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SYNOPSIS

The Brunswick Steam Electric Plant Unit No. 2 reactor
containment building was subjected to an integrated leak
rate test during the period of March 26 to March 28, 1988.
The purpose of this test was to demonstrate the
acceptability of the building leakage rate at an internal
pressure of 49.0 psig (Py) . Testing was performed in
accordance with the requirements of 10CFR50 Appendix J,
ANSI N45.4-1972, and Brunswick Steam Electric Plant Unit
No. 2 Technical Specifications.

The Mass Point method of analysis resulted in a measured
leakage rate of 0.307% by weight per day. The leakage rate
at the upper bound of the 95% confidence interval was
0.312% by weight per day. A correction factor of 0.017% by
weight per day for 12 penetrations wi.ich were not vented
for the test must be added to the test results. Therefore,
the leakage rate at the upper bound of the 95% confidence
interval is 0.329% by weight per day which is below the
allowable leakage rate of 0.375% by weight per day.

Using the minimum pathway leakage analysis to determine the
"as found" reactor containment integrated leakage rate
indicates that the acceptance criteria would have been
exceeded. This was due to one penetration that could not
be pressurized during local leakage rate testing and
required maintenance to be performed.

The supplemental instrumentation verification test at Py
demonstrated an agreement between measured reactor
containment building integrated leakage rates of 19.6%,
using the Mass Point method which is within the 25%
requirement of 10CFR50, Appendix J, Section III A.3.b.

Testing was performed by Carolina Power and Light Company
with the technical assistance of United Energy Services
Corporation. Procedural and calculational methods were
witnessed by Nuclear Regulatory Commission personnel.
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INTRODUCTION

The objective of the integrated leak rate test was the
establishment of the degree of overall leak tightness of
the reactor containment building at the calculated design
basis accident pressure of 49.0 psig. The allowable
leakage is defined by the design basis accident applied in
the safety analysis in accordance with site exposure
guidelines specified by 10CFR100. For Brunswick Steam
Electric Plant Unit No. 2, the maximum allowable integrated
leak rate at the design basis accident pressure of 49.0
psig (P,) is 0.5% by weight per day (Ly) -

Testing was performed in accordance with the procedural
requirements as stated in Brunswick Steam Electric Plant
Integrated Primary Containment Leak Rate Test Procedure
PT-20.5. This procedure received two independent technical
safety reviews and was approved by the Manager, Technical
Support prior to the commencement of the test.

Leakage rate testing was accomplished at the pressure level
of 50.8 psig for a period of 24 hours. The 24 hour period
was followed by a 4 hour supplemental test for a
verification of test instrumentation.
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GENERAL, TECHNICAL AND TEST DATA

GENERAL DATA

Owner:

Docket No.,
Location:
Type:

Containment
Description:

Date Test
Completed:

TECHNICAL DATA

Containment Net
Free Volume:

Design Pressure:

Design
Temperature:

Calculated
Accident Peak
Pressure:

Calculated
Accident Peak
Temperature:

Carolina Power & Light

50-324

Southport, North Carclina
Mark 1, BWR-4

Steel lined, reinforced concrete,

‘light bulb’ shaped drywell with

torus shaped suppression chamber
connected by a vent system. Vacuunm
breakers are provided between the
suppression chamber and both the drywell
and reactor building.

March 28, 1988

294,981 cubic feet

62 psig
300°F (drywell), 220°F (suppression
chamber)

49.0 psig

297°F



TEST DATA
Test Method:
Data Analysis:
Test Pressure:
Max Allowaktle
Leakage

Rate (La):

Measured Leakage
Rate:

Mass Point

Measured Leakage
Rate at UCL:

Mass Point

Supplemental
Test Flow Rate:

Supplemental
Test Measured
Leak Rate:
Mass Point
Supplemental
Test and L,
Agreement:

Mass Point

Absolute

Mass Point

65.5 psia

0.500

0.307

0.329

0.478

0.687

19.6%

wt

wt

wt

wt

wt

%

and

per

per

per

per

per

Total Time

day

day

day

day

day



TANCE C
eptance criteria established prior to the test and as

1fied by 10CFR50, Appendix J, ANSI N45.4-1972 and the
lcKk Steam Elegtri“ Plant Unit No. 2 Technical

cifications are as follows:

measured leakage rate am)
49 (P w‘all be

a/

lgn accident pressure of .
75% of the maximum allowable leakage rate
welght of the building

>ceptance criteria is

than
specified as
phere per day.
rminad as follows:

'

). 5%/day
).375%/day

test instrumentation shall be verified by means
Agreement between the
Type A test

The
of a supplemental test.
ontainment leakage measured during the
aind the containment leakage measured during the

supplemental test shall be within 25% of L,.
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Precision Pressure Gauges

Quantity 2
Manufacturer Helse
Type Series 10 (with angular readout)
Range, psia 0 - 75 _
Accuracy, psia 0.0005% £.s8.+0,0065% of reading
Sensor sensitivity,psia 0.001% of full scale
Repeatability, psia 0.0005% of full scale
Supplemental Test Flow Monitoring System
Flowmeter
Juantity 1
Manufacturer Brooks
Type Model 1110
Range, scfm 1.0 = 10.0
Accuracy +/= 1% of full scale

SCHEMATIC ARRANGEMENT

The arrangement of the four measuring systems summarized in
Section 5.1 is depicted in Appendix A.

Drybulb temperature sensors were placed throughout the
reactor containment vessel volume to permit monitoring of
internal temperature variations at 24 locations. Dewcells
were placed at ten locations to permit monitoring of the
reactor containment partial pressure of water vapor.

CALIBRATION CHECKS

Temperature, dewpoint, and pressure measuring systems were
checked for calibration before the test as recommended by
ANSI N45.4-1972, Section 6.2 and 6.3. The results of the
calibration checks are on file at Brunswick Steam Electric
Plant. A containment temperature survey was conducted
which verified that there were no unmonitored regional
temperature variations. The supplemental test at 50.8 psig
confirmed the instrumentation acceptability,.



5.4 INSTRUMENTATION PERFORMANCE

During the ILRT, one RTD exhibited abnormal behavior and
was not used for the test. The remaining 10 dewcells, 23
RTDs, two precision pressure gauges, and flow meter
performed satisfactorily throughout the performance of the
integrated leak rate test and provided more than adequate
coverage of the containment. A post test inspection
revealed that the erratic RTD had fallen to the floor and
was sensing metal temperature rather than air temperature.

5.5 VOLUME WEIGHTING FACTORS

Weighting factors were assigned to each drybulb temperature
sensor and dewpoint temperature sensor based on the
calculated volume of the reactor containment building each
sensing device monitored. Drybulb and dewpoint temperature
sensors elevation and weighting factors for the test were
as follows:

Elevation/ Temperature Weighting
Azimuth Element __Factor
93/0° TE 1 .0528
93/180° TE 2 .+ K5
78/270° TE 3 .0187
78/90° TE 4 .0187
66/0° TE 5 .0115
66/180° TE 6 L0115
54/270° TE 7 .0136
54/90° TE 8 .0136
46/300° TE 9 .0194
46/0° TE 10 .0194
46/180° TE 11 .0194
33/0° TE 12 .0500
33/120° TE 13 . 0500
33/240° TE 14 .0500
16/0° TE 15 . 0577
16/270° TE 1 .0577
16/180° TE 17 .0577
16/90° TE 18 .0577
Torus 0° TE 19 .0701
Torus/60° TE 20 .0701
Torus/120° TE 21 .0701
Torus/180° TE 22 .0701
Torus/240° TE 23 .0701
Torus/300° TE 24 .0701
93/270° DPE 1 .0527
78/90° DPE 2 . 0489
54/0° DPE 3 .0386

46/180° DPE 4 .0583
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VOLUME WEIGHTING FACTORS

(Continued)
Elevation/ Temperature Weighting
Azimuth Element Factor
33/270° DPE 5 .1502
16/90° DPE 6 .2309
Torus/0° DPE 7 .1051
Torus/90° DPE 8 .1051
Torus/180° DPE 9 .1051
Torus/270° DPE 10 .1051

SYSTEMATIC ERROR ANALYSIS

Systematic error, in this test, is induced by the operation
of the temperature indicating system, dewpoint indicating
system, and the pressure indicating systenm.

Justification of instrumentation selection was
accomplished, using manufacturer’s sensitivity and
repeatability tolerances stated in Section 5.1, by
computing the instrumentation selection guide (ISG)
formula.

Containment leakage determined by the Absolute Method
requires accurate measurement of small changes in
containment pressure with suitable corrections for
temperature and water vapor. Since the Absolute Method
utilizes the change in a reading (i.e., pressure and
temperature) to calculate leak rate, the repeatability,
sensitivity, and readability of the instrument system is ¢
more concern than the accuracy. To perform the ISG
calculation, the sensitivity error of the sensor and the
repeatability error of the measurement system must be used.

Sensitivity is defined as "the capabili:ty of a sensor to
respond to change." Sensitivity is usually a function of
the system measuring the sensor output. When the sensor
energy state is raised or lowered an amount equal to the
smallest value which the entire system will process, a
change of indication will occur. To determine sensitivity
for ILRT sensors, it is necessary to analyze the smallest
value of the analog sensor output which will cause a one
digit change in the digital display.

Repeatability is defined as "the capability of the
measurement system to reproduce a given reading from a
constant source."



SYSTEMATIC ERROR ANALYST®

(Continued)
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Utilizing the methods, techniques, and assumptions in
Appendix G to ANS 56.8-1981, the ISG formula was computed
for the Absolute Method as follows:

1. Conditions:

La =
P =
T =
Tap =
. =

2. Total Absolute Pressure: e

0.5 wt.%/day
65.5 psia
547.5°R drybulb
80.5°F dewpoint

24 hours

P

No. of sensors = 2

Range = 0 - 75 psia

Sensor sensitivity error (Bp) = +/= 0.001% of

full scale

Measurement system error (ap) = +/= 0.0005% of

full scale

ep = +/= [(Ep)? + (£5)%11/2 /(no. of sensors)l/?

ep = +/= [(0.00075)2 + (0.000375)2)1/2 , (21/2

ep = +/= 0.0006 psia



So

6

SYSTEMATIC ERROR ANALYSIS
(Continued)

3 .

Water Vapor Pressure: epv
No. of sensors = 10
Sensor sensitivity error (Epy) = +/= 0.5°F

Measurement system error (cp,)
excluding sensor = +/- ,1°F

At a dewpoint temperature of 80.5°F, the egquivalent
water vapor pressure change (as determined from steam
tables) is 0.0168 psia/°F

Eoy = +/= 0.5°F (0.0168 psia/°F)

Epy = +/= 0.00840 psia

Epy = *+/= 0.1°F (0.0168 psia/”F)

fpv = */= 0.00168 psia
epy = +/- [(gpv)z + (5pv)2]1/2/[no. of sensors)l/?
€pv = +/= [(0.00840)% + (0.00168)2)1/2,(10)1/2

epy = +/= 0.00271 psia

. Temperature: er

No. of sensors = 23
Sensor sensitivity error (Eq) = +/- 0.1°F = +/- 0.1°R

Measurement system error € )
excluding sensor

= +/= 0.1°F = 4/~ 0.1°R
ep = +/- [(ET)2 + (ET)Z]I/2 / [no. of sensors) /2
ep = +/= [(0.1)% + (0.1)2)1/2 , (23 1/2

ep = +/= 0.0294°R

11
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SYSTEMATIC ERROR ANALYSIS
(Continued)

5. Instrument Selection Guide (ISG):

2400 ep 2 ‘pv 2 ep 2 1/2
% (2( -s—) + 2(-3—) + Z(ﬁf) )

ISG = +/~

2 2 2 1/2
2400 , 0.0006 0.00271 0.0294
e yel & ) ¥ A=)+ 3

189 . v/ 65.5 5.5 547.5

ISG = +/-100(1.678 x 1071%43.424 x 107%5,767 x 1079)1/2

ISG = +/- 0.010 wt.$/day

The ISG value does not exceed 0.25 Ly (0.125 wt.¥/day) and
it is therefore concluded that the instrumentation selected
was acceptable for use in determining the reactor
containment integrated leakage rate,

SUPPLEMENTAL VERIFICATION

In addition to the calibration checks describea in

Section 5.3, test instrumentation operation was verified by
a supplemental test subsequent to the completion of the 24
hour leakage rate test. This test consisted of imposing a
known calibrated leakage rate on the reactor containment
building. After the flow rate was established, it was not
altered for the duration of the test.
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SUPPLEMENTAL VERIFICATION
(Continued)

During the supplemental test, .he measured leakage rate
was:

Le = Ly' + Ly
Where:

L. = Measured composite leakage rate
consisting of the reactor
containment building leakage rate
plus the imposed leakage rate

Ls = Imposed leakage rate

Ly’ = Leakage rate of the reactor
containment building during the
supplemental test phase

Rearranging the above equation,

Ly" = Lo = Ly

The reactor containment building leakage dufing the
Supplemental test can be calculated by subtracting the

known superimposed leakage rate from the measured composite
leakage rate.

The reactor containment building leakage rate during the
supplemental test (L,’) was then compared to the measured
reactor containment building leakage rate during the
preceding 24 hour test (L m) to determine instrumentation
acceptability. InstrumenEation is considered acceptable if
the difference between the two building leakage rates is
within 25% of the maximum allowable leakage rate (L)«



6.0

6.2

14

TEST PROCEDURE
PREREQUISITES

Prior to commencement of reactor containment building
pressurization, the following prerequisites were satisfied:

1. Proper operation of all test instrumentation was
verified.

2. All reactor containment building isolation valves were
closed using the normal mode of operation. All
associated system valves were placed in post-accident
positions.

3. Portions of fluid systems, which under post-accident
conditions become extensions of the containment
boundary, were drained and vented to the extent
possible or the Type C penalty taken as appropriate.

4. Type B and C testing was completed with a leakage value
less than 0.6 La-

5. Containment pressurization system was operational,

6. Potential pressure sources were removed or isolated
from the containment.

7. An inspection of the accessible interior and
exterior surfaces of the containment was nompleted.

GENERAL DISCUSSION

Following the satisfaction of the prerequisites stated in
Section 6.1, the reactor containment building
pressurization was initiated at a rate of approximately 6.0
psi per hour. After the containment was stabilized, leak
rate testing was initiated at the 50.5 psig pressure level.
For the duration of the 24 hour leak test and the 4 hour
supplemental test, average internal containment temperature
slowly increased due to the Residual Heat Removal (Shutdown
Cooling) System temperature.



GENERAL DISCUSSION
(Continued)

During the test the following occurred at 15 minute
intervals (see Appendix B - Reduced Leakage Data):

1. Readings indicated by the precision pressure gauges
were recorded and entered into the computer.

2. Readings indicated by the 23 RTDs were recorded and
entered into the computer. The computer program
calculated the weighted average containment building
drybulb temperature by use of a weighting factor that
was assigned to each RTD. This value was subsequently
converted to degrees Rankine for use in the ideal gas
law equation to calculate containment building weight
of air.

3. Readings indicated by the ten dewpoint temperature
sensors were recorded and entered into the computer.
The computer program converted the readings to dewpoint
temperatures and then calculated the average
containment dewpoint temperature by use of a weighting
factor assigned to each sensor. This weighted average
dewpoint temperature was then converted to a partial
pressure of water vapor. .

The use of water vapor pressure (Pyy), temperature (T), and

the total pressure (Pe) is descring in more detail in
Section 7.1,

Data was entered into an IBM AT Portable Computer located
at the leak rate instrumentation room. The ILRT computer
program utilized for the test had been previously checked
with sample data of known results and certified prior to
the test. The computer program then calculated the
focllowing at 15 minute intervals:

: O Total weight of containment air.

- Mass point least squares fit leakage rate.

3. Mass point 95% upper confidence level leakage rate,
4. Observed total time leakage rate.

S Total time mean leakage rate.

6. Total time least squares fit leakage rate.

7. Total time 95% upper confidence level leakage rate.
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6.2 GENERAL DISCUSSION
(Continued)

A plot of weighted average containment temperature,
containment total pressure, containment average dewpoint
temperature, and weight of air was performed for each 15
minute data set (see Appendix C).

Immediately following the 24 hour leak test, a superimposwd
leakage rate was establi.ned for a 4 hour test pericd.
During this time, temperature, pressure, and vapor pressure
were monitored as described above.

6.3 TEST PERFORMANCE

Pressurization of the reactor containment building was
started at approximately 1920 on March 25, 1988. The
pressurization rate was approximately 6 psi per hour. When
containment internal pressure reached 5C.5 psig at 0443 on
March 26, 1988, pressurization was secured. By 0900, on
March 26, temperature stabilization criteria had been met.

6.3.2 Integrated lLeak Rate Testing Phase

At 0900 on March 26, 1988, 15 minute frequency test data
collection was initiated. 1Initial indications showed a
slowly rising leakage rate of approximately 0.33% by
weight per day. However, operations was experiencing
problems in maintaining a steady residual heat removal
(RHR) temperature which caused fluctuations in the reactor
vessel level. This introduced some periodic perturbations
in the observed containment mass weight points and in the
corresponding mass point leakage rate. Additionally, due
to the recent completion of the reactor vessel hydrostatic
test, the RHR system temperature was fluctuating in the
range of 125° F to 135° F. Since this was substantially
higher than the containment ambient air temperature, a heat
source existed inside containment. Additional influences
on the test data were caused by an operational requirement
for two loop RHR shutdown cooling when the reactor vessel
level dropped below 200 inches and an increase in RHR flow
from 5,000 gallons per minute to 7,500 gallons per ainute.
This caused an additional drop in reactor vessel level
resulting in more perturbations of the containment leakage
rate. Leak detection and identification teams were
dispatched but no major source of containment leakage was
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Integrated Leak Rate Testing Phase

(Continued)

identified. Three minor packing leaks were identified on
the RHR containment spray valve E11-F021A, containment
vacuum breaker valve CAC-V17, and the feedwater B loop
injection valve B21-F032B.

At this time (1230 on March 26), no repairs were made. By
1355, the containment leakage rate was 0.35% by weight per
day and still increasing slowly. However, regression
analysis of containment mass weights recorded between the
perturbations caused by RHR temperature and reactor vessel
level changes indicated a containment leakage rate of
approximately 0.31% by weight per day.

At 0745 on March 27, 1988, a decision was made to terminate
the integrated leakage rate test. The containment leakage
rate had stabilized at approximately 0.39 to 0.40% by
weight per day. Based on the “egression analysis described
above, it was felt that the actual containment leakage rate
was lower than .39 to .40% per day and was probably on the
order of 0.31% per day. However, due to the changes in RHR
temperature and reactor vessel level, this could not be
positively confirmed. By 1035 on March 27, reactor vessel
level had been raised to 235 inches, single loop RHR
shutdown r +ng had been established, operations had

committe aintaining better RHR temperature control and
the pacr ieaks on valves E11-F021A and CAC-V17 had been
repai- . Containment ambient air temperature changes had

been ..ntinuously monitored and were still within the
temperature stabilization criteria. Containment pressure
was well above the required 49 psig criteria at
approximately 50.3 psig.

The integrated leakage rate test was officially restarted
at 1200 on March 27, 1988. The containment leakage rate
exhibited a gradual increasing trend, reaching a maximum
value of 0.39% per day at 1930 hours. Leakage detection
and identification was again initiated but no areas of
significant leakage were observed. From 1930 on March 27
to 1200 on March 28, the containment leakage rate showed a
continual and gradual decreasing trend. The containment
integrated leakage rate test was concluded at 1200 on
March 28, 1988 with an acceptakble measured mass peoint
leakage rate value ¢f 0.307% per day. The leakage rate at

the upper 95 percent confidence level was 0.312% by weight
per day.
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Supplemental Leakage Rate Test Phase

Following completion of the 24 hour integrated leak rate
test, a leakage rate of 4.36 scfm was imposed on the
containment building through a calibrated flow meter at
1200 on March 28. After a fifteen minute stabilization
period, leakage rate data was again collected at 15 minute
intervals for a period of 4 hours. With an imposed leak
rate of 0.478% per day, a measured composite leakage rate
of 0.687% per day was obtained using the Mass Point method.
This resul%s in a containment building leakage rate
agreement of 19.6% of L., with the results of the 24 hour
test. This value is wighin the acceptance limit of 25% of
Depressurizat.on Phase

After all required data was obtained and evaluated,
containment building depressurization to 0 psig was
started. A post test inspection of the containment
revealed no vnusual findings. The RTD which exhibited
erratic behavior (TE-2) was found to have fallen from its
test location onto the floor. This explains the sudden and
large increase in temperature readings from TE-2 since it

was then measuring the floor temperature instead of the
containment ambient air temperature.
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METHODS OF ANALYSIS
ABSOLUTE METHOD

General

The Absolute Method of leakage rate determination was
employed during testing at the 49.0 psig pressure level.
The ILRT computer code calculates the percent per day
leakage rate using both the mass point and total time
methods.

Mass Point Analysis

The Mass Point method of computing leakage rates uses the
following ideal gas law equation to calculate the weight of
air inside containment for earh 15 minute interval:

w= 244 PV _ KP
RT R

Where:

W = Mass of air insile containmen’, lbm

5 ibm = °R - in.?2

K= 4V -
14 /R ’ x 10 Y

P = Partial pressure of air, psia

T = Average internal containment
temperature, °R

V= 294,981 ft3
R= $3.35 Jpo—0x

The partial pressure of air, P, is calculated as follows:
P = pT-pW
Where:
Pp = Total containment pressure
P, = Partial pressure of water vapor
determined by averaging the nine

dewpoint temperatures and converting to
partial pressure of water vapor, psia
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(Continued)

The average internal containment temperature, T, is
calculated as follows:

1
T & Sespase
r Ve
i T

Where:
Vfi = VYolume fraction of the 1th sensor
T{ = Absolute temperature of the ith sensor

The weight of air is plotted versus time for the 24 hour
test and for the 4 hour supplemental test. The ILRT
computer code fits the locus of these points to a straight
line using a linear least squares fit. The equation of the
linear least squares fit line is of the form W = A, + B,
where A is the slope in lbm per hour and B is the gnitial
weight at time zero. The least squares parameters are
calculated as follows:

z W ) )
ae N8 M o (T W,
Sxx
A LW & b w
e o4ty (P o (e, (IE W,
Sxx

Where:
Sxx = N (I t;4%) = (I¢g)?
N = Number of data points
W, = Measured mass of containment air

t; = Time interval
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Analysis

(Continuodi

The weight percent leakage per day can then be determined
from the following equation:

L. = =2400 A
am B

where the negative sign is used since A is a negative slope
to express the leakage rate as a positive quantity.
STATISTICAL .VALUATION

General

After performing the least squares fit, the ILRT computer
code calculates the limits of the 95 percent confidence
interval for the mass point leakage rate (Cy) »

This statistical parameter is then used to determine that

the measured leakage rate plus the 95 UCL meets the
acceptance criteria.

Mass Point Confidence

The upper 95 percent confidence limit for the mass point
leakage rate is calculated as follows:

Cq = 2400 tgg (Sp/B)
Where:
Cx = Upper 95 percent confidence limit

tgs = Student’s t distribution with N-2
degrees of freedom

Sp = Standard deviation of the slope of the
least squares fit line

B = Intercept of the least squares fit line

The standard deviation of the slope of the least squares
fit line (8p) is calculated as follows:

1/2

(N(Ztg2) = (Ity)?) 1/2
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(Continued)
Where:

§ = Common standard deviation of the observed
weights from the weights on the least squares
fit line

N = Number of data points

ti = Time interval of the ith data point

The common standard deviation (S) is defined by:

2 172
S = L (Wy =W /

: N=2

Where:
W, = Observed mass of air
W = Least squares calculated mwass of air

The ILRT computer code calculates an upper §5 percent
confidence leakage rate as follows:

UCL = Lpp + 2400 tgg (S,/B)
This UCL value is then used to determine that the measured

leakage rate at the upper 95 percent confidence limit meets
the acceptance criteria.



DISCUSSION OF RESULTS

RESULTS AT P,
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The method used in calculating the Mass Point leakage rate

is described in Section 7.1.1.

Tne results of this

calculation is a mass point leakage rate of 0.307%/day (see

Appendix D).

The 95 percent ccnfidence limit associated with this leakage

rate is 0.005% per day.

Thus, the leakage rate at the upper

bound of the 95 percent confidence level becomes:

UCL = ,307 +

. 005

UCL = 0.312%/day

Additional leakage rates must be applied to the measured
leakage rate at the upper 95 percent con<idence level to
account for penetration paths not exposed to the test
pressure and for changes in the net free volume of the

containment due to water level changes.

Penetration paths

not exposed to the test pressure and the corresponding
leakage rates based on analysis of minimum pathway local

leakage rate testing are as focllows:

Minimum Pathway

Containment Local
Systen Isolation Valves Leakage Rate (SCFH)

Drywel!l Drains 2-Gl6-F003/F004 0
Drywell Drains 2-G16-F019/F020 0
Feedwater (RCIC 2-B21-F032B, 0
Injection Line B) 2-ES51-vag,

2-B21~-F0108B,
Feedwa%er (HPCI 2-B21-F032A, 0
Injection Line A) 2-E41-F006,

2=B21-F010A,
Reactor Building 2-RCC~-V28/V52 0
Cooling Water RXS-8V1222B/C 0
CRD Purge to 2=-B32~V24/Vv22, 0
Reactor Recirc V3o
Pumps 2=B32-V32/V22, .35

V3o
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RESULTS AT P,

(Continued)
Minimum Pathway
Containment Local
System Isolation Valves Leakage Rate (SCFH)
Electrical 101A 0
Penetration
Recirc Sample 2-B32-F019/F020 0
RHR Suction 2-E11-F008,/F009 0
Reactor Water 2=G31-F001/F004 2.49
Cleanup

The total applicable local leakage rate is 8.84 scfh which
is erquivalent to a leakage rate of 0.017%/day.

Water level changes in the containment during the 24 hour
integrated leakage rate test are summarized below:

Reactor Vessel Water Level:
1200 3-27-88 235 inches
1200 3-28-88 232 inches

Torus Water Level:
1200 5=-19-87 -28.5 inches
1200 5-19-87 -28.5 inches

During the test, no makeup water was introduced into the
reactor vessel. Therefore, the volume change associated
with the change in reactor vessel water level showed an
increase in the net free volume of 64.8 cubic feet. This
corresponds to a reduction in the measured containment
leakage rate of 0.022% per day. However, it is
conservatively assumed that the water level decrease in
the reactor vessel was not lost out of containment and
therefore no change in net free volume occurred.
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SUPPLEMENTAL TEST RESULTS
(Continued)

Comparing this leakage rate with the building leakage rate
measured during the 8 hour test yields the following:

L -k ¥
Mass Point = am v = ,307 = .,209 = 0.196

T, 0.5

The building leakage rates agree within 19.6% of L, using
the Mass Point method which is below the acceptance
criteria of 25%.

Using the formulation of ANS 56.8-1981,
(Lo + Lap = 0.25L,) < Lg < (Ly + Lyy + 0.25L,)

0.660 < L, < 0.910
Since L., was measured to be 0.687%/day, this value falls
within fhe acceptable range of 0.660% to 0.910% per day.
Therefore, the acceptability of the test instrumentation is
considered to have been verified.

AS FOUND ANALYSIS

To determine the as-found containment leakage rate, an
analysis was performed to evaluate any leakage savings from
repairs or maintenance to containment isolation barriers.
Leakage savings are realized when containment isolation
barrier repairs result in a lower minimum pathway leakage
than that which existed prior to the repair or maintenance.

The results of the analysis are presented in Appendix E.
The total leakage savings due to performing Type B and C
tests prior to the Type A test indicates that the
acceptance criteria (Ly) would have been exceeded due to
one penetration (Feedwater B Loop Injection) that could not
be pressurized.

The total as left Type B and C leakage rate is 35.275 scfh
which is equivalent to a combined leakage rate of 0.,066%
per day. This is well below the allowable value of 0.6 L,
or 0.300% per day.



TYPE B AND C TESTING

The results of the Type B and Type C tests conducted during
the 1988 Unit 2 refueling outage are shown on Appendix E.
Additional Type B and C tests which were conducted
subsequent to the last Type A test on May 5, 1986 are

listed below.

Date

05/19/86
05/23/86

06/01/86
06/03/86
06/19/86
06/23/86
07/11/86
07/13/85
10/13/86
10/13/86
10/13/86
10/14/86
10/14/86
10/14/86
10/16/86
10/16/86
10/16/86
10/18/86
10/19/86
10/19/86
10/19/86
10/19/86
10/23/86
10/24/86
10/24/86
10/27/86
11/05/86
06,02/87
06/17,/87

Item

CRD Hatch

Electrical Penetration

X102H
N. Torus Hatch
Airlock
CAC-X20A/CAC~V16
CRD Hatch
B32-F019/B32-F020
G31-F001/G31-F004
CAC-SV=~4410~-4
CAC-8V=4410~3
CAC-SV=4410-2
CAC-V7 ("O" rings)
CAC=-V5 ("O" rings)
CAC-V16 ("O" rings)
CAC~-SV=4409~-2
CAC~-S8V=4409-3
CAC-SV=4409~4
B32-F019/B32~F020
E51-F031
E51-F062/E51~-F066
CAC-V9 ("O" rinc ,
ES1-F019
B32-F019/F32-F020
N. Torus Hatch
CRD Hatch
N. Torus Hatch
Personnel Airlock
E21-F001A
Personnel Airlock

WNP = Would Not Pressurize

Leakage Rate

(scfh)

0
0

@
OO0OO0COoOwWOoO
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[
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—
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8.753
9.035
2.558
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APPENDIX A
SCHEMATIC ARRANGEMENT OF TEST INSTRUMENTATION



APPENDIX A

PCLRT SCHEMATIC ARRANGEMENT
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1 5%, 498 A. 5ORS 98,994 94732, 6¢
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217 a5, 522 2.5030 B4, 749 94703, 00
27@ L5, 502 2.5024 84,770 24704, 93
245 L% . 504 @.5e7a 25,787 247Q3.74
R &5, 504 @. 5045 34, 208 21498, 5%
N5 55. 505 R.5017 36,829 934%7,09
il 45, 505 2.5046 AL, 347 204693, 38
4% 55,506 3.5037 86,342 944£93%,8%
aARQ &5, 507 @.5047 84, 08% 24589, 22
315 £%,908 B.5a47 86.708 | P3686, 77
479 £%.508 0.%5054 86,920 24684, 13
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745 85,518 . 5073 87.150 4653, T

=020 £5.51%9 @.3e79 87:.1727 94651.1%9
815 65,3520 a, Sas? 87: 99 ?44£48,47

230 65,522 . 2086 87,216 94&47.,89
348 &5 323 @.35a88% 87,236 945646.26
FaQ £5.524 « 5094 87,283 $4644,23

Y13 635.526 2.%2%92 B87.273 744642.98
73 &5, 526 @.5992 87,292 P446327,93
F4% 65, 52 « 5837 87,7309 ?4637.70
1000 £5,527 2.5101 87.326 ?44674,84
1015 &%5.5928 @.35a7S 87. 3456 944633.25
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> °7

8. 629 @.510%S 87,367 L2972
e T A 3. 3099 87.383 G84528.00
e PR @.5110 37,124 FAL24,.43
85 532 B.5119 B7.425 4622, 39
i 2.3109 87,444 23620 23
215 ~ a4, 51L& 87.440 74517 87
b B et B.511& 837,482 245615 71

VERIFICATION TEST DATA

e PR @,%11 87.5073 ?4609.4%
£3.930 A.5118 87.918 74602.89
S o SR T 2.5121 87.541 74596.48
&%, 526 2.35129 87.3558 4589. 4673
55 . 5324 a.51730 87.576 ?4582.49
5% . 522 @.5131 87. 4684 4574, 16
s 520 @.8123 87,619 74573, 11
e a,%127 37. 640 F4563, E1
65516 2.5140 B87.662 . 74554, 2@
53,514 A.5157 87,583 74548, 92
&5, 312 2.5140 87.700 Y4542,70Q
25.51@ @.5314% 87.722 45505, 28
58, 508 G.5183 87.743 24527 . AS
55.58s Aa.9144 87.763 4522, 00

3
&5.504 2.5153 27.784 94%514,42
$35.502 5149 37.80Q Y4507.51
&8, 501 a,51%57 87,8289 74500, 68




APPENDIX C

LEAKAGE RATE TEST GRAPHS
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TYPE B ANALYSIS

MINIMUM PATH ANALYSIS

As Left

As As Pen As As
Pen Valves Found Left Leakage Found Left Savings NOTES
100A ELECTRICAL 0 0 0 0 0 0
100B ELECTRICAL 0 0 0 0 0 0
100C ELECTRICAL 0 0 0 0 0 0
103A ELECTRICAL 0 0 0 0 0 0
100D ELECTRICAL 0 0 0 0 0 0
104A ELECTRICAL 1.616 0 0 1.616 0 1.616
102A ELECTRICAL 0 0 0 0 0 0
104B ELECTRICAL 0 0 0 0 0 0
102B ELECTRICAL 0 0 0 0 0 0
101A ELECTRICAL 0 0 0 0 0 0 (a)
101C ELECTRICAL 0 0 0 0 0 0
105D ELECTRICAL 0 0 0 0 0 0
105E ELECTRICAL 0 0 0 0 0 0
102C ELECTRICAL 0 0 0 0 0 0
104C ELECTRICAL 0 0 0 0 0 0
105H ELECTRICAL 0 0 0 0 0 0
105G ELECTRICAL 0 0 0 0 0 0
102E ELECTRICAL 0 0 0 0 0 0
104E ELECTRICAL 0 0 0 0 0 0
100F ELECTRICAL 0 0 0 0 0 0
100E ELECTRICAL 0 0 0 0 0 0
100G ELECTRICAL 0 0 0 0 0 0
100H ELECTRICAL 0 0 0 0 0 0
102F ELECTRICAL 0 0 0 0 0 0
104F ELECTRICAL 0 0 0 0 0 0
103B ELECTRICAL 0 0 0 0 0 0
104G ELECTRICAL 0 0 0 0 0 0
102H ELECTRICAL 0 0 0 0 0 0




TYPE B ANALYSIS

MINIMUM PATH ANALYSIS

As Left
As As Pen As As
Pen Valves Found Left Leakage Found Left Savings NOTES
105J ELECTRICAL 0 o 0 0 0 0
105K ELECTRICAL 0 0 0 0 0 0
101F ELECTRICAL 0 0 0 0 0 0
101D ELECTRICAL 0 0 0 0 0 0
105C ELECTRICAL 0 0 0 0 0 0
105B ELECTRICAL 0 0 0 0 0 0
232B ELECTRICAL 0 0 0 0 0 0
232C ELECTRICAL 0 0 0 0 0 0
232A ELECTRICAL 0 0 0 0 0 0
232D ELECTRICAL 0 0 0 0 0 0
1 EQPT HATCH 0 0 0 0 0 0
2 LINER SEAL 0 0 0 0 0 0
3 DW HD BLANK 0 0 0 0 0 0
4 DW HD HATCH 0 0 0 0 0 0
6 CRD HATCH 0 0 0 0 0 0
200A S. TORUS 0 0 0 0 0 0
200B N. TORUS 0 0 0 0 0 0
- HEAD SEAL WNP 0 0 0 0 0 (b)
3B V49-0 RING 0 0 0 0 0 0
205 V5-0 RING 0 0 0 0 0 0
25 V6-0 RING 0 0 0 0 0 0
220 V7-0 RING 0 0 0 0 0 0
26 V9-0 RING 0 0 0 0 0 0
205 V16-0 RING 0 0 0 0 0 0
205 V17-0 RING 0 0 0 0 0 &




TYPE C ANALYSIS

MINIMUM PATH ANALYSIS

As Left
As As Pen As As
Pen Valves Found Left Leakage Found Left Savings NOTES
3B CAC-49 0 0
CAC-50 0 0 0 0 0 0
TA B21-F022A
B21-F028A 16.45 9.53 9.53 See Note 3
7B B21-F022B
B21-F028B 7.763 7.763 7. 163 See Note 3
7C B21-F022C
B21-F028C 19.848 9.558 9.555 See Note 3
7D B21-F022D
B21-F028D 47.697 9.594 9.594 See Note 3
8 B21-F016
B21-FN19 19.829 0 0 9.915 0 9.915 Tested in parallel
B21-FO10A WNP 0
9A B21-F032A
E41-F006 4.269 4.269 0 4.269 4.269 0
B21-F010B WNP 0
B21-F032B
9B E51-V88 WNP 0 0 WNP 0 Indeterminate See Note (c)
E51-F013
G31-F042 0 0
10 E51-F007
ES1-F008 16.62 0 0 8.1 0 8.31 Tested in parallel
1 E41-F002
E41-F003 3.138 0 0 1.569 0 1.569 Tested 1n parallel
12 E11-F008
E11-F009 0 9 0 0 0 0 Tested in parallel
13A E11-F0O15A 0 i
E11-F017A 0 0 P . 0 1:32 0




TYPE C ANALYSIS

MINIMUM PATH ANALYSIS

As Left
As As Pen As As

Pen Valves Found Left Leakage Found Left Savings NOTES
13B E11-F015B 0 0

E11-F017B 0 0 0 0 0 0
14 G31-F0O01

G31-F004 .364 2.49 2.49 .182 125 0 Tested in parallel
16A E21-F004A 0 0

E21-F005A 0 .820 .820 0 . .820 0
16B E21-F004B 0 0

E21-F005SB 0 0 0 0 0 0
17 E11-F022

E11-F023 0 0 0 0 0 0 Tested in parallel
18 G16-F003

G16-F004 0 0 0 0 0 0 Tested in parallel
19 G16-F019

G16-F020 0 0 0 0 0 0 Tested in parallel
23 RCC-V52
& 24 RCC-V28 0 0 0 0 O Tested in paiallel

CAC-V6, V15

vV-4,V-5 9.849 9.82 9.82 4.925 4.91 015 Tested in parallel

CAC-V17

X20B 43.146 1.91 1.91 1.91 0 1.9
25 CAC-V16
& X20A WNP 0 0 0 0 0 See Note (d)
205 160, 162, 170 1.428 1.428 1.428 1.428 1.428 0

171, 163, 161 0 0 0 0 0 0

55, 56 .824 .824 .824 .824 .824 0
26 CAC-V9

CAC-V10

CAC-V23 34.44 1.422 1. .822  ¥I1.22 0.711 16.509 Tested 1n parallel
35A TIP-V1 0 0 0 0 G 0
35B TIP-V2 0 0 0 0 0 0
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TYFE C ANALYSIS

MINIMUM PATH ANALYSIS

As Left
As As Pen As As

Pen Valves Found Left Leakage Found Left Savings NOTES
209 RXS-5V-4188 0 0
A/D RXS-SV-4189 0 0 0 0 0
211A Ei1-F027A

E11-F028A 0 0 0 0 0 0 Tested in parallel
211B E11-F027B

E11-F028B 1.320 1.320 1.320 .660 .660 0 Tested in parallel
216 E51-F062

E51-F066 1.493 1.493 1.493 .747 .747 0 Tested in parallel
218 E41-F075

E41-F079 0 0 0 0 0 0 Tested in parallel

CAC-V2?2 }1.12% 1. 22%
220 CAC-V172 .411 <531

CAC-V7

CAC-V8 .02 1.02 2.552 -921 <921 0 Tested in parallel




NOTES

General

1, All values are given in scfh.

- The MPL assignment to penetrations that have valves tested
in parallel is 1/2 the Type C value unless otherwise noted.

3. Leakage from Main Steam Isolation Valves (MSIV) is
considered a separate source term from containment leakage
in the accident analyses. Technical specification
acceptance criteria for MSIV’s is 11.5 scfh per valve.
These valves are not included in the as found analysis.

NOTES

Specific

a. Tubing and pressure gauge from test connection on
electrical penetration 101A damaged. Connection plugged
for performance of ILRT.

b. Visual inspection of seals indicated damage to outer seal
but no damage observed to inner seal. Further visual
inspection and testing of seals indicated integrity of
inner seal was maintained. .

¢. As found leakage could nol be quantified. Therefore,

leakage is assumed to be greater than L, and the as found
ILRT leakage would be greater than Ly

d. Maintenance performed on CAC-V16 only.



