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INTRODUCTION

The Pre-Operational Integrated Leakage Rate Test (ILRT) for
the Donald C. Cook Nuclear Plant - Unit 1 Reactor Containment was
sucessfully completed on November 24, 1974 by members of the
Indiana and Mi~higan Power Company and the American Electric Power
Service Corporation.

As per FSAR and Technical Specifications the containment
allowable leakage rate La is limited to 0.25 percent by weight
of the containment air per twenty-four hours at a pressure Pa
of 12.0 PSIG. In conformance with the criteria specified in
Appendix J of 10CFR 50 this allowable leakage is reduced to 0.75 La
which is equivalent to 0.1875 percent by weight per day. The
measured leakage rate for the Donald C. Cook Nuclear Plant - Unit 1
Reactor Containment was found to be(,16044% percent by weight per day.

This ILRYT is unique in the fact that it is the first such test
to be performed on an Ice Condenser equipped reactor containment.

The reactor containment is designed to insure that acceptable
limits for leakage to the environment of radioactive materials are
not exceeded under conditions resulting from the Design Basis Accident
for doses dictated by the 10CFR 100 criteria. The steel-lined, re-
inforced concrete containment structure, including foundations,
accesshatches, and penetrations is designed and constructed to maintain

full containment integrity when subjected to accident forces.

The Reactor Containment is divided into three volumes; a lower
volume which houses the reactor and Reactor Coolant System, an
intermediate volume housing the energy absorbing ice bed and an
upper volume which accommodates the air displaced from the other

two volumes during the unlikely event of a loss-of-coolant accident.



INTRODUCTION (CONTD.)

The containment design pressure is twelve (12) PSIG.

The ILRT was performed as specified in the I&M approved
Pre-Operational Test Procedure P0-033-334 written by AEPSC. The
American National Standard - ANSI N45.4-1972-leakage - Rate Testing
of Containment Structures for Nuclear Reactors and 10CFR50; Appendix
J were used as a guideline for the procedure. The absolute test method
was used to calculate the leakage rate using data taken every thirty
minutes for twenty-fouf hours. The normalized weight of original air
remaining in the containment determined from these calculations was
plotted against time and a statistically averaged leakage rate in per
cent by weight per day was obtained by a linear least-squares fit to
the resulting graph. Following the twenty-four hour test, a
supplemental test was performed by imposing a known leak on the
containment to verify the validity of the measurements made during

the twenty-four hour test.
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2.0 TEST CRITERIA & RESULTS

A. TEST CRITERIA

As specified in the Acceptance Criteria of the test
procedure the test was considered acceptable when the following

had been verified:

1. The measured leakage rate (LAM), as determined by a
linear least-squares fit to a graph of calculated points,
proves to be less than 0.75LA as specified in the D. C.

Cook Nuclear Plant Technical Specificationms.

2. The accuracy of this test has been verified by per-
formance of the supplemental test. The measured leakage
rate (LAM) is validated when the difference between the
leakage rate L'AM, determined from the supplemental test,
and the leakage rate LAM, determined from the linear least

squares fit to the graph of calculated pocints, is within
0.25 LA‘




B. TEST RESULTS

During the twenty-four hours of the ILRT, computer
calculations were performed to determine the leakage rate at thirty
minute intervals. These calculations were made using the absolute
test method based on weighted individual compartment calculations

and volumetric weighting of RTDs for average compartment temperatures.

At the end of the twenty-four hours (which corresponds to
computer run number 49) the measured leakage rate was 0.16191% by
weight per day. A 95% confidence level was imposed on the calculations
to yield a "leakage band" between 0.18564 and 0.13817 per cent per
day. Note the higher limit of leakage is still below the allowable
limit. With these results the twenty-four hour ILRT was considered
acceptable on November 24, 1974 and the go ahead for the Supplemental
Test was given. As the Supplemental Test continued the confidence
limits for the leakage rate were observed as a basis for termination.
A minimum test duration of six hours following the stabilization
period is required as per the test procedure. After nine hours
elapsed the Supplemental Test was terminated with a measured leakage
of 0.33642 per cent per day and confidence limits of 0.37939 to
0.29356 per cent per day.

The known leak imposed on the containment was set to
2.70 SCFM, (flowmeter corroctod), which is equivalent to 0.17544 per
cei.t by weight per day. The Supplemental Test was performed in
accordance with ANSI 45.4 and 10 CFR 50 Appendix J which state the
containment leakage rate is determined by deducting the known leakage
rate from the composite leakage rate. The results from the Sup-

plemental Test are acceptable provided the difference between the

Supplemental Test Data and the Type "A'"test data is within 0.25La.
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wnen the forementioned deduction is made, the difference between
the Supplemental Test data and the twenty-four hour ILRT is 0.00093%
per day which is well within the 0.25 La margin (0.0625% per day).

With the above results obtained from the twenty-four hour
ILRT and the Supplemental Test, all Acceptance Criteria was met and

the Pre-Operational Test considered acceptable.

To verify the results obtained during the actual performance
of the ILRT were indeed the true leakage rate, all input data was
rechecked to locate any errors. A review of the data input did reveal
errors causel by handling of the input parameters. These errors were
corrected and a new leakage rate of 0.16044 per cent by weight per day
was computed -s the official leakage rate. It should be noted that by
correcting the bad data points the confidence limits were improved to
a 0.17097 to 0.14991 per cent by weight per day leakage band. The
Supplemental Test Data was also reviewed, corrected and rerun on the
computer which calculated the official composite leakage to be 0.315C1
per cent by weight per day with the confidence limits at 0.35525 to
0.27477 per cent by weight per day. When the kncwn leak was substracted
from the composite leakage rate, the leakage difference is 0.02087 per
cent per day, which is well below the 0.25La acceptance.



3.0 CONDUCT OF TEST

ORGANIZATION OF TEST

I&M Power Company Performance Engineers were responsible for the
Integrated Leak Rate Test. The testing activities were supervised
by the test supervisor (1 per 12 hour shift) with support given by
various sections as described in Figure 3.1.
Test responsibilities:
1) Shift Operating Engineer

(a) Ensure that the plant is maintained in a safe condition
(2) Test Supervisor (1 per 12 hour shift)

(a) General conduct of test
(3) AEPSC Support Group (&)

(a) Technical Support to the tesi supervisor
(b) Test results review responsibility

(%) Timekeeper/Data Analyst (1 per 12 hour shift)
(a) Responsible for coordinating data collection and trans-
forming data to computer input format.
(b) Responsible for preliminary review of data for correctness.
(5) Computer Operator (1 per 12 hour shift)

(a) Responsible to transfer data from computer input sheets to
data cards and receiving results printout from the computer.

(6) Data Takers (4 per 12 hour shift)
(a) Responsible to readout and record specific instruments

assigned to and apply correction factor to reading, if
required.

(7) Startup/Maintenance (On Call)

(a) Responsible to assist and coordinate any repair work that
may be required during the test.

(8) Instrument Technician (1 per 12 hour shift)

(a) Responsible for maintaining all test instrumentation in
working condition.
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B. 110G OF TIMES AND EVENTS

Prior to containment pressurization an inspection of all
accessible interior and exterior surfaces of the Containment
Structure was performed to uncover any evidence of structural
deterioration. The visual inspection consisted of verifying in
the log the condition of containment surfaces elevation by
elevation and verifying by check list the integrity of the
containment penetrations. The inspection did not uncover any
adverse conditions which may have affected the leak-tightness of
the containment, therefore, the pressurization of the containment
was initiated.

Pressurization of the Containment Vessel for the Integrated
Leakage test began at 23:22 hours on 11/20/7% and continued through
23:04 hours on 11/21/74%. Data collection for this period consisted
of an hourly log of the average temperatures, pressures, and vapor
pressures for the 3 containment compartments. Upon attainment of
test pressure, 23:15 hours on 11/21/74, pressurization was discontinued
by closing the air supply valve and data collection at 1/2 hour
intervals began in a preliminary attempt to determine the leakage
rate and to determine if stabilization criteria could be met. After
concluding that the preliminary data showed that leakage should be
acceptable, the containment pressure was increased to 12.5 psig to
ensure sufficient capacity for the 24 hour and supplemental tests.
The containment pressurization was isoclated by removing the spool
piece and installing a blank flange which was leak tested. Formal
data collection to verify stabilization criteria began at 12:47 hours
on 11/22/7%. Data collection for this period consisted of 1/2 hourly

readings of forty-six contzinment temperatures, two ambient temperatures
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siX containment pressures, one ambient pressure, and four dew point
temperature readings. After reviev of the data, it was determined
that temperature stabilization criteria for the Ice Condenser could
not be achieved due to the cyclic operation of the air handling units
causing larger than anticipated temperature deviations in this
compartment. The criteria was waived for the Ice Condenser compartment
and at 20:17 hours on 11/22/74 the formal 24 hour test data collection
commenced. Data collection for this period was the same as for the
stabilization period. Raw data was punched on cards and input to

the computer for averaging and regression analysis. Final reading

for the 24 hour test was recorded at 20:17 on 11/23/7% with the
leakage rate equal to .16191% per day. After review of the 24 hour
test data and determination of its acceptability, a known leak was
introduced to the containment volume through the supplemental test
flow meter and the supplemental test stabilization period began.

This occured at 21:00 hours on 11/23/74. After sufficient
stabilization time the Supplemental Test began at 2:00 hours on
11/24/7% and was terminated at 10:00 cn 11/24/74. Data collection

for the Supplemental Test was identical to that during the 24 hour
test. Review of the data verified the sum of the introduced leak

and the containment leakage equal to .33642% which agreed with the

measured value within 25%. Therefore, all acceptance critiera were

met and the Integrated Leak Rate Test was terminated.




and vapor

manometers were used to measure

sensea .L1ower

two upper volume, and two ice condenser pressure. A seventh manometer

measured ambient pressure during tl ‘ Each instrument was suppli

are corrected.
The large
resolution capability of this instrument and the fact that six sensors
were used resulted in a very precise pressure determination during
the ILRT.

Forty six precision RTD sensors were located in the containment

for temperature determination. Seven sensors were in the Ice Condenser,

twenty four in the lower volume and fifteen in the upper volume. Two
sensors were also located external to the containment for an ambient
temperature indication. 2,330f) copper RTD's were used for this ap-

plication. Copper was selected because its resistance temperature
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relationship is the quite linear in this temperature range. The

high resistance sensor was specified to obtain a large change in
resistance for a small change in temperature (5Il/op). This resulted
in a high resolution capatility. The resistance of each sensor is
readout with a Rosemount bridge whose 0-50 mv. output is fed into

a Doric Scientific Corporation digital printout device. The Doric
printer is programed to accept a linear 0-50 mv. input for an output
range of 0-100°F. Each temperature sensor, each bridge, and the Doric
printer were supplied with calibrations certified to NBS. Temperature
correction factors were applied. The overall temperature sensing
accuracy was +.1°F. Volume fractions were also calculated for each
seasor, and these weighting factors were applied to each temperature
reading in the computer program.

Four Cambridge Dew Point Hydrometers were used to sense
containment humidity during the test. Two units sensed lower volume
dew point, one Ice Condenser and one in the upper volume. Each unit
is complete with its own sample pump which draws the sample through
trhe mirror surface sensor. The sensor is cooled until vapor is formed
on the mirror surface and electronic circuitry is used to maintain
an equilibrium condition on the sensor. The sensor temperature
is measured by the use of a platinum RTD. Each RTD had certification
to NBS. The overall dew-point temperatu;e sensing accuracy is +.5°F.

A Fisher & Porter flowmeter was used to introduce a known leak
during the supplemental verification test. The flowmeter was a
rotometer with certification to NBS at 12.0 PSIG and 70°F by the
manufacturer. The specified accuracy of the meter is +2%

The chart shown in Table 4.1 lists identification numbers and
specifications of test instrumentation used during the test in tabular

form.
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Heise

Type

(Quartz
Manometer

2330 .52 Copper
RTD.

Linear Readout
Printer 0-50 MV

Mirror Surface
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$3334

210

992-C1

10A1735S
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TABLE %.1
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632, 633, 427,
428, 425, 426, 631

1 thru 101

6789

409, 428, 418, 420

7112AA280A1

7870

- 100 -

+2000

0-17CFM

0-30 PSIG
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B. SENSOR LOCATIONS

The Test Instrumentation, which included forty-six RTDs,
six absolute pressure reading quartz manometers, and six vapor
pressure sensing points, was located throughout the containment to
give an accurate accounting of the containment environmental conditions
during the test. The actual location of each sensor can be seen on the
elevation and plan views of the containment found on Figure 4.1 of this

report.

In genera), the breakdown of sensor locations as per con-

tainment volume are as follows:

I. UPPER VOLUME
a) Fifteen Resistance Temperature detectors

1. ETR-101 9. ETR-109
2. ETR-102 10. ETR-110
3. ETR-103 11. ETR-111
4. ETR-104 12. ETR-112
5. ETR-105 13. ETR-11%
6. ETR-106 14+. ETR-128
7. ETR-107 15. ETR-133
8. ETR-108

b) Two absolute pressure reading Quartz manometers.
¢) One vapor pressure sensing point (one Hygrometer).

I1. LOWER VOLUME
a) Twenty-four resistance temperature detectors

l. ETR-113 13. ETR-135
2. ETR-122 14+. ETR-136
3. ETR-123 15. ETR-137
4. ETR-12% 16. ETR-138
5. ETR-125 17. ETR-139

6. ETR-126 18. ETR-140
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LOWER VOLUME (CONTD.)

7
8.
9.
10.
11.
12.

ETR=-127 19. ETR-141
ETR=129 20. ETR-142
ETR-130 2l. ETR-143
ETR-131 22. ETR-14%
ETR=132 23. ETR-145
ETR-134 24, ETR-146
Two absolute pressure reading Quartz Manometers

Four vapor pressure sensing points (two Hygrometers).

. CONDENSER VOLUME

Seven resistance temperature detectors

ETR-115 5. ETR-119
ETR-116 6. ETR-120
ETR=117 7. ETR=121
ETR-118

Two absolute pressure reading Quartz Manometers

One vapor pressure sensing point (One Hygrometer).
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C. PRESSURIZATION APPARATUS

The Plant air system was used to pressurize the ontainment
for the Integrated Leakage Rate Test. A three stage centr;fugal
air compressor located in the turbine room supplies compressed air
to the plant air system. The compressor is designed to provide
1500 efm of oil free compressed air at a discharge pressure of
100 psig continuously. Air discharged from the plant air compressor
retains the third stage heat of compression. An aftercooler installed
in the discharge line, is designed to cool the air to within 10°F
of its inlet cooling water temperature. The condensed moisture
resulting from the cooling is removed by a cyclone-type separator
installed immediately downstream of the aftercooler. The air discharged
from the moisture seperator is fed through the plant air system to the
Containment test pressurization filters and dryers. In order to avoid
condensing water vapor during the test the plant air supplied is dried
to a dew point that is below the coldest temperature anticipated in
the Ice Condenser. Two parallel, 100 percent capacity strings of
prefilters prevent contamination of the drying dessicants from

moisture carryover or scale. Two afterfilters in parallel protect

the containment from desicant dusting.

The dried and filtered air is fed thrcugh a three inch test
line, spool piece, and valve to penetration #CPN-57. This valve
was used to throttle the air flow during pressurization and de-
pressurization. The spool piece was used to isolate the containment
volume from the pressurization system after stabilization was met

during the test.
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PRESSURIZATION APPARATUS (CONID.)

The spool piece was removed after pressurization was complete.

A blank flange was installed and leak tested to prevent out

leakage from the penetration. See Figure 4.2 for sketch of

pressurization apparatus.




FIGURE 4.2

UNIT # | \ — REMOVRARLE
CONTAINMENT SPooL PIRCE
PENETRATION CPN-57 I—C_"Hl(l l[}r -

V4

P E s SR R SR S

t ©

‘N. ‘S‘.

2 L

JumT #2

AFTER FILTERS

‘ ;: PLANT AIR

PLANT AIR

CONTAINMENT TEST

PRESSURIZATION AIR DRYER

— <t ‘ RECEIVER TK.
PRE -FILTERS

AFTER COCLER A

Do

INLET FILTER PLANT

AR COMPRESSOR

- 8T =



-19-
D.RTD WEIGHTING FACTORS

Calculations for containment leakage were made using in-
dividual weightingfactors for each temperature sensing RTD. The
RTD weighting factors were computed in two ways; volumetric weighting

and mass weighting,with a leakage rate calculation made for both.
I. Volumetric Weightin, of RTDs

In computing the weighting factor for RTDs by the vol-
umetric method,each containment volume was sectioned off by elevation
and/or structural barriers to form representitive RTD volumes. These
volumes were calculated using approved Indiana and Michigan Layocut
drawings for the D.C. Cook Nuclear Plant. The individugl weighting
factor for each RTD was computed using the formula:

Weighting Factor = Representitive RTD Volume 1

Total Compartment Volume Number RIDs in
Representitive Vol.

The total of all RTD weighting factors for each containment compartment
is equal to one. A listing of all RTD weighting factors determined
by the volumetric method can be found on Table 4.2 of this report.

I1 Mass Weighting of RTDs
In computing the weighting factors for RTDs using the mass
weighting method the ideal gas law is applied. In addition, it is
concluded, quite naturally, that the total mass of air in each com-
partment is equal to the sum of the masses in each of the representitive
volumes. The representitive RTD volumes are the same as determined for

the volumetric weighting method.
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II Mass Weighting of RTDs (Contd.)

From the ideal gas law; solving for the total mass W on

a compartmental basis we get:
W = PVT = pV| + PVL + TEL
RTa RT, = RT,

P = Pressure in containment compartment
V%- Total compartment volume
Y, = Representative volume for RTD #1
V&= Representative volume for RTD #2
R = Gas constant for air
T}q= Average compartment temperature
T} = RTD #1 Temperature reading
T} = RTD #2 temperature reading

It can be seen from the above equation that each RTD reading

is instrumental in calculating the mass in its representative volume.

Rearranging and cancelling like terms we get:

l Vi /71 ) Vz(l
e, S S, + — + e 0 e
Tavg VT(T; Vel T

This equation is used to compute the weighted average

temperature for each particular containment compartment.
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TABLE 4.2

VOLUMETRIC WEIGHTING OF RTDs

UPPER VOLUME

RTD NO.

ETR=-101
ETR-102
ETR-103
ETR-104
ETR-105
ETR-106
ETR-107
ETR-108
ETR-109
ETR-110
ETR-111
ETR-112
ETR-114
ETR-128
ETR-133

TOTAL

WEIGHTING FACTOR

0.0651
0.1203
0.0861
0.0861
0.0995
0.0995
0.0995
0.0995
0.0306
0.0306
0.0306
0.0306
0.0938
0.0109
0.0173

1.0000



II LOWER VOLUME

TABLE 4,2

VOLUMETRIC WEIGHTING OF RTDs

RTD NO.

ETR-113
ETR-122
ETR-123
ETR-124
ETR-125
ETR-126
ETR-127
ETR-129
ETR-130
ETR-131
ETR-132
ETR-134
ETR-135
ETR-136
ETR-137
ETR-138
ETR-139
ETR-140
ETR-141
ETR-142
ETR-143
ETR=- 144
ETR-145
ETR-146

TOTAL

-22-

WEIGHTING FACTOR

0.0597
0.0388
0.0388
0.0388
0.0388
0.0130
0.0266
0.0547
0.0080
0.0248
0.0547
0.0976
0.0976
0.0976
0.0976
0.0467
0.0086
0.0228
0.0135
0.0159
0.0232
0.020%
0.0224
0.039%

1.0000



TABLE 4.2
VOLUMETRIC WEIGHTING OF RTDs

I1I  ICE CONDENSER COMPARTMENT

RTD NO. WEIGHTING FACTOR
ETR-115 0.1442
ETR-116 0.14k42
ETR-117 0.1490
ETR-118 0.1490
ETR-119 0.1300
ETR-120 0.1619
ETR-121 0.1217

TOTAL 1.0000

-23-
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COMPUTER PROGRAM

The program calculates the amount of air in each compartment
as based on the fractional amount of air originally in each com-
partment at the start of the test (Computer Run #1). The fractional
amounts of air in each compartment are then combined to yield the
fractional amount of air for the entire reactor containment. The
program computes the leak rate at a given time from input values of
pressure, temperature and vapor pressure. The leak rate, as a

function of time, is determined by the least-squares method.

The program is designed to allow evaluation of test results
every half-hour after the first 3 sets of data. The print out
consists of a summary of all sets of data up to and including the
data just submitted. Included are fractional air reports for each
compartment, for the containment as a whole, as well as the 24-hr
leak rate at the time each set of data was taken. In addition, the
upper and lower leakage bounds associated with the 95% confidence

limits are printed out.

EXPLANATION OF PROGRAM

Part One (actually a separate program).

Raw data correct2d for instrument calibration, for the
pressures, temperatures and vapor pressures ol each compartment is
inputed along with the run number and the elapsea time from the
start of the test.

The computer then prints out the corrected data and the
volume weighted average temperatures. The output is then examined
for correctness of data input. If any incorrect data is detected,
new input cards are prepared and the entire data deck for that

particular run number re-submitted.



During our subsequent analysis, the entire data deck was re-
run with a different program that yielded mass-weighted temperature
averages. The difference in results is discussed in the Analysis

and Interpretation section of this report.

Part Two (Leak rate on daily basis)
1. The leak rate is given by the Equatic::

W = T ( F%" RGZ )
Tz ( P\- P«rl)
Where W = Fractional amount of air in compartment
Tl = Average temperature of start of test - °Rr
T2 = Average temperature at time of run °R
Pl = Average pressure at start of test - PSIA
P2 = Average pressure at time of run - PSIA
Pvl = Average vapor pressure at start of test - PSIA
Pv2 = Average vapor pressure at time of run - PSIA

This is calculated three times, once for each compartment.

2. The fractional amounts for the three compartments were

combined by:

o s %2359 (—"_’r&-)UJr 2.2835 (,2__-‘__5_:)'- +< P;\'Pv>1

42959 ( Ep”) v 42835 (%&)Lo*' (L:r&)lo

wWhere U Stands for upper containment
L Stands for lower containment
I Stands for Ice Condenser
0 Stands for reading at the start of the test.



3. OStatistical Treatment

A least sgquares analysis of a plot of the values of W versus
time yields a straight line. The slope of this line is the fractional
leakage per hour. This is converted to % per day leakage by

f multiplying by 2400.

The slope of the least squares fit line is

(2¢+1) 8 We = TWE e
(2¢en)Z 2 = (Ze¢)

Where ¢ is time in hours.

D =

In order to check the confidence limits, the following
calculations were made:

The vertical intercept
Tt W- Ze T \We }
(2t+1) 2 o (S¢)?

The variance of W

v, Z(W-a-=bet)

a =

Sw =
(2¢=-1)
The variance oI the slope
S‘L
5&;‘ = =
$(e-% )?
Where £ = average value of T,

The confidence limits were expressed as

K bi' KSL s where K is taken from a table showing the

variation of K with the number of runs completed.




Tables 309
TABLE A8
o3« ose DisTrisuTioNn OF
=f ° '
Degrees ol - .
freed Probabiliry a

» 0.10 0.05 0.01 0.001
1 6314 12.706 63.657 636 619
2 2920 4303 9925 31.598
3 2353 382 5.841 12,541
4 2132 2.776 4.604 8.610
5 2015 2.57 4032 6.859
) 1943 247 3107 5.959
7 1.895 2.365 3499 5405
8 1.860 2.306 3,385 5.041
9 1.833 2.262 3.250 4781
10 1.812 2.228 3.16% 4 587
11 1.79% 2.201 3106 4437
12 1.782 2.179 3.055% 4318
13 1. 2.160 3.0:2 4221
14 1.761 2145 297 4.140
15 1.753 2.1 2947 4073
14 1746 2.120 2.921 4015
1?7 1740 2110 2898 396>
18 1.734 2.101 2878 3.922
19 1.729 2.093 2861 3883
20 1.725 2.086 2845 3.850
H 1.721 2.080 2831 3819
2 1.717 2074 2.819 3792
23 1.714 2069 2.807 1767
24 .71 2004 2. 3.745
25 1.708 2.060 2787 3.725
26 1.706 2.056 2779 3707
27 1.703 2.052 2 3.6%
ps 1.701 2048 2.763 3674
29 1.699 2045 2.756 3.659
30 1.697 2042 2.750 3646
40 1.684 2.021 2704 3sm
60 1.671 2.000 2660 3 460
120 1.658 1.980 2.617 i
« 1.645 1.960 2576 329

This table gives the values of ¢ curresponding 10 various values of the probability a (level of significance)
of a random vanabie falling inside the shaded areas in the figure. for a given number of degrees of free-
dom » available for the of error. For a ded tes. the confids iimats are obtained for a/2

Thas tabie 1 taken from Tabie L] of Fisher & Yates Stotsical Tables for Bisiopcal, Agnowiiwral, and
Medical Resewrch published by Oliver & Boyd Ltd ., Edinburgh. by permussion of the authors and pubiishers

The above table used to determine the variation
of K has been extracted from Basic Statistical
Methods For Eng;naers and Scientists.
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COMPUTER APPLICATIOUNS DIVISION

OO0 N0

S

13
100

200

DURCE LIRRARY PROGRAM PAGE Q002

QUTPUT LISTING

LR R R L L L R L R R R A L R LA A R L )
-

« T CONTAINMENT VESSEL DATA PROGRAM
THIS PROGRAM ENTITLED CCVDREP:

L

.

-

.

.
L.READS RAW INPUT DATA FOR THE LINEAR .
REGRESSIUN ANALYSIS PROGRAMICCVREPY .
2.MRUTES THIS DATA AS A MEANS OF .
ERROR CHECKING .
3LCALCULATES THE AVERAGE TEMPERATURE B
PRESSURFE AND VAPIR PRESSURE FOR EACH »
CHAMBER AND QUTPUTS THESE RESULTS ¢
AS A CUMMULATIVE SUMMARY, .
4.CALCULATES A W FOR [ACH CHAMBER AS .
WELL AS A TOTAL W.THESE CALCULATIONS
ARE SAVED ON A DISK DATA SEV TU BE .
USFD AS THFE DATA FOR THE REGRESSION o
ANALYSIS PROGRAM .
S.THE QUTPUT OF THIS PROGRAM SERVES g
AS THE FINAL FORMAT FUR PRESENTATION o
TO THE A.E.C. .

.

.

LA L L B B IR IR B B B R I R

LR R AR L L A e T T YT ]

DIMERSION TEMPUCIIS) PRESUCIZ2) TEMPLCI24)PRESLCIL2)

DIMENSION VPRELCI2)4TEMPICIT)PRESICI2)

INTEGER®? NR,NRRyN2R

REAL®S WUCDEMWLCDEM yWICDEM ,WDEM WUC (99) ,WLCI99) ,WICI99),WI(99)

REAL®SB 'l""9”'"‘UCQA‘LC..‘ICQ‘PUC."tc..ﬂl(

REAL®S AVPUL JAVPLCGAVPIC,D5,D2

REAL®R WUCNUM oW LONUM o W T CNUM , wNUM

DEFINE FILE 4199,146,4,L41D)

READIS 4 100,END=12INR,TIMEINR)

FORMATII241X4F5.2)

WRITE(6,200INR, TIME(NR)

FORMAT(IM] 44X, "#%¢ THIS IS A CHICK OF THE INPUT DATA ®e0%///1H ,*
TRUN FT SX o "TIME® 21X, "TEMPERATURE READINGS® 11X, "PRESSURE READINGS
S'L,1IX, "WAPOR PRESSURF REANINGS*/IH oIXo12,6X,F6.2426X,0F UPPER*,2
$2X4"OF UPPER® (24X 4 "0F UPPER'/IH 430X, "CONTAINMENT® 19X, *CONTAINMEN
ST 21X "CONTAINMENT Y /)

READISI0IMITEMPUCITI) 4 0=0415) o (PRESUCII)40=1,2),VPREUC

FORMATIIO(FS 2, IXD/S5IF5.241X) o 20FTa4,1X) 3F6.4)

WRITE(6,201)TEMPUCTL) ,PRESUCIL) 4 VPRFUC

FORMATIIH (40X FH.2,24X3FB.4322X4FT.4)

WRITECGL,202) VEMPUCI2 )4 PRESUCI2)

FUORMATILH J40X Fba2424X,FBo4)

WRITE(G,203)(TEMPUCI I 41=3,15)

FORMATIIH L40X4F6,2)

WRITEL6,204)

FORMAT(LIHO 35X, *TEMPERATURE READINGS* 411X, *PRESSURF READINGS*, 11X,
S'VAPOR PRESSURE READINGS */1H 40X ,"0F LOWER®,22X,*UF LUWER®,24X,"0
SF LOWER"/ZIH o3BXo "CONTAINMENT "o 19X *CONTAINMENT * 21X *CONTAINMENT
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005300
005400
005500
05600
005700
005200
005200
006000
006100
006200
006300
000400
UOK50L0
0064500
ovs 100
006200
006900
001000
worio0
007200
007300
007400
007200
007400
worT00
VOTROO
wOT900
008000
00100
00s200
008300
008400
008500
VORL0OO
004700
O0KKOD
008900
009000
009100
0uv9200
009300
009«00
009500
009600
009700
009*00
00v900
010000
010100
010200
010300
010400
010500
070600
010700
010800
010900
011000

SOURCE LIBRARY PROGRAM PAGE 0003

*/)
READIS 102V I TEMPLCIT ) o I=1 426 ) JIPRESLCITD o 0=1,42), (VPRELCIT)y1=1,2)

102 FORMAT L2 (FS 21X /0 2(FS 2, 0X)/2(FT 4l X)21Fb.4,1X))

WRITF (6,201 (TENMPLCIT) JPRESLCIT) JVPRELC'T)ol=1,42)
WRITE(L, 203 )L TEMPLCIT ) oI =3,24)
WRITE(6,206)

206 FORMATIIMIZASX,*TEMOCERATURE READINGS 411X, "PRESSURE READINGS® 11X,
S'WAPOR PRESSURE READINGS*/Z1H 440X+ "0F ICE",24X,°0F JCE*,28X,*0F 1IC
CEC/LH o3BX,YCONDENSER® 421X, "CONDENSER® 25X, "CONDENSER /)

READISJONITEMPICHI) o I=0 37 ) J(PRESICUID o0=0,42)4VPREIC
103 FORMATITIFSL241X) 42 (FTa4,1X),Fb.4)
WRITE(6420L)TEMPICIL ), PRESICIL),VPREIC
WRITE(L,202)TEMPICI2),PRESICIL2)
WRITE(O6,203)(TEMPICIT ) 1=3,7)
RELZL®D WTUPI15)/.0651,.1203,2%.0861,4%,0995,4%,0306,.0938,.0109,.0
173/
REAL®*S WILOW(24)/,0597,4%,0388,.0130, .0266,.0547,.0080,.0748,.,0547
0,49 ,09764.0467,.0086,.0228,.0135,.0159,.0232,.0204,.0224,.039&/
REAL®E WTICEITN /1442420 ,0490,.1300,440619,341217,014462/
REAL®B TMSMUC JPRSMUC o IMSMLC 4 PRSMLC VP SMLC o THSHMIC,PRSKIC
THSMUC=0,
DO ) J=1,15
1 TMSMUC=TMSMUC I TEMPUCIJ) #6459, T)*wTUP(J)
ATUC=TMSMUC
PRSMUIC=0,
00 2 K=1,2
2 PRSMUC=PREMUC+PRESUCIK)
APUC=PRSMLLC/2,
AVPUC=VPREUC
WRITEU6,207)ATUC 4 APUC yAVPUC
207 FURMAT(IH=,36Xy "AVG TEMP UPPER CONT',EX, "AVG PRESSURF UPPER CONT*,
SEXLPAVG V PRESSURE UPPER CONTY//1IH 439X FO. 4, 18X FT.4,240,F9.47)
IMSMLC=0.
DO 3 L=1,24
3 TMSMLC=TMSMLC#(TEMPLCIL) 459, 7)ouTLOWIL)
ATLC=TMSMLC
PRSMIC =0,
PO 4 M=1,2
4 PRSVLC=PRSMLC *PRESLC (M)
APLC=PRSMLC/2.
VPSMLC=0,
00 5 IN=1,2
S VPSMLL=VPSMLCVPRELC{IN)
AVPLC=VvPSMLC/2.
WRITL (6, 209)ATLC APLC 4AVPLL

208 FORMAT(1H=¢36X, "AVG TEMP LOWER COUNT®,8X,"AVG PRESSURE LOWER CONT®*,

SBX,YAVG V PHESSURE LOWER CONT*//1H 23993 F9.4,18X,F9.4,24X,F9.4/)
TMSMIC=0,
DO 6 1T=1,7

6 TMSMIC=TMSMICHITENMPICIIT) 4459 . T)*WTICE(LT)
ATIC=TMSMIC
PRSMIC=0.
PO T JJ=1,2

T PRSMIC=PRSMIC+PRESIC(JI)
APIC=FRSMIC/2.
AVPIC=VPREIC
WRITL(6,209)ATIC,APIC,AVPIC

209 FORMAT(IM=,36X, *AVG TEMP ICE CONDEN® 48X,y *AVG PRESSURE 1CE CONDENS®,
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SOURCE LIBRARY PROGRAM PAGE Q004

ocl1100 $BX,*AVG V PRESSURFE ICE CONDEN'//1H 3K G F Pl IBN  FO. 4y 24X ,F9.4)
011200 D524 ,2959

011300 D2=2,2835%

011400 IFINR=1)8,8,9

011500 8 WUCDEM={ APUC ~AVPUC ) ZATUC

011600 Ul(OlHBCAPL(-IV’L('/A'LC

011 760 WICDEM=(APIC-AVPIC)/ZATIC

011800 WDEM=WICDEMDS*WUCDEM+D2 WLCDEM

011900 N2R=NR

012000 Nﬂl'(l""Nlﬂ.'lﬂf!NZRl.HJCDENQNLCD‘".'ICDEN.HOGH

012100 NRR =NR

012200 WRITE(4'99)INRR

012300 9 READI4AY1IINZR, TIME (NZ”pVUCDE".HlCO(R.HICDEH.UDEN

012400 WUCNUM= [ APUC-AVPUC ) ZATUC

012500 WUC IHH ) =WUCNUM/ WUCDEM

012600 WLCHUM=(APLC~AVPLC) ZATLC

012700 WLOCINR ) =wLONUM/WL CDEM

012800 WICNUM=(APIC~AVPIC)I/ZATIC

012900 NICINR)=WICNUM/WICDEM

013000 'NUN‘HICNUNODs‘“UCNUN‘DZ.UlCNUN

013100 WINR ) =WNUMZ/WDIM

01320¢ IFINK=1)10,10,11 '
013300 10 N2R=NR

013400 U.l'f(ﬁ‘l9ﬂZR.'lNE(N2R,oHUCD(H.Hl(DEN.UlCDEH.&D{N.A'UC.APU('AVPUC' w
013500 .A'LC.A’LC'AVPLC'AYIC'IPIC.AVPlCnUUC'N?l"NLC|N2RIoHlCCNZI’oHlN?ll O
013600 GO YO )3

013700 11 H'l"QQ'NR’NI.'IIECNI).A'UC.APUC.AVPUC.A'LC.A'LC.lVPLC.A'lC.l'lC.l
013800 SVPIC,WUCINRD yWLCENR) yWICINR) JWiNR)

013900 READI4 99 )NRR

014000 (FINR-NRRIL13,13,14

014100 14 NRR=NR

014200 WRITE(4"99)NRR

014300 GO0 70 13

014400 12 STop

014500 END



AMERICAN ELECTRIC POWER SERVICE CORPORATION
COMPUTER APPLICATIONS DIVISION
SOURCc LIBRARY PROGRAM PAGE 0002
OQUTPUT LISTING

Q0V1I100 c LR L R R R R R R R R R R R R R A R R R R R L L

000200 c . .

000300 C * COOK CONTAINMENT VESSEL REGRESSION PROGRAM =

000400 C . .

000500 s . THIS PROGRAM ENTITLED CCVREPT: -

000600 C - .

000700 [ 4 .- 1.READS THE DISK DATA SET THAT .

o0uL00 C . WAS CREATED BY THE CCVDREP PROGRAM -

000%0 L 4 * 2 PERFORMS A LINEAR REGRESSION .

001000 C . ANALYSIS TEST ON THESE DATA POINTS .

001100 C . 3.THE ANALYSIS 1S PERFORMED ON THE »

001200 C . CURRENT MAXTIMUM NUMBER OF DATA POINTS, »

001300 [ . S.THE W FXPFRIMINTAL,THE W RECRESSION, .

001400 . THE LEAKAGE RATECONFIDENCE LIMITS .

001500 C . FOR THF KATELAS WELL AS THE INTERCEPT .

001600 C . ARE ALL OUTPUTED. .

001700 (4 - S.THE DUTPUT OF THIS PROGRAM SFRVES AS .

001800 (4 . THE FINAL FORMAT TO HE PRESENTED TO -

001500 ¢ . THE A.E.C. . .
002000 C . .

002100 4 LR R R R L R R R R T ) L
002200 REAL*B ATUC JAPUC JAVPUC JATLC JAPLC dAVPLCJATIC 4APTIC,AVPIC -’
002300 REAL®E AUCI9 ) NLCIO9 )y WHICI99) 4 WI99) , TIME(98) '
002400 REAL®B WRI99) WLRI99) ,WUR(99) ,ATAR(99)

002500 INTEGFR¥2 NR,NRRZNZR

J02600 DIMENSION TARLE(96)

0027100 REAL®*B A,B.BL ,8H

002pP00 REAL*B WUCDEM WLCDEM WICDEM WDEM

002900 DEFINE FILE 4199,146,L,1D)

003000 REAL®S TSSoTS WS TS2WANUMGADEM ;BNUM GEX o WSUM ,STGMAB , XNRR o S16GMA
003100 KEAL®H AT ATTNGEKK,TOY F2,F1,F FF

003200 READ(4*99)NKR

003300 IFINRR=3]1,42,2

003400 1 WRITE(6,200)

003500 200 FORMAT 1M 10X, *INSUFFICIENT NUMBER OF DATA POINTS FOR A MEANINGFU
003600 ©'. ANALYSIS TO BE RUN.MORE DATA POINTS ARE NEEDED*)

003700 30 Y0 3

003800 2 IRR1=2

0N3%30 84T NRRI=NRR1+1

004900 188=0,0

004100 15=0.0

004200 DO & 1=2,4NRR1

004300 READIATTINRTIMFII) JATUC APUC JAVPUC  ATLC JAPLC JAVPLC JATIC LAPIC JAVP]
004400 SCWUCII WLCHTDoWICIT I gWIT)

004500 TSS=TSS+TIMO (1) %2

004600 & IS=TSeVIMELD)

004700 NEADIG L IN2R G TIMEINZR) yWUCDEM WLCDEM ,WICDEM o WOEM 4ATUC JAPUC ,AVPUC o &
004800 olLCoAPLC'AVPLC.ATICoAPlC.AVPIC.&UCCNZI!vﬂLClNZIl.HIC(NZRl.H!NiiD
004900 WS=WINZR)

005000 DO 5 J=2,NRR]

005100 READIGPIINR T IMELJI) JATUC JAPUC JAVPUL ¢ ATLC s APLC JAVPLC JATIC AP IC oAVP]

005200 SCAWUC T oWLCEI) oWICT I oW D)



SOURCE LIBRARY PROGRAM PAGE 0003

005200 5 WS=WSeWil )

005400 TS2N=0.0

075500 DO & X=2 NRR )

005600 READIS K INR, T IME(K) y ATUC yAPUC JAVPUC s ATLE yAPLC s AVPLC JATIC 4APIC,AVPI
005700 SO WUC (K ) oWLE (K)o WICIK ) W iK)

005800 6 TS2W=TS2WeTIME(K ) SW(K)

0054900 ANUM=TSS*WS~TSeTS 2w

006000 XNRR=NRR 1

006100 ADEM=XNRR*TSS~T S#%2

006200 A= ANUMZADEMN

006 300 ANUM=XNRROTS2W=TSoWS

006400 R=BANUM/ADEM

006500 DATA TABLE/Z12.706,34.303,3,182,2.77642.5714204467,42.365,2.30642.262,
006600 02.22052420142e17992026092,16542013142.12092e11042.101,2.093,2.086,
006700 C2.0F0,32.074432.06932.064,2,060,2.056432.052,2.0408,2.045,2.042,2.040,
006800 $2.038,2.03692.03492.03242.03042¢02742¢02542e02342402142.02042.019,
006900 92.018,42.017,2.01642.015,2.01442.013,2.,012,2.011,2.009,2.008,2.007,
007000 2.006,2,005,2,00442.003,2,002,2.001,292,000,3%1,999,3%1,998,3%].99
007100 $T7,301.,996,3%1.995,3%1.,994,3%1.993,3%1.992,3%1,991,3%1,990,3+1,989,
007200 22%) 980/

007200 WR(1)=A

007400 READ(4*2INR, FIME(2) o ATUC yAPUC yAVPUC o ATLE ¢ APLC y AVPLC yATIC JAPIC JAVPI
07500 SCoWUCI2) yWLCE2) yWICH2) WE2) ’
007600 WR(2)=A+B*TIME(2)

007700 DO 7 11=3,NRR] %
007800 READIATIINRGTIMELTT) ATUC yAPUC  AVPUC JATLC s APLC s AVPLC yATIC JAPIC oAV
007900 SPIC,WUCTLT ) oWLCENT) 4 WICEET) JNITT) '
008000 WRITID=A+BSTIME(ET)

008100 EK=TABLE(TI-2)

008200 REAUL4*1IN2R o TIME(N2R) JWUCDE , WLCDEM , WICDEM , WDEM s ATUC JAPUC s AVPUC 4 A
000300 STLCOAPLC yAVPLCATIC ,APIC oAVPIC,WUCKL ) yWLCI1) 4WIC (1), W)

008400 WSUM=(W(1)=A) 82

008500 DD 8 L=2,NRRI1

008600 READU&PLINR g TIME(L) ¢ ATUC s APUC y AVPUC JATLC o APLC s AVPLC o ATIC JAPIC JAVP T
008700 SCoRUCIL) yWLC L) JWICIL) oWHL )

008800 8 WSUM=WSUMS(W(L)=A-BOTIMEIL) )®e2

00:900 SIGMASDSORT ({14 /XNRR ) # WS UM)

009000 AT=TS/XNRR

009100 READIA*TTINR, TINE(ET)ATUC,APUC s AVPUC JATLC y APLC AVPLC (ATIC AP IC oAV
009200 SPIC,MUCEET ) yWLCHTT ) WICITT) oW ETE)

009300 ATIN=(TIME(TIT J=AT)#e?2

009400 TOY=AT#s?

009500 DO 9 M=2 ,NRR1

00600 REANES*MINR 3 TIME (M) 4 ATUC 3 APUC y AVPUC s ATLC ¢ APLC yAVPLC o ATIC yAPIC ,AVP I
00% 7LD SCWUCIM) JWLO (M) WICIM) WIN)

009£00 9 TOT=TOT+(TIME(M)=AT ) *s2

009900 F2=ATTN/TOT

o10000 Fl=(XNRR+],)/XNRR

010100 F=Flek2

010200 FF=F® (XNRR/(XNRR=2,))

010300 ATAUTLI) =DSQRTEFF )*#SIGMA

010400 WLRITI)=WRITI)=EXK*ATAB(IT)

010500 WURCIT)I=WRIITVOER*ATABILIT)

010600 7 CONTINUE

010700 B=B*2400,

010300 SIGMAB=DSQRT (WSUM/( { XNRR~2, }*TOT ) )

010900 EKK=TABLE (NRR1~2)

011000 BL=B~[EXK*SIGMAB) #2400,



011100
011200
011300
011400
011500
011600
011700
011600
011900
012000
012100
012200
012300
012400
012500
012600
012700
012R00
012500
013000
013100
013200
©13300
013400
013500
0132600
013700
013800
013900
014000
014100
014200
014200
014400
014%00
014600
014700
014800
014900
015000
015100
015200
015200
015400
015500
015600
015700
015800
015900
016000

SOURCE LIBRARY PROGRAM PAGE 0004

BH=B+ (EXK®SICMAB) #2400,
READ(4'NRRIINRyTIME(NR) y ATUC y APUC JAVPUC yATLC JAPLC yAVPLE JATIC AP IC,
SAVPIC oWUCINR ) WLCINR ) o WICINR) (WiINR)

WRITE(ANRKIINA (T IME INR ) JATUC JAPUC JAVPUL JATLC s APLC o AVPLC 4 ATIC 4APIC
SLAVPIC qWUCINR )G WLCINR ) yWICINR) JWINR) L BL,B,BH,A

WRITEL&,201)

201 FORMAT(LIMI4BX,"SUMMARY OF AVERAGES'///IN ,2X,'RUN PP 22X, "ELAPSED
P 2X o 3(34HAVG TEMP  AVG PRESS AVG vV PRESS 1718 L10X,*TIME', 86X,y
SPPER® ySXy"UPPER Py T, "UPPER® g TN, "LOWER * o SX "LOWER * 6 X, "LOWER * ,8X, ']
SCE Yy IX " ICE e 9XL ICEY /)

READIATLIN2R, FTIMEINZR ) ,WUCDEM WLCDEM , WICDEM , WOEM , ATUC , APUC L AVPUC . A
STLC L APLCAVPLELATIC,APIC,AVPIC

ATUC=ATUC~4%9,.7

ATLC=ATLC=459.7

ATIC=ATIC-459.7
'ﬂl'f'00202'“2‘.']“5'"2.’..'UC"PUC'lV'UCo"l(.l'l(.l"t(o"lc."!
SCLAVPIC

202 FORMATILIH 22X 313,4X 3 Fb.242X 33 1F0.4,2X 4 FO,4,3X,F9,.4,2X))

DO 846 JG=24NRR]

READIAYJGINRy TIME(NR ) yATUC JAPUC ¢ AVPUC JATLC o APLC JAVPLC JATIC AP IC LAY
*PlC

ATUC=ATUC-459.7

ATLC=ATLC-459.7

ATIC=ATIC~-459,.7

LY Uﬂl'(‘6v?°2)~.0’l”‘|~ﬂ)"'U('AFUC'QV’UC"'ICQ"l(QAVPlCQA'IC'I’IC.
TAVPIC

WRITE(6,205)

205 FORMATIIHI 34X, "RESULTS OF THE LINEAR REGRESSION ANALYSIS TESTY///
FIH G2X,"RUN €0 AX "W 'y 11X, "LEAKAGE RATE® (OX , "LEAKAGE® , 90, "L FAKAGE
SRATE® oBX, "W UPPERT ,TX, "W LOWER® ,9X,"W JCE*/ 1M 210X, "EXPERIMENTALSY,
CHNy'LOWER LIMIT 11X "RATE 411X, "UPPER LIMIT SN "CONTAINMENT®, 3X,
SPCONTAINMENT * SX, *CONDENSERY7)

D0 B45 JG2=3.NRR1
.FAO“'J02|~R.'IRE'JGZ'OA'UC'A’UC.AV’UCol'lC'A'LC.lV’lC.“IC.l’IC'
.AVPlC'"UC|JG?'o‘lC(JGZ'oUlC'JGZ'QU.Joz'oﬂloﬂoaﬂcl

B45 WRITE(6yZ06INR NIJG2)  BLoBAH WUCTIG2 )4 WLCIJIG2) yWICTIIG2)

206 FORMAT(IM .)l.l3.AI.F°.5.QI.F9.5-9!-fC.S.IOX.F’.S.Ol.?!.5.5!.?9.s.
TEX L FF.5)

READISA"99 INRR
IFINRRI-NRR)BAT 844,844

844 lf‘n'&'"kﬂ!'““."'s.""'oA'UC"PU(.lV'UC"'lCo"CC'AV'l(."lc.l'l('

OAVPIC.HUC(NRl.uLClNRl.wlC(kll.ulNﬂl.BL.O.lﬂ.u
WRITLI6,203)8,A

203 FORMATULIMOW 21X, "FINAL LEAKAGE RATE (T PER DAY) B F9.5.5X, "INTERCE

*PT=%,F9,.5)
WRITE(6,204)BL,8M

204 FORMAT(IHO,21X, *FINAL CONFIDENCE LIMITS FOR THE RATE ARE T F9.5,"

*T0 *,F9.5) .
3 sToP
END

-
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5.0 ANALYSIS AND INTERPRETATION

The previous sections of this report described the method
of measuring and computing the containment leakage rate. This section
will present the observations, discuss the problems encountered and
the conclusions drawn from the performance and analysis of this ILRT.

A. DISCUSSION OF GRAPHICAL DATA

Figures 5.1 and 5.2 are the graphical representations of
the calculated leakage rates as determined from the twenty-four hour
ILRT and the Supplemental Test respectively. The axis of these graphs
are the normalized weight of original air remaining in the containment
versus time (or run). The slope of the least squares line is the
leakage rate.

In reviewing these graphs it is observed that the normalized
value of the weight of original air remaining in the containment tends
to cyclic. The cycling of normalized weight is experienced throughout
the entire twenty-four hour ILRT and is also present in the Sup-
plementary Test. This behavior is directly influenced by the cycling
value of the normalized weight of air remaining in the Ice Condenser
Compartment. This is in turn related to the cycling temperature
experienced in this compartment (see Figure 5.5) caused by the
periodic defrosting of the Ice Condenser air handler cooling coils.

The average vapor pressure plot for each compartment, found
in Figure 5.4, indicates a steady increase for both Upper and Lower
Compartments while the Ice Condenser Compartment tends to cycle
slightly while increasing. Again the Ice Condenser's abnormal
tshavior was influenced by the periodic operation of the air handler's
defrost mode which in turn caused the Ice Condenser temperature to

cycle. It is important to note at this time that, due to what
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was thought to be a malfunction in the Ice Condenser's dew point
sensing hygrometer, it was decided that the Ice Condenser vapor
pressure would be determined using the average compartment
temperature and hygrometric tables prepared by the Smithsonian
Institution for the saturation vapor pressure over ice. Jub-

sequent inspection of the sampling line, from the Ice Condenser
Compartment to the hygrometer, revealed that the line was open at
approximately El. 670 ft. and was actually sampling Upper Compartment
atmospliere.

Figure 5.3 shows a plot of the absolute pressure in each
compartment during the twenty-four hours of the ILRT. The graph
indicates a steady decay of pressure in the containment with slight
fluctuations, the largest of which is approximately 0.002 psi. The
extreme accuracy in which the Qquarz Manometers can measure the change
in pressure can be seen in the tabulation of data found in Section 6.0.
when the initial and final absolute pressure readings of the Upper,
Lower and Ice Condenser compartments are compared, the measured change
in pressure is 0.0509, 0.0505 and 0.0500 psi respectively. It was
therefore concluded that the Quartz manometers gave an accurate
indication of containment pressure.

A review of the average temperature plot, found in Figure 5.5,
indicates a relatively stable trend for both upper and lower com-
partments. The Upper Compartment experieanced a defective RTD (ETR-103)
just prior to the start of the test. Therefore, for the purpose
of calculating temperature in the Upper Compartment, the reading
of an RTD (ETR-102) in same general vicinity with the same weighting
factor was substituted for the defective one. The problem RTD was
demonstrated as being defective, after the completion of the test,

by measuring its resistance which proved tc be far above the



-36-
manufactured specification. The temperature plot also indicates
that the Ice Condenser's average temperature tends to cycle. This
cycling of temperature was brought on by the periodic defrosting
of the lIce Condenser air handler cooling coils. For this reason,
it was impossible for the Ice Condenser Compartment to meet the

temperature stablization criteria set forth in the test procedure.
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COMPARISON OF ONE VOLUME WITH THREE VOLUME METHOD

The method employed in this report was based on calculating
the weight of air in each of the three compartments, combining them
into the weight of air in one compartment, and then normalizing the
result. The purpose of this section of the report is to explore
the possibility of considering the entire containment as ono
compartment.

The pressures at all points in the contanment should be
the same. An average of all six pressure readings would give an
adequate figure for substitution into a one volume formula.

However, since there is no reason for the temperatures to
be the same, we must be careful about the method for calculating
the average temperature to be used for substitution in a one volume
formula.

Since the whole equals the sum of its parts:

W= W, Wt Wat e

PV . RV, BV, AV,
= Le 224 4 e
RT ﬁ i‘ R'rz RT3

We can eliminate R and all the values of P from this equation

sinceP=P’=P2.-_P3= N

Vo, \4 V ‘%
T - 4+ oo

_1‘__.._ )4..1..4 _J.)+

If we substitute "upper for ' "lovgr" for "2", "ice"

for "3", and use "0" to designate original values we can solve:

(0 ()]
¥ (T)o(rku

W (Normalized) =

W R ‘R‘(
AT

Wo P, V%

;1
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But this is a variation of the formula that we used to combine
the three volumes into one in the 3 volume method.

In conclusion, the act of determining a weighted average
for the temperature forces us to go through the same steps, and
leads to the same result, as calculating masses in the three

separate compartments and then combining the masses into cne.



c. ERROR ANALYSIS

The following Error Analysis is based on the parameters

measured during the actual ILRT.

Leakage during the test resulted in a drop in pressure
of about 0.05 psi. Temperature and vapor pressure were measured

but were not directly related to leakage.

Since the total pressure should be essentially the same
throughout the containment, all six pressure gages should show
the same change in pressure throughout the test. The actual

measurements show:

Yean Change: 0.0504 psi
Std. Deviation: t 0.00053 psi
Probable Error: t 0.00036 psi

At time zero (beginning of test) the probable error of the
mean temperature was:

+ 0.19 °F Upper Containment

+ 0.27 % Lower Containment

+ 0.80 4 1ce Compartment
and after 24 hours was:

+ 0.20 ¥ Upper Containment

+ 0.27 F Lower Containment

+ 1,07 ¥ 1lce Compartment

The measurement of vapor pressure employed a cooled mirror,
the temperature of which was accurate to *0.5F. Multiplying this
by‘T%%:yields the probable error for measurements made in each com-

partment.
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Upper compartmintefor a temperature of 62F the probable

error is:

0.5F (0.01 psi/F) = 0.005 psi

Lower compartmentefor a temperature of 73F the probable

error is:

0.5F( 0.01373 psi/F >, 0.005 psi

lce condenser-as was previously mentioned the dew point
hygrometer was not sensing Ice Condenser atmosphere. Since the
water vapor should be at saturation pressure using the mean
temperature of the seven RTD's in the ice condenser yields

1.07F (0.0017 psi/F) = 0.0018 psi

It is interesting to note that the large probable error
in the temperature is more than offset by the low -%%:-, giving
a smaller probable error for this vapor pressure than for either

of the other two vapor pressure measurements.

Probable error for combined quantities.

w=u.2959( (’)*22835 x) ’(P_‘:ﬁr)l
EE). T (5,

4.2959 (57),0t 22835 (575), + (5%
Where P = Total pressure - PSIA

va Vapor pressure - PSIA

T = Temperature = °R

U = Upper Containment

L = Lower Containment

I = Ice Containment

0 An O added to a subscript refers to measurements made

at time zero (the start of the test).
W = Fractional weight of air remaining
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In order to evaluate the probable error cf the above
equation, it is best to use a step-by-step approach. If E
represents the probable error, we calculate:

1. E! for P-Pa

2. EY for P=Pa

-
3. ! for the numerator of the fraction

4, E! for W, and finally E for W

The two types of formulas used are:
l. IftA=B-C

Ep = EY « E
2. If A = B/C
z z z 2 2
Ea s Aéh_ f'_ég- OR E;f': E;B + E} ;)Z
A Rt 2 gz | ¢t

~ 1
Solutions for EP-Rw

l.a. Upper Containment
£ E2+E2, = (0.00036)% + (0.005)"z 3.41x10 8
b. Lower Containment
E% EFER., = (0.00035)7'4 (0.008)% = 3.47x10
Ce Ice Containment

8

EFi: EP*.; EPv- - (o.ooosc)z.r (o.oow)" = 0.47x;o'8
2. Solution for P‘p«r
T
2.8, Upper Containment s " .
L. 3.47% 10 20x 10 26.9 i
2.b. Lower Coritainment
E* = el (m”°-1\1 269 Y. 7.43016"°
(269 T\ (532) / |\ 532




ob2.

2.C Ice Containment
gb e o [y (27 "= Ko.sx10™"°
(72)% \ 478 / 473
3 ! or t
E= (4.2959%(4.82xic7'9)¢ (2.2838)% (243 %67°) + 160.5 x107'°

Et = 287.53x/07°

L. Solution for W

EZ . 287.53 x07° 287 S§3x10'° (')
(0.3946)* (©.394()2

E® - 3693.63x10™°

ol
E = 60.77x10 = 0.061 %

This is the probable error of one point on a graph of weight
of air ir the containment (normalized) plotted against time. The straight

line representing the least-squares fit of all 49 points had a slope
of 0.16044% * 0.01053% with a confidence limit of 95%.
Conclusion

It has been shown that any one reading has a probable error
of 0.061,7.’. When all the points are used to determine a least-squares-
line, we have a 95% confidence limt of * 0.01053%.

It can be shown that, for a normal distribution, a 50% confidence
limit is the same as the probable error.

(0.1604% * 0.01053)% 95% Confidence

(0.16044+ * 0.00363)% 50% Confidence
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DISCUSSION OF AIR PARTICULATE DETECTOR LEAKAGE

During the course of the ILRT it was found that the air
particulate detector sample line used tc measure the air borne
contamination of tﬁe lower Volume was experiencing out-leakage
through a flow control mixing valve. The extent of the leakage

was measured to belO.2 SCFH.

This flow control mixing valve is used during normal
operation to manually throttle the correct sample flow-rate
to the detector. When the sample pump is not in operation,
as was the case during the ILRT, the flow control mixing valve

acts as a vent from which the containment air escaped.

Provisions will be taken to eliminate this source of
leakage by modifying the present air particulate sampling system.
It is important to note that the acceptable leakage rate reported
in this text includes the leakage through the flow control mixing

valve.
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6.0 TABULATED RESULTS

The following pages are a tabulation of measured parameters
and calculated values of the Integrated Leakage Rate Test and
Supplemental Test.
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SUMMARY OF AVERAGES
(VOLUMETRIC WEIGHTING)

RUN # EL. SED AVG TEMP  AVL PRESS AVG V PRESS AVG TEMP  AVG PRESS AVG V PRESS AVG TéMP  AVG PRESS AVG V PRESS

TIME UPPLER UPPER UPPFLER LOWER LOWER LOWER ICt Ice 1Ce

1 0.0 62.6819 27.0030 0.1012 72.9587 27.0045 0.08%8 18.5255 27.0101 0.0468

2 0.50 62,6835 27.0005 0. 1014 72,9488 2T.0024 0.0864 18,7261 271.0077 D.0472

3 1.00 62.6323 26.9978 0.1015 12,9502 26,9999 0.0872 18,6939 27.0052 0.0471

- 1.50 62.6259 26.9968 0.1017 12.9021 26.9987 0.0876 18,5955 27.0041 0.0469

5 2.00 62.6011 26,9944 0.1019 T2.8753 26.9968 0.0880 18,5690 271.0021 0,046%°
& 2.50 62.6080 26.9923 0.1020 12.8027 26,9097 0.0882 18,4555 27.0001 0. 040606

7 3.00 62.5858 26.9920 0.1024 12.8602 26.9941 0.088682 18.4712 26 .9995% 0.0467

R 3.50 62.5423 26,9909 0.1027 12.8192 26,9927 0.0868 18.5456 26,9985 0.0468

9 4.00 62.5531 26.9902 0.1030 12.R123 26.9920 0.0891 19.0716 26,9977 0.0480
10 4.50 62.5597 Z6.9688 D.1024 T2.8217 26.9902 0.0893 19.2578 26.9960 0. 0484
11 5.00 62.551% 26,9896 0. 1039 T2.1041 28.9913 0.0897 19.0203 26,9969 0. 0479
12 5.50 02.508]) 26.9913 0.1039 T2.7962 26,9930 0.0902 18.9498 2649985 0. 06477
13 4.00 62,6260 26,9909 0.1062 72,7753 26.9927 0.0889 19.1504 26,9982 0.0482
14 6.50 62,5022 26,.9F60 0.1045 12,7495 26.9929 0.0904 19.1168 26,9935 0.0481
15 T.00 62.4524 26.9882 0.104% T2.7381 26.9850 0.0914 18.8678 26.9903 0.0475
16 7.50 62.4600 26.9026 0.10%2 T12.7247 26,9844 0.0914 18.9370 26.9899 0.0477
17 8.00 62.4755 26.9P00 0.1054 12.7108 26.9618 0.0906 18.8621 26.9873 0.0475
in £.50 62.46%2 26.9778 0.1006 12,7159 26,9046 0.0919 19,2600 26,9840 00,0484
19 9.00 62.4376 26.9761 0.10¢0 12.683% 26.972]) 0.0920 19.1958 26,9836 C.0483
20 9.50 62.4362 26,9152 0.1066 12.6477 26.9777 0.0912 18,8097 26,9832 00,0474
21 10.00 62.3935 20,5746 0.10086 T12.63%1 26.97170 0.0923 18,6155 26,9827 0.0470
22 10.50 62.3796 269776 0.1071 T12.6490 26,9185 0.0918 18.7244 26,9853 0.0472
23 11.00 t2.360% 26,9761 0.1072 T12.6291 26.97180 0.0919 19.1280 26.9840 0.0481
24 11.50 62.3499 26.9168 0.1076 T2.5951 26.9186 0.0929 19.0745 26,9945 0.0480
25 12.00 62.3155 26.9736 0.1078 72.5905 26.9753 0.093%0 19.2481 26.9814 0.0484
26 12.50 62.2°88 26,9705 0.1079 T2.5651 26.,972% 0.0931 19.4101 26,9785 0.0488
27 13.00 62.2004 26.9697 0. 1083 T2.5519 26.97121 0.0931 19,2984 26,9182 0.0485
28 13.50 62.2813 26.9604 0.1088 72.5403 26.91703 0.0928 19.2746 269766 0.0484
29 14.00 62.2760 26.9657 0.1090 12.52°0 20.9677 0.0941 18.9334 26,9738 0.0477
30 14.50 62.2583 26.9664 0.1093 72.5095% 26.9683 0.0941 i3.70R8 26,9745 0,0473
31 i5.00 62,2299 26,9672 0.1095 12.5202 26.9692 0.0949 18.7681 26,9753 0.0473
32 15.50 62.2357 26.96173 0. 1099 12.4%00 26.9691 0.0951 18,9634 26.9753 0.0478
33 16.00 62.1966 26.9658 0.1100 72,4219 26.76178 G.0954 1v.37710 26,9738 0V.0487
34 16.%0 62.2236 26.96065 0. 1104 72.53158 26.,%013 0.0957 19.7467 26.9748 0.04%6
35 17.00 62.1996 26,9065 O.1107 T2.4511 269604 0.09s1 20,4266 26,9744 0.0%12
36 17.50 62.19¢8 26.9658 0.1109 T2.40667 26,9617 0.0959 20,3783 264971359 0.0511
37 18,00 62.1656 26.9635 0.1120 T2.4482 26.9655 0.0966 19.7779 2649716 0.0497
38 18.50 62.14624 2649610 0.1118 T2.4401 26.9629 0.0969 19.5064 26,9693 0.04%0
3y 19.00 62.1223% 26,9600 0.1118 T2.4388 26,9626 0.09715 19.38%0 26,9689 0.0487
40 19.50 62.1208 26,9583 0.0122 T72.4185 26,9653 0.0973 19,3560 26.9664 0.0487
“l 20.00 62.1198 26.9%08 0 1125 T2.4190 26,9588 0.0914 Iv.4isl 26.9648 0.0488
L2 20.50 62.1032 26,9550 0.1129 T2.4196 26,9571 0.0977 19.2987 26.9630 0.U4BS
%3 21.00 62,0438 26,9523 0.1143 72.3800 26,9543 0.0993 19.7997 26,9603 0.0497
44 21.50 62.0182 26.9504 0.1132 12.3798 26,9524 0.0973 19.7022 26,9584 0.0495
%5 22.00 62.0481 26.9491 0.1151 12.3574 26,9510 0.099% 19.3130 26.9571 0.0486
“6 22.50 62,0418 26,9489 0.1151 72.3707 26.9508 0.09%0 19.1616 26.9568 0.0432
&7 23.00 62.0267 26.9528 0.1154 T2.3237 26,9549 0.0997 19,2963 26.9610 0.0485
“8 23.50 62.0277 26,9549 0.1156 72.3039 26.9570 0.0999 19.9639 26.963) 0.0501

49 24.00 62,0037 26,9521 0.1160 72.3118 26,9540 0.1002 20.2865 26.9601 0.0509

v 16 -



RUN # EL. HED
TImME
1 0.0
2 0.50
3 1.00
B 1.50
5 2.00
6 2.50
7 3,00
L 3,50
9 4.00
10 4.50
11 5,00
12 5.50
13 A.00
14 650
15 T.00
i6 T7.50
17 8.00
in 8.50
19 9.00
20 9.50
21 10.00
22 10.50
23 11.00
24 11.50
25 12.00
26 12.50
27 13.00
28 13.50
29 14,00
30 14.50
31 15.00
32 15.50
3 16,00
34 16,50
35 17.00
36 17.50
37 18,00
30 18.50
3y 19.00
40 19.%0
41 20.00
4“2 20.50
43 21.00
44 21.50
4“5 22.00
46 22.50
&7 23.00
“H 23.50
4“9 24.00

AVG TEwP
UPPER

62.6819
62.68035
62.6333
62.6259
62.6011
62.6080
62.5858
62.5423
62.5531
62.5597
025518
02.508)
62.4260
62,5022
62.4524
62,4600
62.475%
62.46%2
62-5376
62,4362
62,3935
623796
e2.3609
62.3499
62.3155
62.2°88
62.2004
62,2813
62.2760
62.2%83
62,2299
62.2357
62.1966
62,2236
62.19v6
62.19¢8
62.1656
62.14246
62.1223
62.1208
62.2198
62,1032
62,0438
62.0182
62.0481
62,0418
62.0267
62.0277
62.0037

UPPER

27.0030
27.000%
26.997H
26.9968
26.9944
26.9923
26,9920
26.9909
26.9902
é6.9888
26.9896
26,9913
26,9909
26.9F60
26.9882
26,9026
26.9P000
26.9778
26,9701
26,9752
TS 1Y Y
269770
26.9761
26.9168
26.9736
26,9705
26.9697
26.9604
26.96517
26 .96064
26.9672
26.9673
26,9658
26,9665
26,9065
26,9058
26.9635
26,9610
26.96006
26,9503
26.95068
26.9550
26,9523
26.9504
26.9491
26.9489
26,9528
26,9549
26,9521

SUMMARY 0OF

(VOLUMETRIC WEIGHTING)

AVL PRESS AVG V PRESS AVG TEMP  AVL PRESS AVG V PRESS

UPFLR

0.1012
0. 1014
0.1015
0.1017
0.1019
0.1020
00,1024
0.1027
0.1030
0.1034
0. 1039
0.1039
0.1042
0,104%
0.1049
0.10%2
0.1054
0. 1006
0.10c0
0.1066
0.1006
0.1071
0.1072
0.1076
0.1078
0.1079
0.1083
0.1088
0. 1090
0.1093
0.109%
0. 1099
0.1100
0.1104
0. 1107
0.1109
0.1120
0.1116
0.1118
0.1122
0.1125%
0.1129
0.1143
0.1132
0.1151
0.1151
0.1154
0.1156
0.1160

LOWER

T72.9587
72,9489
12.9502
T2.9021
T2.2753
12.8627
12.8602
12,8192
12.8123
T2.8217
T2.%041
12,1962
T2.1753
12.7495
72.7381
12.72417
12.710%
T2.7159
12.6834
T2.6477
T2.6391
T2.6490
T2.6291
T2.5951
12,5905
T2.5651
T2.5519
72.540)3
T12.5200
T72.%09%
T2.52062
T2.4%00
T2.47219
12.5315
T2.4511
T2.40667
T2.4482
T2.4401
T2.4388
T2.4185
T2.4190
T2.4196
72.3800
72.3792
T2.3574
T72.3707
T2.3237
72.3039
72.3118

AVERAGES

LOWER

27.0045%
27.0024
26,9999
26.9987
26.9968
26.96%7
26.9941
26,9927
26,9920
26 .9902
2¢.9913
25.9%30
26,9927
26.9929
26.9850
26,9844
26.9818
26,9046
26.9700)
26,9777
26.97170
26.9785
26.97180
26.9188
26.9753
26,9725
26.9121
26.9703
26,9677
26.9683
26,9692
2649691
26,7678
26,9003
269604
26.9617
26,9655
26,9629
26.9626
26,9653
26,9588
26,9571
26,9543
269524
26.9510
26.9508
26,9549
26.9570
26,9540

LOWER

0.08%8
0.0864
0.02 72
0.0876
0.0880
0.0882
0.08862
0.0868
0.0891
0.0893
0.G897
0. moz
0.0889
0.0904
0C.0914
0.0914
0.0°06
0.0919
0.0920
0.0912
0.0923
0.0918
0.0919
0.0929
0.0930
0.0931
0.093;%
0.0928
0.0941
0.0941
0.0949
0.0951
0.0954
0.0957
0.09e61
0.0959
0.09%966
0.0969
0.0975
0.0973
0.0914
0.0977
0.0993
0.0973
0.099%
0.0990
0.0997
0.0999
0.1002

AVG TEMP
1CE

1R.5255%
18,7261
IH.6939
18,5955
18,5690
18.4555%
18 4712
18,5456
19.0716
19.2478
19.0203%
18,9498
19.1504
19,1168
18,8678
18,9370
18.8621
19,2600
19.1958
18,8097
18,6155
18,7244
19.1280
19.0745
19.2481
19.4101
19,2984
19.22646
18,9334
13.7088
18.7681
18,9634
19.3770
19. 7467
20,4266
20,3783
i9.7779
19.5064
19.3110
19.3560
19,4361
19.2987
19.7997
19,7022
19.3130
19.16186
19,2963
19.9639
20.2865

AVG PRESS
ics

21.01010
27.0077
27.00%3
27.004)
21,0021
27.0001
26 .9995
26,9985
26,9917
26.9960
26,9909
2649985
26,9982
26,9935
26.9903
26,9899
26,9873
269840
26.98%
26,9832
26,9827
26.,98%3
26.9840
26,9845
26.9814
26.9%185
26,9182
26 9764
26.9138
26,9745
26.9153
26.915%3
269138
26,9040
26,9744
2649729
26.9716
26,9693
26 9689
26,9664
26.9648
26.9630
26.9602
26,9584
26.9571
26,9568
26.9610
26.9631
26,9601

AVG V PRESS
ice

0.0468
0.0472
0,0471
0.0469
00,0489
Q. 04006
0.0467
0.0468
0.0480
0. 0484
0. 6679
V. 0477
0.,0482
0.0481
0.0475
0. 0477
0.0475
00,0484
(‘oO‘“’
0,0674
0.0470
0.0472
0.0481
0.0480
0.0484
0.04488
0,0485
0.0484
0.0477
0.0473
0.0473
0.0478
CeO48 ¢
0.04%6
0.0%12
0.0511
0.0497
0.0490
0.0487
0.0487
0.0488
Q.U4BS
0.0497
0.0495
0.0486
0.0482
0.0485
0.0%51
0.0509
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RUN &

-
DENOCVEIEUN=DOBINOTVIW

FESULTS OF THE LINTAR REGRESSION ANALYSTS TEST
(VOLUMETRIC WEIGHTING)

L LEAKZGE RATE

EXPERIMENTAL LOWE® LInLY
0.59%95 ~3e14352
1.000C01 ~0.54017
C.99977 =U«6T140
U.90672 ~0.56E986
099955 -0e5%%02
0.‘9"52 -”0535’2
0.9995%6 ~0.,47480
0.99954 -0 620627
0.99951 ~U.38721
0.99950 -0.3%381
0.99935 - 2417
0.,99917 -0,25322
Ve ¥9902 ~0e37273
0.99502 =-0e 37390
0.99902 ~0.36622
0.99902 -0.35525

FINAL LEAXAGE RATE (% PER

LEAKAGE
RATE

=0.1210%
-0 05407
=Ue245%
-0.30455
~0s36URSL
=-0.3% 020
-0.3&6&2
-0e325 35
~0.29076
-0.21517
027660
~0.29393
~0.31524
=~0.3230%
-0.32163
-0.31501

DAY) = -0,31501

FINAL CONFIDENCE LIMITS FOR THE RATE ARE

LEAKAGE RATE W UPPER

UYPLR LIMIT CONTAINMENT
2.50142 0.999%0
0.4%203 0.59995
0.1n07R 0.99990
“0.04415 0.97976
—0-!?666 0.999 174
“De24401 0.999%9
~0.2:84) 0.99944
22644 0.99935
-0.21227 0,99925
“0. 19774 0.79932
~0.21143 0.99925
023454 Q999217
~0.:5774 0.99921
~0.27219 0.99912
~0.27704 0.99889
~0.27477 0.99891

INTERCEPT= 1.00007
~0.35525 TO -0.27477

W LOWER

CONTAINMENT

0.99990
V.99992
0.97933
n,99988
0.29985%
0.99974
0.99986
0.99958
0.9945%6
0.99958
0.99963
0.799606
0.99982
0.99935
0.99940
0.99925

w ICE
CONDENSER

1.00026
1.00039
1.00017
0.99919
0.99818
0.99682
0.99984
1.00022
1.00045
1.00006
0.99915
0.997172
0.99705
0.99793
0.99876
0.99898

-



RUN &  ELAPS. .

VBN PP WON -

TImE

0.0

o’so
1.00
1.50
2400
2.50
3.00
31.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00
T7.50
8.00
8.50

AV Tiwme
UFPER

tl.9519
6).9297
tl.94%0
6l.9211%
619098
€1.9¢30
£1.9514
61.9640
61.95%3
61,9624
61.271%
61,957
62.017¢
62,0022
62.0029
62.00113
62,0294
Cl.9414

AVL PRISS
UIPER

26,9284
26,9264
6,%:586
26,9756
26,9239
26,9231
athe9222
26,.%1Re
265144
i6.9123
2657104
26,9116
26,9123
26,2127
26,9110
2649084
264,039
26.9001

CUMMAEY [F

(VOLUMETRIC WEIGHTING)

AVL V PERESS

UPPER

0.1085
C. 1088
U 10%8
0.10uRn
0.10Ey
0.1090
0.10%2
0.1092
0.1092
0.109)
Jeli 13
0.1056%
0.1093
0. 1097
0.1097
0.1097
0.10099
0.1099

AVE TEmp
LiwER

72,1661
12.155%0
Te. 1517
V216462
Tia4238
T2.1194
12,1208
12.1075
T2.0507
T2.0798
T12.0442
T2.0653
T2.0475
12.0222
12,0254
T2.0087
71.9878
TL.9879

AVERAGFS

AVG FRESS
LOVEP

26,9201
2649292
26,9272
26,5472
26,925¢
26,9249
26,9242
26.9207
26,9166
26,9145
26.9126
2549136
2649146
26,9150
26,9134
26,9058
26.9061
26.9022

AVG v PRESS

LOWER

0.1000
0.1C03
0.1003
0.1002
0.1000
0,100
0.100%
0.1006
0.,099%
0.100]1
U.09°8%
G.1000
0.1003
0.10L07
0.1007
0.1012
0.1011
0.1013

AVEL Tpmp
1CE

19.0240
19.4%3
17.6546
19.5939
19.6656
20,1016
20,5518
2041957
19.6%45
19.4490
19,3063
19.5060
19,9378
20,5957
20,8810
20,4297
19.9720
19.6037

AVG PRESS
1ce

26,9366
2649240
26,9336
26.9336
26,9319
26.9110
26.9299
26,9265
26,9224
26,9205
25.%1R)
26.919%
26,9202
26,9202
26.9198
26,9162
26,9118
26,9079

AV

vV PRESS
(4 2

00,0498
0.04%0
0.0494
0,0492
D.04%4%
0.05%04
0.0515%
0.0%06
0.0494
0.0489
0. 0486
0.04%0
0.0500
0.0%16
0.0%23
0.0512
0.0501
0.0497



AESULTS OF THE LINEAR REGRESSION ANALYSIS TEST

(MASS WEIGHTING)

W LFAKAC FATE LEAKALSE LEAKACE RATT W yoprp W LNWFER
EXPFRIMENT AL LIWEe LIvITY RATF UePEe LIMIY CONTATNMENT CONTAINMENT
0,729940 -2 L5750 “LD.6745%) 1.508%4 ) 990G 8¢ 0.99979 0.95948
0.999R2 ~0.04459 ~0e2R39¢ 0.2745656 199 D.994P2 0.99964
N,99978 ~0.4R9%8 ~0.2282 0.03200 ), PO n.,c0070 0,99942
0,99946R ~0.40110 ~0.24R04 N.096%8 “072 «S0C K, 0.96%79
0.99973 ~0.223P) ~0.202067 ~0.08351 ? n.90971) 0,.%°973
Ve 99%74 -Ns 26591 D 1515 0.0411Y eG4 0.99979 N.0909%4
N,77995]) -N,30130] -0 20692 -0, 11003 C.0997) 0,99949 D, 9CRTE
0,999 «-0.25219 -~0.2560% ~0,15%99 0.9°942 0.%9%40 C.5%7%0
0.99947 ~0.32370 ~0e 24405 ~0.1643% 0.70048% 0.,999¢86 0., 00045
0.79961 ~0.2773%7 -0.20500 ~0.1226) 0.9%9R0 0.99971 0.29066
0.
0.
(

S
)

0.9994% ~0.25217 ~DJ1T0RT ~0.08957 ¥991 0,.99979 0.9¢Rr22
0.99%4% ~0.24040 -0 17144 -0.102%3% 29 ©.Q 0.%9979% 0,908 2
(e 79954 -0 . 22104 -0, 16022 0o 994 | «9997% 0 .9994R 0.°9R%%
0.99% 34 0. 71766 ~De 1654¢ ~0.,11225% D579952 O 90949 €. 127
0,99977 - 220059 ~Q.17305 ~0.1255N0 0.0%030 N, 00048 0,997 44
0.99999 -0.,23022 ~0.,19087 ~0.14352 0.9v97n 0.99949 C.99749
0,29905 ~0.24803 ~0.20326 ~0.15049 0.99929 0.9%°931 0.9975n
0.99916 ~0.24185 ~0.20169 ~0. 156154 0.9<92& 0.7997% 0.290 %9
0.99924 ~0.27076 -0.19213 ~0.15%49 0.99930 0,999% 0., 29R 79
0.%9930 -0.71700 -0.180483 -0, 14367 0.59942 0.99939 0,94%686
0.99616 -0 21087 ~0.17675 ~0.14261 ( 1939 0.99%541 0.99778
0.,99921 ~0,201E(9 ~0.16942 ~0. 13698 0.99942 0, 96946 0D.9¢7AN
0.994907 “ND. 1901 A -0.1A035 -0, 13854 CRl. N, 999% N,99713%
0.99894 ~0.19917 -0 17148 ~0.14637% 0.,0“92nR 0.9992¢8 0.99492
0,9990¢ ~D19406 ~0.16A16 ~0.14227 0.99942 0.99929 N, 99715
0.99n93 * ~0.19264 ~0.146881) ~0.14406) 0.99920 0.9992% D.99704
0.,99R092 -0.19n60 ~0.,16%%0 ~-0.14%99 0.9991¢ 0.,9¢91% 0.9977A
0.99902 ~0.,172527 “Ns161R4 ~0.14240 D.949%1" h,o0q19 0,998 156
0,929904 0. 17914 ~0.157% 0. 135874 Cn.‘»"'l,"' (‘,'i'i')ll N, a9p 19
0.799% -0.17424 -0, 15182 -N.133%9 0, "%02] N.00e2? 0.9°777
0,.9%896 ~M.1725%3% ~0e 15374 ~0.134] 0 0.,99922 0.5991% 0,994 %K)
0.99871 ~0.17407 ~0.155171 -0.,13755% Q999 1R 0,99909 0.99408
0.998%4 ~0.17867 -0.160%8 ~0,146249 0.,99922 00,9923 D.9945%9
0.996%54 ~0.1819¢ ~Delb6732 ~0s14649 ND,OVQlR 0.9991p 0,.95467
099265 ~D.1R105 ~0.16440 ~D.14774 0.5°9)2 ., 09911 N, 995 FP
G, 79560 -0,179)2 ~D. 14331 ~0.,1475%0 079908 n,o06n? N.79420
0.998 71 -0.174628 =-0.16107 -D.1650¢ Q.90 f,99%9R 0,996 464
0.99870 ~0.173%3 ~0.158KA -0,14422 0.79900 C.99913% 0,964 LD
0.99F5; -0.17271 ~0.158 18 ~D, 14485 0.99994 0.90RRAE 0.99637
0.998%4 -0.17172 ~01%847 ~0.14521 D.79RR9 0.99681 N.°%660
0.,99832 ~0.17397 ~0.16100 ~0.14802 0.79705 N8 72 0.99%41
0,99¢ 2% ~Q.174%4 -0, 16227 -N. 164980 0., v9AnY 0.99872 D, 99855
N.59834 ~0.17503 -N.16309 ~0D.15114 GeTNAS 0.9978% 0,994 24
0.,99R131% ~D. 17418 -0.16275 -0.15133 0.99070 N.998A2 0.9%6¢8
0.99552 ~0.17160 -0.160731 -0 14901 0.99%86 U.9560)3 0.9%4 %%
0.998139 -0.17015 -04,15925 ~N. 16026 0.99P9% D.99R04 0.9517
0.99820 ~-ND. 1707 ~0. 16024 ~0.14974 0.7°rN6 0.99880 N.99% 137

FINM. LEAKAGE RATE (X PFR DAY) = ~-0,.15024 INTERCFPT= (0.99988

FINAL CONFIDENCE LIMITS FOR THFE RATE ARE  <0.17075 10O ~0D.14974




RUN # FELA: SFD

’JPJ'g PP PP PN W WU W W W W W NN NN NN NN e e e e o e o e e
QB NYO VP WN=O QD NP NP WNCODNP NP INDIBAP AL BN O OD AN S wN -

TIvE

0.0
0.50
1.00
1.50
2.00
3.00
3.50
4.00
4,50
S.00
5.50
6.00
6450
7.00
7.50
8.00
8.50
Q.00
9.50
10.00
10.50
11.00
11.50
12.00
12.50
13.00
13.50
“'m
14.50
15.00
15.50
16.00
15.50
17.09
17.50
12,00
12,50
19.00
19.50
20,20
20.50
21+
21.50
22.00
22.50
23.00
23.50
264,00

AV TFEMP
UPpPEPR

62.6%01
62.6815
62.63156
62,6240
62.5%91
62.6062
62.5%4)
625405
62.5511
62.5577
62,5499
62.5062
67.4337
62.5003
62.464%06
62,4582
62,4735
62,4632
62.4356
6244342
62.3915
62.3775
623590
62.34R]
62.3135
Hh2.7958
62,1992
62.279%
62,2742
52.2567
62,2202
52.2337
62.19%0
62,2216
62,1774
62,1249
621636
A2.1404
62.1203
62.1188
62.11467
62.1012
62,0417
6£2.0162
62.0461
62,0397
62.0245
62.0258

62.006 -

AVG PRESS
HepEn

27.0030
27.0005
26.5978
26,9968
25,9944
26.992)%
26,9920
26.9909
25,9902
26.,90R8
2h.,9794
26.9913
26.9909
269060
?26.9082
26,9926
26,9700
25,9778
26,9761
269752
25,7746
26.977%
26,9761
2h. 9768
26.9736
26,9708
26,9097
2R .94
26,9457
2676564
26,9672
267673
26,9658
267565
25,9665
26,9653
2649635
26.9610
26,9508
26,9583
26.950R
26,7550
26.9523%
26.7504
25.9491
26,9489
26,9528
26,9549
26,9521

SUMMARY NF

(MASS WEIGHTING)

AVG V PRES
UPPER

0.1012
0.1014
0.1015
0.1017
0.1019
0.1020
0.1024
0.1027
0.1030
0.1034
0.103%
0.1039
0.1042
0.1045%
0.1049
0.1052
0.1054
0.1066
0.1060
01066
0,106%
o.10M
0.107?
0.1078
0.1078
0.1079
0.108)
0, 1088
0.1090
0.1293
0.1095
0.1099
01100
0.1104
0.1107
0.1109
N,1120
0.11156
0.111%8
C.1122
0.1125
J.1129
01143
0.1132
0.115%]1
0.1151
0.1154
0.1156
0.1160

S AVEL TEmP
LOWER

T2.7516
T7.941°
T2 47435
72.8951
T2 .A879
T2.6553
T2.8531
72.8118
T2 .8061
T2.0146
T2.7971
T2.7R91
12.76%4
T2.7626
T2.7311
T2.7177
T2.7024
T2.7092
V246763
T2 .64N%
T12.6321
T2.6424
T2.6224
T2.%€R1)
T2.5836
T2.5581
T2.5460
T72.5333
72.5209
T2.5024
T2.5134
T2 .483%0
T2.4R52
T2.%5246
T2 .4639
T2.4600
T2 44611
T2.433%0
T2.4319
T2.4115
T2.4121
T2.4178
12.3728
TZ2.3730
T72.3502
T2.3639
72.3167
T7.2967
T2.3049

AVIRACES

AYG PRESS
LIWFR

27 .0045
27.0024
25,9999
26,9907
26.9969
26.9997
26,9941
26.9927
26.9720
26.9902
26.9913
26.9930
2h.9927
26,9929
26,9850
26,9044
26,9018
26,9046
26,9781
25,9177
246.9770
26.9785%
26,97R0
26.,97¢8
26,9753
2697258
26.9721
26,9701
26977
26,9601
269692
2549691
26.9478
26.96P)
2h.9604
26,9655
2549629
26,9653
26.950R
26.9571
26.9%43
25.9%26
26.9%10
26,9508
26.9549
26,9570
26,9540

AVG V PRESS  AVG TEMP

LOwER

0.0958
N.0864
0.0RT2
0.0R076
C.NAAR0
0.0%82
o.0nrR2
0.0868
0.0891
0.0093
0.0897
00,0902
0,000
0.0904
0.0914
0.0914
0.0906
0.0919
0.,0920
0.0712
NeN923
0,02)8
0.0919
0.0929
0.N930
n.nq11
0.09131
0.0928
0,094)
0.0641
0.0949
0.09%1
0.0954
0,097
N. 0961
J.0959
0.0966
0.0849
0.097%
0.0973
0.0974
0.00717
0.0993
0.0°73
0.0990
0.0997
0.0999
0.1002

ICF

18,5049
18,6978
18,5847
19,5490
1P . 5440
18,4212
19.447)
18,5224
19.04680
19.2209
18,99%9
1R,9222
19,1273
19.089%
19.R412
18,9095
19.8360
19,2231
19,1724
1R.7074
18,523%
12, 7006
19.0°44
19,0445
19,217
19. 3828
19,2727
19,1997
12,509
18,7451
19. 7437
18,925A
17.34R0
19.7068
20,7°})2
20,3432
19,7474
19,4775
19.2%26
19,2254
19,4056
19. 2700
19.7693
194745
19.2R7S
19.1348
19,2602
19.9200
20,2497

AVG PRESS
1CE

27.0101
27.0077
27.0052
27.0041
27.0021
27.0004
26 .999%
2A.9905%
26,9977
26,7960
26,9969
25,99RS
2A,90982
26,993
26.,9°03
26.9R99
26.°" M
26.9F4R
24.993%
2A.98732
26,9027
26.,9A%)3
26,9840
26,9048
26.9014
26.97FS
26,9702
26,9764
26,9730
26,9745
24,975y
26.9753
26,9738
26,9746
26,9744
26.9739
26.9716
269693
26,9489
26.9664
26,9640
26.%870
24,9403
2649584
26,9571
26.9%56A
26.1510
26,9631
26,9601

AVG Vv PRFSS
1CF

0.0468
0.047)
n,0459
0. 0409
C.0408
0,.04487
0.C468
0N,04m0
D.N4P4
0. 0470
0.0477
0.0682
0.M6")
0.047%
0,077
0. 047S
O Y Y
0,0422
N, N0&T74
0.06470
0.0472
0,041
0.04a80
0.04R4
0.0400
0.,04n8
0.04R4
0.0477
0.047)
0.0472
0.047TR
0.0407
0.04958
0,012
0.0511
0,0497
0.0490
0,04R7
0.0487
C.04pR
0.04P5%
N 0487
0.N49%
00,0404
0.0482
0,045
0.0501
0.,0509

o L8 o
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Containment Penetrat
Sensitive Leakage Rate Te
Containment Isoclation System Pneumati
conducted as a
systematically verify acceptable leakage
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leakage through the contai
lock door seals, lock cover flange seal, ring body

seal, overall air lock leakage, and weld chuanel leakage (in-

ned to determine

methods were employed in conduct of these tests.
volumes were small enough to pressurized with our leak
detection instrument, it was used to determine the leakage rate.
This instrument (Volumetrics Leak Rate Monitor) is a self contained

mass flow leak test system capable of measuring small gaseous leak

rates. The monitor pressurized the test volume to a predetermined

setpoint ( 12.0 PSIG). After test pressure is attained precise

pressure regulators, internal to the instrument, maintain the
pressure setpoint by adding air through a thermal flow sensor. Since
the test volume pressure remains constant during the test the amount
of air leakage is equal to the amount of air added. This leak rate

ls electronically converted and displayed on a digital rate meter.




7.0 LOCAL LEAK TEST PROGRAM (CONTD.)

Two zuch instruments were employed in our local leak test program
each having calibration certification to NBS.
The following presszure boundaries were tested in this manner

with results and acceptance criteria as listed.

Measured Leakage Acceptance Criteria
612' Personnel Access Hatch .000294La .001La
Door seals inner .000037La .0005La
outer .000248La .0005La
650' Personnel Access Hatch .0000092La .001La
Door seals inner .0000184%La .0005La
outer .0000737La .0005La
650' Lock Cover Flange 3LGCCM N/A
650' Ring body flange 16SCCM N/A
Isclation Valves (total Leakage) 16,835SCCM 5%,5168CCM

For an individual accounting of containment isolation valve
leakage rate, Table 7.1 is included. In this table each valve is
identified by tag number, valve diameter, allowable leakage and actual
leakage as measured during the pre-operation leak-test. The individual
allowable leakage values were determined by allocating a portion of the
total allowable leakage based on valve size (diameter). The allowable
leakage values were dstermined as a guideline to enable the test
engineer to decide which valves should be repaired, if necersary, to
meet the total allowable leakage value of 54,516SCCM. Refering to
Table 7.1, it can be seen that the actual leakage measured for
isolation valves VCR-105 and VCR-205 exceeded their allowable leakage

limit. The pre-operation test, however, was accepted because, as
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per 10 CFR 50; Appendix J, the combined leakage for all valves subject
to Type 'C' tests must be less than the allowable limit. When the
total actual leakage is compared to the total allowable leakage a
value of 30.88 per cent of the allowable limit was attained.

The second test method used to measure leakage was the
reference volume method. This method employs a reference volume,
of known internal volume, fitted with precise pressure and temperature
measuring equipment. A non-bleed type pressure regulator is attached
to the discharge line of the volume. The discharge side of this
regulator is attaéhed to the test volume and the regulator is set
to maintain test pressure (12.C PSIG) on the test volume. By timing
the pressure decay in the reference volume, the leakage rate of the
test volume can be calculated. The following pressure boundaries were

tested in this manner with results and acceptance criteria as listed.

Measured Leakage Acceptance Criteria
Containment penetrations 3.735%La 15.7%La

Containment liner weld channels 8.105%La 10%La




7.0 LOCAL LEAK TEST PROGRAM

TABLE 7.1
VALVE ALLOWABLE  ACTUAL
DIAMETER | LEAKAGE LEAKAGE
VALVE 1.D. LINCHES) | (SCOM) | (sCcCM)
CCR-455 & CCR-456 2.0 360 61
CCR-457 & CCW-135 2.0 360 45
CCR-462 & CCR-460 3.0 540 269
PW-275 3.0 270 23
| DCR-201 & DCR-203 0.75 135 -
| DCR-202 & DCR-20% 0.75 135 20
| DCR-207 1.0 90 12
| DCR-600 & DCR-601 3.0 540 €
DCR-610 & DCR- 611 2.5 450 137
DCR-620 & DCR-621 1.0 180 76
ECR-10 & ECR-20 0.5 90 32
ECR-11 0.5 45 28
ECR-21 0.5 45 31
| ECR-12 0.5 45 2
| ECR-22 0.5 45 0
ECR-13 0.5 45 17
ECR-23 0.5 45 L
ECR-14 0.5 45 3
ECR-24 0.5 45
ECR-15 0.5 45 0
ECR-25 0.5 by 10
ECR-16 0.5 45 1
ECR-26 0.5 Y5 1




QCR-300

RCR=100 & RCR-101

VCR-10 & VCR=-11

VCR-20 & VCRP=-21

XCR-100 & XCR-101

XCR-102 & XCR-103

CCM-458 , =5k
and - - 52

CCM-459, ~453
and - 451

ECR-31 & ECR=-32

h el ——
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7.0 LOCAL LEAK TEST PROGRAM

TABLE 7.1
VALVE ALLOWABLE| ACTUAL
{ DIAMETER | LEAKAGE LEAKAGE
VALVE 1.D. CINCHES) | (SCCM) | (SCCM)
| WCR-951 & WCR-955 3.0 540 88
| WCR-952 & WCR-956 3.0 540 59
| WCR-953 & WCR-957 3.0 540 31
| WCR-95% & WCR-958 3.0 540 299
WCR-961 & WCR-963 2.0 360 103
WCR-965 & WCR=-967 2.0 360 9
WCR=-901 & WCR=-903 6.0
WCR-905 & WCR-907 6.0
WCR=-909 & WCR-911 6.0
WCR=913 & WCR-915 6.0
WCR-925 & WCR-927 3.0
WCR-933 & WCR-935 3.0
WCR=-921 3.0
WCR=-929 3.0
WCR=-923 3.0
WCR-931 3.0
VCR-101 & VCR-201 14.0
VCR-102 & VCR-202 1%.0
VCR-103 & VCR-203 30.0
VCR-10% & VCR-204 30.0
VCR-105 & VCR=-205 30.0
VCR-106 & VCR=-206 24.0
VCR-107 & VCR=-207 14,0
SI 189 4.0
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7.0 LOCAL LEAK TEST PROGRAM

TABLE 7.1
, VALVE ' ALLOWABLE | ACTUAL
| | DIAMETER | LEAKAGE LEAKAGE
! YALVE I.D (INCIESY (sccM) (sCCK)
cs 321 3.0 270 3
S§1-171 & SI-172 0.7% 135 15
N-102 1.0 90 26
DCR~206 & DCR=-206 4.0 720 110
SF-159 & SF-160 3.0 540 I
DW-209 & DW-210 2.0 360 16
CS-kl2-1 2.0 180 116
CS Lh42-2 2.0 180 El
CS 4h2-3 2.0 180 111
C5 Wh2-k 2.0 180 39
CA 181 N 0.5 L5 23
Ca 181 s 0.5 45 12
——i-———-ﬂ:——-—-==-¢==—=-=i
DA 145&
Blind Flange 2.0 360 98
CPN-80 6.0 1080
(2) Blind Flange 51
CPN-57 4.0 720
(2) Blind Flange 14
SF-151 1.5 135 52
SF-153 1.9 135 0
ICM-250 4,0 360 18
ICM-251 4,0 360 38
I1CM-260 4,0 360 184
ICM-265 4.0 369 198
ICM=-305 18.0 168 46
ICM-306 1£.0 168 96
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7.C LOCAL LEAK TEST PROGRAM

TABLE 7.1
ALLOWABLE; ACTUAL
DIAMETER | LEAKAGE LEAKAGE
NeTD 1 | (SCCM) (SCCH)
PPA=310 & PPA-311 0.5 90 oo
PPA=312 & PPA=313 0.5 90 0 :
PPP-300 0.5 45 5
PPP=201 0.5 45 0
PPP-302 0.5 45 2
PPP-303 0.5 45
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REFERENCES

D. C. Cook Nuclear Plant

Final Safety Analysis Report

8.1.1 Initial Leakage Rate Testing of Containment
(Page 5.2-7).

8.1.2 1Initial Containment (Pre-Operational) Leakage Rate Test
(Page 5.7-4)

8.1.3 Containment Leakage Test Program

FSAR Question 5.93

D. C. Cook Nuclear Plant - Unit 1
Technical Specifications

8.2.1 Containment Systems - Containment Leakage

(Page 3/% 6-2)

Arerican National Standard - ANSI, N45.4-1972 Leakage-Rate

Testing of Containment Structures for Nuclear Reactors.

10 CFR 50, Appendix J

Primary Reactor Containment Leakage Testing for Water-Cooled
Power Reactors.

Basic Statistical Methods for Engineers and Scientists -

A. M. Neville J. B. Kennedy

Hygrometric and Psychrometric Tables

Smithsonian Institution
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8.7 D. C. Cook Nuclear Plant

Pre-Operational Test Procedure

8.7.1 Containment Penetration and Personnel Lock Leakage
Test - P0-033-330

8.7.2 Sensitive Leakage Rate Test PU-033-331

8.7.3 Containment Isolation System Pneumatic Leak Test
P0-033-332.

8.7.4 Cold Containment Integrated Leakage Rate Test -
P0-033-334,



