 ft - LBf/LBm °R x 536.59
. M(1£t%) = 0.073567 LBM
' C) Anunirgacalibratedleakofthemgnittﬂedderivedmsmmwzrespaﬁs
g to 1 standz.d cubic ft. of air leaking at the rate of 1.00 SCF/minute
:. the calibrated leak in wt$/Day is as follows:
Calibrated leak = Mass removed from cont. x 100 in 24 hr. period
L Total containment air mass
‘ = .073567 LBM x 60 min/hr. x 24 hr/day x 100
-

55001.38 LBM
Calculated Leak = 0.192607 wt$/Day

'»-l
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In accordance with 10 CFR 50 Appendix J the calibrated leak must fall within the
bandwith expressed by the following equation:
| Lg

.25 (Lt) < L < (Ls + I"B'n + .25 (Lt)

* L s

where Lt = 7559 wt/%Day
Ltm = .1415 Wt/%Day at a UCL of 95% where Ltm = measure leakage rate using

the mass plot methods.

Ltms = .4180 wt/%Day at UCL of 95% where Ltms = suplimental total leak rate

" using, mass plot analysis)

Ls = .192607 ¥
I .192607 + .1415; - .1890 <.4180 < .192607 + .567 =~ .1890 ]
1 .1451 < .4180 < .5706

Therefore it can be concluded that the leak rate test results are valid.

Adjusted Test Results

The calculated leakage rates were adjusted to include water leakage into the
1 containment and reactor water level changes in accordance with the following equation.
|
L = L + 24.00 (20.6208 - ) + 0.1337 (F, - F.)
l (3'6‘1"3”, 202 WR, - WR; F 1
Where:
’ . = Corrected leakage rate in wt% day.

\
L1 = Uncorrected leakage rate in wt$ day.

24.00 = 24.00 hours/day x 100%.
! 3

| 300,000 = Containment free air volume in ft

DT = Time interval in hours between

. Initial and final reactor water vessel level and sump inteorator readings.

L 20.6708 = Cubic feet per inch water level change in the reactor vessel. No credit
was taken for displacement of moisture separators.

! WR, WR, = Initial and final reactor vessel level readings in inches.

Fro FF = Initial and final suwp integrator reacings in gallons.

e 1337 = Conversion factor from gallon to cubic feet.

.- — Page 16~



The corrected leackage rate is adjusted as follows:

L = .14154 x 24.00 (20,6208 (63.84 - 62.10) + .1337 (7296293 - 7293978)

300,000 (25.7)
L = .1582 wtiDay
No penetrations were required to be isolated during the performance of the type A
test. Therefore, the total of adjusted primary containment leak rate determined by the
absclute and mass plot calculational technique is

total leak rate = 0,1582 wt%/Day

This leakage rate is well below the leakage rate criteria established in 10 CFR 50,
Appendix J, and demonstrates that the Primary Containment leakage is within regulatory

limits.

-Page 17~
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ATTACHMENT 1

LOCAL LEAK RATE TESTS

Double Gasketed Seals

TIP Penetrations (4)

Torus Manhole Cover - North
South

Drywell Head Seal

Drywell Head Manhole Cover
Steam Dryer Penetration
Torus to Drywell Vacuum Breakers (14)

Reactor Building to Torus Vacuum
Breakers (2) - Gaskets and O-rings

Biological Shield Stabilizer Manways (8)

Drywell Airlock Seal
Drywell Airlock

Penetrations and Isolation Valves

Electrical Penetrations (32)

Steam Dryer Penetrations (16)

Drywell Airlock Electrical Penetration
Demineralized Water System Penetration
Drywell Sump Discharge V-22-28 & 29

Drywell Equipment Drain Tank Discharge
V=22-1 & 2

TIP Vall Valves (4)

Instrument Air & Nitrogen System
V-6-393 & 395

Main Steam Isolation Valves NSO3A & 4A

NSO3B & 4B

Leak Rates (SCFH)

Test Date 20 psig 35 psig
4/9/80 0.24 0.32
6/4/80 0.13 0.18
7/4/80 0.016 0.02
6/4/80 2.04 2.69
6/4/80 10.17 13.46
6/12/80 0.016 0.02
€/4/80 0.016 0.02
4/15/80 0.05 0.06
5/13/80 3.97 5.25
4/8/80 0.23 0.28
4/9/80 21.83 28.88
5/16/80 19.80 26.19
5/20/80 4.07 5.41
4/24/80 0.05 0.07
5/29/79 & 21 5.49
7/19/80 4.21 5.49
5/20/80 4.97 6.57
4/15/80 0.94 1.24
4/24/80 0.03 0.04
6/4/80 0.17 0.22
5/28/80 10.09 13.35
5/27/80 0.055 0.06
5/1/80 2.43 p W
6/2/80 0.96 1.27
1/6/80 24.56 33.04
6/12/80 1.04 1.38
1/6/80 9.99 13.37
6/2/80 1.44 1.90
-Page 18 -
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ATTACHVENT | (page 2)

Penetrations and Isolation Valves

Main Steam Drain Valves
v-1-106, 107, 110 & 111

Isolation Condenser Vent Valves
V-14-1 & 19
V=-14-5 & 20

Feedwater Check Valves V-2-71 & 73

V=-2-72 & 74
Crywell Vent V-27-1 & 2

Drywell Purge V-27-3 & 4

Drywell N2 Purge V-23-13 & 14
Torus N2 Purge V-23-15 & 16
DW Nz Makeup V-23-17 & 18

Torus N2 Makeup V-23-19 & 20
Drywell Vent Bypass V-23-21 & 22
Torus Vent V-28-17, 18 & 47

Reactor Building to Torus Vacuum Breakers
V=-26-15 & 16

V=-26-17 & 18

Drywell 02 Analyzer & Particulate Monitor
V-38=9 & 10
Torus Particulate Monitor V-38-16 & 17

Torus 02 Analyzer V-38-22 & 23

Leak Rates (SCFH)

Test Date 20 psig 35 psig

1/6/80 36.98 49.40
5/27/80 0.11 0.15
6/20/80 4.29 5.68
6/20/80 9.96 13.18
4/4/80 1.04 1.38
4/26/80 811.7 1073.8

5/1/80 2.43 3.22
4/16/80 0.45 0.59
6/23/80 6.01 7.95
1/10/80 19.46 25.74
4/9/80 12.93 17:.10
5/11/80 10.8 14.3

6/11/80 0.10 0.13
6/30/80 6.01 7.95
1/10/80 0.08 0.11
6/22/80 0.27 0.36
1/17/80 1.51 1.99
6/24/80 5.08 6.72
1/12/80 0.03 0.04
4/9/80 0.90 .39
4/8/80 0.14 0.19
4/16/80 0.08 0.11
4/16/80 1.24 1.64
6/24/80 113 1.55
1711/ 8.90 11.79
5/16/80 0.79 1.04
1/11/80 0.31 0.41
5/30/80 Zed 3.33
6/1/80 0.11 0.15
6/1/80 0.56 0.74
6/1/80 6.55 8.67
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ATTACHMENT 1 (page 3)

Summary of Test Results

Tota. of all local leak rate tests (Latest
results of each test) 84.83

Combined leak rate @ 35 psig = 112.0 SCFH

= 0.267 la
where La = 419.88 SCFH

- Page 20 -
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