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June 21, 1991

Mr. Thomas E. Murley

Nuclear Reactor Regulation

U. S. Nuclear Regulatory Commission
ATIN: Document Control Desk
Washington, D.C. 20555

SUBJECT: Quad-Cities Nuclear Power Station
Reactor Containment Buiiding Integrated Leak Rate Test

NRC Docket No. 50-254, DPR-29, Unit One

Enclosed please find the report "Reactor Containment Building Integrated Leak
Rate Test, Quad-Cities Nuclear Power Station, Unit One,

February 28 - March 2, 1991" and the related appendices describing the Type A
test. The performance of this test was witnessed and inspected by
representatives of the NRC Region III Office.

This report is submitted to you in accordance with the requirements of

10 CFR SO, Appendix J, Section V.B.1. The information contained in Appendix A
of this report is intended to comply with requirements of 10 CFR S50,

Appendix J, Section V.B.3. According to 10 CFR 50, Appendix J,

Section II1.A.6, the test schedule for the next Type A test is to be reviewed
and approved by the Commission. The next Type A test for Quad-Cities Unit One
is scheduled for the fall of 1992;: the Commission's review and approval of
this schedule is hereby requested.

Very truly yours,

COMMONWEALTH EDISON COMPANY
Quad-Cities Nuclear Power Station

Aol fo

R. L. Bax
Station Manager

RLB/DFS/vmw
Attachment |

cc: A.B. Davis, Regional Administrator /
T. Taylor, Serior Resident Inspector [
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REACTOR CONTAINMENT BUILDING
INTEGRATED LEAK RATE TEST

QUAD-CITIES NUCLEAR POWER STATION
UNIT ONE
FEBRUARY 28 - MARCH 2, 1991
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INTRODUCTION

This report presents the test method and results of the Integrated Primary
Containment Leak Rate Test (IPCLRT) successfully performed on
February 28 - March 2, 1991 at Quad-Cities Nuclear Power Station, Unit One. The
test was performed in accordance with 10 CFR 50, Appendix J, and the Quad-Cities
Unit One Technical Specifications.

A full duration 24 hour test was conducted using the Mass Plot Method. Using
the above test method, the total primary containment integrated leak rate was
calculated to be 0.6035 wt %/day at a test pressure greater than 48 PSIG. The
calculated leak rate was within the 0.750 wt %/day acceptance criterfa (75% of
La). The associated upper 95% confidence 1imit was 0.6069 wt %/day.

The supplemental induced leakage test result was calculated to be 1.50 wt
%/day. This value should compare with the sum of the measured leak rate phase
result (0.6035 wt %/day) and the induced leak of 8.34 SCFM (1.0224 wt %/day). The
calculated leak rate of 1.50 wt %/day lies within the allowable tolerance band of
1.6259 wt %/day + 0.250 wt %/day.

SECTION A - TEST PREPARATIONS

A.1 Type A Test Procedure

The IPCLRT was performed in accordance with Quad-Cities Procedure QTS 150-1
Rev. 18, including checklists QTS 150-S2, S4, S5, S6, S10, S12, S13, S17, S18, S19,
S22 through S29, and subsections T2, T6, T8, T10, Ti1, T13, T14, T15, and T16.
Approved temporary procedures 6642 was written to allow the use of alternate
compressors to pressurize the primary containment.

These procedures were written to comply with 10 CFR S0 Appendix J, ANS/ANSI
N45.4-1972, and Quad-Cities Unit One Technical Specifications.

A.2 Type A Test Instrumentation

Table One shows the specifications for the instrumentation utilized in the
IPCLRT. Table Two lists the physical locations of the temperature and humidity
sensors within the primary containment. Figure 1 15 an idealized view of the
drywe!l and suppression chamber used to calculate the primary containment free air
subvolumes. Instrumentation calibrations were performed using NBS traceable
standards. Quad Cities procedure QTS 150-9 was used to perform the calibration.
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INSTRUMENT SPECIFICATIONS

TABLE ONE

INSTRUMENT MANUFACTURER MODEL NO SERIAL NO. RANGE ACCURACY REPEATABILITY
Precision
Pressure 10141-2 +0.015% Rdg
Gages (2) Volumetrics PPM- 1000 10255-1 0.4 - 100 PSIA +0.005% F.S +0.001% F.S.
SEE
TABLE
Thermistors (30) Volumetrics 418905000 WO 50° - 135°F 0.25°F 0.01°F
SEE
Lithium TABLE
Dewcelis (10) Volumetrics Chloride WO 93-212°F 0.25°F 0.01°F
Pall Trinity
Thermocouple Micro 14-T-2H 0-600°F +2.0°F +.1°F
Fischer
Flowmeter & Porter 10A3555S B8405A0348A1 1.15-11.10 scfm +.111 scim
Level
Indicator 555111BCAA
LT 1-646B GEMAC 3AAA 0-60" Ho0
-
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Idealized View of Drywell and Torus
Used to Calculate Free Volumes
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A.2.a. Tamperature

The location of the 30 thermistor's was chosan to avold conflict with
locu) temperature variations and therma' influence from metal structures. A
temperature survey of the containment was previously performed to verify that
the sensor locations were representative of average subvolume conditions.

The Thermistors are hermetically sealed, glass encaosulated units
manufactured by YSI Inc. These sensors have a recommended operating range
between -110 and 390 degrees F. A stability of better than 0.C18 degrees F
per ten months can be expected when the units are stored at or below 212
degrees F. Interchangeable Thermistors, mode! 46043 were chosen. YS!
certifies each sensor to follow the same Resistance verses Temperature curve
within 0.1 degrees F over the range of 50 to 135 degrees F.

Each se. or is connected to a signal conditioning card. The Thermistor
resistance 1s converted by this card to a known voltage. The voltage output
from the cards is a function of the resistance in. The Thermistor's change in
resistance with temperature is very nonlinear.

Therefore, the variation of output voltaye with temperature is nonlinear.
In order to allow direct reading of temperature values from the DAS, two sixth
order polynominal curve fits are programmed into the DAS's EPROMs. As
recommended in ANS 56.8, the DAS output and display has a resclution of 0.01
degrees F.

A.2.b. Pressure

Two volumetrics PPM-1000 Precision Pressure Monitors were utilized to
measure total containment pressure. Each precision pressure giuge was
calilrated from 0.4-100.0 PSIA. Primary containment pressure was sensed by
the pressure gauges in parallel through a 3/8" tygon tube connected in
parallel with a drywell pressure sensing instrument.

Each instrument contains a pressure-sensing element that delivers an
electrical frequency (In relation to the applied pressure) to a microprocessor
circuit. The microprocessor corrects the signal for nonlinearity, offset,
scaling, and temperature effects and displays the corrected pressure value on
a 5-1/2 digit LED readout.
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The sensor 1s the vibrating cylinder type. The cylinder 15 a vibrating
mechanical system. A vacuun reference in maintained on the outside of the
cylinder. The pressure differential across the wall creates stress on the
wall varying the natural resonant frequency of vibration. The resonant
frequency depends upon the physical properties of the element such as mass,
stress, elasticity, dimensions and temperature, The cylinder |s made from a
special nicke! fron alloy, and closely controlled manaufacturing techniques
eliminate mass, dimension, and elasticity effects. Temperature s measured
usin; a calibrated diode and corrected by the microprocessor.

The sensor's electronic circuit conditions the frequency wave and sends 1t
to the pulse rate converter board which counts the period. The period is sent
in a 16-Hit word to the microprocessor controlled panel meter (MPM),

The sensor's temperature sensing diode voltage 1s converted to a 15-bit
digital signa) using the analog-to-digital converter in the MPM. The pressure
is calculated by the MPM and displayed in appropriate units on the 5-1/2 gigit
seven-segment LED display. .

Each PPM-1000 was calibrated from 0.40-100.0 PSIA by volumetrics on
December 12, 1990.

A.2.c. Vapor Pressure

Ten 1ithium chloride dewcells were used to determine the partia) pressure
due to water vapor in the containment., The dewcells were calibrated by
volumetrics on December 12, 1990.

A.2.4. tlow

A rotameter flowmeter, Fischer-Porter sertal number BA0SA034BA1, was used
for the flow messurement during the induced leakage phase of the (PCLRT. The
flowmeter was calibrated by Fischer-Porter on September 21, 1990, to within
+1% of full scale (0.9 - 11.4 SCFM) using N3OS traceable standards, to standard
atmospheric conditions.

Plant personne) continuously monitored the flow during the induced leakage
phase and corrected any minor deviations from the induced flow rate of
8.34 SCFM by adjusting a 3/8" needle valve on the flowmeter inlet. The flow
meter outlet was unrestricted and vented to the atmosphere,

A.3 Type A Test Measureme:.t

Ths IPCLRT was performed utilizing a direct interface with the station
prime computer. This system consists of a Data Acquisition System (DAS) and a
multiplexer in conta’ ment.

Upon initiation of data acquisition cycle, the DAS reads the selected
OPERATE mode of single, continuous, or interval, and e'ther block or
sequential scan. Once the system hay determined which char. .els to scan
(user-defined), it adoresses the analog scanner to select the first channel
for sampling. This address information (three BCD digits from the
Printer/Scanner Interface Card) is transmitted at RS5-232C voltage levels.
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The scanner selects the channel and routes the analog signal to the Analog
to Digital Converter (ADC) housed in the DAS. After a relay stabilizing time
of approximately ten milliseconds, the Central Processing Card (CPU) initiates
the ADC. Although the ADC s capable of 20 conversions per second, the actual
scan rate 1s 10 per second because the CPU has numerous other functions to
perform.

Upon conversion request, the ADC resets and selects a 0.1V or 1.0V fyll
scale conversion factor as designated by the CPU. The CPU 1s then interrupted
by the ADC to read the con.or ed data and the ADC status word. The status
word indicates the polarity ¢’ the input voltage and if 1t was an overrange.
The data is stored in a buffer in RAM, The CPU addresses the scanner for data
from the next channel, and t'w acquisition process continues until all the
data from the channels prog) amed to be scanned is stored in the buffer.

Numerical calculation of the raw data may now begin. The CPU selects the
most recent data entry from the buffer and divides 1t by 65536, the full scale
count value of the ADC, to obtain the voltage value. The CPU checks the
channe!'s format byte to determine the channel's assigned engineering unit
(0-18). That unit's associated slope and intercept values (m and b) are
user-accessible in CMOS RAM>. The slope (m) is multiplied by the voltage
value (x), then added to the intercept (b) to obtain the final data value (y).

The fina)l data value s printed out on all enzbled outputs. The printout
includes the channel number, the final data, the assigned engineering unit,
and the channe! hoader. Digital input data, headers, date, and time are also
printed out.

The PRIME compute: was used to compute and print the leak rate data using
either the ANSI/ANS mass plot method (ANSI/ANS 56.8), a total time method
based on ANSI/ANS nd5.4, or the BN-TOP-1 method. Key parameters, such as
total time measure leak rate, volume weighted dry alr pressure and
temperature, and absolute pressure were monitored using a Tektronix 4208
terminal and a Tektronix plotter. Plant personnel also plotted a large number
of other parameters, including reactor water leve! and temperature, dry air
mass, volume weighted partial pressures and temperature, total time leak rate,
statistically averaged leak rate and UCL, and al)l sensor outputs in
engineering units. In all cases, data vas plotted hourly and computer
summaries were obtained at 10 minute time intervals. The plotting of data and
the computer printed summaries of data allowed rapid identification of any
problems as they might develop. Fligure 2 shows a schematic of the data
acquisition system.

A4 Type A Test Pressurization

Two Atlas Copco 1500 SCFM, Diesel powered ofl-free air compressors were
used to pressurize the primary containment. The compressors were physically
located outside the Reactor Bui'ding. The compressed air was piped using
flexible metal hose to the Reactor Bullding, through an existing four inch
fire header penetration, and piped to a temporary spool plece that, when
installed, allowed the pressurization of the drywell through the “A"
containment spray header. The inboard, containment spray fsolation valve,
MO-2-1001-26A was open during pressurization. Once the containment was
pressurized, the MO-2-1001-26A valve was closed and the spool plece was
removed and replaced with a blind flange.
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Measurement System Schematic Arrangement
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B.1 Basic Technigue

The absolute method of leak rate determination was used. The absolute
method uses the 1deal gas laws to calculate the measured leak rate, as defined
in ANSI N4%5.4-1972. The inputs to the total containment dry air mass
calculation include subvolume wci?htod containment temperature, subvolume
welghted vapor pressure, and total absolute air pressure. Each time a data
set 1s collected (approximately every 10 min.) during the Type A test, the
time of collection and the total containment dry alr mass are calculated and
recorded. The Mass Plot method calls for performing a least squares fit of
the mass points. This fit deternines the slope and Y-Intercept of the line
that minimizes the total amount of scatter of the points alon? it. The slope
divided by the Y-Intercept of the 1ine ylelds the statistically averaged leak
rate. The upper confidence 1imit 15 defined as the statistically averaged
leak rate plus the product of the one-sided 95% T-distribution and the
standard deviation of the regression line slope. The mathemalical expressions
for these calculations are found in Appendix B.

B.2 Supplemental Verification Test

The supplemental verification test superimposes a known leak of approxi-
mately the same magnitude as Lp (8.16 SCFM or 1.0 wt %/day as defined in
Technical Specifications). The degree of detectabllity of the combined leak
rate (containment caiculated leak rate plus the superimposed, induced leak
rate) provides a basis for rcsolv\n? any uncertainty associated with measured
leak rate p-ase of the test. The allowed error band 1s s 25% of L,.

There are no references to the use of upper confidence |imits to evaluate
the acceptability of the induced leakage phase of the IPCLRT in the ANS/ANSI
standards.

8.3 Instrument Error Analysis

An instrument error analys.s was performed orior to the test. The
instrument system error was calculated 'n two parts. The first was to
determine the system accuracy uncertainty. The second and more important
calculation (since the leak rate is impacted most by changes in the
contatnment parameters) was performed to derermine the system repeatability
uncertainty. The results were 0.032 wt %/da; and 0.0048 wt %/day for a
24-hour test, respoctiveiy. These values are iriersely proportional to the
test duration.

The instrumentation uncert inty 15 .sad only to {1lustrate the system's |
ability to measure the reguived parametcrs ¢ caiculate the primary containment |
leak rate. The mathematizal derivation of the above va'yes can be found in
Appendix C. |

There were no fnstrument failures during the performance of this test.
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C.1 Test Preparation Chronology

The pretest preparation phase and containment inspection was completed on
February 27, 199) with no apparent structural deterioration being observed.
Major preliminary steps Included:

1)

2)
3

LR

5)

6)

Blocking open three pairs of drywell to suppression chamber vacuum
breakers.

Installaticn of all IPCLRT test equipment in the suppression chamber.

Completion of all repairs and installations in the drywell affecting
primary containment.

Venting of the reactor vesse! to the drywell by opening the manua)
head vent line to the drywe!l!l equipment drain sump.

Installation of the IPCLRT data acquisition system including computer
programs, instrument console, locating instruments in the drywell, and
associated wiring.

Completion of the pre-test valve line-up.

This test was conducted at the end of the refuel outago to test the

containment in an “As Left" condition with repalrs and ad

ustments. The

Station has an exemtpion to 10CFPS0, Appendix J requirements to allow
performing the test at the end of the refuel outage.
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C.2
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DATE
2-28-91

2-28-91

ri

n

TIME
0908
1018
1045
110

1118

1130

1145

1300

1435

114

\ hrono!
EVENT

Began Pressurizing Contalinment.
MSIV room snooped. No leaks observed.
Leak discovered at X-25 vellows.

Test director inspe.ted leak to access
magnitude. Considered to be serious.

Station Hana?omont and Operating
notified of leak. Continue
pressurization while evaluating.

Radiation Protection foreman to have
frequent samples in X-25 area.

Carner roome, torus area, and top of
torus snooped. NO leaks observed.

Remainder of accesible penetrations in
the reactor building were snooped. No
leaks observed.

Inspection of leak with F. Maura (NRC).

Decision to complete pressurization.

Pressurization completed.
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C.3 r kR Ph hrong!

2-28-91 1930
1930
3-1-91 1932
C.4 Induced Leakage Phase Chronology
3-1-91 2032
3-2-91 0032
v.& Depr rization Ph hronol
3-2-91 01§
3-2-91 0500
0730
1200

0483H

Containment temperature stable below
0.5 degrees F/hr for the last 4.0 hr,
Rx water level stable below 1.25 in/hr.
for the last 1.0 hr. Rx water
temperature stable below 2 cegrees
F/hr, for the last hr.

Began measured phase base data set #318
of buffile.

Terminated measured leak rate phase at
24 hours 2 min., basedata set #463 of
buffile. Calculated leakrate was
0.6035 wt%/day and decreasing over
time. The mass plot 95% upper
confidence !imit was 0.6069 wt%/day.

Valved in tlowmeter at 8.34 SCFM
(equivalent to 1.0224 wt%/day). Began
Induced leakage phase at data set #469
of buffile.

Terminated induced phase. Base data
set #4G3 of buffile calculated leak
rate of 1.500 wt¥/day.

Began depressui ization using procedure
for venting through the standby gas
treatment system.

Depressurization complete.

Technical Staff personnel entered
drywell. No apparent structural damage
and instruments still in place.

Instruments removed from the drywell
and torus.
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SECTION D - TYPE A TEST DATA

D.1 Mepsured Leak Rate Phase Data

Graphic results of the test are found in Figures 3-7. The statistically
averaged leak rate and upper configence )1imit using the ANS/ANSI 56.8-1981 standard
are graphed 'n Figure 3. A summary of the computed data using the ANS/ANSI standard
Is found in Tables 3 and 4.

0.2 induced Leakage Phase Data

A summary of the computed data for the Induced Leakage Phase of the IPCLRT is
found in Table 4. The calculated leak rate and upper confidence 1imit using the Mass
Plot method are shown in Figure 7. Containment conditions during the Induced Leakage
Phase are presented graphically in Figures 8-10,

0483M +1%s



MEASURED LEAK RATE TEST RESULTS

TABLE 3

DATA TEST AVE . DRY AIR

ST 1M DURATION  TEMP.  PRESSURE
38 19:30:04 0.000 87.0 62.7629
319 19:32:04 0.033 87.0 62.7620
320 19:42:04 0.20¢ 87.0 62.7562
21 19:52:04 0.366 87.0 62.7495
322 20:02:04 0.533 86.9 62.7437
323 20:12:04 0.700 86.9 62.7383
324 20:22:04 0.866 86.9 62.7314
325 20:32:04 1.033 86.9 62.7259
326 20:42:04 1.200 86.9 62.7201
27 20:52:04 1.366 86.8 62.7145
328 21:02:04 1.533 .86.8 62.7091
329 21:12:04 1,700 86.8 62.7042
330 21:22:04 1.866 86.8 62.6989
kXD 21:32:04 2.033 86.8 62.6928
332 21:42:04 2.200 86.7 62.6870
333 21:52:04 2.366 86.7 62 .6806
334 22:02:04 2.533 86.7 62.6746
338 22:12:04 2.700 86.7 62.6685
336 22:22:04 2.866 86.6 62.6629
337 22:32:04 3.033 86.6 62.6574
338 22:42:04 3.200 86.6 62.6515
339 22:52:04 3. 366 86.6 62.6460
330 23:02:04 3.533 86.6 62.6407
34 23:12:04 3.700 86.5 62.6347
Jja2 23:22:04 3.866 86.5 62.6295
343 23:32:04 4.033 86.5 62.6245
J4a 23:42°04 4.200 86.5 62.6194
345 23:52.04 ?.366 86.5 62.6141
346 00:02:04 2.533 86.5 62.6092
347 00:12:04 2.700 86.4 62.6039
348 00:22:04 2.866 86.4 62.5995
349 00:32.04 5.033 86.4 62.5942
350 00:42:04 5.200 86.4 62.5890
351 00:52:04 5.366 86.4 62.5848
352 01:02:04 5.533 86.4 62.5794
353 01:12:04 5.700 86.4 62.5739
354 01:22:04 5.866 86.3 62.5702
355 01:32:04 6.033 86.3 62.5A5.
356 01:42:04 6.200 86.3 62.5604
357 01:52:04 6.366 86.3 62.5560
358 02:02:04 6.533 86.3 62.5511
359 02:12:04 6.700 86.3 62.5473
360 02:22:04 6.886 86.3 62.5423
361 02:32:04 7.033 86.3 62.5396
362 02:42:04 6.809 86.3 62.5353
363 02:52:04 1.366 86.3 62.5317
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CALC.
LEAK

RATE

.-

0.5184
0.6548
0.6937
0.6737
0.6799
0.6849
0.6746
0.6678
0.6664
0.6574
0.6448
0.6473
0.6506
0.6501
0.6511
0.6519
0.652!
0.6512
0.6508
0.6478
0.6459
0.6465
0.6460
0.6454
0.6432
0.6412
0.639
0.6376
0.6353
0.6343
0.6345
0.6322
0.6316
0.6317
0.6304
0.6291
0.629!
0.6285
0.6278
0.6270
0.6268
0.6265
0.6266
0.6269

UPPER
CONFIDENCE

LIMIT



364
365
366
367
368
369
370
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n
373
37

375
376
in
378
379
380
381
g2
383
KL
385
386
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393
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398
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
41
412
43
414
415
416
417
418
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700
.866
033

. 366
533
100
866
033
200
. 366
533
. 700
866
033
200
. 366
.533
700
.B66
033
.200
. 366
533
. 700
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033
200
. 366
533
.700
866
033
.200
. 366
533
13.700
13.866
14,033
14.200
14,366
14.533
14.700
14,866
15.033
15.200
15.366
15.533
15.700
15.866
16.033
16.200
16.366
16.533
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5279
524)
. 5208
5178
5148
5114
5074
5041
.5008
4979
4948
4924
4894
4862
4836
. 4804
4778
4753
4723
4693
L4663
4635
4607
4573
4548
4525
L4497
. 4468
. 4440
4417
4395
437
. 4351
4324
4295
4265
.424)
4217
4194
4166
4137
4114
. 4087
. 4082
. 4037
4015
. 3993
397N
3947

3924

3915
.3878
. 3851
. 3826
. 3805

0.6272
0.6282
0.6288
0.6293
0.6298
0.6302
0.6312
0.6320
0.6329
0.6336
0.6344
0.6350
0.6354
0.636)
0.6363
0.6368
0.6371
0.6375
0.6376
0.6379
0.6380
0.6382
0.6382
0.6384
0.6387
0.6386
0.6386
0.6387
0.6388
0.6388
0.6386
0.6387
0.6383
0.6379
0.6378
0.6376
0.6376
0.6373
0.6370
0.6367
0.6365
0.6362
0.6360
0.6354
0.6352
0.6348
0.6345
0.6340
0.6337
0.6332
0.6326
0.6322
0.6318
0.6314
0.6309

.6302
6312
6318
6322
6326
6392
6339
6348
6357
6365
6372
6378
6382
.6388
.6389
6393
6396
6399
.6400
,6403
6403
6404
6404
6405
.6407
. 6406
6405
6406
.6407
6406
6404
6404
, 6400
6396
6394
6393
6392
6389
.6386
.6383
.6380
.6377
6375
.6370
6367
6364
.6360
.6356
.6353
.6348
6343
6335
.6335
.633)
.6327
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419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
44)
442
443
444
445
446
aa7
448
449
450
451
452
453
454
455
456
457
458
459
460
4sl
462
463
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12

12

12:

12

12:
13:
134
13:
13:
13:
13
14:
14;
14:
14;
14:
14

15
15
15
15
15
15
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12:
122
32:
(42
§2:
02:
12:
22!
32:
42:
52:
02:
12;
22:
32:
42:
52:
102
12
188}
132
142
182
102
1183
122
1 32:
(42
152
102
12
122
bR
142
152
:02:
1131
i & 5
132
42
152
102:
12
122

19:32:04

6.
16,
033
17,
. 366
.533
17,
866
8.
18.
18.
8.
18,
18.
9.
19.
19,
19.
19.
19.
20.
20.
20,
20.
0.
20.
033
. 200
. 366
.533
. 700
.866
033
200
22.
22.
e2.
.866
23,
23.
3
23.
23.
23.
24,

17

17

2!
2!
21
21
21
2)
22
22

22

100
866

200

100

033
200
366
533
700
866
033
200
366
533
100
866
033
200
366
533
700
866

366
533
700

033
200
366
533
700
866
033
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3182
3776
3734
A1
. 3684
. 3661
3638
3637
. 3588
. 3872
(3581

3526

.3510
. 3483
3474
.3453
. 3456
. 3465
13493
.3513
.3589
. 3587
. 3583
3872
. 3556
L3537
.3530
. 3486
. 346)
3438
3415
340
3362
3342
.3323
3291
3272
. 3263
3216
3196
3167
3147
322
3
. 3060

0.6304
0.6297
0.6293
0.6288
0.6284
0.6279
0.6274
0.6266
0.6262
0.6256
0.625)
0.6246
0.6239
0.6233
0.6227
0.6224
0.6223
0.6222
0.6221
0.6220
0.6214
0.6210
0.6204
0.6197
0.6189
0.6180
0.6171
0.6163
0.6156
0.6148
0.6140
0.613]
0.6124
0.6116
0.6108
0.6100
0.6093
0.6084
0.6077
0.6070
0.6064
0.6087
0.6049
0.604)
0.6035

0.6322
0.6316
0.6311
0.6307
0.6303
0.6298
€.6293
0.6287
0.6282
0.6277
¢.6272
0.6267
0.626!
0.6256
0.6249
0.6246
0.6245
0.6243
0.6242
0.624)
0.6236
0.623)
0.6226
0.6220
0.6212
0.6208
0.6197
0.6190
0.6183
0.6175
6169
6160
6183
6146
6138
6131
6124
6116
6110
.6103
6097
6090
.6082
.6075
0.6069
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479
480
481
482
483
484
485
486
487
468
439
490
49)
492
493

0483H

INDUCED LEAKAGE PHASE TEST RESULTS
TABLE 4

TEST
DURATION

0.000
0.167
0.333
0.500
0.667
0.833
0.000
1.67
.333
. 500
667
.833
.000
167
.333
.500
667
833
.000
167
. 333
.500
667
833
.000

SrofcTOMMNNTONN RO NOOOO

AVE.
TEMP .

221

DRY

AIR

PRESSURE

62
62
62
62
62
62
62
62
62
62
62

2739
26N
2595
2526
2473
2385
2322
2237
2155
. 2098
. 2008
62.
62.
62.
62.
62.
62.
62.
62.
62.
62.
62.
62.
62.
62.

1953
1888
1822
1756
1701
1617
1549
1488
1418
1359
1274
1205
1143
1071

CALC.
LEAK

RATE

-

512
. 505
.453
.486
484
.533
. 556
. 541
554
548
538
.530
.526
813
=12
514
509
.506
.502
.503
.504
.502
.500

— — — — — — — — — — — — — — — — — — — — — —

UPPLR
CONF IDENCE

Y L.} & -

463
651
.550
556
531
597
611
.587
.593
. 581
.568
. 556
549
53
.533
533
527
522
517
.516
517
514
810
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MEASURED LEAK RATE PHASE
RAPH OF CALCULATED LEAK RATE
AND UPPER CONFIDENCE LIMIT

MASS PLOT LEAKRATES VS
CALCULATED LEAK RATE Normal Teet
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MEASURED LEAK RATE PHASE
GRAPH OF DRY AIR PRESSURE

CONTAINMENT DRY AIR PRESSURE VS TIME
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MEASURED LEAK RATE PHASE
GRAPH OF VOLUME WEIGHTED
AVERAGE CONTAINMENT VAPOR PRESSURE

CONTAINMENT VAPOR PRESSURE VS TIME
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MEASURED LCAK RATE PHASE
GRAPH OF VOLUME
WEIGHTED AVERAGE CONTAINMENT TEMPERATURE

CONTAINMENT AIR TEMPERATURE VS TIME
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INDUCED LEAKAGE PHASE
GRAPH OF CALCULATED
LEAK RATE

MASS PLOT LEAKRATES VS TIME
CALCULATED LEAK RATE
UPPER AND LOWER BOUNDS
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INDUCED LEAKAGE PHASE
GRAPH OF VOLUME

CONTAINMENT AIR TEMPERATURE VS TIME

WEIGHTED AVERAGE CONTAINMENT TEMPERATURE
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INDUCED LEAKAGE PHASE
GRAPH OF VOLUME
WEIGHTED AVERAGE CONTAINMENT VAPOR PRESSURE

CONTAINMENT VAPOR PRESSURE VS TIME
Verification Test
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INDUCED LEAKAGE PHASE
SRAPH OF DRY AIR PRESSURE

CONTAINMENT DRY AIR PRESSURE VS TIME

Verification Test
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RUS WATER LEVE
TESTING PERIOC
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F.3 Pre-Operational Results vs T ul

Past IPCLRT reports have compared the results of each test with the
pre-operational IPCLRT, performed April 20-21, 1971. Over the last 20
years, different test equipment, sensor locations and number of sensors,
test methods, and test duration have been used. This test yielded results
which were substantially larger than in previous years. The source of the
increase has been identified as resulting from the leak discovered in the
X-25 bellows. This leakaye was later measured to be 137 SCFH (0.2798
wtl/day). MWhen this leakage 's removed from the measured leak rate the
result, 0.3270 wti/day, compares favorably with recent tests, and
indicates that no significant deterioration in containment integrity has
occured. The X-25 bellows were replaced prior to the Unit One startup.

TEST DURATION CALCULATED LEAK RATE STATISTICALLY AVE.

TEST DATA (HOURS) (BN-TOP-1) AK_RATE (ANSI/ANS)
April, 1971 24 Not Available 0.1
February, 1976 24 Not Avallable 0.317%
December, 1982 12 0.4532 0.3796

July, 1984 24 0.4281 0.2297

March, 1986 12 0.2286 0.2286
December, 1987 6 .3194 0.3162
November, 1989 & 3786 0.3714

March, 1991 24 0.6069

0483H -33-



.4 TYPE A TEST PENALTIES

During the type A test, there were a number of systems that were not drained and
vented outside the containment. The isolation valves for these systems or
penetrations were not “challenged” by the type A test.

AS LEFT
M PATH A
H
Primary Sample Valves 0.0 0.00000
ACAD 0.3 0.00063
RHR A 0.% 0.00102
Feedwater A 0.4 0.00082
Feedwater B 0.% 0.00102
O:{gon Analyzer 0.4 0.00082
VI Pee e Check Valves 0.0 0.00000
CAM A, B 0.0 0.00000
RBCCW Return 16.0 0.03268
RBCCW Supply 1.8 0.00368
Core Spray A 2.6 0.0083)
Core Spray B 0.4 0.00082
SBLC 6% 0.01226
KIWCU V.65 0.00133
Shutdown Cooling 1.32 0.00270
Clean Demin To Drywell 0.5 0.00102
Totals 383 0.0788

This penalty increases the type A test result to 0.6819 wtX/day with an upper
confidence limit of 0.6853 wtl/day.

F.5 EVALUATION OF INSTRUMENT FAILURES

There were no instrument failures during the test.

0483H -34.
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F.6 AS FOUND TYPE A TEST RESULTS

The following table summarizes the results of all type B and C testing, as
well as the IPCLRT results to arrive at an "As Found" type A test result.
Since the total is more than the 0.750 wt %/day, the present schedule of
performing a type A test every refuel outage must be maintained.

Y

LEAKAGE

(1) MSIV's @ 25 PSIG 13.8 13.8
(2) MSIV's converted 23.9 23.9

to 48 PSIG*
(3) A1) f(ype C Tests 161.0 56.5

(Except MSIV'S)
(4) AVl Type B Tests 170.1 2.4
TOTAL (2 + 3 ¢ Q) 3€5.0 1038

(1) Type A Test Integrated

Leak Rate Test) 0.6035 wt L/day

(2) Upper Confidence Limit

of Type A Test Result 0. 6069 wt %L/day

(3) Correction for Unvented
Volumes During Type A Test

0.0784 wt %/day
(4) Correction for Repairs

Prior to Type A Test 0.2332 wt%/day
(As Found - As Left)**

* Leak Rate at 25 PSIG converts to Leak Rate at 48 PSIG using conversion
ratio ot 1..5. REFERENCE ORNL - NISC - §, Oak Ridge National Laboratory,
Aug. 1965, page . R§,

** The As Found does not include the X-25 bellows leakage (137 SCFH).

0483H 18-
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Presented herin are the results of local leak rate tests conducted on all
penetrations, double-gasketed seals, and isolation valves since the previous IPCLRT
in November, 1989. 1lotal leakage for double gasketed seals and total leakage for all
penetrations and isolation valves following repairs satisfied the Technical
Specification limits.
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QTS 100-§1

REFUEL OUTAGE LOCAL Revision 8
LEAK RATE TEST SUMMARY Dacesber 1389
NIT O Gyl ,
TEST DIRECTOR )i KXI
OPERATING ENG.
TECH STAFF SUPY.
AS FOUND (SCFM AS LEFT (SCFM
l VALVE(S)/ MiNI A | mmu"’"} MAX MM
DESCR1PT 10N PENETRAT | ON DATE | TOTAL | PATHWAY | PATHWAY | DATE | TOTAL | PATHEAY | PATHWAY
A MSIV | AQ 203-°A,2A Prizwjico | s.o | |00 itk ]iloo | S0 | (G0
B MSIV | AO 203-18,28 prizde)] 3.7 | 19 | So jwirte] 37 | -9 | 3%
C MSIV ‘ AQ 203-1C,2C pizsejwe | s o | Wo Juit%)0-0 | <4 | Mo
D MS!V | AO 203-1D,20 Jrezwe | 38 | 9 {58 Jorize ) 37 | 11 | 3%
TOTAL 13.8 TOTAL 13 ¥
TOTAL CORRECTED * 23.9 Tufal CORRECTED * 23.9
MSL DRAIN | MO 220-1,2 jn-te 2.31 12 ' 73 3034 31 e L2 | 3.
PRIMARY SAMPLE |_AQ 220-44,45 Jriswe] o0 | ¢ § v Jpuul 00 | ©0 | Ce
A_FEEDWATER jCv220-Sea62a |73 W] ade] - 5 12 VU Y | oy | TS
B FEEDWATER |_Cv 220-588,628 Jnis9] VO | & - v JZu] lo | os | OS5
A D SPRAY | MO 1001-23A,26A  [¢/¥%9] 160 | RO | té  qni.zjjec | o | ke
A RMR RETURN | MO 1001-29A itytey P10 -t § 't O pPunjocS | os | Os
A TORUS COOLING SPRAY | MO 1001-34.36,37A i1 7S | 13 | 2.5 pRRy9lise « 3 | 1Se
B D SPRAY | MO 1001-238.268  |ricv] -4 | 0.7 | 14 qoa Y | 07 | 1y
£ RHR RETURN | MO 1001-298 Pl o4 | 04 | oY |+mMw] 7o wOCY | 7o
B TORUS COOL ING/SPRAY | MO 1001-34,36,37B 2 %] 3.4 | 7 | 34 Jie=w 34 | L7 | 3%
SHUTDOWN COOL ING | MO 1001-47,50 Jivs¥] 26 | 13 | 26 3349 14 j o7 | iv
PAGE TOTAL (. U ! . (N N I | |
ye i) 40 vo S1-? -
PROVED (gycepr wsivs) | L VO, 6% I 1 el ol
LPR 12 9901 )
. | b As Fornd o it ) Pl st Tt A |
10/0168s C.C.OSR. K As. ¥t mephatinet T <4 : 2




REFUEL OUTAGE LOCAL QTS 100-51

| LEAK RATE TEST SUMMARY Revision 8
uNIT ONE
AS FOUND (SCFH) AS LEFT (SCFH)
VALVE(S)/ MINTMM | MAX e NN
DESCRIPTION PENETRAT | ON DATE | TOTAL | PATHWAY | PATHWAY | DATE | TOTAL | PATHWAY
SBLC | CV 1101-15, 16 Pz4-9 1S | 606 | 90 lzwve] ISo | 6.0
CLEAN UP SUCTION | MO 1201-2.5 71901 833 ] 417 | R3.3 33BN 1o | OF
RCIC STEAM SUPPLY | MO 1301-16,17 Jo-3-12] 43 | 22 | 43 ?2wm-9] o4 | <.z
RCIC STEAM EXHAUST i CV 1301-41 jr-is-90] 00 | co | ©Oe6 |*Sw] go | oo
RCIC VAC. PUMP EX. | Cv 1301-40 Jrte-72] 30 ] 3 | 30 jurwg] 3o | 3
A CORE SPRAY | MO 1402-24A, 25A  Ji-m %] S3 | 26 | 27 qemw]| S.3 | 26
B CORE SPRAY | M0 1402-248, 258 | 2% Il | o4 1 0.7 ®len-u] 08 | <4
DW/TORUS PURGE SUPPLY | AD 1601-21,22.55,56]"/1+*] 60 | ©o | os jzn-w] IS |¥ o<
DW/TORUS PURGE EXHAUST | AD 1601-23,24,60, | | I | | | |
i 61.62.63 ra-u«pl 35 o 1 17.s 1 23S o l:v.uq. | 3. 1 i.6
A TORUS/RB VACUUM BREAKER | AC 1601-20A, | | | | |
| oY 1601-31A in-vs ‘kl ) < i 0.8 { o 12 94 | O-8 [+ Q-0
8 TORUS RB VACUUM BREAKER | AO 1601-208, e I ; i lz&_ | ¥ k2
| _Cv _1601-318 | t e ) S5 4 e TN S35 4 °F
DM/TORUS PURGE | AD 1601-57,58,59 |*K e ! 79 | Ok- | '7¢ [Re~u] o0& [ug 00
DWFDS | _AD 2001-3.4 jrictel 0.9 | oy | OS5 12a% ]| oo | oe
DWEDS | A0 2001-15, 16 |**%*] /-9 | ‘o | 19 jrzvswe] 9 | e
HPC! STEAM SUPPLY [ M0 2301-4.5 3l 2.6 | Y3 | 26 w9 Jite | oS
HPC! STEAM EXHAUST | CV 2301-45 frrye | Qo | ©ao ] ©¢ "M% | Cco | o0
HPCI DRAIN POT EXHAUST | CV 2301-34 jprs¥los | os | ©S jeenw] O4 | 09
RBCCW SUPPLY | MO 3702, CV 3799-31)ix ¥ *| 27 | 8o | %o "%} Y952 | %
RBCCW RETURN | MO 3703, 3706 Jix*™ 335 5] 160 | 175 23w 3vs] 60
APPROVED | ‘2 3| e |2¢1q | 13S V- %5
PR 12 5% PAGE TOTAL  |_ma | €933 ™7 4 TV ) g 9%
10/0168s 2.

alakal -2 -] A 0N v repod



REFUEL OUTAGE LOCAL

Q7S 100-81

iz LEAX RATE TEST SUMMARY Revision 8
- AS FOUMD (SCFH) AS LEFT (SCFH)
VALVE(S)/ MiINI MAX M MINTMN | wAXiaw
DESCRIPT 10N | PEMETRATION DATE | TOTAL | PATHWAY | PATHEAY | DATE | TOTAL | PATHEAY | PATMBAY

CLEAN DEMIN | 4399-45, CV 4399-46[1t 19%| 2.0 ' o-5 | JS lizit®] 7.0 | O | I S
SERVICE AIR | 4699-468, Cv 4699-47]! 9% | 4.¢ | -9 | 3.2 |rvu |44 | 9 | 32
DN PNELMATIC | AC 4720, 4721 k9§ 0.9 | oo | 9.9 n#w] 0.9 ]| 00 | 0.7
DW INSTRUMENT AIR | OV 4799-155, 156 |94 |S.5> | 2.© | 353 jr9%|s.3 | z2e | 3-3
TUFUS INSTRUMENT AIR | Cv 4799-158, 159 |/-'s%] ©-F | o4 | o4 Jisu]|s® |04 | o4
0, AN.LYZER | AOBBO1A, 8802A |n7z 10| e 0 | o6 | ©¢o |"U¥] 60 | oo | O-0
O ANALYZER j A0 80018, 88028 |"2 "] oo | 0w | &0  jnnee]| oo oc | o<
0,ANALYZER | AO 8801C, 8802C " U | Cco | ©° L 29 _junarw] o | Do ]l o
0,ANALYZFR | AO8S0MID, 88020 || f-o | O4 | ©.€ |wue] 'to | oY | oe
szlim ! AD BB03, 8804 fir-2ivcl 06 | ©0o0 | 06 Jruvl c6c ] O©00 | 06
DRYWELL PARTICULATE | l | l l l | | |
SAMPLE LINES ll}'ﬁm-V-V?-ﬂl” {8 ""1 o-¥ f ©Y | .4 L‘e‘u“l ©% | oy | o4
TIP BALL VALVE | 733-1 £yl oo o0 | oo  jroN] oo | &0 ] &=
TIP BALL VALVE | 733-2 jp¥¥] oo | 6© | oo pwu] 0° | oc | o0
TIP BALL VALVE | _733-3 jir-19%) o4 | o4 | oYy Ji-wn] o €| o049 | o6
TIP BALL VALVE | 733-4 jryv] co | oe | oo |12949] oo | oec | oo
TiP BALL VALVE | 733-5 -4 oo | oec | oo ] o6 | oo | o€
T1P PURGE CHECK |_700-743 proraae] 70 | 70 | 7o Jrisul ceo] o0e | oo
CAM | SO 2499-1A,2A J 2] Co | o0 | oo jh-717%] oo | o0.c |Co
CAk | SO 2499-18,28 Mzl oy | sc | o4 Jir2yml oy | oo | 0.4
CaM | SO 2499-3A .44 hkt4e | c-0 | o-o | 0.0 || oo | co | ®s
CAM | SO 2499-38 48 jhtiw]l be | ©.c i 0.0 Ji-1?7»| oo | e.0 | s

A\PPROVED i l l FF- i | | g

253 1y 0 15-7 17-] G0 2.5

mti”‘ PAGE TOTAL I NA | | i | NA | 1 l

10/0168s =
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REFUEL OUTAGE LOCAL QTS 100-S1
LEAK RATE TEST SUMMARY Revision 8
WIT Cne AS FOUND (SCFh) AS LEFT (SCFH) 2o
VALVE(S)/ MINTMUM | MAX N NN | AN
DESCRIPTION | PENETRATION DATE | TOTAL | PATHWAY | PATHWAY | DATE | TOTAL | PATHWAY | PATHWAY
ACAD | AD 2599-2A,23A J1-1749e] 4. 31,1 | 4.3 Irwe] 2.7 | oo | 27
ACAD | AO 2599-2B,238 Jiri79%] 16 | 00 | 1-6 p¥sfeel -7 | oco | I-7
ACAD | AD 2599-3A,24A JiS%] 0¢c ] co |eog |i-3m 0y | c.0o | ©.¥Y
ACAD | AQ 2599-38 248 h-15s ®l 0.0 | | ©-0 ju-30-%] 0.6 | Qo | 0O-¢
ACAD | AD 2599-4A,5A JUtesel 1.7 | g0 | .7 JuKw]l 17 | 6o | 17
ACAD | AD 2599-48 58 jnitiey 1.9 | 0.3 | l.¢ ke 17-9 | o3 | 1-6
EQUIPMENT HATCH ] x-1 jH1r-%*] 0o | 00 | oo 2] ec | oo ] oo
DS ACCESS HATCH | X-4 jp-2r%f 2.2 | 10 | 22 lvw Joo ! 6o | GO
CRD HATCH | X-6 jr-17%] 06 | 06 | 6o || 0o | O I,
TIP PENETRATION | X-35A Jor-rg- 9] o6 | go | 69 N ] oo | o0 |
TIP PENETRATION | x-358 Jirp) oo | 0o | 06 |tk ] oo | 90 | oo
TIP PENETRATION | X-35C Jir"1«] 00 | 0o | Ce jetng &6 1. o® ] oo
TIP PENETRATION | X-350 J#i9ye] 90 | 00 | 6o |uite ]| 00 | o0 L.
TIP PENETRATION | X-35€ jt94e] 00 | oo | oo Jehw] oo | oo | o=
11P PENETRATION | x-35F feavve] oo | 0o | oo UAW] o2 | pgo | oo
T1P PENETRATION | X-356 jhreel 2o | oo | 0o Jtf% | oo | &0 | s
10RUS HATCH | X-2004 jhit9e | 6.0 | ©c |l oo 1>2U] o¢c | ©oe ] o-c
TORUS HATCH | X-2008 inac] oo | 00 | oo 3% 20 | 060 | oe
DRYWELL HEAD | ——-- jrizae | 00 | S0 | oo Jg-13- %] oo | o0 L ae
SHEAR LUC INSP. HATCH | SL-1 jp-27% | 0o | oo | 0.0 jh-229¢] o | oo ] o9
SHEER LUG INSP. HATCH | SL-2 p-t79] 20 | ao | oo Ju-17240 ] oo | oo | o=
SHEAR LUG INSP. HATCH | SL-3 1"zre] 0o | 00 ] ¢ jreigp) 84 | o0 | 00O
APPROVED | I I‘s I,,Aq | IC,O i ot | .7
R 129 PAGE TOTAL |_Na | L i | ma | 1 1

10/0168s
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REFUE!.. QUTAGE LOCAL Q1S 100-S1

B LEAK RATE TEST SUMMARY Revision 8
uNiT Opne
AS FOUND (SCFH) AS LEFT (SCFH)
VALVE(S)/ MINITMUN | MAX M MINIMN | MAX MM
DESCRIPTION | PENETRATION | DATE | TOTAL | PATHWAY | PATHWAY | DATE | TOTAL | PATHWAY | PATHWAY

SHEER LUG INSP. “ATCH | SL-4 jp229ej 00 | oo | 96 |u¥w]OO | o0 | ©° |
SHEAR 1" INSP. HATCH | SL-5 7] co | 90 | oo kel oo | S0 | ©° |
SHEE'Y LUG INSP. HATCH | SL-6 prre j oo | %o | o0 Ieetw] sa | OO0 ) 6o j
SHEAR LUG INSP. HATCH | SL-7 Jr1r®] 60 | o0 | o0 |#3%®] oo | O | G0 |
SHEER LUG INSP. HATCH | SL-8 jrar® ] 00 | 69 | ge Invw so ] o+ | 090 |
MECH PENETRATION | X-7A Jusaee | 204 | Vo | 21 e 1 20 | e 3 29 |
MECH. PENETRATION | X-78 oty ) L2 | o€ | 1t juwu] 12 | o.6 | N2 |
MECH. PENETRATION | X-7C Jurvye | ©0 | 60 | co0 Jir9%e] o3 ] 36 | 0o |
MECH. PENETRATION | X-70 jutdse J 03 | ¢t | o©3 juive] oS3 )| oz | o3 |
MECH. PENETRATION | x-8 pive o7 | ed4 | 07 kMAaAw] ©S | o4 | os |
MECH PENETRATION | X-9A frtye | 00 | o0 ] 62 [uite] oo | e | ©e |
MECH PENETRATION | x-98 jt®)| 00 | o0 | ©0 N} 0| oo | oo |
MECH PENETRATION | X-10 nrewej oo | 00 | 0C 1y44%] oo | ©O | o |
JECH . PENETRATION | x-11 [t elod | ©o | 0O |yt ] oo | 02© | o.o |
WECH. PENETRATION | x-12 jprie] 80 | 4e - | 80 jant| 3o | 4° | go |
MECH . PENETRATION | X-13A v jos | o3 | 05 quise] o5 | o3 | o5 |
MECH. PENETRATION | x-138 Jane o3 | 02 | O-3 |u119| o3 | 0.2 | =3 |
MECH. PENETRATION | X-14 jJarye | 60 | 0.0 | 00 1Y% | 0. | o° | 2 i
MECH. PENETRATION | X-23 jroas | 4z | 24 | MZ O (y®meU) 4 | 21 | 4.2 |
MECH. PENETRATION | x-24 " ® |02 | pe | ©o0 %] oo | 0° | oe |
MECH. PENETRATION | x-25 BI%)i329 ] 13w ) o p3vha) o3 Moo | o
MECH. PENETRATION | x-26 jpam]| 00 | 090 | oo fjiiw] s | 060 | s |
APPROVED ' '15‘.—, | 1462 | 1547 | gy | g8 | %3
PAGE TOTAL | NA | l | 1 N | | | |

10/0168s MR12 L

|
w
i

X vq Ay 194 PR M (o1 ar pev wo _',‘J L e R f..iavv.q
~ > b b



REFUEL OUTAGE LOCAL

QTS 100-S1

) LEAK RATE TEST SUMMARY Revision 8
unIiT O
AS FOUND (SCFH) AS LEFT (SCFH)

l VALVE(S)/ MINIMM | wAX e MINIMUM | MAXI MM
 DESCRIPTION PENETRAT ION DATE | TOTAL | PATHWAY | PATHWAY | DATE | TOTAL | PATHWAY | PATHWAY
MECH. PENETRATION ] X-36 Jppe®] oy | oz | oy |lhnw] oy | oz | oy
MECH. PENETRATION | x-47 Jfiy9e} S0 | 060 | oo fie-19%] oo | o.o | 0.9
MECH PENETRATION | Xx-17 Jleitse] 0% | o | o4 |#rew]oy | oz Jo¥
MECH. PENETRATION | X-16A Jiri9ve | co | o0 | oo |#M%]| 60 | oo | o
MECH. PENETRATION | X-168 Jriasw] co | 00 | o090 Jimdywm] co | o | co
ELECTRICAL PENETRATION | X-100A Pusgel oy | o | o4 In239d o4 | . | ov
ELECTRICAL PENETRATION | x-1008 Jrzyve] 04 | or | o4 fnrzel oy | o0z | o
ELECTRICAL PENETRATION | X-100C jryw] cc | oo ] o0 fuzew] 00 | 00 | oo
ELECTRICAL PENETRATION | X-1000 | | I I l | l !

(UNIT ONE ONLY ) | Ji 254 0.4 | 0.2 | © 4 jr-t3%f Oy | O.2 | 0y
ELECTRICAL PENETRATION | X-100€ Jpvsr] o9 | o | o4 rv3®] oy | 0 oy
FLECTRICAL PENETRATION | X-100F Jrr*®] co | go | oc rr%] 60 | 00 | o
 LECTRICAL PENETRATION | X-100G Jrze] 06 | oc | ¢o prwe] oo | oo | oo
ELECTRICAL PENETRATION | X-101A JUTE*] 6o | e | 60 #6060 | 30 | Eo
ELECTRICAL PENETRATION | X-1018 Jirzz9e] 0608 | o5.0- ] ©-o Jrtege | 0o | o0 | C¢
ELECTRICAL PENETRATION | X-101D Juin4w] co | o0 | ©¢ |#UR|Qe | 00 ] oo
ELECTRICAL PENETRATION | X-102A Jirtete) 1o | ©5 | 1o fmzer] ve | oS | to
ELECTRICAL PENETRATION | X-1028 Jtove] 00 | oo | 08 Jpew] o6 I s0 | O-¢
ELECTRICAL PENETRATiON | x-103 Jruo] 99 | o | o9 Jewew| 96 | o0 | o g
ELECTRICAL PENETRATION | X-104A IM | | | | i | -

s

(UNIT THO ONLY) | | | I ] ] i ]

APPROVED Loy tyy Vg gl gy 1y
PAGE TOTAL |_NA_ | | I L | |
APR 121%
10/0168s -6-
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REFUEL OUTAGE LOCAL QTS 100-S1
e LEAK RATE TEST SUMMARY Revisicn 8
bl _Leic 1 AS FOUND (SCFH) AS LEFT (SCFH)
VALVE(S)/ MINTMUM | MAX MM MINIMUM | MAX MM
 DESCRIPTION | PE“CTRATION DATE | TOTAL | PATHWAY | PATHWAY | DATE | TOTAL | PATHWAY | PATHWAY
ELECTRICAL PENETRATION | X-1048 jpr3es | o9 | 6.2 Jo-4 2 jm231g o4 | oz | oY
ELECTRICAL PENETRA, 'ON |_X-104C jrree] oo | o©% | o5 fo-teye] oo ] o0 | €9
ELECTRICAL PENETRATION | X-104D | " | | | | | 1 .
(UNIT THO ONLY) = | | 1 | | B D
ELECTRICAL PENETRATION | X-104F pr®joc | oo | oo jpew] oo | oo | O«
ELECTRICAL PENETRATION | X-105A jr¥) 6y oz | oY vyl o941 oz | 04
ELECTRICAL PENETRATION | X-1058 | | | | | | | |
C(UNIT OFE ONLY) 1 juter ] Go | ©Co | © Ji-et] o] 8061 GV
E1ECTRICAL PENETRATION | X-105C qeze® § 47 | 235 | 47 ¥ 47 Z35)] 4
ELECTRICAL PENETRATION | X-1050 | | | | | | | |
_CUNIT_ONE ONLY) 1 jpr3® ] 0S5 | G0 | 00 jyB% o) O | oo
ELECTRICAL PENETRATION | %-106A | i | i | | | |
(UNIT TWO ONLY) 1 | Kok | I R AN e —oreemr e
ELECTRICAL PENETRATION | X-1068 | A | | ey I i | LR
(UNIT TWO ONLY) | | 1 1 { 1 | S - 1 .
ELECTRICAL PENETRATION | Xx-107A juzsae] 0¥ | ©4 | o8 |WB° ok | oY o8
ELECTRICAL PENETRATION | X-1078B A el I i | | I
(UNIT TWO ONLY) | Lol v 1 T TR IR e
10iUS PEMETRAT 10N | X-227A iz | oc | o |€® w2y 69 | oo | 6
bl PENETRATION | x-2278 juts jJOo° o0 |6e jleuys] 80 f O5 | O
~ IUHUS LEVEL FLANGES | ---—- P-rnp 1 ©9 | OS4 | 64 (Iwjoy | ey | oy
' | . ' &ty | l
T PAGE TOTAL | _NA lL7 1;” o : u«n_t‘"’7 1 36 ' c-/
APR 1299, .
1070 168s -1~

Q.C.OSR.




REFUEL OUTAGE LOCAL QTS 100-§1

o LEAK RATE TEST SUMMARY Revision 8
uniT
! AS FOUND (SCFH) AS LEFT (SCFH)
VALVE(S)/ l VNI | V(T MINIMN | MAX VN
DESCRIPT 1ON PENETRAT | ON DATE | TOTAL | PATHWAY l PATHWAY | DATE | TOTAL | PATHEAY | PATHWAY |
'8’ TORUS LEVEL FLANGES | — {ran | 0% | O-% j €8 prwny |02 | OF jo-% |
SRM/ |RM PURGE | ——- I x | L VIPRIWLEE: WPRCIREER APSER S STV - |
(UNIT TWO ONLY) | a0l 1 | | ] ] |
PERSONNEL INTERLOCK X-2 | X-2 prswl22s | 12-7 12725 Hw1]1 6-113-5 1 67 |
H,/0, MONITORING SYSTEM | ——— I”_ R [ | i o I “. 9 e ¥ | | ' |
(TOTAL) | - | | 1 ] | R | i
| | l | | P ' | |
2 ? S S E .9
pacE ToTAL | ma | cceg e ot ) g 8 |
| | PR | | 2o
._ 55.0
TESTTOTAL + | m | “° | 3 | YP e

u 76 %y S e —

*To determine the corrected leakage of the MSiVs (as if they had been tested at 48 PSIG), multiply by 1.73.
“*$When the maximum pathway !eakage exceeds 0.6 La (293.75 SCFH), write an LER immediately.
+The test total is the siu of all page totais in the checklist (exclude MSIVs from all test totals).

Reference: QTS 150-8y "Deterrination of Total Cuntainment Leak Rate.”

APPROVED

APR 12990 (final)

Q.C.OSR.
10/0168s -8-
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a)
W

INPUT PROCESSING

Calculations perfomed by the software are out)ined below

-
0.1

0.2

0.3

0.4

)48 3K

Average temperature of sudbvolume #1 (Ty)
o The average of all RTD temps in tubvolume #1

LN
Tfom ' Ty
N Jel

where N « The number of RTDs in subvolume #4

Average dew temperature of subvolume #1 (Dy)
« The average of a)l dew cell dew temps in subvolume #1

\ &
0f @ e ¢ 01.3
N el .

wvhere N « The number of RTDs in subvolume #Y

Total corrected pressure #1, (Py)

Cy First correction factor for raw pressure #), (from program
inftialization data set).

My Second correction factor for raw pressure 1, (from progra~
initialization data set).

Pry Raw pressure #1, from BUFFILE.

Py » C)y « My Pry/1000, for § gigit pressure transmitters

Py » C) « My Pry/10000, for 6 digit pressure transmitters
Total corrected pressure #2, (P3)

C2 First correction factor for raw pressure #2, (from program
initialization data set.

M2 Second correction facter for raw pressure #2, (from program
initialization data set.

Pry Raw pressure #2, from BUFFILE.
P2 = C2 « My Pra/i000, for § gigit pressure transmitters

P2 = C2 « My Pra/10000, for 6 digit pressure transmitters




2.8 Whole Containment Volume Weighted Average Temperature, (Te)

Approximate N
Method Tee T 1y Ty
lel
\
Yc -
Exact n fy
Method $ e
el T4
where:  fie The volume fraction of the 1th subvolume

N« The total # of subvolumes in contaiament

0.6 Average Vapor Pressure of Subvolume 1§, (Curve fit of ASME steam
tables.) (Pvy)

Pvi «0.01529125 « g.oou 3476 Dy
- 1.44734 x 106 (D{)¢ « 7.081828 X 10°7 (D)3
- 2.20128 x 10°9 (D)4 « 3.03544 X 10-! (D)

0.7 Whole Containment Average Vapor Pressure, (Pve)

Approximate N

Method Pve o Iy Pvy
fel

Exact N 7y Py
el Ty

N o The total of subvolumes in containment
fie Volume fraction of the 1™h subvolume

9.8 Wnole Containment Average Dew Temperature, (D)

Approximate N
Method Oe e I 4 Dy
{el

Exact Metho The whole containment average vapor pressure,
(Pve) calculated with the exact method s used to
find De. An initial value of D. 13 guessed ano
used with the equation in D.6 to calculate Pv,.
This value is then compared to the known value frem
D.7. A new value of D, s guessed and the process
s repeated until 4 value of D, 15 found that
results in a calculated value of Pve that i
within .000) psia of the valye from D.7.

0483H -39-



0.9

D.10

Type

Type

0483H

Average tota! containment pressure (P)

PolP)oePy) 2

Average total containment gry air pressure, (Pg)

’c.’-’v:

Tota! Containment dry a'‘r mass, (M)

Pa Ve
R T

where: R « Perfect gas constant, Ve « Total containment free volume

2

Type 2 dry air mass accounts for changes in Reactor Vesse!
level. -

For‘uncorrnctod ory alr mass, (Type 1) the below definitions
aply.

N
Veol Vi and fy = Vi/Ve

where Vi i3 the user entered free volume in subvolume 1.

For corrected dry air mass, (Type 2) the same definitions for V.
and Ty apply, except that one of the Vs is corrected for changes
in vesse! level. If k {s the sudbvolume number of the correctes
subvoiume then:

Vg ® Vgo = a(C = B)

a s the numder of cubic faet of free volume per inch of vessel
level.

b is the base leve! of the reactor vessel, in inches.
C 13 the actua! water level in the reactor vessel, in inches.
Vko 18 the vo'ume of the subvolume k when C equals b.

The volume fractions (fy) are then calculated with the

corrected volume, and al) other calculations are subsequently
performed as previously specified for Type | dry air mass.

-40-



D11 Leakrate Calculations using Mass-Plot Method:

This method assumes that the leakage rate 1 constant during
the testing period, a plot of the measured contained ary air mass
versus time would 1deally yielg a Straight line with o negative
slope.

Based on the least squares fit to the data obtained, the
calcvla.eg containment Teakage rate 1 obtained from the equation:

MeAt + B
Where M o containment ary alr mass at time t (I1bs.)
B« caleculated Ory air macs at time ted (1bs.)
Ae calculated leakage rate (1bs/hr)
t e time 1qgorval since start of vest (hours)
g
(lps)

The values of the constants A and B such that the 'ine is linear
least squares best fitted to the laak rate data are:

MICE(Mp) - t2t) (2 My)

A e
KI(t1)2 - 2ty )2

Ny« Aty
L3

-4)-
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By definition, Teakage out of the containment 1s considered
positive leakage. Therefore, the statistically averaged least sguares
contalnment Jeakage rate in weight percent per day is given by:

Le (V) (2600)/8 (weight T/day)
In order to calculate the 95% confidence limit of the least

squares averaged leak rate, the standard deviation of the least
squares siope and the student's T-Distribucion function are used as

follows:
- ...‘5
- 4 NE(MIE - (IMg)2 3 |72 (¢400) (weight %
v . - T day)
r ga
_(N2) NIt . (otg? o e
'xL.LO'.(T)
1.6449(N-2) « 3.528% « 0.85602/(N-2)
where Te . -
(N2 « 1.220% ~ 1.5062/(N-2)
N « Nymber of data sets
ty = test duration at the 1M gaty set (hours)
¢ = standard deviaiion of least squares slcpe (weight%/cay)
T e Va'ue of the single-sided T-Distribution
function with 2 degrees of freedom
L o Calculated leak rate 'n weight T/day

VCL « 951 upper confidence limit (T/day)
) o calculated containment dry afr mass 2t time teld (10s.)

0.12 Point to Point Calculations

This method calculates the rate of change with respect to time of
gry air mass using the Point to Point Method.

0483H -42-



For every data set, the rate of change of dry afr mass between
the most recent, (ty) and the previous time (tia1) Vs calevlates using
the two point method shown below:

2400

~ (1« M, /™_1)
\ @ 't‘-t1-|) 17 e

Then the lezst sguare fit of the point to point leakrates is
caleculated as described for ury alr masses in section D. 1)

9.13 Tota! Time Calculations

This method calculates the rate of change with respect to time cf
Ory a7 mass using the Tota! Time Method

Inttially, a referenge time (t,) 15 chosen. For every data set
the rate of change of Jry air mass between t, and the most recent
time, ty is calcvlated using the two point method shown below.

2400
| @ EEE———_— (‘r.\'ur)

(ty=ty)

Then the least squrres fit and 951 UCL of the Tota! Time
leakrates are calculated as shown below:

LRI T X TRT

]
- ND(t? . (2 22
(M 8y Mg oDty Ny
Ae
NET ()8 . (r ey
Le B oAt

1.6449(N=2) « 3.5283 « 0.85602/(N-2)
(N=2) « 1.2209 - 1.5162/(N-2)

Nete: N is the number of data sets minus one.

0483H -43-



1 (tp = ~ “ty) 2 w2

'. — @ — o W —

N T(ty. «(2ty )2/
jf— /
A T : .
¢ ol - )8 (M2 - B I ™Al Mty
\/ 3 \/
VWL o L ¢ Te

Note: This egquation is calculated for information only from the
start of the lest up to 24 hours, then it becomes the
official leakrates for future times.

D.14 BN-TOP.) .

This method calculates the rate of change with respect to the
time of dry afr mass using the Total Time Method.

Inftially, & reference time (te) 13 chosen. For every data set
the rate of chaugo Of the data item between t, and the most recent
time, (1)) 135 calculated using the two point method shown below:

(ty = ty)

Then the least squares it of the Total Time leakrates and the
BN-TOP-1 951 UCLs are calculated as shown below.

LT (S TP LI TR A TY
NI (T (Lt ot

Kote: N 15 the number of data sets minus one.

0483H



NED oty M = Tty TN
TN (EF - (T )€

(
. -

Le B <At

¢ o 100006 2.37226 2.822%
- * . L
Me2) (N=-2?

1 (tp = T () /W2

'. ‘Q_-.
. ATILEE R B LA
J—— /
T 7 i . .
0ol — ,/ L (M2 - BT Wy« AT My
\/ . \/

WLeleoTe

Note: This equation it calculated for {nforration only from the
start of the test up to 24 hours, then it becomes the
official leakrates for future times.

D.15 Temperature stadbilization checking per ANS] 56.8-198)
T Nelghted average containment alr temperature at hour 1.
T¢.n Rate of change of weighted average containment air temperature
over an n hour period at hour i, using & two point Dackwards
gifference method,

Ty = Ten

T‘.D . :

0483H 45~



Iy is the ANSI $6.8-198) Temperature stabilization criteria at mour i,

Per ANSI S6.8-198), 7 must De less than or equa! to 0.5 OF /hr

NOTE: If the cata sampling interval 15 iess than one hour, then:

D.16 Calculation of Instrument Selection Guide, (1SC)
1SC « 2400

where:

-
’ \/

where:

Gp o
\/

wvhere:

0483H

Lyo | Tooe = Ty | 1 must be ) 4.

Option #1  Use deta collected at hourly intervals

Option #2  Use average of data collected in previou: hour
for that hour's data.

I'T (8p/p)% o T (0p/1IZ < 2 (ng/p)?

t 15 the test time, in hours

P is test pressure, psia

T 1s the volume welgheo average containment temperature, OR
Kp 15 the number of pressure transmitters

Ny 15 the number of RYDs ;

Ng s the number of dew cells

ep 15 the comdined pressure *ransmitters' error, psia

¢r 15 the combined RTDs' error, OR

eg 's thi combined dew cells' error, OR

/
(5522 « (RPp o RSp)?

Sp 15 the sonsttﬂvst{ of 4 pressure tranicitter
RPp s the repeatability of a pressure transmitter
PSp s the resolution of pressure transmitter

/
(Sf)z o (RPy « .Sr)z

is the sonsitlvit{‘o! an RTD

s
RP, 15 the repeatadility . an RTD
RSp 15 the resolution of an RTD

-46-



aP,
.‘ L

' /
aTy ,Td \/ (5g)2 o (RPg o R$4)?

where: Sg I3 the sensitivity of a dew ce)!
RPg 15 the repeatability of a dew cel!
RSg 1s the res-lution of 4 dew ce!l
&P, change in vapor pressure
— .
8Tg | g change in saturation temperature

The above ratio 1s from ASME steam tables and evaluated at the
containment’'s saturation temperature at that time.

D.17 BN-TOP-! Tc-oo?aturo Stabilization Criteria Calculation

A The rate of change of temperature is less than | *F/Nr averageo
over the last two hours.

Ky » |T1 - T1,“ K2 » 'Yg_,] - T‘_z'
K) and K2 must both be less than | to meet the criteria
1sted in A,

B.  Ihe rate of change of temperature thanges less than 0.5
F/hour/hour averaged over the last two hours.

Ky @ (Ty = Ty 1)/t « tia1)
K2 o (T4oy = Ta2) (4 - t.2)
e [(Ky «KQ/(ty = ti.1
I must De less than 0.5 to meet the criteria listes in B.
D.18 Reactor Vasse! Free Volume Mass Calculation

As shown in section D.10, the free volume of the Reactor Vesse!
subvolume « 15 given by the below equation.

Ve » Voo = & (Ceb)
The dry afr mass 1n subvolume « can then be written as:

Me « 144 (PPve) Ve/RTe
Where: Me 13 th- dry a'r mass in subvolume «, (1ba)

R 15 the gas constant of air

Te 15 the average temperature of subvolume e, (OR)
Pye 15 the average vapor pressure of subvolume e, (pisa)
P s the average containment pressure, (psia)
Ve 15 the free alir volume in subvolume «, (rtd)
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D.19 Torys Free Volume Calculation

Free volume calculations of the Torus rely vpon narrow range Torus
water level fnputs. These valies range between plus and minus five
inches. It s assumed that the Torus subvolume free air volume i
that subvolume's volume when the Torus leve! equals zero. The user
miy enter three conrstants to mc.e! the variation of Torus air volume
with water level,

The equations for Torus free volume in subvolume t are given:

Vi o Vgo = (8L o BL ¢ cL’i when L2 0
Vi o Vgo o (=ab + BLZ «cld) when Lg D

The dry afr mass in subvolume t can then be written as:
My o 148 (P-Pyg) Ve/RTy
Where: Mt is the dry air mass in subvolume ¢, (lbm)
P is the average ;onta$n-ont pressute, (psia)
Pyt s the average vapor pressure of subvolume t (pisa)

Ve 15 the free volume 1. subvolume t, (ftd)

R s the gas constant of alr

Te 15 the average temperature in subvolume t (OR)

L is the Torus leval, (inches)

a.b.c are Torus level constants

Vg 14 the free volume in subvolume T when L equals zero,
taken from standard free volume inputs, (ftd)

E. QUTPLTS

£.1

QUTPUT DEVICE TYPES: The below output devices shall be supported.
There are no specia) constraints on output device locations.

PRINTERS: PRIME uig Speed Line Printer
OKIDATA 2410
OKIDATA 93
LAI120

PLOTTERS: Hewlet Packarg 74754 8.5 x 11*

Mewlet Packarg 75852 8.5 x 11*
Mewlet Packard 75854 11 x 17

CRTs: Wyse My?S
View Point &0
Ampex Dialogue B0 & 8
PRIME PT200
GRAPHICS TERMINALS: RamTech 6200

RamTech 621
Tektronix 4107
Tektronix 4208
Tektroniz 4014
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APPENDIX C
INSTRUMENT ERROR ANALYSIS
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IPCLRT SAMPLE ERROR ANALYSIS
FOR SHORT DURATION TEST

A. ACCURACY ERROR ANALYSIS

Per Topical Report BN-TOP-1 the measured total time leak rate (M) in
weight percent per day is computed using the Absolute Method by the
formula:

M (%L /DAY) =« 2400« | . 1 _N ()
H

where: P; = total (volume weighted) containment dry air pressure
(P3IA) at the start of the test;

Py = total (volume weighted) containment dry air pressure
(PSIA) at data point N after the start of the test;

H = test duration from the start of the test to data point N
in hours;

Ty = containment voiume weighted temperature in °R at the
start of the test;

Ty = containment volume weighted temperature in °R at the
“ data point N.

The following assumptions are made:

A A
| Py = Py = P where P is the average dry air pressure of the
| containment (PSIA) during the test;

A A
Ty =Ty =T where T is the average volume weighted primary
containment air temperature (°R) during the test;

Py = Py where P 15 the total containment atmospheric pressure
(PSIA);

Py1 = Pyn Where Py is the partial pressure of water vapor in
the primary containment.
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B. EQUIPMENT SPECIFICATIONS

THERMISTER FLOWM THERMOCOUPLE |
INSTRUMENT (°F) | PPG (PSIA) | DEWCELL (°F) (SCFM) (°F)
Range 50-14C | 0.4-100 50 - 210 0.90-11.40 0 - 600
Accuracy +N.25 +0.015% +0.25 +1.0% +2.0
Max Flow
Repeat-
ability +2.01 +0.001% +0.01 +0.02 +.10

C. COMPUTATION OF INSTRUMENT ACCURACY UNCERTAINTY

1.

0483H

Computing " et "

Volume Fraction for Volume #11 = .02344
Volume Fraction for Volumes #1-10 ~ .97656

e1 = + (0.97656 * 0.23 + 02344 * 2.0 )
/30 n

e = + 0.0914°R

I+

Computing " €pyp "

epr = + 2.015¢63.0)
2

€or = + 0.00668 PSIA

Comput‘ﬂg " epv "

At a dewpoint of 65°F (assumed), an accuracy of &+ 1°F corresponds
to + .011 PSIA. For subvolume #11 at an average temperature of
140%F, an accuracy of + 2°F corresponds to s .150 PSI.

py = + (0.97656 * 2011 , 0.02344 * 2.130 )
0 a

epy = + 0.0069 PSIA

Computing " ep "
ep = + [ (0.00668)2 + (0.0069)2 11/2
ep = + 0.0096 PSIA




A
5. Computing total instrument accuracy uncertainty " ey "

A e %
ey = + 2400 * 12 * 00096 2 4+ 2 * 0.09142
" TN sg.ﬁ gl%??‘
A
assuming P = €3.u PSIA
A
T = 544.7°R

Therefore, for a 6 hour test (H),

."A =+ 0.128 wt % / DAY
D.  COMPUTATION OF INSTRUMENT REPEATABILITY UNCERTAINTY

1. Computing " et "
ey = s 001
‘30

er = 4 0.0018°R

2 Computiag - ®pty " -
QDT ™ : 9-00]
2

epr = + 7.071X10-4 PSIA

3. Computing " €py "
epy = + (.97656 ¢ 006 , 02344 * -008 )
10 a
€py = + 0.0020 PSIA

4. Computing " ep "
ep = [ (7.071X10-9)2 + (0.0020)2 1'/2
ep = + 0.00212 PSIA
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R
5. Computing the total instrument repeatablility uncertainty “ ey"

R e |
em ~ 2400 * |2 o.%gglz 242 0.%9!; 2

H : :
Therefore, for a 6 hour test,

R
eM = + 0.01912 wt % / DAY

COMPUTING TOTAL INSTRUMENT LINCERIAINTY

A -
e =+ 2% [ (ey? s (g2 ] 1/2
2% [ (0.128)2 + (0.01912)2 )1/2

eM = +
eM = + 0.292 weight % / DAY for a 6 hour test.
eMq = ¢+ 0.195 weight % / DA9 for a 8 hour test.
ey = + 0.156 weight % / DAY for a 10 hour test
eM = + 0.130 weight % / DAY for a 12 hour test.
ey = + 0.065 weight % / DAY for a 24 hour test.

-54-



