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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 9-10,
1984 at Quad-Cities Nuclear Power Station, Unit Two. The test was performed
in accordance with 10 CFR 50, Appendix J, and the Quad-Cities Unit Two Technical
Specifications.

This test was conducted using the ANS/ANSI N&45.4-1972, 24 hour Mass Plot
method. The calculated leak rate, statistically averaged leak rate, and the

statistical upper confidence limit were computed in a manner consistent with
the ANSI/ANS 56.8-1981 standard.

Simultaneously with the above method, calculations were performed using the
Total Time Leak Rate method of BN-TOP-1, Rev. 1, a Bechtel Corporation Topical
report approved by the Commission for short duration testing. The test duration
criteria of BN-TOP-1 were easily satisfied for terminating the test in 10 hours
or less. The Commission presently requires adjustments to the IPCLRT result
for Type B and C repairs performed during the refuel outage prior to the test.
In order to both demonstrate a containment leakage below the allowable limit
and satisfy the "as found" criteria that the adjusted Type A test result be
less than 75% of L_, it was necessary to perform a 24 hour test. Failure to
satisfy the latter®criteria would have made it necessary to perform IPCLRT's
on consecutive refuel outages. Without regulatory relief (e.g. a higher "as
found” corrected limit than for the IPCLRT), short duration testing has very
little advantage to Quad-Cities, except in the circumstance where the test
will be interpretted as an "as found" failure regardless of the test technique.
Fortunately, this was not the case for this test. The BN-TOP-1 data is not
included in this report because it was not used for concluding the IPCLRT.



SECTION A - TEST PREPARATIONS

A.1 Type A Test Procedure

The TPCLRT was performed in accordance with Quad-Cities Procedure QTS 150-1,
Rev. 10, including checklists QTS 150-S1, S2, S3, S4, S7, S8, S§9, S10¢, S11,
S12 S18, and subsections T1, T2, T3, and T8. Approved Temporary Procedure
2035 was written for the operation of the IPCLRT air compressor and the method
for pressurizing the containment volume. Approved Temporary Procedure 2036
was written to update QTS 150-57 (Unit Two valve line-up) for recent modifications
to containment attached piping.

These procedures were written to comply with 10 CFR 50 Appendix J, ANS/ANSI
N45.4-1972, and Quad-Cities Unit Two Technical Specifications. The methods
for calculating the containment leakage and upper confidence limit are in
compliance with the ANSI/ANS 56.8-1981 standard. Compliance with all features
of the ANSI/ANS 56.8-1981 standard was not possible, because the Commission
has not approved the standard for use due to a pending change to 10 CFR 50,
Appendix J.

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 is an idealized view of the
drywell and suppression chamber used to calculate the primary containment free
air volumes used for weighting the sensor readings. Plant personnel performed
all test instrumentation calibrations using NBS traceable standards.



INSTRUMENT SPECIFICATIONS

TABLE ONE

INSTRUMENT MANUFACTURER MODEL NO. RANGE ACCURACY REPEATABILITY

Precision

Pressure

Gages (2) Volumetrics 0-100 PSIA +.015PSI +.001 PSI
Burns

RTD's (30) Engineering SP1A1-5%-3A 50-200°F $+.5°F $.1°F
Volumetrics Lithium

Dewcells (10) (Foxboro) Chloride -50-+140°F +1.0°F x.5°F
Pall Trinity

Thermocouple Micro 14-T-2H 0-600°F $2.0°F t.1%%
Fischer

Flowmeter & Porter 83 0-8.44 scfm +.084 scfm

Level

Indicator

LI 1-263-100A Yarway SCR/M -60-*60"H20




TABLE TWO
SENSOR PHYSICAL LOCATIONS

RTD NUMBER SUBVOLUME ELEVATION AZIMUTH*
1 1 670 0" 180°
2 1 670'0" 0°
3 2 657'0" 20°
4 2 657'0" 200°
5 3 634'0" 70°
6 3 634'0" 265°
7 4(Annular Ring) 643'0" 45°
8 4 615'0" 285°
9 5 620'0" 5
10 5 620'0" 100°
11 5 620'0" 220°
12 6 608'0" 40°
13 6 608'0" 130°
14 6 608'0" 220°
15 6 608'0" 310°
16 7 598'0" 70°
17 7 598'0" 160°
18 7 598'0" 250°
19 7 5%8'0" 340°
20 8 587'0" 10°
21 8 587'0" 100°
22 8 S87'e" 190°
23 8 587'0" 280°
24 9(CRD Space) 586'0" 0°
25 10(Torus) 578'0" 0°
26 10(Torus) 578'0" 60°
27 10(Torus) 578'0" 120°
28 10(Torus) 578'0" 180°
29 10(Torus) 578'0" 240°
30 10(Torus) 578'0" 300°

Thermocouple 11(Rx Vessel) (Inlet to CU Hx)

DEWCELL NO. SUBVOLUME ELEVATION AZIMUTH
1 1 670" 180°
2 2,3,4 653" 90°
3 2,3,4 653" 270°
4 5 620' 0°
5 6,7 600’ 45°
6 6,7 600" 225°
7 8,9 586' 0°
8 8,9 586' 180°
9 10 578" 90°
10 10 578" 270°

Thermocouple

(Saturated) 11 ow -

*WEST = 0° AZIMUTH
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A.2.a. Temperature

The location of the 30 platinum RTD's was chosen to avoid conflict with
local temperature variations and thermal influence from metal structures.

The RTD's were manufactured by Burns Engineering Inc. and are Model
SP 1A1-5%-3A. Each RTD and its associated bridge network was calibrated to
yield an output of approximately 0-100 mV over a temperature range of 50-150°F.
Each RTD was calibrated by comparing the bridge outpul to Lhe true temperature
as indicated by the temperature standard. Three temperatures were used for
the calibration. Two calibration constants (a slope and intercept of the
regression line) were computed for each RTD by performing a least squares fit
of the RTD bridge output to the reference standard's indicated true temperature.

The temperature standard used for all calibrations was a Volumetrics RTD
Model VMC 701-B used with a Dewcell/RTD Calibrator M:del 07731. The standard
was calibrated by Volumetrics on July 27, 1983 to standards traceable to the
NBS. The sensors used during the test were calibrated within 6 months of the
calibration date for the standard.

The plant process computer scanned the output of each RTD-bridge network
and converted the output to engineering units using the calibration constants.

A.2.b. Pressure

Two precision quartz bourdon tube, absolute pressure gauges were utilized
to measure total containment pressure. Each gauge had a local digital readout
and a Binary Coded Decimal (BCD) output to the process computer. Primary
containment pressure was sensed by the pressure gauges in parallel through a
3/8" tygon tube connection to a special one inch pipe penetration to the
containment .

Each precision pressure gauge was calibrated from 0-100 PSIA in 5 PSI
increments using a third precision pressure gauge (Volumetrics Model 07726)
that had been sent to Volumetrics for calibration. The pressure standard was
calibreted on July 26, 1983 using NBS traceable reference standards. The
pressure instruments used during the test were calibrated within 6 months of
the standard's calibration.

The digital readout of the instruments were in "counts" or arbitrary
units. Calibration constants (a slope and intercept of a regression line)
were entered into the computer program to convert "counts" into true atmospheric
pressure as read by the third, reference gauge. No mechanical calibration of
the gauges was performed to bring their digital displays into agreement with
true pressure.



A.2.c. Vapor Pressure

Ten lithium chloride dewcells were used to determine the partial pressure
due to water vapor in the containment. The dewcells were calibrated using the
Volumetrics standard described in section A.2.a. and a chilled mirror dewcell
standard calibrated on August 3, 1983 by Volumetrics.

The calibration constants (the slope and intercept of a regression line)
for ecach dewcell were computed relating the 0-150 mV output of the signal
conditioning cards to the actual dewpoint indicated by the reference standard.

A.2.d. Flow

A rotameter flcwmeter, Fischer-Porter serial number 8311A9265R0001, was
used for the flow measurement during the induced leakage phase of the IPCLRT.
The flowmeter was calibrated on December 7, 1983 by Fischer-Perter to within
1% of full scale (.8-8.44 SCFM) using NBS traceable standards.

Plant personnel continuously monitored the flow during the induced leakage
phase and corrected any minor deviations from the induced flow rate of 6.30 SCFM
by adjusting a 3/8" needle valve on the flowmeter inlet.

A.3 Type A Test Measurvment

The IPCLRT was performed utilizing a direct interface with the station
process computer. This system consists of a hard-wired installation of temperature,
dewpoint, and pressure inputs for the IPCLRT to the process computer. The
interface allows the process computer to scan, calculate, and print results
with minimal manual inputs and without the disadvantages of multiplexers or
positioning sensitive electronic hardware inside the containment during the
test,

The process computer was used to compute the statistically averaged leak
rate and upper confidence limit for the ANS/ANSI mass plot method. Daia sets
giving instrument outputs were transferred to a Prime 750 computer. The
Prime 750 was used to perform the BN-TOP-1 calculations. Key parameters, such
as total time measured leak rate, volume weighted dry air pressure and temperature,
and absolute pressure were plotted on a Ramtek color terminal. Plant personnel
also plotted a large number of other parameters, including temperature and
partial pressure of water vapor for each subvolume, reactor water temperature
and level, absolute pressure, etc. in real time. In all cases data was plotted
within approximately 30 minutes of the time it was taken. The plotting of
data and the computer printed summaries of data allowed rapid identificatin of
any problems as they might develop. Figure 2 shows a schematic of the data
acquisition system.

With the exception of a few brief problems with the process computer, all
of the equipment performed perfectly. No instruments inside the containment
failed during the test.



A.4 Type A Test Pressurization

A 3000 SCFM, 60C hp, 4 kV electric oil-free air compressor was used to
pressurize the primary containment. An identical compressor was available in
standby during the JPCLRT. The compressors were physically located on a
single, enclosed truck trailer located outside the Reactor Building. The
compressed air was piped using flexible metal hose to the Reactor Building,
through an existing four inch fire header penetration, and piped tv a temporary
spool piece that, when installed, allowed the pressurization of the drywell
through the "A" containment spray header. The inboard, containment spray
isolation 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
piece was removed and replaced with a blind flange.



MEAUSREMENT SYSTEM SCHEMATIC ARRANHGEMENT
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SECTION B - TEST METHOD

B.1 Basic Techgiqgg

The absolute method of leak rate determination was used. The absolute
method uses the ideal gas laws to calculate the measured leak rate, as defined
in ANS/ANSI N45.4-1972. The inputs to the total containment dry air mass
calculation include subvolume weighted conLainment temperature, subvolume
weighted vapor pressure, total absolute air pressure, and a total containment
volume correction for reactor water level. As the data sets are collected
over time a regression line is computed for the measured dry air mass as a
function of time. [he slope divided by the "y-intercept" of the regression
line gives the statistically averaged leak rate. The upper confidence limit
is 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 mathematical expressions for these calculations are found in
Appendix C.

There has been some criticism of this technique on a technical basis
(Gogol and Reytblatt) in that the use of a volume weighted temperature in a
total containment dry air mass calculation is not mathematically equivalent to
computing a dry air mass for each subvolume and totalling the results to
obtain a containment dry air mass. While the criticism has some merit in
terms of mathmetical exactness, both methods are in fact approximations. When
using the volume weighted temperature the assumption is that the dry air mass
within the containment can be approximated by an ideal gas that is at thermal
equilibrium at the volume weighted temperature. When computing and then
totalling the dry air masses for each subvolume, the assumption is that each
subvolume is in thermal equilibrium or that sensors are perfectly placed
within the subvolume to measure temperature fluctuations within the subvolume.
There are studies on going by EPRI and others that would seem to indicate that
the two techniques do not give very different results. This certainly is what
could be expected since the test gives an excellent verification of the test
validity, including both the method of calculation and the subvolume modeling
and weighting factors. This verification is in the form of the supplemental
verification phase of the test where an induced leak must be measured along
with the containment leakage to an accuracy of 25% of L . Since the verification
phase of the test normally shows an accuracy much better than the limit, it
can only be assumed that the test method has the required accuracy. Any
better method of computing the containment leakage should demonstrate an
improvement in the verification phase result or show that it is better able to
handle troublesome temperature related test problems, such as diurnal effects
at PWR's where ambient temperatures fluctuate greatly.

13



B.2 Supplemental Verification Test

The supplemental verification test superimposes a known leak of approximately
the same magnitude as L, (8.16 SCFM or 1 wt %/day as defined in the Technical
Specifications). The degree of detectability of the combined leak rate (containment
calculated leak rate plus the superimposed, induced leak rate) provides a
basis for resolving any uncertainty associated with the measured leak rate
phase of the test. The allowed error band is * 25% of LA'

There are no references to the use of upper confidence limits to evaluate
the acceptablility of the induced leakage phase of the IPCLRT in the ANS/ANSI
standards or in BN-TOP-1, Rev. 1. The induced leak used for this test was
6.30 SCFM or 0.772 wt %/day.

B.3 Instrument Error Analysis

An instrument error analysis was performed prior to the test to demonstrate
the adequacy of the data acquisition system. The instrument system error was
calculated in 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 containment parameters) was performed to
determine the system repeatability uncertainty. The results were 0.0833 wt %/day
and 0.0169 wt %/day for a 24-hour test, respectively. These values are inversely
proportional to the test duration. Since no instruments failed during the
test and the test duration was 24 hours, these values reflect the actual test
instrument uncertainties.

The instrumentation uncertainty is used only to illustrate the system's
ability to measure the required parameters to calculate the primary containment
leak rate. The mathematical derivation of the above values can be found in
Appendix D. The instrumentation uncertainty is always present in the data and
is incorporated in the 95% upper confidence limit.



SECTION C - SEQUENCE OF EVENTS

C.1 Test Preparation Chronology

The pretest preparation phase and containment inspection was completed on
February 8, 1984 with no apparent structural deterioration being observed.
Major preliminary steps included:

1) Completion of all Type B and C tests, component repairs and modifications
where appropriate, and retests as required.

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

3) Installation of all IPCLRT test equipment including the sensors,
associated wiring, and data acquisition system.

4) 1In situ test of data acquisition system and ccmputer programs for
data processing.

5) Completion of all repairs and installations in the containment.
6) Completion of the pre-test valve line-up.

C.2 Test Pressurization and Stabilization Chronologx

DATE TIME EVENT
12-08-84 2000 Began pressurizing the Unit Two containment.
2025 2 PSIG in drywell.
2045 Containment piping and valves are being inspected

for apparent leaks.

2250 Compressor tripped dut to N, leak on auxiliary
oil pump. Containment isolited.

2300 Leak of 5 SCFH found on LT 2-1641-5B.

2327 Compressor re-started and pressurization continuing.

02-09-84 0145 Compressor unloaded to 50%. Containment pressure

63 PSIA.

0210 Pressurization complete at 65 PSIA.

0355 Process computer down. Restarted 5 minutes later.

0650 Spool piece removed and blank flange installed at

the MO-2-1001-26A valve where the containment was
pressurized. The volume weighted containment
temperature is decreasing at a rate of .30-.40
degrees per hour.



C.3 Measured Leak Rate Phase Chronology

DATE

02-09-84

02-09-84

02-10-84

TIME

0649

0900

1960

1900
1920
2020

0653

EVENT

The 0649 scan by the process computer will represent
the start of the test.

Containment temperature declining .33 degrees F/hr.
Instrumentation responding normally.

Reactor water temperature is increasing steadily
and at a rate of less than .2 degrees F/hr. This
will be no problem for the test.

Reactor water level is decreasing steadily and at
a rate less than .5 inch/hour. This will be no
problem for the test.

Decided to continue test for a full 24 hours since
the lower leak rates that can be demonstrated by
continuing the test will allow passing the "as found"
leakage criteria.

Computer down.

Computer up.

Still having trouble with computer.

The 24 hour test was terminated. Total containment
pressure is 62.95 PSIA.

C.4 Induced Leakage Phase Chronology

02-10-84

C.5 Depressurization Phase

0718

0819

1219

Induced leak .75% scale reading on flowmeter, which
corresponds to 6.30 SCFM. Radiation Protection
taking sample for release to Reactor Building.

Stabilization complete. Computer program set for
first scan for this part of the test.

Induced leakage phase terminated successfully.
Total containment pressure is 63.04 PSIA.

Chronology

DATE
02-10-84

02-11-84

TIME
1300

0330

EVENT

Began de-pressurization.

Depressurization complete. Drywell entry made to
verify undisturbed instrumentation and begin post

test checklists. .

-16-



SECTYON D' - TYPE A UEST ideA

D.1 Measured Leak Rate Phase Data

A sumcary ~f the computed data usiug the ANSI N45.4 test method can be
found in Table 3. &hown in the table are data set number, iime since the start
of the te:t (after préssurization and stabilization completc), volume weighted
conta.nvent temperature ip degires R, dry air pressure® in PSIA, reactor water
level ip inches, total time measrured leak rate, point-te-point leak rate,
statistically averaged leak iate, and the ANSI caleun'ation of the upper
contiuck™e limit.

Grapbic resuits for the tesi are found in Figures 3-6.

D.2 Induced Leakage Phase Data

~ summary of the computed data uatmg ‘he ANSI N45.4 test method can be
furad in Table 4. Graphic resnits for tite ceet are found in Figures 7-10.
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SECTION E - TEST CALCULATIONS

Calculations for the IPCLRT using the ANSI method are found in Quad-Cities
procedures QTS 150-T3. A reproduction of these procedures can be found in
Appendix C. The origins of these calculations are the N274 draft for ANSI/ANS 56.8.
These calculations are consistent with the standard as it was published in
1981.

SECTION F - TYPE A TEST RESULTS

F.1 Measured Leak Rate Test Results

Based on the data collected over 24 hours on approximately 10 minute
time intervals the statistically averaged leak rate was found to be 0.385
wt %/day with an upper confidence limit of 0.392 wt %/day.

F.2 Induced Leakage Test Results

A leak rate of 6.3 SCFM (0.772 wt %/day) was induced from the containment
for this phase of the test. The required accuracy for the test is computed
below.

Statistically Averaged Leak Rate 0.385 0.385

(Measured Leak Rate Phase)

Induced Leak (6.3 SCFM) 0.772 0.772

Allowed Error Band (25% La) + 0.250 - 0.250
1.407 0.907

Statistically Averaged Leak Rate
(Induced Leakage Phase) 1.082 wt %/day

Therefore, the required test accuracy was satisfied.



F.3 Leak Rate Compensation For Non-Vented Penetrations

The IPCLRT was performed with the following penetrations not drained and
vented as required by 10 CFR 50, Appendix J. The "as left" leak rates for
each of these penetrations, as determined by Type C testing, is also listed:

THROUGH LEAKAGE

SYSTEM STATUS FROM TYPE B AND C TESTING

SCFH WT %/DAY
'A' Rx Feedwater Isolated, Filled, Unvented 0.52 0.00106
'B' Rx Feedwater Isolated, Filled, Unvented 25.80 0.05270
RHR System Isolated, Filled, Unvented 8.34 0.01704
Rx Water CU Used for Core Cooling 0.83 0.00180
ACAD/CAM Isolated 1.50 0.00306
Primary Sample Isolated 0.18 0.00036
All Klectrical Test bellows filled and 1.65 0.00337

Penetrations pressurized with dry Nz.
38.87 0.07939

This correction yields the following adjusted leak rates:

Statistically Averaged Leak Rate (ANSI) 0.464 wt %/day

Upper Confidence Limit (ANSI) 0.471 wt %/day



F.4 Pre-Operational Results vs. Test Results

Past IPCLRT reports have compared the results of those tests with the
pre-operational IPCLRT, performed from August 29 to September 2, 1971. For
comparison purposes the statistically averaged leak rate corrected for non-vented
volumes and corrected upper confidence limit are given for the last three
Type A tests on Unit Two.

1976 1980 1983

Statistically Averaged Leak Rate 0.327 0.449 0.464
(wt %/day)

Upper Confidence Limit 0.344 0.459 0.471
(wt %/day)

The above data shows that there has been no significant deterioration of

the containment integrity and that the leakages have been consistently below
the allowable limit of 0.750 wt %/day.



F.5 As Found IPCLRT Result

the IPCLRT results to arrive at an "as found” Type A test result.

The following table summarizes the results of all Type B and C as well as

Since the

total is less than 0.750 wt %/day (75 L_), the present schedule of three Tyne A

tests in 10 years can be maintained.

can be found in RO 83-15/03L-1, Docket No. 50-265, DPR-30.

SUMMARY OF ALL CONTAIMMENT
A STI: TRANG

AL*

AS_TOUND (SCFH)
LIRT (TOTAL WORST CASE

MEASURFD) ~ THROUGH LEAKAGE

(1) MSIV's 2 25 PSIG 59,92 17.30

(2) MSIV's converted 94.67 27.33
to 48 PIIGH

(3) All 1ype C Tests 1095.79 144,92
(Except MSIV's)

(4) ALl Typ: B Tests 108. 31 54,23

TOTAL (2 + 3 + 4) 1298,77 226,48

(1)
(2)
(3)

(4)

(5)

*leak Rate at 25 PSIC ¢
RATIO OF 1,58, REFERE

Type A Test (Integrated
Leak Rate Test)

Upper Confidence Limit
of Type A Test Result

Correction for Unvented
Volumes During Type A Test

Correction for Repairs

Prior to Type A Test
(As Found - As Left)

Correction for Leak Repaired
During Type A Test

TOTAL (2 + 3 + 4 + §)

Aug. 1965, page 10,55,

0.385 wt %/day

0.392 wt %/day

0.079 wt %/day

0,183 wt %/day

0'020 wt z:’d.y

e ————————————————————
UNLT TWO REFUEL OUTACE

Documentation for the values listed helow

AS LEFT (SCFH)

LIRT (TOTAL WORST CASE
MEASURED) TAROUGH LEARAC -
27,66 10,36
43,70 16.37
215.66 109.40
22,49 11.32
281.85 137.09

(326‘“ -. 137.09)

0.674 wt %/day (As Found [IRT Result)

onverts to Leak Rate at 48 PSIGC
NCE ORNL - NISC - 5, Oak Ridge

-31-

using CONVERS[ON
National Laboratory,



APPENDIX A
TYPE B AND C TESTS

Presented herein are the results of local leak rate tests conducted on all
penetrations, double-gasketed seals, and isolation valves since the previous
IPCLRT in February, 1979. All valves with leakage in excess of the individual
valve leakage limit were restored to an acceptable leak tightness prior to the
resumption of power operation. Total leakage for double gasketed seals and
total leakage for all other penetrations and isolation valves following repairs

satisfied the Technical Specification limits. These results are listed in
Table A-1.



TABLE A-1
TYPE B AND C TEST RESULTS

VALVE(S) OR MEASURED LEAK RATE (SCFH)
PENETRATION TEST VOLUME AS FOUND DATE AS LEFT DATE
AO 203-1A Main Steam Line 9.24 09-06-83 9.24 09-06-83
Isolation Valves* 4.60 09-07-81 4.60 09-07-81
AO 203-2A 34.56 09-06-83 2.50 12-27-83
2.30 09-08-81 0.00 09-11-81
AO 203-1B 4.60 09-05-83 4,60 09-05-83
0.00 09-07-81 0.00 09-07-81
AO 203-2B 4.60 09-05-83 4,60 09-05-83
0.00 09-07-81 0.00 09-07-81
AO 203-1C 2.30 09-05-83 2.30 09-05-83
0.00 09-07-81 0.00 09-07-81
AD 203-2C 2.30 09-05-83 2.30 09-05-83
0.00 09-07-81 .00 09-07-81
AO 203-1D 9.20 09-04-83 9.20 09-04~83
2.30 09-07-81 2.30 09-07-81
AO 203-2D 9.20 09~04-83 9.20 09-04~-83
2.30 09-07-81 2.30 09-07-81
MO 220-1 Main Steam Line Drains 39.27 09-05-83 7.46 01-12-84
MO 220-2 66.30/5.50 09-07-81 8.63 12-23-81
AO 220-44 Primary Sample 0.35 09-27-83 0.35 09-27-83
AO 220-45 0.00 10-16-81 0.0 10-16-81
CV 220-58A Feedwater Inlet 267.3 10-05-83 0.52 01-09-84
Loop "A" Inboard 1.03 09-21-81 1.03 09-21-81
CV 220-62A Feedwater Inlet 2.70 10-06~-83 5.26 01-06-84
Loop "A" Outboard 1140.0 09-22-81 6.20 10-07-81
CV 220-588 Feedwater Inlet 1.00 09-13-83 25.80 12-22-84
Loop "B" Inboard 42.40 09-10-81 0.00 11-12-81
CV 220-62B Feedwater Inlet 362.0 09-14-83 28.50 12-30~-83
Loop "B" Outboard 1018.0 09-17-81 13.60 11-13-81

Test Pressure for MSIV's is 25 PSIG.

0.0 SCFH.

Where the A and B valves in a steam line
have identical leakages, the valves were tested as a single volume. The value
is a maximum leak rate through the valve assuming that the other valve leaked



TABLE A-1

TYPE B AND C TEST RESULTS

VALVE(S) OR MEASURED LEAK RATE (SCFH)
PENETRATION TEST VOLUME AS FOUND DATE AS LEFT DATE
MO 1001-20 RHRS to Radwaste 0.00 09-05-83 0.00 09-05-83
MO 1001-21 0.00 12-23-81 0.00 12-23-81
MO 1001-23A RHRS Containment Sprry = 3.08 01-04-84 3.08 01-04-84
MO 1001-26A System | 1.10 09-15-81 1.10 09-15-81
MO 1001-29A  RHRS Return Loop "A" 0.00 01-04-84 0.00 01-04-84
3.00 09-14-81 3.00 09-14-81
MO 1001-34A  RHRS Suppression Chamber 0.00 01-04-84 0.00 01-04-84
MO 1001-36A Spray - System I 3460 09-14-81 1.21 11-16-81
MO 1001-37A
MO 1001-23B RHRS Containment Spray - 7.88 09-22-83 7.88 09-22-83
MO 1001-26B System I1 4.10 09-24-81 4.10 09-24-81
MO 1001-298B  RHRS Return Loop "B" 2.07 09-22-83 2.07 09-22-83
0.00 09-23-81 0.00 09-23-81
MO 1001-34F  RHRS Suppression 2.40/163.83 12-01-83 1.20 12-13-83
MO 1001-36B Chamber Spray 1638.0 09-23-81 6.07 12-19-81
MO 1001-37B  System 11
MO 1001-47 KRHRS Shutdown 0.00 10-20-83 0.00 10-20-83
MO 1001-50 Cooling Suction 7.04 11-20-81 7.04 11-20-81
MO 1001-60 RHRS Head Spray 0.38 01-06-84 0.38 01-06-84
MO 1001-63 1.33 12-22-81 1.33 12-22-81
MO 1201-2 Clean-Up System 2.61/1.76 09-28-83 2.39 02-02-84
MO 1201-5 Suction 4.58 10-16-81 4.58 10-16-81
MO 1301-16 RCIC Steam Supply 20.40 09-06-83 3.35 01-18-84
MO 1301-17 29.00 09-07-81 0.46 12-01-81
CV 130140 RCIC Condensate Drain 5.03 09-05-83 5.03 09-05-83
3.90 09-09-81 3.90 09-09-81
€V 1301+41 RCIC Turbine Exhaust 24.90 09-05-83 5.78 01-14-84
24.90 09-07-81 1.00 09-30-81
AD 1601-21 Drywell and Suppression 68.10 09-27-83 24.80 01-10-84
AO 1601-22 Chamber Purge 53.60 09-29-81 10.32 12-20-81
A0 1601-55
A0 1601-56
AO 1601-20A  Suppression Chamber 6.70 09-23-83 6.70 09-23-83
CV 1601-31A Vent Lines #1 7.60 09-24-81 7.60 09-24-81



TABLE A-1
TYPE B AND C TEST RESULTS

VALVE(S) OR MEASURED LEAK RATE (SCFH)
PENETRATION TEST VOLUME AS FOUND DATE DATE
AD 1601-20B  Suppression Chamber .10 09-12-83 09-12-83
CV 1601-31B Vent Lines #2 .90 09-23-81 09-30-81
AD 1601-57 Drywell and Suppression .00 09-15-83 09-15-83
AO 1601-58  Chamber Supply Air .05 09-11-81 09-11-81
AO 1601-59 Purge
AD 1601-23 Drywell and Suppression .00 09-30-83 09-30-83
AO 1601-24 Chamber Exhaust .99 10~18-81 10-18-81
AO 1601-60
AO 1601-61
AD 1601-62
AO 1601-63
AO 2001-3 Drywell Floor Drain 8.10 09-08-83 01-06-84
AO 2001-4 Sump Discharge 0.00 10-27-81 10-27-81
AO 2001-15 Drywell Equipment 0.014 09-08-83 01-23-84
AO 2001-16 Drain Sump Discharge 7.50 02-23-83 02-23-83
0.30 10-27-81 10-27-81
MO 2301-4 HPCI Steam Supply 2.30 09-05-83 09-05-83
MO 2301-5 3.40 09-07-81 09-07-81
CV 2301-34 HPCI Condensate Drain 6.76 09-05-83 6.10 01-11-84
7.00 09-08-81 7.00 09-08-81
CV 2301-45 HPCI Steawm Exhaust .00 09-05-83 0.00 09-05-83
.0 09-08-81 12.04 10-06-81
AO 4720 Drywell Pneumatic 0.00 09-15-83 0.00 09-15-83
Suction 0.00 09-11-81 0.00 09-11-81
AO 4721 Drywell Pneumatic 0.00 09-15-83 0.00 09-15-83
Suction 0.00 09~-11-81 0.00 09-11-81
AO BBOIA Oxygen Analyzer Suction 0.00 10-03-83 0.00 10-03-83
0.10 09-29-81 0.10 09-29-81
AO BBO2A Oxygen Analyzer Suction 0.00 10-03-83 0.00 10-03-83
0.10 09-29-81 0.10 09-29-81
AO BB01B Oxygen Analyzer Suction 0.00 10-03-83 0.00 10-03-83
0.00 09-29-81 0.00 09-29-81
AO 8802B Oxygen Analyzer Suction .00 10-03-83 0.00 10-03-83
.00 09-29-81 0.00 09-29-81
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TABLE A-1
TYPE B AND C TEST RESULTS

VALVE(S) OR MEASURED LEAK RATE (SCFH)
PENETRAT ION TEST VOLUME AS FOUND DATE AS LEFT DATE
AO 8801C Oxygen Analyzer Suction 6.00 10-03-83 6.00 10-03-83
4.40 09-29-81 4.40 09-29-81
AO 8802C Oxygen Analyzer Suction 16.00 10-03-83 1.40 11-29-83
0.40 09-29-81 0.40 09-29-81
AO 8801D Oxygen Analyzer Suction 0.00 10-03-83 0.00 10-03-83
0.00 09-29-81 0.00 09-29-81
AO 8802D Oxygen Analyzer Suction 0.00 10-03-83 0.00 10-03-83
0.00 09-29-81 0.00 09-29-81
AO 8803 Oxygen Analyzer Return 0.60 10-14-83 0.60 10-14-83
1.70 10-01-81 1.70 10-01-81
AO 8804 Oxygen Analyzer Return 10.00 10-14-83 10.00 10-14-83
9.50 10-01-81 9.50 10-01-81
733-1 Automatic TIP Ball Valve 0.25 11-07-83 0.25 11-07-83
0.70 02-02-83 0.70 02-02-83
0.15 09-25-81 0.15 09-25-81
733-2 Automatic TIP Ball Valve 0.40 11-07-83 0.40 11-07-83
0.00 02-17-83 0.00 02-17-83
0.40 02-02-83 0.40 02-02-83
0.20 09-25-81 0.20 09-25-81
733-3 Automatic TIP Ball Valve 0.70 11-07-83 0.70 11-07-83
0.00 02-02-83 0.00 02-02-83
0.10 09-25-81 0.10 09-25-81
1334 Automatic TIP Ball Valve 0.00 11-07-83 0.00 11-07-83
0.00 02-02-83 0.00 02-02-83
2.10 09-25-81 2.10 09-25-81
733-5 Automatic TIP Ball Valve 4.50 11-07-83 4.50 11-07-83
0.00 02-02-83 0.00 02-02-83
0.00 09-25-81 0.00 09-25-81
700-743 TIP Purge Check Valve 7.50 11-07-83 7.50 11-07-83
4.70 09-25-81 4.70 09-25-81
S50 2499-1A CAM - Drywell 0.00 10-12-83 0.00 10-12-83
S0 2499-2A 0.10 09-28-81 0.10 09-28-81
S0 2499-3A CAM - Suppression Chamber 0.00 10-14-83 0.00 10-14-83
S0 2499-4A 0.00 09-28-81 0.00 09-28-81




TABLE A-1
TYPE B AND C TEST RESULTS

VALVE(S) OR MEASURED LEAK RATE (SCFH)
PENETRATION TEST VOLUME AS FOUND DATE AS LEFT DATE
SO 2499-1B CAM - Drywell 0.00 10-07-83 0.00 10-07-83
S0 2499-2B 0.00 09-28-81 0.00 09-28-81
80 2499-3B CAM - Suppression 0.00 10-12-83 0.00 10-12-83
SO 2499-4B Chamber 0.00 09-28-81 0.00 09-28-81
AO 2599-2A ACAD to Drywell 5.00/0.00 10-07-83 5.00/0.00 10-07-83
CV 2599-23A 0.20 09-28-81 0.20 09-28-81
AO 2599-3A ACAD to Suppression 0.90/15.10 10-12-83 0.30 11-08-83
CV 2599-24A  Chamber 2.00 09-28-81 2.00 09-28-81
AO 2599-2B ACAD to Drywell 1.50/4.00 10-07-83 1.50/4.00 10-07-83
CV 2599-23B 1.70 09-28-81 1.70 09-28-81
AO 2599-3B ACAD to Suppression 0.00 10-12-83 0.00 10-12-83
CV 2599-24B Chamber 0.00 09-28-81 0.00 09-28-81
AO 2599-4A ACAD Drywell Bleed to 1.80 09-23-83 1.80 09-23-83
FCV 2599-5A  SBGTS 1.40 09-28-81 1.40 09-28-81
AO 2599-4B ACAD Drywell 6.50 09-23-83 6.50 09-23-83
FCV 2599-5B Bleed to SBG1S U.D. 09-28-81 9.50 12-18-81
X-1 Drywell Equipment Hatch 0.00 09-04-83 0.00 02-07-84
0.00 03-28-83 0.00 ¢3-28-83
0.00 12-23-81 0.00 12-23-81
X-2 Drywell Personnel 24.73 01-14-84 1.37 01-20-84
Airlock 10.30 12-18-81 10.30 12-18-81
X=4 Drywell Head Access 0.00 10-17-83 0.00 11-08-83
Hatch 0.00 10-01-81 0.00 10-01-81
X=6 CRD Removal Hatch 0.00 09-04-83 0.00 01-19-84
0.00 03-26-83 0.00 03-26-83
0.00 12-23-81 0.00 12-23-81
X=35A TIP Flux Mon. Flange 0.00 11-07-83 0.00 11-07-83
0.00 09-25-81 0.00 09-25-81
X-358 0.00 11-07-83 0.00 11-07-83
0.00 09-25-81 0.00 09-25-81

* Valves tested separately.

Individual valve leak rates shown.



TYPE B AND C TEST RESULTS

TABLE A-1

VALVE(S) OR MEASURED LEAK RATE %%g;!l
PENETRATION TEST VOLUME AS FOUND DATE AS DATE
X=35C 0.00 11-07-83 0.00 11-07-83
0.00 09-25-81 0.00 09-25-81
X-35D 0.00 11-07-83 0.00 11-07-83
0.00 09-25-81 0.00 09-25-81
X-35E 0.00 11-07-83 0.00 11-07-83
0.00 09-25-81 0.00 09-25-81
X=35F 0.00 11-07-83 0.00 11-07-83
0.00 09-25-81 0.00 09-25-81
X=356 0.00 11-07-83 0.00 11-07-83
0.00 09-25-81 0.00 09-25-81
X=200A Suppression Chamber 0.00 09-04-83 0.00 02-14-84
Access Hatch 0.00 03-28-83 0.00 03-28-83
0.00 12-24-81 0.00 12-24-81
X-200B 0.00 09-04-83 0.00 02-06-84
0.00 12-24-81 0.00 12-24-81
Drywell Drywell Head 7.50 09-05-83 0.00 02-07-84
Head Flange .00 12-23-81 0.00 12-23-81
SL=1 Shear Lug Inspection 0.00 10-31-83 0.00 10-31-83
Hatches 0.05 09-18-81 0.05 09-i8-81
SL-2 0.00 10-31-83 0.00 10-31-83
0.00 09-18-81 0.00 09-18-81
SL-3 0.00 10-31-83 0.00 10-31-83
0.00 09-18-81 0.00 09-18-81
SL-4 0.00 10-31-83 0.00 10-31-83
0.00 09-18-81 0.00 09-18-81
SL-5 0.00 10-31-83 0.00 10-31-83
0.00 09-18-81 0.00 09-18-81
SL-6 0.00 10-31-83 0.00 10-31-83
0.00 09-18-81 0.00 09-18-81
SL-7 0.00 10-31-83 0.00 10-31-83
0.00 09-18-81 0.00 09-18-81



VALVE(S) OR

PENETRATION

SL-8

X=7A

X-7B

X=7D

X-8

X-9A

X-9B

X=13A

X-13B

X-14

X-23

X-24

TYPE B AND C TEST RESULTS

TABLE A-1

MEASURED LEAK RATE (SCFH)

__ TEST VOLUME AS FOUND DATE AS LEFT DATE
0.00 10-31-83 0.00 10-31-83
0.05 09-18-81 0.05 09-18-81
Primary Steam 0.00 10-27-83 0.00 16-27-83
0.00 09-10-81 0.00 09-10~-81
0.00 10-27-83 0.00 10-27-83
0.00 09-10-81 0.00 09-10-81
0.00 10-07-83 0.00 10-07-83
0.00 09-10-81 0.00 09-10-81
0.00 10-07-83 0.00 10-07-83
1.20 09-10-81 1.20 09-10-81
Primary Steam 0.00 10-27-83 0.00 10-27-83
Drain Line 0.10 09-10-81 0.10 09-10-81
Reactor Feedwater 0.00 10-27-83 0.00 10-27-83
0.00 09-10-81 0.00 09-10-81
0.55 10-07-83 0.55 10-07-83
0.50 09-10-81 0.50 09-10-81
Steam to RCIC 0.00 10-07-83 0.00 10-07-83
0.30 09-10-81 0.30 09-10-81
HPCI to Steam Supply 0.00 10-07-83 0.00 10-07-83
0.00 09-10-81 0.00 09-10-81
RHRS Supply 3.20 10-07-83 3.20 10-07-83
1.70 09-10-81 1.70 09-10-81
RHRS Return 0.00 10-27-83 0.00 10-27-83
0.00 09-10-81 0.00 09-10-81
0.00 10-07-83 0.00 10-07-83
0.00 09-10-81 0.00 09-10-81
Cleanup Supply 0.95 10-27~83 0.95 10-27-83
0.70 09-10-81 0.70 09-10-81
Cooling Water 0.00 10-07-83 0.00 10-07-83
0.00 09-10-81 0.00 09-10-81
Cooling Water Return 0.00 10-07-83 0.00 10-07-83
0.00 09-10-81 0.00 09-10-81
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TABLE A-1
TYPE B AND C TEST RESULTS

VALVE(S) OR MEASURED LEAK RATE (SCFH)
PENETRATION TEST VOLUME AS FOUND DATE AS LEFT DATE
X-25 Vent From Drywell 1.95 10-27-83 1.95 10-27-83
2.20 09-10~-81 2.20 09-10-81
2.10 05-08-81 2.10 05-08-81
X-26 Vent to Drywell 1.40 10-27-83 1.40 10-27-83
0.40 09-10-81 0.40 09-10-81
X-36 CRD Hydraulic 0.00 10-07-83 0.00 10-07-83
System Return 0.00 09-10-81 0.00 09-10-81
X-47 Standby Liquid 0.00 10-07-83 0.00 10-07-83
Coatrol 0.00 09-10-81 0.00 09-10-81
X=17 Reactor Vessel 1.40 10-27-83 1.40 10-27-83
Head Spray 1.20 09-10-81 1.20 09-10-81
X-16A Core Spray Inlet 6.00 10-27-83 6.00 10-27-83
4.00 09-10-81 4.00 09-10-81
X-16B Core Spray Inlet 19.00 10-27-83
11.00 09-10-81 11.00 09-10-81
X=-100B CRD Position 0.05 10-27~83 0.05 10-27-83
Indication 0.00 09-15-81 0.00 09-15-81
X-100C Neutron Monitor 0.20 10-28-83 0.20 10-28-83
0.50 09-21-81 0.50 09-21-81
X-100E CRD Position 0.20 10-28-83 0.20 10-28-83
Indication 0.00 09-21-81 0.00 09-21-81
X=100F Power 0.00 11-04-83 0.00 11-04-83
0.00 09-23~-81 0.00 09-23-81
X=1006 CRD Position 0.35 11-04-83 0.35 11-04-83
Indication 0.00 03-26-83 0.00 03-26-83
0.00 09-25-81 0.00 09-25-81
X-101A Recirc Pump 0.20 10-28-83 0.20 10-28-83
0.00 09-16-81 0.00 09-16-81
X-101B Recirc Pump 0.20 10-28-83 0.20 10-28-83
0.35 09-17-81 0.35 09-17-81



TABLE A-1

TYPE B AND C TEST RESULTS

VALVE(S) OR MEASURED LEAK RATE (SCFH)
PENETRATION ~__TEST VOLUME AS FOUND DATE AS LEFT DATE
X=101D Power 0.20 11-04~83 0.20 11-04-83
0.00 09-25-81 0.00 09-25-81
X-102B Neutron Monitors 0.15 10-28-83 0.15 10-28-83
0.00 09-17-81 0.00 09-17-81
X-103 Neutron Monitor 0.25 10~28-83 0.25 10-28-83
0.15 09-17-81 0.15 09-17-81
X~-104A CRD Position Indication 0.00 10-27-83 0.00 10-27-83
0.00 09-16-81 0.00 09-16-81
X-104B Drywell Coolers 0.00 10-27-83 0.00 10-27-83
0.00 09-16-81 0.00 09-16-81
X=104C CRD Position Indication 0.25 10-28-83 0.25 10-28-83
0.00 09-17-81 0.00 09-17-81
X=104D CRD Position Indication 0.25 10-28-83 0.25 10-28-83
0.15 09-21-81 0.15 09-21-81
X-104F Recirc Pump Power 0.15 11-04-83 0.15 11-04-83
0.00 09-25-81 0.00 09-25-81
X-105C Neutron Monitors 0.25 10-28-83 0.25 10-28-83
0.10 09-17-81 0.10 09-17-81
X=106A CRD Position Indication 0.05 10-27-83 0.05 10-27-83
0.00 09-16-81 0.00 09-16-81
X-1068 Thermocouples 0.25 10-2¢-83 0.25 10-28-83
0.00 09-25-81 0.00 09-25-81
X=107A Neutron Monitor 0.25 10-28-83 0.25 10-28-83
0.30 09-21-81 0.30 09-21-81
X-107B Recirc Pump Power 0.30 11-04-83 0.30 11-04-83
0.00 09-25-81 0.00 09-25-81
X=-227A ACAD/CAM 0.00 11-08-83 0.00 11-08-83
0.00 09-28-81 0.00 09-28-81
X-227B ACAD/CAM 0.00 11-08-83 0.00 11-08-83
0.00 09-28-81 0.00 09-28-81

.‘lo



APPENDIX B

SELECTED DATA SETS FOR TYPE A TEST

Presented herein are data sets at arbitrarily selected points during the
Type A test. Table B-1 has the data set at the start of the 24 hour test.
Table B-2 has the data set after 12 hours of testing. Table B-3 has the data
set at the conclusion of the 24 hour test. Table B-4 has the data set at the

start of the induced phase of the test. Table B-5 has the data set at the
conclusion of the induced phase of the test.
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APPENDIX C

COMPUTATIONAL PROCEDURE
The procedure for computing the containment paramete:s, leak rates, and

statistical confidence limits is given by Quad-Cities procedure QTS 150-T3,
Revision 7. A copy of that procedure is presented here.
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QTS 150-T3
Revision 7
CALCULATIONS PERFORMED FOR IPCLRT DATA October 1982

ID/8B
Data collected from pressure seasors, dew cells aad RTD's located in the
contaioment are processed using the following calculations. [f the test is

concluded with a test period of < 24 hours, additiomal calculations given in
QTS 150-T9 will be required.

A. Average Subvolume Temperature and Dewpoint.

T = Z(all RTD's in the jth subvolume) F (1)
J Number of RTD's i3 jth subvolume
D.P., = Z(all dew cells ia ith subvolume) °? (2)

Number of dew cells in jth subvolume
where TJ = average temperature of the jth subvolume

D.P. = average dewpoint of the jth subvolume
<

8. Average Primary Containment Temperature and Dewpo:iat.

yVoL | ‘ 0 sl

T = 21 LVFJ) o (TJ) F 3)
oL .. : Om ' i

0. = LN T * @2 ) % 8)

where T = average containment temperature
D.P. = average containment dewpoiat
VFj = volume fraction of the jth subvelume
NVOL = qumber of subvolumes

If T. is undefined then

b
Tj = rj¢1 for 1 < j < (NVOL - 2)
T. =T, for j = NVOL - 1

T, = ercsmace for j = oL | FOR REFERESC: 0147

If D.P.j is undefined

D.P., = D.P.,
J

i*l

for 1 < j < (NVOL - 2)

2., & PP,
D.? 3 jo1
D.P.j = estimate for j = NVOL

for j = NVOL - 1
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evision /

Calculation of Dry Air Pressure.

D.P.(°K) = 273.16 + D.P.(°F) - 132
1.8

X = 647.27 - D.P. (%)

E’E’ON’X*(Y?Z*X’C*E)
(D.P.(CK))*(1 + D * X)

0
1]

(218.167) * (16.696)
v o (EXPON * 1a(10)) (P83)

in

P = Z(all absolute pressure zauges) - P (Deis] (
Number of absolute pressure gauges w ¥ X
where ¥ = 3.2437814

Z = 5.86826 x 10°°

1.1702379 x 10°3

)
"

D = 2.1878462 x 10°°

Pv = volume weighted containment vapor pressure

P = containment dry air absolute pressure

C, D, X, ¥, Z, and EXPON are dewpoiat to vapor p:essu:e coaversion
constants and coefficients.

Containment Dry Air Mass.

W= (28.97) * (144) * (P) * (288737 - 28 +# (LEVEL - 35)) (6)
1345.33 * (T + 459.69)

where W = contaioment dry air mass

LEVEL = reactor water level i i
289506 = primary contaioment volume FﬂR REF[RES!:E a!'ili’ ;
NOTE

This volume is the summation of the subveolumes
calculated in QTS 150-T2. These subvolumes
were calculated using QTS 150-T8. Siznce the
measured leak rate is a difference iz air
masses, this number is just as comservative
as using the FSAR aumber.
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Measured Leak Rate.

- W) #* (7)
La(TOTAL) = (Wg,qp = W) * 2600 , i
*
i ¥ ¥aase
- * {
L(POINT) = (W, , = W,) * 2600 , . (8)
- *
(&g = Sgap) * ¥y

where W = containment dry air mass at t = 0
BASE
L. = time from start of test at ith data set
t = time from start of test at (1=1)th daza set
W = dry air mass at ith data set

W..q T dry air mass at (i-1)th data se:

Lm(TOTAL)a @measured leakage from the start of test 20 1:h data set
Lo (POINT)= measured leakage between the last two i3ty secs
Statistical Leak Rate and Confidence Limit.
LINEAR LEAST SQUARES FITTING THE I2CLRT DaTa

The method of "Least Squares” is a statistical procedure for finding :ae
best fitting regression line for a set of Deasured data. The critericn

for the best fitting line to a set of data points 1s that the sum of the
squares of the deviations of the observed poiats {rom the lige must he a
@igimum. When this criterion is met, a ugique best fitting line is obtaines
based om all of the data poiats ia the ILRT. The value of the leak rate
based on the regression is called the statistically average leak rate.

Since it is assumed that the leak rate is comnstant during the testiag
period, a plot of the measured contaioment dry air mass versus time would
ideally yield a straight line with a gegative slope (assuming a nom-zero
leak rate). Obviocusly, sampling techniques and test conditions are aot
perfect and consequently the measured values will deviate from the ideal
straight line situation.

Based on this staristical process, the calculated leak rate is obtained
from the equationm:

W= 4c + B

where W = contained dry air mass at tigme ¢ Fua R{FERE}“GE E‘TEL:

1? 2




5 = calculated dry air mass at time t = 0

’

A = zalculated leak rate

2 last Jduratioa

8 R, FOR REFERENCE OMLY |

J‘(o

. e

Ory Air Mass (les) \f.#
-7

Test Duration (hrs)

The values for the Least Squares fit constants A and B are given by:

AS (N> (e ) (W) = Ze * ) = I(e, - L) * W, - W)

~

o+ e 1o o £9 2 -
N E(c (e )7] Z(:.‘ t)

BaDi -A%It s {z(:i)z * IV} - (ECe) * (W)

N N * I(c )z - (Z:.)2
i i
where t = the average time for all data sets
W = the average air mass for all data sets

The second formulas are used in the process computer program to reduce
round-off-error. .

8y definition, leakage out of the contaioment is considered positive
leakage; therefore, the statistically average leak rate is givea by:

t' = (-A) *Bgzaooz (waight %/DAY) (9)

STATISTICAL UNCERTAINTIES
[a order to calculate the 95% confidence limits of the statistically
average leak rate, the standard deviation of the least squares slope and
the student's TDistribution function are used as follows.

1 ¥ % 209)% - (v)?
b . 2 2
(N=2) Ne :(ti) » (Zti)

) - a%)®

When gcrioming these calculations on the process computer, I(W 2 and

)
(ZW. )" become so large that they cverflow. To aveid this problél Aﬁi is

'subﬁtitutod for Ui. AHi is the difference between U‘ and wBAS!'



The single sided T-Distributionm with 2 degrees of freedom is approximated
by the following formula from NBS Handbook 91:

T.E. = 1.646698 + %ﬁ%ﬁ + L1397

\

The upper confideace limit (UCL) is givea by
WCL=L +g* (I@i* 2400

{weight %/DAY) (10)

rOR REFERENSE 2%

1y
.

bt canm o aem s
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