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1.0 SUMMARY

A reactor building containment integrated leak rate test (CILRT) was
conducted at Sequoyah Nuclear Plant (SNP) unit 2 November 20-21, 1984,
in conjunction with the cycle 2 outage. The CILRT was concluded in

25 hours and 29.5 minutes and included 120 samples.

The initially measured leakage rate was approximately 0.22 percentage
of containment air mass per day (% per day) as calculated by the

mass leak rate (MLR) method prescribed in ANS 56.8. Thus the
initially measured leakage rate exceeded the SNP unit 2 allowable
limit of 0.1875 percentage of containment air mass per day (.75 LA)'

Packing leaks were found on the root valves of two containment
pressure sensing lines located on panels 2-L-188 and 2-L-189 and
were subsequently repaired. This resulted in a reduction in the
measured leakage rate to below the ailowable limit. Further
discussion is included in the test results section of this report
(section 7.0) along with a schedule for the future CILRT testing on
unit 2.

The final reportable leakage rate was 0.16026 percentage of
containment air mass per day as calculated by the mass leak rate
(MLR) method perscribed in ANS 56.8, and the observed 95% upper
confidence limit (UCL) was 0.16191% per day. The above mentioned
95% UCL includes leakage measured from Type B&C tests for testable
lines that were in service during the test. The reportable mass
lea’s rate was 85% of the allowable 0.1875% per day (0.75 LA)'

2.0 INTRODUCTION

As prescribed in Sequoyah Nuclear Plant (SNP) unit 2 Technical
Specification 4.6.1.2, the leakage of air from the boundary forming
the reactor building primary containment is limited to 0.25 percent
by weight of the containment air mass per day at a pressure of P >
12.0 psig. In conformance with Title 10, Code of Federal
Regulations, Part 50, Appendix J, Sequoyah Technical Specifications
require that a reactor building CILRT be performed as part of the
snrveillance programs to demonstrate the continuing leak-tight
integrity of the reactor building primary containment.

The first inservice reactor building CILRT was successfully
completed on Sequoyah unit 2 by personnel of Tennessee Valley
Authority (TVA) on November 21, 1984. This test was conducted in
accordance with a plant approved surveillance instruction, SNP
81-156, which is on file at the plant site. This surveillance
instruction implements the requirements of Sequoyah unit 2

technical specifications and 10 CFR 50, Appendix J. The American
National Standard for Containment Testing, ANSI 45.4-1972, the
proposed American Nuclear Society for Containment Testing, ANS 56.8,
and the procedure outlined in Becthel's topical report, "Testing
Criteria for Integrated Leakage Rate Testing of Primary Containment
Structures for Nuclear Power Plants" (BN-TOP-1, Revision 1) provided
guidance for the procedure implemented by the surveillance
instruction.



3.0

Sequoyah unit 2 is a 3,411 megawatts thermal pressurized-water
reactor employing an ice condenser pressure suppression containment.
The Final Safety Analysis Report defines the calculated peak
accident pressure, P_, to be 12.0 psig. The reactor building
containment is divided into four major compartments for the CILRT
analysis--the lower ice condenser compartment which houses the
energy-absorbing ice beds, the upper ice co:denser compartment which
encloses the support equipment for the ice condenser system, the
lower compartment which contains the reacte: and the main piping
systems, and the upper compartment which prcvides for a large work
area within containment and also can accommodate the displaced air
mass from the other compartments in the unlikely event of a loss-of-
coolant accident (LOCA). These four compartments are connected by
means of blowout panels located between the lower compartment and
the lower ice condenser compartment and between the upper and upper
ice condenser compartments. In the event of a LOCA, steam flows
from the lower compartment through the ice condenser compartments
and into upper containment. The upper compartment is sealed from
the lower compartment to ensure that any steam released in an
accident will be forced through energy-absorbing ice beds. For the
performance of the CILRT, the lower and upper compartments were not
sealed from each other to promote the free flow of air in
containment.

This report outlines the objectives, principal events, special
equipment used, and analysis of the test results for the CILRT
completed on November 21, 1984 on Sequoyah unit 2.

TEST PURPOSE AND RESULTS

3.1 Test Purpose

The objective of the inservice Containment Integrated Leak
Rate Test was to demonstrate the continuing leak-tight
integrity of the unit 2 reactor building containment for
return-to-power operation.

For Sequoyah unit 2, the leak-tight integrity is defined in
Technical Specification 4.6.1.2 to be that the leakage of air
from containment is not to exceed 0.1875 percent per day
(0.0078 percent per hour) at peak accident pressure, P..

3.2 Test Results

The initial pressurization of primary containment to 12.70
psig was completed at 1439 hours on November 17, and the
pressurization penetration (X-54) was isolated.

The 4-hour stabilization period was satisfactorly completed at
1918 hours on the 17th (see table 7), during which the primary
containment boundary was tested for previously undetected leakage
using a soap solution. No significant leakage was discovered
other than that found during the type B&C testing. The
temperature and pressure data taken during the stabilization
period are shown graphically in figures 10 and 11.
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The CILRT sampling period began immediately after stabilization
was reached at 1918 hours on the 17th. The leakage rate was
approximately 0.24% per day and showed a slightly upward trend.

Test engineers noticed that the upper-ice compartment was
experiencing a significant and steady temperature increase
above its normal operating range of 19°F to a maximum
temperature of 28.97°F at 2108 hours on the 17th (shown in
figure 12). The shift engineer verified that two glycol
recirculation pumps for unit 2 had tripped off, thereby causing
the warming trend in this compartment. SNP operators restarted
the two glycol recirculation pumps at 0318 hours on the 18th.
This caused the upper-ice compartment temperature to
immediately begin a rapid cooling trend that lasted for
approximately 17 hours until the temperature in the upper-ice
condenser compartment stabilized within its normal range (see
figure 12). The containment leakage rate subsequently followed
this cooling trend with a slightly downward trend to a value of
approximately 0.22% per day at 1953 hours on November 18, shown
in figure 13. TVA personnel continued efforts to locate
previously unidentified leakage that could cause the leakage

rate to exceed the allowable limit of 0.1875% per day (0.75 LA)'

Some problems were experienced with the mensor quartz
manometer gauges used to measure the containment test pressure
during the CILRT. Omne of the two gauges measuring the
pressure in the upper compartment began malfunctioning and was
replaced at 2100 hours on the 18th. - Next, a small leak in a
polyfle tubing connection terminating at the two gauges
measuring the upper-ice compartment pressure was found and
repaired at 0845 hours on the 19th. Finally, at 0755 hours on
the 20th, another gauge monitoring the pressure in the upper
compartment malfunctioned and was disconnected from the
pressure sensing line leaving a single quartz manometer to
measure pressure in this compartment.

The Reactor Coolant System (RCS) Pressurizer water level was
continuously monitored by the CILRT data acquisi.ion system
throughout the CILRT period so that adjustments could be
accurately made to the containment "free-air" volume
calculations. Other component levels in the RCS were
monitored via plant instrumentation by plant personnel during
the CILRT to account for other "free-air" volume changes not
reflected by the pressurizer. With the exception of the RCS,
all other components exposed to CILRT pressure were at 100%
level for the duration of the CILRT and subsequent verification
test. Thus, no additional "free-air" volume adjustments were
necessary. Test engineers requested that operations control
the water level in the primary system so that no abrupt level
changes would orcur. Earlier on the 18th the RCS pressurizer
water level transmitter signal was temporarily lost at two
different times because the sensing cable was damaged and in
each instance had to be repaired.



TVA personnel made two entries into primary containment on the
20th to search for unidentified leakage paths. The first
containment entry was made at 0030 hours, followed by the
second entry at 0930 hours, with neither entry detecting any
significant leakage.

Packing leaks were found at 1030 hours on the 20th in the

unit 2 annulus on root valves of containment pressure sensing
lines located on panels 2-L-188 and 2-L-189. The packing was
tightened and immediately the leakage rate began to decrease.
The CILRT test period was rebased to sample 67 at 1245 hours
on the 20th with the leakage rate at approximately 0.1690% per
day and following a slightly downward trend.

The CILRT was conducted for 25.49 hours and 120 data samples
were collected. The leak rate reported by the mass method
(MLR) was 0.16026 percentage of containment air mass per day
(0.00€7% per hour), and is shown graphically in figure 14.

The observed 95 percent upper confidence limit for the measured
mass leak rate was 0.16191% per day (0.0067% per hour). This
reportable leak rate represents 85% of the allowed 0.18750
percentage of containment air mass per day (0.75L,) as
described in Technical Specification 4.6.1.2. The calculated
total time leak rate (TTLR) was 0.15692% per day and is shown
graphically in figure 15, with a 95 percent upper confidence
limit of 0.2207% per day. The higher TTLR confidence limit is
due primarily to the different calculation technique used to
determine confidence limits in the total time analysis as
defined in BN-TOP-1, Revision 1.

After the completion of the CILRT, a supplemental imposed
leakage verification test was conducted to check the results
of the CILRT. The imposed leakage was measured using a mass
flow meter technique, utilizing a Hastings Mass Flowmeter. A
leakage rate (LR) of 0.9581 LA was imposed on the containment
building.

The calculated containment mass leak rate (L, ) during the 4.23
hour verification test was 0.36250 percentage of containment
air mass per day shown graphically in figure 23. Agreement,
as shown in Appendix B using MLR, between the CILRT and the
verification test was achieved and was found to be =-0.1546 LA
which is clearly within the $0.25 LA required by 10 CFR 50,
Appendix J.

The calculated TTLR drring the 4.23 hour verification test was
0.35692 percentage of containment air mass per day and is
shown graphically in figure 24. Agreement, using TTLR,
between CILRT and the verification test was also achieved and
was found to be -0.1635 LA.



The leak-tight integrity of Sequoyah Nuclear Plant unit 2 was
accurately measured and recorded by computer-based instrumenta-
tion. The computer-based data acquisition system provided
reliable, immediate calculations of test data, which allowed
test engineers to more easily monitor important test parameters.

The CILRT and subsequent verification test were completed at
2242 hours on November 21, 1984.

4.0 CONDUCT OF TEST

In compliance with Surveillance Instruction SNP SI-157, local leak
rate tests were performed on containment closures (hatches and
resilient seals), bellows, and electrical penetrations. Local
leak rate tests were also performed on valves forming the boundary
of the primary containment in accordance with surveillance
instruction SNP SI-158.1. The above mentioned surveillance
instructions were performed prior to the CILRT. All valves and
penetrations satisfactorily met leakage requirements prior to the
performance of the CILRT.

Appendix D shows a complete summary of the LLRT performed on
SNP unit 2 since the preoperational CILRT performed in February 1981.

Figure 1 depicts the sequence of events for the CILRT and its
verification conducted November 20-21, 1984. The following is an
accounting of significant events occurring during the test program.

Date and Time Event

11/12/84 1600 RCS pressurizer water level sensing line connected
to CILRT equipment.

11/15/84 0900 Received administrative control of unit 2 reactor
building.

11/16/84 0500 All CILRT instrumentation in place and calibrated.

11/16/84 1900 Lower air lock door passed leak rate tes’.

11/16/84 1930 Temperature increasing significantly in upper-ice
compartment.

11/16/84 2000 Upper airlcck door passed leak rate test.

11/1€/84 2200 volume weighted dewpoint sensor location (8) to
0.00 and adjusted locations (7) and (9) accordingly
due to erratic readings at location (8).




Date and Time

11/16/84

11/17, 54

11/17/84

11/17/84
11/17/84

11/17/84
11/17/84
11/17/84

11/17/84

11/17/84
11/17/84
11/17/84
11/17/84

11/17/84

11/17/84
11/17/84

11/17/84

11/17/84

11/17/84

11/17/84

11/17/84

11/17/84

11/17/84

2300

0033

0230

0300

0512

0516
0626
0717

0730

0740
0755
1008
1020

1044

1054
1059

1135

1145

1224

1234

1309

1319

1359

Event
All prerequisites complete.

Begin containment pressurization with one
compressor.

Compressor shut down.

Both compressors are now in service. Resume
pressurization of containment.

Containment pressurization assembly rupture disk
blew. Shut down compressors.

Average containment pressure is 5.645] psig.
Rupture disk replaced.
Resume pressurization with both compressors.

Average containment pressure is 5.9935 psig shut
compressors down.

Resumed pressurization with both compressors.
Second rupture disk blew. Shut compressors down.
Rupture disk replaced. Resume pressurization.

Average containment pressure is 6.39 psig.

Average containment pressure is 7.1920 psig. Shut

compressors down.
Resumed pressuization with both compressors.
Average containment pressure is 7.34 psig.

Average containment pressure is 8.45 psig. Shut
down compressors.

Resume pressurization.

Average containment pressure is 9.66 psig. Shut
down compressors.

Resume pressurization.

Average containment pressure is 10.79 psig. Shut
down compressors.

Resume pressurizaticn.

Average containment pressure is 12.04 psig. Shut
down compressors.



Date and Time

11/17/84
11/17/84

11/17/84

11/17/84

11/17/84

11/17/84

11/17/84

11/17/84

11/18/84

11/18/84

11/18/84

11/18/84

11/18/64

11/ /84

11/18/84

11/19/84

11/19/84

11/19/84

1409
1429

1439

1500

1518

1530

1800

1918

0318

0730

0920

1000

1617

2100

2135

0845

0902

2005

Event
Resume pressurization with one compressor.
Average containment pressure is 12.35 psig.

Average contaianment pressure is 12.70 psig. Shut
down compressors. Test pressure reached.

Closed manual isolation valve on CILRT pressuriza-
tion penetration (X-54). Compressor discharge
line is vented.

Sample 1 of stabilization period, average
containment pressure at 12.68 psig.

Began bubble testing of penetrations and leakage
paths.

Completed bubble testing of penetrations and leak
paths.

Containment temperature stabilization criteria met.

Operations reported two glycol recirculaticn pumps
tripped off. Pumps were restarted.

Upper-ice compartment temperature rapidly cooling
for previously four hours.

RCS pressurizer water level transmitter was lost.
Signal cable to CILRT data acquisition system was
damaged.

RCS pressurizer water level transmitter sensing
cable is repaired.

‘Pressurizer water level signal was lost again.

Repairs were made to the sensing cable and
sampling was resumed.

A mensor quartz manometer measuring pressure in

upper compartmeat is malfunctioning and was replaced.

Entered annulus to identify possible leakage.
Found leak in polyflo tubing terminating at CILRT
pressure gauges measuring upper-ice compartment
pressure. Leaks were repaired.

Due to data disk storage limitations began
sampling on a new CILRT data disk.

Rebased CILRT to sample 54.



Date and Time

11/20/84

11/20/84

11/20/84

11/20/84

11/2C/84

11/20/84

11/20/84

11/20/84

11/20/84

11/20/84

11/20/84

11/20/84

11/20/84

11/20/84

11/20/84
11/21/84

11/21/84

11/21/84

0005

0030

0108

0328

0535

0755

0805

0915

0930

1015

1030

1040

1215

1506

1814
0402

0832

1415

Event

Mass leak rate is 0.199%/dav.

Entered containment to search for previously
unidentified leakage.

Operations filled RCS pressurizer tc 34% level.
CILRT data acquisition system accurately tracking
volume increase to pressurizer.

Exited containment. No leakage was identified.

Rebased CILRT to exit from containment entry.

Disconnected suspect mensor pressure gauge from
pressure sensing line, leaving only a single
quartz manometer measuring upper compartment
pressure.

Lpper and lower compartment pressure readings
agree with each other.

Second containment entry.

Test personnel entered annulus in search of
leakage.

Rebased CILRT to cample 139.

Leakage was discovered at two containment pressure
transmitter panels 2-L-188 and 2-L-189 located in
the annulus.

Leakage found on containment pressure transmitter
panels was eliminated following repairs to
transmitter root valves.

Exited containment with no leakage detected.

Removed DPE-10 from CILRT due to erratic
readings.

Rebased to sample 62.
Mass leak rate is 0.16986%/day at sample 147.

Mass leak rate trending slightly downward at
0.16558%/day.

CILRT concluded with 25.491 hours of data, samples
67 through 186. Reportable MLR value 0.16026 per
day and a TTLR value of 0.15692 per day.




Date and Time

11/21/84 1725 Imposed leakage for verification test of 103653.55
SCCM.

11/21/84 35 Verification sample 1.

11/21/84 03 Rebased verification data to sample 8

11/21/84 42 Completed verification test with 4.232 hours of
data, samples 8 through 58. Verification per the
10 CFR 50 Appendix J method was -0.1546 L, for MLR
method and -0.1635 LA for TTLR method.

A

*1/22/84 0000 Began depressurization of containment

11/22/84 0620 Began post-test instrumentation in-place
functional check.

11/22/84 0730 Depressurization complete.

11/22/84 1000 Completed post-test in-place functional check of
CILRT instrumentation.

5.0 MEASUREMENTS AND CALIBRATIONS

Test Equipment

Table 1 lists the range, accuracy, and repeatability of the
special test equipment used in the unit 2, cycle 2 CILRT.
Prior to the start of the CILRT, all test equipment was
calibrated by the TVA Central Laboratiories or other
facilities with standards traceable to the National Bureau of
Standards. After installation of all special test equipment
inside containment, each sensor was checked for functional
operation. The special test instrumentation interfaces with a
portable minicomputer which produces highly accurate remote
scanning of temperature, pressure, and dewpoint sensors.

Upon test completion and depressurization each sensor was
again functionally checked to ensure adherence to calibration.

Pressurization for the CILRT was achieved using portable
high-capacity 2ir compressors. The compressors were rated at
3,500 SCFM of dry, oil-free air, and brought containment to
test pressure in approximately 15 hours, including final
"topping off" stages of presurization.

Sensor Location

Table 2 lists the final volumetric weighing factor for each
temperature and dewpoint sensor based on the 4-compartment model.
Figures 3 through 8 indicate sensor locations. The pressure
*ensors were divided so that initially two sensors measured




5.3

5.4
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each of the four compartments through penetrations X-27C,
X-87D, X-87A, and X-98. Utilizing two pressure sensors per
compartment allows the removal of any one malfunctioning
pressure gauge during the test and continue to accurately
monitor containment pressure. An additional pressure gauge
measured barometric pressure at the test station.

Computer-Based Data Acquisition and Data Reduction

The raw test data measured by the special test instrumentation
during the Sequoyah Nuclear Plant unit 2 CILRT was scanned and
collected by a microprocessor based data acquisition systemn.
This raw test data was automatically presented to a portable
minicomputer system for correction to calibration curves and
reduction to containment leak rate. The minicomputer produced
immediate statistical and graphical results of the containment
test parameters, including temperature, pressure, vapor
pressure, mass, and mass leak rate plots.

These calculated results were reported automatically to the
test director as the data was collected. Figure 2 depicts the
functional relationship between the special test
instrumentation and the data acquisition and analysis system.

All calculations performed by the minicomputer system were in
conformance with the procedures outlined in ANS 56.8, ANSI 45.4
and Rechtel Topical Report (BN-TOP-1, Revision 1).

Source listings for all computer programs are on file with the
Division of Nuclear Services, Mechanical Branch, in Chattancoga,
Tennessee. Table 3 identifies the principal function of each
computer program.

Reactor Building Containment Model

An ice condenser pressure suppression containment presents
special problems not normally encountered in the leak testing
of dry containment structures. The pressure suppression
design feature requires the reactor building containment tec be
divided into distinct compartments, where vastly different
temperatures and vapor pressures may exist. While each
compartment is vented to the containment atmosphere during the
performance of the CILRT, the direct circulation of air is
limited.

Since an ice condenser containment typically exhibits a 40°F
temperature differential between the ice compartments and

others, it is necessar, to compensate by compartmentalization
so the leak rate is arcurately measured. For Sequoyah unit 2
CILRT, a &4-compartme:.. containment model was used to measure
the leak rate. The free air mass is calculated individually
for each compartment, and containment leak rate is calculated




from the sum of the compartmental masses. Each sensor within a
compartment is volume weighted for the calculation of com-
partment average temperature and vapor pressure. Figure 9
depicts the four compartments used in the Sequoyah unit 2
reactor building containment model.

ANALYSIS OF TEST DATA

The previous sections of this report have discussed the general
test conduct, calibration methods, and test equipment. In this
section events and problems that influenced the test results are
discussed and are used to formulate conclusions on the performance
of the Sequoyah unit 2, cycle 2 CILRT.

6.1 Instrument Check

The data presented in this section reflects the test results
following recalibration and deletion, if necessary, of the
special test equipment used during the test.

Two humidity sensors were deleted prior to the start of the
CILRT due t»n erratic readings. DPE-8, as shown in

figure 3, was deleted and its volume weight was set equal to
zero, with the volume weights for DPE's 7 and 9 adjusted
accordingly. DPE-10 was also deleted and the vol. wts. for
DPE's 11, 12, and 13 were adjusted to account for the loss.

Two temperature sensors, RTD's 19 and 26 were deleted
following recalibration of the instruments by TVA's Central
Laboratory. The recalibration indicated that the RTD's were
slightly out of tolerance for the 0°F calibration point.
RTD-19, located in the upper-ice compartment, was volume
weighted equal to zero, with the volume weights for RTD's 15,
16, 17, 18, and 20 properly adjusted. RTD-26, located in the
lower compartment, was also volume weighted to zero and the
remaining 24 RTD's measuring the compartment were adjusted to
account for the loss of RTD-26.

One of seven Mensor Quartz Manometer pressure gauges was

found to be slightly non-conservatively out of tolerance in
the range of pressure used during the CILRT when the gauges
were recalibrated following the CILRT. The calibration report
provided by TVA's Central Laboratory indicated that the
manometer was producing readings slightly higher than the
actual pressure. Test engineers corrected each pressure
reading taken by the manometer, which was one of two measuring
the lower compartment, during the CILRT and subsequent
verification test.

The corrections made to the final CILRT and verification test
data did not effect the success of the CILRT performed on

unit 2. In addition, all final test results and reported data
in this report reflect the above mentioned corrections.
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The instrumentation error analysis of Appendix A indicates
that the instrumentation used in the unit 2, cycle 2 CILRT was
accurate to 0.0057 L, in determining the containment leak rate
for unit 2, far surpassing the recommendations of ANS 56.8
which states that the measuring system be capable of detecting
0.25 L,.

A

Discussion of Graphical and Tabular Results

The November 20-21, 1984, CILRT that was performed on unit 2 at
Sequoyah Nuclear Plant was concluded after 120 samples were
taken in 25.491 hours of testing. Figure 14 is a graphical
representation of the MLR and figure 15 is a graphical
representation of the TTLR, expressed as a percentage of
containment air mass per day, during the CILRT. Tabulated data
accumulated during the CILRT is shown in Table 4.

During the CILRT there were four noticable pressure drops in
the lower compartment. The magnitude of the pressure drops
was approximately 0.004 psi and were between 4 and 9 hours
spart as shown in figure 16. These pressure drops resulted
in corresponding changes to the mass points in the lower
compartment at the same intervals (see figure 17). Efforts
were made by test engineers both during the test and in the
weeks thereafter to determine the cause of the pressure drops,
but no exact reason was discovered.

The temperature trends in the upper-ice compartment were
cyclic in nature (see figure 18). The reason for the trends
is directly related to the defrost cycles of the ice condenser
air handling units. Thcse temperature trends resulted in
corresponding mass trends in the upper-ice compartment as
shown in figure 19.

Figures 20 through 22 show graphical representations of
average temperatures, pressures; and masses during the 25.491
hour CILRT. Table 4 is a tabular listing of important

. measured parameters and corresponding results for the unit 2

CILRT.

Final results indicate a MLR of 0.16026 percent per day and a
TTLR of 0.15692 percent per day. The associated 95 percent
upper confidence limits for the Sequoyah unit 2, cycle 2 CILRT
were 0.16191 percent per day for MLR and 0.22071 percent per
day for TTLR.

After instrumentation received post-test calibrations, the
calibration reports indicated that all instrumentation used in
the unit 2 CILRT and subsequent verification test was in
proper tolerance, with the exception of items already
mentioned.




Discussion of Agreement (Verification Test)

Appendix J to 10 CFR 50 specifies the technique for the
calculation of agreement between the CILRT and its subsequent
verification. Appendix J requires the absolute value of the
difference between the measured containment leak rate with a
superimposed leak and the sum of the imposed leak and the
measured containment leak rate be less than 0.25 LAA

The verification test was concluded at 2242 hours on

November 21, 1984.

After collecting 51 samples in approximately 4 hours,
agreement, as prescribed by Appendix J of 10 CFR 50, between
the CILRT (L,,) and the imposed leak rate (L ) was reached at
-0.1546 L, using MLR, which is well within the % 0.25 LA
allowable limit.

Agreement was also reached using TTLR and was found to be
-0.1635 LA. Appendix B details the methods of agreement
calculations.

Tabulated data collected during the 4 hour verification test
is shown in Table 5.

At 0.583 hours into the verification test (sample 15), a
temperature drop of approximately 0.03°F was experienced in

the lower compartment followed by increases of approximately
0.02°F and 0.01°F for samples 16 and 17 as shown in figure 25.
The temperature changes resulted in a corresponding increase of
approximately 2.0 lbm f.llowed by decreases of approximately
3.0 and 2.0 lbm in the lower compartment (see figure 26).

Similar to the four pressure drops previously discussed that
occurred in the lower compartment during the CILRT, a pressure
drop of 0.004 psi occured at 3.315 hours into the verification
test. The pressure in the compartment increased the following
sample by 0.003 psi and then resumed a more normal rate of
desent in figure 27. The result was a drop in compartmental
mass of approxiately 8.0 lbm at sample 47. The lower
compartment mass then followed the subsequent pressure
increase by increasing approximately 6.0 ibm after which the
mass in the compartment normalized.

Figures 23 through 24 shows the mass and total time leak rate
plots during the 4 hour verification test, while Figures 28
through 30 show graphical representations of average temperature
and pressure and mass.

7.0 CONCLUSIONS

The reactor buildiug corntainment integrated leak rate test
performed on Sequoyah Nuclear Plant unit 2, cycle Z November 20-21,
1984, recorded a MLR of 0.16026 percentage of containment air mass
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per day, which clearly demonstrates the leaktight integrity of
unit 2. The total leak rate of 0.16191 percent per day was less
than the allowable 0.1875 percent of containment air mass per day
as prescribed under Sequoyah Techmical Specifications.

The technique of multicompartment modeling coupled with a
computer-based data acquisition system yielded immediate results
that accurately measured and displayed the unit 2 containment leak
rate.

The next Sequoyah unit 2 CILRT is scheduled to be performed during the
cycle 4 refueling outage approximately 9/87 followed by another after

cycle 6. This schedule complies with the normal schedule as outlined

in Appendix J to 10 CFR 50 and plant technical specifications.







Measured
Parameter

Containment
Temperature

Containment
Pressure

Containment
Dewpoint

Analog to
Digital
Converten

Verification
Flow

Mensor
Chamber
Temperature

Atmospheric
Pressure

RCS Pressurizer

Water Level

Manufacturer
ana
Model No.

Leeds & Northrup
Model No. 178055

Mensor Corporation
Model Ne. 1G100-001

Foxboro Corporation
Model No. 2701 RG

Acurex Corporation
Autodata Ten/10

Teledyne-Hastings

Mass Flow Meter Model AHL2

with H-3M Transducer
TVA No. 4699.36

Princo
ASTM 19L

Mensor Corporation
Model No. 10100-001

Plant Process Transmitter

Model LT-68-321

Number

Used

47

Table 1

Range:
Accuracy:

Repeatability:

Range:
Accuracy:

Repeatability:

Range:
Accuracy:

Repeatability:

Accuracy:

Range:
Accuracy:
Repeability:

Range
Accuracy:

Range:
Accuracy:

Range:
Accuracy:

Instrument Spm ification

0-250°F
0. 1°F
+0.001°F

0-30 psia, 400,000 counts F.S

+0.015 percent reading
+0.0005 percent reading

-50 to +142°F
+1°F dewpoint
+0.10°F

+0.001°F dewpoint
+0.001°F temperature
*1 count pressure

0-5 SCFM
t2 percent of range
+%% of range

49° to 57°C
+0.12°C

0-30 psia
t0.015% reading

0-100 level
t5 percent F.S.




TABLE 2

VOLUMETRIC WEIGHTING GROUPS

Volumetric Weight

Number of Segment Per Sensor by
Temperature Transducers Volume Compartment (Percent)
I. Upper compartment 14 651,000 7.1429
II. Lower compartment 24 383,720 4.1667
I11. Ice-upper compartment 5 47,000 20.0000
IV. Ice-lower compartment 4 110,500 25.0000
47
Dewpoint
I. Upper compartment 3 651,000 33.3333
I1. Lower compartment 3 383,720 33.3333
I1I. Ice-upper compartment 3 47,000 33.0000
IV. Ice-lower corpartment 2 110,500 50.0000
11




Routine Name

FORE

TABLE 3

CONTAINMENT LEAKAGE MEASUREMENT
MINICOMPUTER ROUTINE SUMMARY

Automatically acquires, stores, and
corrects raw data to calibration
curves.

Calculates volumetric weighted
containment air mass and leak rates
as defined by ANS 56.8 (draft).

Prints for each sample a summary
with average parameters and
containment leak rate.

Provide a summary for all samples from
test start of average parameters,
including calculated containment leak
rate.

Calculate statistical confidence
levels for the measured leak rate
from the test start.

FProvide a summary comparison of
reportable leak rates as defined by
ANS 56.8 (draft).

Allow test director to change the
sample considered the test base.

Provide a summary for each sample
leak rate recalculated with a .shift
in the test base.

Provides graphical display of test data.

Calculates "induced-leakage" results
during verification test.




TENNFSSFE VALLEY AUTHORITY
ONTAINMENT LEAKARE MEASUREMENT
TEST SUMMARY
CILRTY
ALL COMFARTMENTS

AVUFRAGE TNTAL MASS F=T-F TOT Al T 1 ME
MFERATURE € OF AIR AK RATF LEAK KATF
nEG ¥s] { (LEM) t PER DAY) (X FER DAY)

LO000000
.0451R70
16463702
2195448
.19031330
1977272
. 3489438
33101974
+ 2273042
1760348

164312,.27 0000000
144312.7R 0AS1IR70
1A4308.47 3779262
144304.75% 3255014
144303.58 1027024
164300.9R 2273142
144288 .38 1051027
144285 .89 2177507
144291 .52 +A%3027%9
1642%94.17% 2342444
144294.6°% 2191125 1345232
1442084, 4% 0517238 2197162
1A42R4 .72 0027371 0.201177%
164781.1°9 ). 3095142 « 2055077
164281.56 03074655 1912408
144277.00 4013439 2051516
144282.11 4478579 D. 1645084
144275 .04 4174686 JA910575
144272.11 ) 25885467 . 1948074
144268, 31 D, 3I37A218 2020404
1442464.02 +2013413 . 200048
144274.,.27 7231951 1580923
164247 .48 0.4191034 1495174
164261.78 4752418 +19181R?
144240.52 1109781 18845791
1464240, 0410920 +AB257%0
144258. 34 1493014 1813004
164258, 04 0.02446555 1795122
14425%9. 3% 11464291 1651110
164253, +ATS5R44Y 1764850

o

Q00000000

» 'R

J N

R

'S .
'S
.
6.
28,
8
A
24.
A
L
5.
A
6.
§.
B

OO0 00O00OO0OO
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SANFF

7

¥8

LA
100
101
102
163
104
105
104
1e7
108
199
110
i
12
113
114
115
116

122

126

HOURS
SINCE

8.85%4
g.021
?.18¢
?.354
7.521
v.488
v.854
10.021
10.1R2

AVFRAGE

TEM FRATURE

(BEG F.r

A5 . 1487
45.1484
65.1720
65.1615
45.1550
65.1526
45.1511
A5.1465
45.1157
65.1080
65.1081
65.1213
45.1034
65.1098
45.1024
85.1017
65.1113
65.0874
45.072%
65.0640
45.0729
45.0805
6%5.0401
65.04462
65.0384
65.046%
65.0371
65.0410
65.0304
£5.0239

FORRFCTED
FRESSURE
(PSIA)

24,7219
26.7225
26.7217
26.7212
26.7206
26.7199
26.7188
26.7192
286.71%1
26.7187
26.7175
26.7164
26.7157
26.714A0
24.7155
26.7142
26.7133
26.7132
26.7131
26.4129
24.7115
26.7100
26.7095
26.7087
26,7089
26.70%0
24.70869
26.7080
246.7061
26.7040

TENNESSFE VALLEY AUTHORITY
CONTAINMENT LEAKAGE MEASUREMENT
TEST SUNMARY
CILRY
ALL COMPARTMENTS

TOTAL TIMNE

LEAN RATE

(X PER DAY)

0.2014314
0.1473704
0.18940%97
0.1841446
0.1838897
0.1870R97
0.1544009
0.1805429
0.15568404
0.1507921
0.1441391
0.1826774
0.1747482
0.1717459
0.1639762
0.1753860
0.1873%907
C.1722594
0.1620754
0.1575661
0.1730107
0.17%91877
0.1795466
0.17495%0
0.1677544
0.1475743
0.1615130
0.1485082
0.1782542
0.1735010

TOTAL MASS P-7-F
OF AIR LEAK RATE
e (X PER DAY)

154243.09 0.9328271

164252.94 -0.84302346

144241.25 0.35827237

164241.20 0.0041244

144239.20 0.1753445

1642135.80 0.29R4407

164229.75 0.5301647

144234.34 -0.4027771

144243.23 -0.7795026

164243.75 -0.04520460

1564235.81 0.4958957

164225.09 0.,9400348

164225.91 -0.0712415

144226.39 ~0.0424707

146427%.95 0.0144057

164217.95 0.703%£47

144209.36 0.7535487

164215.70 -0.FNa20%1

144219.56 -0.3384145

164220.34 ~0.0485038

144209.35 0.9431582

164203.44 0.5014786

144201.31 0.20414610

164200.95 0.0315152

144204.83 -0.3399105

164203.03 0.1575728

144205.14 -0.1849788

144198.58 0.5754821

144189.%97 0.7550079

164191.25 -0.1123664

TABLE &
Page 2

HASS
LEAK RATE
(%2 FER baY)

0.1742403
Q. 17V6742
0.17°3+501
0.1741081
0.,1743%9842
0.17545%4
0.177%10v
0.1727372
0.1734577
0.16%37%7
0.1675963
0.14B4485
0.16487122
0.1487%9356
0.14671461
0.144881%
0.14687772
0.14B3253
0.164R514
0.1651024
0.14651498
0.146460193
0.1647834
0.187:540
C.1847734
0.14462770
0.1653047
0.1465235%0
0.166030"
0.146460091

- el



ENNFSSH ALLEY AUVTHOR]
NTAINMENTY EAKAGE MEASURENMNENT
TESTY SUNNAPRY
CILRY
ALL COMFARTMENT

gl L TOTAIL T IME
FAK RATF LEAK RATF
FER DA~ {2 FFR DAY

AMIPY., 1219577 MEIL T
AA185. 4234798 0,1764374
44182, . 2452950 17727951
64175 0.2821507 0.18092%7
144181.12 0.3205032 0.14698414
EA177%,.50 0950054 0.14R2148
A410S, « 3307557 0. s 74320
A41720.¢ )+ 7A3BI1RS 0.1707184
54172,25 0.0091354 14646546462
{54143, 0.2412248 1480518
i&64157. 0.4394273 1772666
164157, ».31370470 1712349
164150, S437117 D.17R239%
164157, « 39935137 1475738
144150. + 3718545 ). 1712745

144174, D.B24292% +1RAZR8% 71

164147, 51414501 +J16R9534
164141, I1RRRD] .17 a2
164147, 0274170 D.14R146349
1441135, 3. 4130819 Bl |
1441131, ). 2357927

64:32.% +110%R%1)

(54177, . 188273%

164110, 05 0.AAFRLIST

144170,%7 LA1597414

1641922.7R8 D. 1040258

144170.4A% 1224543

144110.44 5867991

142101.73 ). 5219358

144114,.219 -0.740304)




TENNESSEE VA' ' Ty QUTHOREIT
CONTAINMENT LEALAGE MEASURESENT
TEST SUMNARY

CILRY
ALL COMPARTMENTS

AUFRAGF

CORRFCTED TOTAL. MASS PF-T-P TOTAL TIME MASS
SaMFI F SINCE TEMI FRATURF FRESSURF 9% AIR LE & FATE LEAK RATE LEAK RATE
START (BDES F.) (FSIa) (LM (X FER LAY) (X PER DAY} (X FPER DPAaY)

157 t7.778 44.8071 246.46R04 164107. 11 0.4257487 J. 1485548 0.1674748
158 18.078 464.7R6S 26,4770 1641463, 5: 0.20749%1 6.1490913 0.1474359
1se i9.2.8 44,7788 24.6787 144104.70% ~0.0712877 N, 1658023 0.167276%
140 1B.S2R 64.7614 26.6781 164104 .88 ~0.12249C> 0.1817:67 0.14467215
1461 18,778 44,7700 26.6775 164100.11 0.3958029 0.165%0232 0.164414%9
162 19.028 64.7503 26 .6759 1640946.17 0.2303191 0.1:58770 0.1641454
143 19.278 44.7414 26.4757 1544098, 47 -0.1343806 0.146190485 0,1654522
1564 19.5°8 &64.7438 26.4753 164095.25 0.1883131 0.14A23204 0.1651478
185 1.778 84,7148 26,4745 164098.59 ~0.1955942 0.15779%0 0.14645433
164 20.078 64.7209 26,6727 164085.47 0.767877% 0.1454014 N,14642721
167 20.278 64.70%7 26.4728 164089.97 ~0.2632935 0.1601210 0.1638550
148 20.991 64.4924 26,6697 164076.73 0.2713545 0.1438885 0.1624874
149 21.240 64.4741 24,6485 1544075,44 0.0640570 0.14627136 0.,1633318
17¢ 21.4% 64.4A7%1 26.6487 156407%5.37 0.-0155424 0.1410015 0.14630479
171 21.74, L4.A690 24.464686 164077.70 ~0.1362262 0.1575861 0.14247%7
172 21.9%1 64.4721 26.6464 164063.17 0.8501032 0.14654440 0.1424402
173 22.241 AQ.A826 26.64653 164042.39 0.0457149 0.15640995 0.162. 337
174 22.4%1 64,4472 26,6635 164053.22 0.5358045 0.1682218 0.1424 04
175 22.741 44.4342 26.64633 164054.02 ~0.1627322 0.1645859 0.1462 1708
174 22.9%1 64.46274 246.6628 164055.42 0.0347444 0.1431736 0.1622577
177 23.241 44.4270 24.44620 1464050.27 0.3017457 0.148445%0 0.1621952
178 23.491 64,5973 26,6421 164060.75 ~0.6134545 0.15463R75 0.16146701
179 23.741 44.4028 26,4614 144055.43 0.299%072 0.1578939 0.1612049
130 23.9%1 64,4084 24 .86400 164043,34 0.7187026 0.16372%57 0.14611232
181 24.2Mm 44.%751 246.86592 14404R.25 -0.2870842 0.1590R08 0.1408423
182 24.4%1 44 .5RD% 26 .6592 164045.13 0.182RA42 0.1593207 0.1405%09
183 24,741 64.5825 24.4574 164034,14 0.641°358 0.1641845 0.1605674
184 24.991 64,5474 26.4564 144032.77 0.0813754 0.14633%544 0.16035247
185 25.241 44,5491 24.6555 164026.64 0.3584849 0.1652832 0.16050%7
184 25.491 44.5474 26.4554 164033.92 ~0.424617463 0.1594%01 0.14025%

STOF -~

’ TABLE &4

Page &



TENNESSFE VALLFY AUTHORITY
CONTAINMNENT LEAKAGE MEASUREMENT
TEST SUMMARY
VERIFICATION TEST
ALL COMPARTMENTS

AVFRAGE CORRECTED TOTAL MASS P-7~ ToTal T IME
MFEFATURFE FEESSUKRE 0OF AIR LEAK RATEF LEAK RATF
PEG F.) (FSIA) (LEM) (X PER DPAY) % FER DAY)

>
»

14394A0,4646 0.0000000

163957 .43 0.5322824 /
1A3957.9 0.054%9054 0.2387695
16395R.146 0.0384128 0.14435R7
1A3954.55 0.2827431 0.18044%94
163947. 31 1.6224722 0.44R7825
163941.25 1.05644514 0.5681048
143944.83 ~-0.7R01436 0.3449%40
163944.,.61 0.38%94415 0.3523223
163937.34 1.2739120 0.4544823
143938.78 N.2497143 0.3B42248
143947 .28 . 4934051 0.2135755
1439446.59 0.1207337 0.2058358
163944 .42 0.0302001 0.19232786
163%41.77 0.8181499 0.2370145
143940.4° 0.2359874 0.234%44
143920.16 2.195%27222 0.3547943
143928.72 0.09R7934 0.3799884
163919.73 +S5788155 0.,31993334
163922.17 ~-0.4281277 0.355774&0
163917.38 0.8429838 0.380120°
64.4°01 16391R. 94 ~-0.,2744448 0.34R7457
54,4743 16391R.52 0.0741401 0.3344544
44.4113 163917.464 0.153772% 0.378%1137
A4.4134 163915.03 0.3139972 0.3276423
44,4115 143914.20 0.2072020 0.30A7642

44,4739
64.474%
64,4739
64.4738
44.45470
64.47466
64,4779
64.45046
44.4504
64,4440
A4.4475

4114
64,4042

42461
A4,.47%8
44.4238
64.47%0
44.40°R
64,4305
64.4207
54,4297
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TENNESSEE VALLEY AUTHORITY
CONTAINMENT LEAKAGE MEASUREMENT
TEST SUMMARY
VERIFICATION TEST
ALL COMPARTMENTS

HOURS AVERAGE CORRECTED TOTAL MASS P=-T-P TOTAL TINME MASS
SaM™LE SINCF TEMFFRATURE FRFESSURF OF AIR LEAK RATF LEAK RATE LEAK RATE
START (PEGR F.) (FS1A) (LEBM) (X PER DAY) (X FER DAY) (%X FER DAY)
24 2.204 44,4101 26.4285 1463913.69 0.4421021 0.3118745 0.3272701
15 2.288 64,4040 26.6274 163%07.97 1.0050426 0.3371049 0.3294591
ié 2.383 64.4025 26.86267 163904.89 0.4754648]) 0.3426109% 0.3324152
37 2.446 64.4062 26.42610 143899.14 1,0139314 0.3452088 0.3350942
K1 2.549 64.4005 24,4256 163898.19 0.1474300 0.3587387 0.3429575
59 2.632 64.3937 26.46250 163A94.23 0.3432847 0.35R2455 0.3444832
40 2.716 od.3964 26,4247 163R93.50 0.4804043 0.3419934 0.3499867
a9 2.799 64,3549 26.6251 163894.54 -0.5379%02 0.3351943 0.34R4200
2 2.8%% 44.3920 26.6244 143894.92 0.240%637 0.3319518 0.347425%
43 2.982 64.3R44 26.42446 1638%96.77 ~0.3249400 0.3i34%08 0.3430303
49 3.045 64.3822 24.£236 143891.38 0.9474740 0.3308693 0.3422221
a5 3.148 64.3700 26.46230 163891.83 -0.0796016 0.3200022 0.339313154
45 3.232 44,3830 26.6223 1438R3.44 1.474R8082 0.34%75%73 0.3417337
47 3.315 64.3850 26.6208 163873,73 1.7044553 0.383R049 0.3478721
45 3.398 64.3847 24,6205 163871.461 0.3735495 0.3835504 0.3537473
a9 3.482 64,3674 26.46201 163874.75 -0.5520913 0.3411487 0.3557502
50 3.545 64.3722 26.6194 163049.27 0.9635519 0.3752421 0.3574443
o1 3.648 64,3855 26.619% 163865.45 0.6702100 0.381969S 0.3430841
52 3.732 64,3810 26.46188 143842.77 0.4721944 0.3839788 0. 3675174
53 3.815 64.3798 26 . 6186 163862.00 0.1345%467 0.37R5309% 0.3702877
54 3.898 44,3594 26,4180 143864.77 -0.4859315 0.3400524 0.3705876
nS 3.982 64.3420 26.6184 163844 .89 ~0.37354699 0.3447045 0.36RR574
56 4,045 64,3525 246.46183 143848.95 -0.3423787 0.3302111 0.3654434
$7 4.148 64,3485 26.6175 163845.55 0.5987952 0.33559R4 0.346313460
58 4.232 64,3421 24.4173 143859.72 1.024545S 0.3491511 0.34249460
STOF -~
TABLE 5
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Penetration

X-27(C)

TABLE 6

TESTABLE PENETRATIONS REQUIRED TO BE IN SERVICE DURING TEST

Description

Integrated Leak Rate
System Pressure

Ice Condenser System

Ice Condenser Sy<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>