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ILRT Test Summary

1.0 Introduction

1.1 General Data:

The Comanche Peak Steam Electric Station (CPSES) Unit 1 preoperational
Containment Integrated Leakage Rate Test was conducted during the period
from January 18, 1983 to February 2, 1983. Both a reduced pressure and a
peak pressure test were conducted in accordance with 10CFR50, Appendix J,
Reactor Containment Leakage Testing for Water Cooled Power Reactors.

1.2 Technical Data:

The containment building at CPSES is a reinforced concrete structure with
a carbon steel liner. The structure contains a net free volume of
2,919,893 cubic feet. The design pressure is 50 psig and the calculated
peak accident pressure is 48.1 psig. The design temperature is 120°F and
the calculated peak accident temperature is 280°F, The Technical
Specification limit for the containment leakage (La) is 0.l percent by
weight of the containment air per 24 hours at pressure Pa (48.1 psig).

2.0 Test Summary

The Comanche Peak Steam Electric Station Unit One preoperational containment
Integrated Leak Rate Test (ILRT) was conducted concurrently with the Structural
Integrity Test (SIT) as shown on Figure 1. Immediately prior to closing the
containment building for the SIT/ILRT test, a pre-test containment survey was
conducted to ensure the building was properly prepared for the tests. No
deficiencies were found during this inspection. The containment was
pressurized for the SIT in five (5) increments to a peak pressure of 57.5 psig.

The containment was subsequently depressurized to 12.5 psig to allow persounel
entry to check for leakage on the steam generators. A number of instrument
valves were found to be leaking and were reclosed to better seat the valves and
stop the leakage.

After completing the entry, the containment was pressurized to Pt (24.05 psig)
for the reduced pressure test. Both reduced pressure and full pressure tests
were conducted to meet 10CFR50, Appendix J requirements. A temperature
stabilization period of approximately five hours preceded the reduced pressure
leakage measurement. Leakage data was taken for 25 hours at Pt to ensure
sufficient data was contained for a reliable test indication. The resultant
leakage rate Ltm was 0.02026%/day and the upper confidence limit (UCL) was
0.02559%/day. At the end of the reduced pressure test, a verification test was
performed by superimposing a known leak of Lt for approximately eight hours.



The containment pressure was next increased to Pa (48.1 psig) for the peak
pressure ILRT. A temperature stabilization period of five hours was allowed
prior to taking leakage data. The leakage measurement was started but was
terminated after about nine hours when it hecame apparent the leakage rate was
excessive. The containment was again depressurized to 12.5 psig to allow
entry. A number of valves, packings, and fittings on the steam generators were
found to be leaking and were tightened.

The containment was repressurized to Pa to start another leakage measurement.
Another five hour temperature stabilization preceded the leakage measurement
and the test was once again terminated after about 20 hours due to an excessive
leakage rate. The containment was completely depressurized this time to allow
more time for leak repairs. All four steam generators were thoroughly checked
and various leaks repaired on instrument lines on the generators. Also, the
ventilation penetrations were local tested to ensure that leakage through them
was not the problem.

After about sixteen hours at atmospheric pressure, all checks and repairs were
completed and the containment once again pressurized to Pa. This time a six
hour temperature stabilization period preceded the leakage measurement. The
leakage data was taken for 25 hours and the resultant leakage rate Lam was
0.05579%/day and the UCL was 0.05936%/day. Then the verification test was
started by super-imposing a known leakage of La. The verification test was
delayed about three hours due to a computer software error which incorrectly
limited the superimposed leak. This error was found and corrected and the
verification test completed after six hours. Jhe containment was then
depressurized to 5 psig for a Hydrogen Purge System preoperational test and
then to atmospheric pressure to complete the ILRT.

After complete depressurization of containment, a post-test survey was
conducted to check for any possible damage or abnormal conditions. No
deficiencies were found during this inspection.

During the reduced pressure test, an electrical penetration was observed to be
leaking excessively and its vent path was isolated. This penetration was left
isolated during the peak pressure test also. Additionally, two more electrical
penetrations were found leaking during the peak pressure test and their vent
paths isolated. After the ILRT, the penetrations were pre-repair local leak
tested. Penetrations E-49 and E-68 showed a minimal leakage rate, while
penetration E-62 was 118 SCCM. Penetration E-62 was repaired and the
post-repair leakage was less than 2 SCCM, which is acceptable. Penetrations
E-49 and E-68 low leakage rates indica:e a uni-directional leakage path since
the local leak rate test is conducted in the opposite direction of the ILRT.
These two penetrations have high voltage power cables in them whereas the other
penetration, E-62, which was repaired, has smaller control cables in it. A
determination of the leakage mechanism in these two penetrations has as yet not
been determined. Further testing is forth coming and the results and necessary
repairs will be a supplement to this report. No other penetracions, electrical
or mechanical, required isolation during the conduct of the ILRT.
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3.0 Plant Conditions

4.0

During the ILRT, the plant was maintained in a mode similar to that which would
be expected during a periodic ILRT. To simulate post accident conditionms, all
systems that would not be expected to be fluid filled post accident were
drained and vented to the containment atmosphere. The containment
recirculation cooling units were in service to support ILRT testing and their
corresponding penetrations were not drained or vented. The local leakage rate
values for these two penetrations are additions tco the measured UCL.

The reactor coolant system (RCS) was filled to a level of 35 percent in the
pressurizer and the RCS was vented to containment through the pressurizer power
operated relief valves. One train of the residual heat removal (RHR) system
was in recirculation to the RCS to simulate core cooling and to provide letdown
for the reactor coolant pump seal injection system which was in service.

During the entire test, the containment recirculation fans, whose blade pitch
had been reset for the denser air, were in operation to provide containment
atmosphere mixing. This resulted in a very small variation between temperature
and dewpoint readings throughout the containment. To prevent the introduction
of temperature variances during the ILRT, the chillers for the cooling water to
the containment recirculation fans were secured.

All pressurized tanks, i.e. accumulators were depressurized and vented during
the ILRT. Also, all compressed gas sources were removed from the containment,
including fire extinguishers.

The electrical penetrations, which normally have 60 psig nitrogen gas applied
between their seals, were depressurized to ensure no leakage of the nitrogen
into the containment building. Each penetration was vented to atmosphere to
provide a leakage path should the seals in the penetration assembly leak.

As an added precaution against possible fires, all equipment in the containment

building not needed for the test was de-energized from outside the containment
building. Also, all lighting in containment was turned off during the test.

Pressurization System

The containment was pressurized through an ILRT dedicated penetration, MIII-30.
This is a twelve inch penetration through which the containment was both
pressurized and depressurized. See Figure 2 for an illustration of the
pressurization system.

A fleet of air compressors was used to supply the pressurization air. The air
compressors were arranged in two banks, each of which connected to a coalescing
filter for hydrocarbon removal. These were connected to a pair of air dryers
which conditioned the incoming air to maintain a 40°F dewpoint. The two dryers
were connected to a common demister and then through an eight inch line to
penetration MIII-30. Also attached to this eight inch line is a blowdown
silencer for use when depressurizing the containment. Inside the containment,
a flow diverter was attached to the penetration to prevent the high velocity
air flow from impinging on any equipment.



5.0

6.0

7.0

Instrumentation System

The instrumentation system for ILRT was based around a mini-computer controlled
data acquisition system (DAS), see Figure 3. The DAS is capable of reading all
sensors rapidly, storing the information and then outputting to the
mini-computer for conversions and calculations on the data.

A system of 13 dewcells and 42 resistance thermometer devices (RTD) was
installed throughout the containment as shown on Figures 4 through 8. These
locations were selected to provide thorough coverage of the containment in
order to provide an accurate representation of wet bulb and dry bulb
temperatures. Each sensor was assigned a volume fraction and the containment
average wet bulb and dry bulb temperatures were then computed. Just prior to
closing the containment building for the ILRT, a temperature survey was
conducted. This survey verified that the location of the temperature sensors
was correct for each of the assigned volume fractions.

Connected to containment penetration MV-7 were two precision quartz pressure
gauges to provide the containment total pressure. The total pressure less the
vapor pressure, with temperature corrections, provides a corrected containment
pressure.

Also connected to the DAS were an RTD, a dewcell and a barometer for monitoring
the atmospheric conditions outside the containment building.

Two mass flowmeters were connected to the DAS to provide an indication of the
superimposed leakage during the flow verification test, see Figure 9.

There were no instrument failures during the ILRT.

Instrument Selection Guide

The guidelines of ANSI/ANS-56.8-1981, Containment System Leakage Testing
Requirements, were used to select the instruments for the ILRT. In addition,
the formula from the Instrumentation Selection Guide (ISG) was used during the
ILRT to ensure that the data acquisition system accuracy was sufficient to
provide reliable test results. This formula utilizes the systematic error of
each sensor to determine an overall value for the system. At the start and end
of each test, the ISG value was acceptable if it did not exceed 0.25 La.

Calculation of Leakage Rate

7.1 Leakage Rate Test:

The method chosen for leakage rate calculation was the Absolute Method as
recommended by both ANSI N&45.4-1972 and ANSI/ANS-56.8-1981. This
calculational technique was applied to the "mass-plot method" to determine
the containment leakage rate.



In the mass-plot method the air mass inside containment is determined
absolutely, utilizing the ideal gas law, at each time point and a least
squares analysis is used to estimate the leakage rate. For each time
point (ti), the corresponding mass of contained air (Wi) is determined
directly from the ideal gas law:

Wi = l44v (Pi = Pvi)
R Ti

V - Containment free air volume

R =~ Gas constant for air

P - Containment total absolute pressure

Pv - Containment water vapor partial pressure

T - Containment mean absolute temperature

The linear least squares fit of the total number (n) of mass points is
given by:

Wi= Ati + B

Where the slope (A) and intercept (B) are given by:

n (TW;t,) - (EW) (Et))

A=
n(Zed)) - (22
and
(@) (2td ) - (Zeu) (B
B =

(2t 8) - (£t @
The leakage rate is then expressed as the ratio of the rate of change of
mass and the mass in containment at time ti=0:
Lam = (-2400) (A/B) %/day
A = Mass rate of change
B = Initial contained mass
- 2400 Converts to %/day
The Upper Confidence Limit (UCL) is established such that there is only a
five percent probability that the actual lezkage rate exceeds the UCL
value. This value is approximated by:
UCL = Lam + 2400 t.95 SA/B

t.95 = 95th percentile of Student's t distribution

SA = Estimate of the standard deviation of A

w



8.0

7.2

Supplemental Test:

The supplement test was conducted by superimposing a known leak onto the
existing leak. The known leak (Lo) was in the range of Lt or La as
appropriate. The supplemental test is acceptable provided that the
composite leakage (Lc) is within 20.25Lt or :0.25La of the sum of the
measured leakage Ltm or Lam and the superimposed leakage Lo.

Data Analysis

The results of both the reduced pressure and peak pressure ILRT's are tabulated
in Appendix A and B respectively.

During the test, data was taken at fifteen minute intervals to provide
sufficient data for a good confidence level.

8.1

Reduced Pressure Test:

After pressurization to 24.05 + 1.0 - 0.0 psig a temperature stabilization
period was started which lasted approximately five hours. The containment
atmosphere was considered to be stable when the last hourly average
temperature was less than :0.5°F different from the average temperature
over the last four hours. The ILRT measurement was begun and lasted for
25 hours.

The reduced pressure test resulted in a measured leakage rate (Ltm) of
0.02026%/day with an upper confidence limit (UCL) of 0.02559%/day. Adding
the penalty leakages, Appendix D, does not alter the UCL since the penalty
leakages are so small. The UCL of 0.02559%/day is less than the allowable
leakage 0.0272%/day (0.75Lt).

Lt was determined by the formula from 10CFR50, Appendix J:

Lt = La (Ltm/Lam)
Lt = 0,1%/day (0.02026/0.05579)
Lt = 0.036315%/day

The reduced pressure test is therefore acceptable since the UCL is less
than 75 percent of the allowable reduced pressure leakage (Lt).

A verification test was subsequently performed by superimposing a leakage
rate (Lo) of approximately Lt. The resulting Lo was 0.06864%/day with a
composite leakage (Lc) of 0.09482%/day.

The acceptance criteria for the composite leakage (Lc) is:

Lec = (Lo +# Lem) ¢ 0.25Lt %/day

Le = (0.06864 + 0.02026) * 0.25 (0.036315) %/day

Lc = 0,08890 = 0.0091%/day

or

0.07982 # Lc #0.09798



The verification test is therefore acceptable since the composite leakage
Le (0.09482%/day) is within the required values, and this then provides
confidence that the data acquisition system is functioning properly.

Peak Pressure Test:

The containment was pressurized to 48.1 + 1.+ - 0.0 psig for the peak
pressure test. The first test was terminated early due to excessive steam
system boundary leskage. The containment was again pressurized and during
the conduct of the second peak pressure test it was noted that there were
large variations in containment air mass occurring. Upon examining the
raw data, it was observed that humidity element (HE) number 10 was varying
several degrees. These changes were occurring at the same times as the
large air mass changes. Upon checking the volume fraction assignments, it
was noted that HE-10 was assigned 56.8 percent of the total containment
volume. This large volume fraction was causing the large air mass changes
to occur in accordance with HE-10 changes. The volume fraction was
reassigned such that four other groups received a portion of the volume
fraction leaving HE-10 with a rmcce representative volume. The computer
program was updated to reflect these changes and no further problems were
observed. 3ee Appendix C for the volume fractions.

The second peak test was also terminated early due to an excessive leak
rate. After complete depressurization for repairs, the containment was
again repressurized tc peak test pressure and the temperature
stabilization period begun. The containment atmosphere was considered to
be stable after approximately eight hours. The extra time for
stabilization was allowed to ensure a good mixing of the containment
atmosphere because of the prior depressurization to zero psig. The
average temperature change at this time was less than 0.l°F,

The peak pressure leakage rate measurements lasted for approximately 24
hours resulting in a measured leakage rate (Lam) of 0.05579%/day and a UCL
of 0.05936%/day. The allowable leakage rate (La) is 0.075%/day so the
leakage rate is acceptable. The penalty leakage, Appendix D, has not been
added to the UCL pending the results of the post-repair leakage rate for
the three electrical penetrations which were isolated during the conduct
of testing. However, the test results appear acceptable since the
difference between La and UCL is 0.01564%/day which is greater than 3.3EC6
SCCM. This is far more leakage than would be added since each electrical
penetration is allowed only about 2 SCCM leakage.
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APPENDIX A
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PENALTY LEAKAGE LIST
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Figure 3
INTEGRATED LEAK RATE TEST
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Partlal Plan st EL_ 842 -0
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Partial Plan ot EL 849~ 0r
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Partial Plan at EL. 871'-6"
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LOCATION OF TEMPERATURE & DEW POINT SENSORS
COMANCHE PEAK STEAM ELECTRIC STATION
Figure 8
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FIGURE 10
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