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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 May 26-28, 1985
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 N45.4-1972, 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 8 hours. Because of the present regulatory uncertainty due
to the ongoing revision to Appendix J and technical uncertainty due to ANSI/ANS
standard changes, a full 24 hour test was performed and is the basis of this
report. The BN-TOP-1 calculations are presented in Appendix E of this report to
further demonstrate the conservative results given by this method of short duration
testing.
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SECTION A - TEST PREPARATIONS

A.l Type A Test Procedure

The IPCLRT was performed in accordance with Quad-Cities Temporary Procedure 2552,
a change to QTS 150-1, Rev. 12. The temporary procedure included a provision to run
the reactor clean-up system continuously to obtain reactor water temperature data and
use the RHR shutdown cooling loop for water temperature control. Other
clarifications of the test procedure, including the induced test acceptance criteria
and method for depressurization, were made in Temporary Procedure 2552.

In addition to the procedure, checklists QTS 150-S1, S2, S3, S4, S7, S9, S10,
S11, S12, and S13, and subsections T1, T2, T3, and T8 were used to document the test
activities. Temporary Procedure 2562 documented changes to QTS 150-S2 to show
changes in the plant systems due to out-of-services. Temporary Procedure 2557
documented changes to QTS 150-S4 to increase the gquantity of data plotted to include
all individual sensors (hourly), to document the method of securing the personnel
interlock, to clarify the shift turnover required by Test Directors, and to allow the
test prior to final repairs to some primary containment isolation valves (certain
subsystems were out-of-service for the test). Temporary Procedure 2554 added a
clarification to a maintenance checklist QTS 150-S1, requiring Technical Staff
notification prior to making any repairs to the personnel interlock (if they had been
necessary). Temporary Procedure 2564 made changes to QTS 150-S7, the pre-test valve
checklist, to document actual plant systems' status during the test. Temporary
Procedure 2556 documented the method for connection of the induced phase flowmeter in
QTS 150-S3.

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.

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.
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TABLE ONE
INSTRUMENT SPECIFICATIONS

INSTRUMENT MANUFACTURER MODEL NO. RANGE ACCURACY REPEATABILITY

Precision

Pressure

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

RTD's (30) Engineering SP1Ai-5 1/2-3A  50-200°F +05°F +.1°F
Volumetrics Lithium

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

Thermocouple Micro 14-T-2H 0-600°F +2.0°F +. VP
Fischer

Flowmeter & Porter 10A3555A 1.1-11.1 scfm +.111 scfm

Level

Indicator 555111BCAA

LT 1-6468 GEMAC 3AAA 0-60" H20
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TABLE TWO
SENSOR PHYSICAL LOCATIONS

RTD NUMBER SUBVOLUME ELEVATION AZIMUTH*
1 1 670'0" 180°
2 | 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°
- 4 615'0" 225°
9 5 620'0" g
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 7 598'0" 340°
20 8 587'0" 10°
2 8 587'0" 100°
22 8 587'0" 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(Yorus) 578'0" 300°

Thermocouple 1T(Rx Vessel) (Inlet to CU Hx)

DEWCELL NO. SUBVOLUME ELEVATION AZIMUTH
] ] 670" 180°
2 2,3,4 653’ 90°
3 2,3,4 653' 270°
4 5 620' 0°
S 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°

Thermocoupie

(Saturated) 1 S -

*WEST = 0° AZIMUTH
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Idealized View of Drywell and Torus
Used to Calculate Free Volumes
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,A.z.i. 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 1/2-3A. 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 output to the true temperature
as indicated by the temperature standard. Thiee 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
Mode! VMC 701-B used with a Dewcel1/RTD Calibrator Model 07782. The standard
was calibrated by Volumetrics on April 16, 1985 to standards traceable to the
NBS. The sensors used during the test vere calibrated within 6 months of the
calibration date for the standard.

The plant process computer was used to scan the output of each RTD-bridge
network. These digital inputs were then transferred to the PRIME computer and
converted to engineering units for use in the leak rate calculations.

A.2.b. Pressure

Two precision guartz 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 62.6-65.0 PSIA using a
third precision pressure gauge (Volumetrics Model 07726) that had been sent
to Volumetrics for calibration. The pressure standard was calibrated on
April 16, 1985 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.

01884/00782 9.



. A.2.c. Vapor Pressure

Ten lithium chloride dewcells were used to determine the partial pressure
due to water vanor in the containment. The dewcells were calibrated using the
Volumetrics standard described in section A.2.a. and a chilled mirror dewcell
standard (Volumetrics S/N 1263) calibrated on April 16, 1985 by Volumetrics.

The calibration constants (the slope and intercept of a regression Iine)
for each dewcell were computed relating the 0-100 mV output of the signal
conditioning cards to the actual dewpoint indicated by the reference standard.

A.2.d. Flow

A rotameter flowmeter, Fischer-Porter serial number 8405A0348A1, was used
for the flow measurement during the induced leakage phase of the IPCLRT. The
flowmeter was calibrated on April 3, 1985 by Fischer-Porter to within +1% of
full scale (1.1-11.1 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 7.75 SCFM
by adjusting a 3/8" needle valve on the flowmeter inlet. The outlet of the flowmeter
was unrestricted and vented to atmosphere.

A.2.e Instrument Failures During the Test

Prior to the start of data taking, Dewcell number 2 and RTD number 20 were failed
and removed from the computer data base. The reason for removal was that both
sensors gave outputs that were not consistent with surrounding instrumentation and
known temperature and humidity profiles within the .ontainment. An inspection of the
instrumentation following the test and post test calibrations did not reveal the
reason for the failure of the dewcell. The probable reasons for the erroneous
reading was a partial ground or cable noise. The reason for the RTD number 20 giving
inconsistent results was that it was placed in the wrong location. RTD's 19 and 20
were in reverse 'ocations. The final calculation for leakage will not include RTD
19, 20 and Dewcell 2.

The impact of these failed sensors was minimal. Dewcell numbers 2 and 3 were in
the same subvolumes. Therefore, the loss of Dewcell number 2 did not change the
volume fractions associated with the vapor pressure sensors. RTD's 19 and 20 were
from subvolumes with three (3) other temperature sensors in each subvolume. Changing
the number of dewcells from 10 to 9 and RTD's from 30 to 28 has minimal impact on the
test accuracy.

A.3 Type A Test Measurement

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 the inputs and
send the data, still as a2 millivolt signal or BCD in the case of pressure, to
the PRIME computer with minimal manual inputs and without the disadvantages of
multiplexers or positioning sensitive electronic hardware inside the containment
during the test.
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The PRIME computer was used to compute and print the leak rate data using
the ANSI/ANS mass plot method and the BN-TOP-1 method. 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 reactor
water level and temperature, dry air mass, volume weighted partial pressures and
temperature, total time leak rate, statistically averaged leak rate and .CL, and all
sensor outputs in engineering units. In all cases, data was plotted hourly and
cuomputer 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. Figure 2 shows a schematic of the data
acquisition system.

A.4 Type A Test Pressurization

A 3000 SCFM, 600 hp, 4 kV electric oil-free air compressor was used to
pressurize the primary containment. An identical compressor was available in
standby during the IPCLRT. 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 to 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.
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Measurement System Schematic Arrangement
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SECTION B - TEST METHOD

B.1 Basic Technique

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 containment 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. The 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.
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B.2 Supplemental Verification Test

: The supplemental verification test superimposes a known leak of approximately
the same magnitude as Lp (8.16 SCFM or 1.0 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 L,.

There are no references to the use of upper confidence limits to evaluate
the acceptability 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
7.75 SCFM or 0.950 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 results are
inversely proportional to the test duration. With a dewcell and two RTD's
failed for the test, the values were re-calculated giving 0.0851 wt %/day
and 0.0173 wt %/day for a 24-hour test.

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.
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SECTION C - SEQUENCE OF EVENTS

C.1 Test Preparation Chronology

The pretest preparation phase and containment inspection was completed on
May 26, 1985 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, except for the “B" loop of RHR,
HPCI, and "B" feedwater line. These subsystems were out of service for the
Type A test.

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

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

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

5) Dewcell number 2 and RTD number 20 were removed from the computer data due to
readings being inconsistent with other sensors.

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

C.2 Test Pressurization and Stabilization Chronology

DATE TIME EVENT

05-26-85 0428 Began pressurizing the Unit Two containment.

0500 Stopped pressurization due to failure of pressure sensors
to respond to the increase in pressure.

0530 Resumed pressurization. Sensing line was connected to
wrong fitting on ILRT Instrument Console.

1120 Pressurization complete at 65.3 psia.
1120 Stabilization phase beginning.

1520 Stabilization phase ending (Temperature change =
0.25°F/hr)

0188H/00782 -15-



C.3 Measured Leak Rate Phase Chronology

DATE TIME EVENT
05-26-85 1527 24 hour leakage rate phase begun.
05-27-85 0615 Reactor water level has steadily dropped .5 inch/hr

and has not been problem for the test. Careful
attention has been focused on maintaining reactor
water temperature. Temperature has fluctuated in a
6°F band.

1527 End of 24 hour leak rate phase. Total containment
pressure is 63.8 PSIA. Statistically averaged leak
rate is 0.4083 wt %/day.

C.4 Induced Leaxage Phase Chronology

DATE TIME EVENT
05-27-85 1530 Attempted to start the induced phase by valving in the
flowmeter. Dirty water in lines blew into flowmeter.
1640 Cleaned flowmeter and instalied a moisture trap in the
line. Started the induced leak.
1740 Radiation Protection completed taking containment air
sample from the discharge of ILRT flowmeter.
1749 One hour stabilization complete and took 1st data set
for the induced phase.
2150 Induced phase complete. Leak rate is 1.2126 wt
%/day. The acceptance band is from 1.1083 to 1.6083
wt %/day.

C.5 Depressurization Phase Chronology

DATE TIME EVENT

05-27-85 2340 Started depressurization phase through 2" bypass
around 1601-23 valve. Throttling fixture for 1601-63
valve needs modification.

05-28-85 0030 Throttiing fixture has been modified to accelerate the
blowdown .
0240 1601-63 is full OPEN.
0400 Depressurization is complete.

0188H/00782 s




SECTION D - TYPE A TEST DATA

D.1 Measured Leak Rate Phase Data

A summary of the computed data using the ANSI N45.4 test method can be
found in Table 3. Shown in the table are data set number, time since the start
of the test (after pressurization and stabilization complete), volume weighted
containment temperature in degrees R, dry air pressure in PSIA, reactor water
level in inches, total time measured leak rate, point-to-point leak rate,
statistically averaged leak rate, and the ANSI calculation of the upper
confidence limit.

Graphic results for the test are found in Figures 3-6.

D.2 Induced Leakage Phase Data

A summary of the computed data using the ANSI N45.4 test method can be
found in Table 4. Graphic results for the test are found in Figures 7-10.
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. Measured Leak Rate Data
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QUAD-CITIES UNIT 2
Mass Plot Leak Rate vs.

Time

ANSI/ANS MASS PLOT LEAK RATE
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QUAD-CITIES UNIT 2
Containment Dry Air Pressure vs. Time

CONTAINMENT DRY AIR PRESSURE VS TIME

TEST DURATION (HOURS)
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QUAD-CITIES UNIT 2

Total Containment Pressure vs. Time

TOTAL CONTAINMENT PRESSURE VS TIME
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QUAD-CITIES UNIT 2
Dry-Bulb Temperature vs. Time

DRY-BULB TEMPERATURE VS TIME
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QUAD-CITIES UNIT 2
Mass Plot Leak Rate vs. Time
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QUAD-CITIES UNIT 2
Dry Bulb Temperature vs. Time
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QUAD-CITIES UNIT 2
Total Containment Pressure vs. Time
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QUAD-CITIES UNIT 2
Containment Dry Air Pressure vs. Time
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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 summary of this document can be found in
Appendix B. The ANSI N45-4-1972 standard is the reference document for conducting
the type A test, as required by 10CFR50 Appendix J and Quad-Cities Technical
Specifications.

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 0.407]
wt %/day with an upper confidence limit of 0.4092 wt %/day.

These values include a correction for the torus level being at -1.9 inches for
the test. This correction was applied to the test program after conducting the
test. The values calculated at the time of the test assumed 0.0 inches (normal
level) and were 0.4083 and 0.4105 respectively.

F.2 Induced Leakage Test Results

A leak rate of 7.75 SCFM (0.950 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 0.4071 0.4071
(Measured Leak Rate Phase)
Induced Leak (7.75 SCFM) 0.9500 0.9500
Allowed Error Band (25% Ly) +0.2500 -0.2500
1.6071 1.1071  (wt%/day)

Statistically Averaged Leak Rate
(Induced Leakage Phase) 1.2117 wt %/day

Therefore, the required test accuracy was satisfied. The verification test result
was 10.7% different than tne predicted result (.4071 + .9500). The magnitude of the
error is less than the predicted error found in Appendix D and demonstrates that the
instrumentation and modeliing of the containment is adequate to measure a leakage with
a magnitude of the allowable limit.
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F.3 Leak Rate Compensation For Non-Vented Penetrations

This correction to the Type A test result has historically been reported by
Quad-Cities and other stations because of the requirement presented in 10CFRSO,
Appendix J, Section III.A.1.(d). It is the station’s opinion that the penalty to the
Type A test result is presently being misinterpreted by many in the industry. The
present interpretation of the regulation is that the "as left", "minimum pathway
leakage" for every containment penetration where the system is not drained and vented
during the Type A test must be added to the Type A test result as a penalty. A
portion of the system that must be drained and vented is that which is exterior to
the primary containment isolation (PCI) valves in order to challenge all PCI valves
to accident D/P's and allow air leakage from the containment during the Type A test.

The above described test procedure and penalty corrections are not what the
existing regulation says and simulates a condition that is overly conservative and
unrealistic. The intent of the regulation was to simulate conditions as they might
exist during a design basis accident (DBA). The above interpretations attempts to
simulate a condition where every system is severed (or somehow drained and vented)
outside the containment to challenge every PCI valve isolation. This accident
scenario goes beyond what can be realistically expected during the worst of accidents.

The station views this penalty as unjustified based on the present regulation
because of the following reasons. 1) The regulation never references penalties to
the Type A result for not draining and venting systems. In fact, systems that are
required for maintaining the unit in a safe mode or would be operating (water filled)
during post-accident conditions are exempted by the regulation and require no
regulatory review (exemption request). The regulation only requires that PCI valves
on the exempted systems be tested (Type C) to the requirements of Section III.C. and
that those leakage rates be reported to the Commission. 2) The regulation never
requires that systems outside the containment boundary be drained and vented to
maximize valve leakages. The regulation refers to draining and venting lines within
the containment that might rupture or become part of the containment during a DBA.
The regulation never intended for all PCI valves to be tested during the Type A test
to the requirements of Section III.A.1.(d) and states that they will be tested
separately to the requirements of Section III.C.

The Type A test penalties for failing to drain and vent all containment
penetrations has been included in the ANSI/ANS 56.8-1981 standard, Section 3.2.1.5.
This standard has not, however, been accepted by the industry and the NRC. No such
penalties can be justified based on ANSI N45.4-1972, 10CFRS0 Appendix J, or
Quad-Cities Technical Specifications.

The above interpretation is not, however, in agreement with present NRC

enforcement pclicy. For that reason, the following values give the historically
reported (at Quad-Cities) penalties to the Type A test.
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MINIMUM PATHWAY LEAKAGE

SYSTEM STATUS FROM TYPE B AND C TESTING
SCFH T %/DAY
'A' Rx Feedwater Isolated, Filled 10.85 0.022
'B' Rx Feedwater Isolated, 00S* 5.42 0.0N
RHR System Operating for SDC* 37.82 0.077
Rx Water CU* Operating for Rx Water Temp 2.51 0.005
and SDC
ACAD/CAM Isolated 1.70 0.003
Primary Sample Isolated 0.04 0.000
Hydrogen Monitor Isolated 3.80 0.008
Panel
HPCI Steam Isolated 12.50 0.026

(Supp & Ex's)

RCIC Steam Isolated 15.83 0.032
(Supp & Ex's)

All Electrical Test Bellows Pressurized 0.37 0.001
Penetrations with Dry Njp.

90.54 0.185

This correction yields the following adjusted leak rates:

Statistically Averaged Leak Rate (ANSI) 0.592 wt %/day
Upper Confidence Limit (ANSI) 0.594 wt %/day

*00S = out of service
SDC = shutdown cooling
CV = reactor water clean up system
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F.4 Pre-Operational Results vs. Test Results

The result of the pre-operational IPCLRT test done by General Electric
between August 29 and September 2, 1971 was found to be 0.1112 weight %/day.
Previous IPCLRT test reports for Unit Two show that the uncertainty of the
pre-operational test was large compared to more recent tests. The instrumentation
and statistical analysis of the pre-operational test was relatively inexact by
present standards. The leak rate of .4071 wt %/day found in this test compares
favorably with recent tests and shows that there is no significant deterioration
of the containment.

F.5 As Found IPCLRT Result

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. The station
does not agree with the present regulatory interpretation of adding Type B and C test
results to the Type A test as a penalty for repairs and adjustments made prior to
conducting the Type A test.

The reasons why this practice, as it is presently being enforced by the NRC, is
considered unfair and inappropriate follows: 1) The present penalties to the Type A
test are being regulated without any change to the regulations and constitute a
change from past enforcemenrt actions. 2) The Type B and C test results being used
as penalties for a variety of reasons (including differences in test configuration
and the fact that many of the penalties are for valves that would be OPEN or with
systems operating (water filled) during a design basis accident) are not realistic
estimates of probable containment leakage during an accident. 3) The change in
enforcement policy adds multiple penalties to the Type A test result without any
accompanying relief in the allowable leakage limit, even though substantial evidence
exists that such limits could be increased without significant impact on public
safety. 4) The NRC is imposing on the station a Type A test schedule that requires
a Type A test every refuel outage, and the increased cost associated with this
testing and increased outage time, without any corresponding increase in public
safety being demonstrated or cost/benefit analysis being performed.

The above interpretation is not, however, in agreement with present NRC
enforcement policy. For that reason, the following valves give the penalties to the
Type A test that have been proposed in draft copies of the NRC proposed changes to
Appendix J and the ANSI/ANS 56.8 standard.
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SUMMARY OF ALL CONTAINMENT
LEAK RATE TESTING DURING
UNIT TWO REFUEL OUTAGE
SPRING, 1985

AS FOUND (SCFH) AS LEFT (SCFH)
MINIMUM PATHWAY MINIMUM PATHWAY
LEAKAGE LEAKAGE
(1) MSIV's @ 25 PSIG 5.10 5.10
(2) MSIV's converted 8.06 8.06
to 48 PSIG*
(3) All Type C Tests 351.65 137.25
(Except MSIV's)
(4) A1l Type B Tests 17.74 17.74
TOTAL (2 + 3 + &) 377.45 163.0

(1) Type A Test Integrated

Leak Rate Test) 0.407 wt %/day

(2) Upper Confidence Limit
of Type A Test Result

0.409 wt %/day

(3) Correction for Unvented

Volumes During Type A Test 0.185 wt %/day

(4) Correction for Repairs
Prior to Type A Test 0.438 wt %/day (377.45 - 163.05)
(As Found - As Left) 489.59

(5) Correction for Change = 0.000 wt %/day
in Sump Levels **

TOTAL (2 + 3 + 4 + 5) 1.032 wt %/day (As Found ILRT Result)

* Leak Rat: at 25 PSIG converts to Leak Rate at 48 PSIG using conversion
ratio of 1.58. REFERENCE ORNL - NISC - 5, Oak Ridge National Laboratory,
Aug. 1965, page 10.55.

** N, sump corrections were required because the Drywell Equipment and Floor Drain
Sumps did not change in level over the course of the test.
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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, 1984. 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. Valves that had "as found" leakage valves requiring repair are discussed
in detail in LER/RO 85-007, Supplement 1.
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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
AQ 203-1A Main Steam Line L A 03-17-85 2.30 03-17-85
Isolation Valves**
AQ 203-2A MSIV * 2.30 03-17-85 2.30 03-17-85
AQO 203-18 MSIV 0.00 03-17-85 0.00 03-17-85
AQ 203-2B MSIV 13.80 03-17-85 4.6) 05-20-85
AQ 203-1C MSIV * 6.90 03-17-85 6.90 03-17-85
AQ 203-2C MSIV * 6.90 03-17-85 6.90 03-17-85
AO 203-1D MSIV 0.00 03-17-85 0.00 03-17-85
A0 203-2D MSIV 157.70 03-17-85 9.20 05-03-85
MO 220-1 Main Steam Line Drains 115.70 03-17-85 6.42 05-21-85
MO 220-2
AQ 220-44 Primary Sample 0.09 04-08-85 0.09 04-08-8%
AO 220-45
CV 220-58A Feedwater Inlet 1921.70 04-10-85 16.00 05-04-85

Loop "A" Inboard

CV 220-62A Feedwater Inlet 10.85 04-10-85 10.85 04-10-85
Loop "A" Qutboard

CV 220-588 Feedwater Inlet 23.20 03-22-85 23.20 03-22-85
Loop "B" Inboard

Cv 220-628 Feedwater Inlet 789.50 03-22-85 5.42 05-31-85
Loop "B" Qutboard

* Values are the total inboard and outboard leakage.
** Test Pressure for MSIV's is 25 P°IG. 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 Teaked 0.0 SCFH.
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VALVE(S) OR

TABLE A-1

TYPE B AND C TEST RESULTS

MEASURED LEAK RATE (SCFH)

PENETRATION TEST VOLUME AS FOUND DATE AS LEFT DATE

MO 1001-20 RHRS to Radwaste 12.00/12.00* 03-20-85 12.00/12.00 03-20-85
MO 1001-21

MO 1001-23A  RHRS Containment Spray - 0.63 03-20-85 0.84 04-13-85
MO 1001-26A System I

MO 1001-29A  RHRS Return Loop "A" 4.50 03-20-85 9.00 04-21-85
MO 1001-34A  RHRS Suppression Chamber 1.22 03-20-85 1.22 03-20-85
MO 1001-36A Spray - System I

MO 1001-37A

MO 1001-23B RHRS Containment Spray - 15.12 04-23-85 17.56 05-29-85
MO 1001-26B System II

MO 1001-298 RHRS Return Loop "B" 4.14 04-23-85 4.14 05-29-85
MO 1001-34B RHRS Suppression

MO 1001-368 Chamber Spray 3.04 04-23-85 3.04 04-23-85
MO 1001-37B System II

MO 1001-47 RHRS Shutdown 0.00 04-17-85 0.00 04-17-85
MO 1001-50 Cooling Suction

MO 1001-60 RHRS Head Spray 1.00 03-21-85 1.00 04-22-85
MO 1001-63

MO 1201-2 Clean-Up System 5.02 04-08-85 5.02 04-08-85
MO 1201-5 Suction

MO 1301-16 RCIC Steam Supply 4.10 03-17-85 2.00 04-27-85
MO 1301-17

Cv 1301-40 RCIC Condensate Drain 6.85 03-18-85 6.85 03-18-85
CV 1301-41 RCIC Turbine Exhaust 7.98 03-18-85 7.98 03-18-85
AQ 1601-21 Drywell and Suppression 33.00 03-23-85 33.00 03-23-85
AQ 1601-22 Chamber Purge

AQ 1601-55

AQ 1601-56

AQ 1601-20A Suppression Chamber 11.45 03-23-85 11.45 03-23-85
CV 1601-31A Vent Lines #]

* Valvaes tested separately.
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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

»0 1601-20B Suppression Chamber 13.99 03-23-85 13.99 05-30-85

CV 1601-31B Vent Lines #2

AO 1601-57 Drywell and Suppression 6.00 04-26-85 6.00 04-26-85

AC 1601-58 Chamber Supply Air

AO 1601-59 Purge

AO 1601-23 Drywell and Suppression 342.00 04-29-85 0.00 05-24-85

AQ 160i-24 Chamber Exhaust

AO 1601-60

AQ 1601-61

AO 1601-62

AQ 1601-63

AQ 2001-3 Drywell Floor Drain 0.03 03-23-8% 0.03 (-23-85

AO 2001-4 Sump Discharge

AOQ 2001-15 ODrywell Equipment 0.26 03-23-85 0.26 03-23-85

AQ 2001-16 Drain Sump Discharge

MO 2301-4 HPCI Steam Supply 0.00 03-17-85 0.00 04-13-85

MO 2301-5

Cv 2301-34 HPCI Condensate Drain 14.20 03-18-85 12.50 06-02-85

Cv 2301-45 HPCI Steam Exhaust 33.80 03-18-85 0.00 05-23-85

AQ 4720 Drywell Pneumatic 0.00 04-25-85 0.00 04-25-85
Suction

AQ 4721 Drywell Pneumatic 0.00 04-25-85 0.00 04-25-85
Suction

AOQ 8801A Oxygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85

AO 8802A Oxygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85

AO 88018 Oxygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85

AO 88028 Oxygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85
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VALVE(S) OR

TABLE A-1
TYPE B AND C TEST RESULTS

MEASURED LEAK RATE (SCFH)

PENETRATION TEST VOLUME AS FOUND DATE AS LEFT DATE
AQ 8801C Oxygen Analyzer Suction 36.50 03-29-85 13.00 05-22-85
AQ 8802C Oxygen Analyzer Suction 9.70 03-29-85 6.50 05-03-85
AO 88010 Oxygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85
AO 8802D Oxygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85
AO 8803 Oxygen Analyzer Return 0.00 03-29-85 0.00 03-29-85
AQ 8804 Oxygen Analyzer Return 6.50 03-29-85 3.50 05-22-85
733-1 Automatic TIP Ball Valve 0.25 03-21-85 0.80 04-15-85
733-2 Automatic TIP Ball Valve 0.40 03-21-85 0.80 04-15-85
733-3 Automatic TIP Ball Valve 0.10 03-21-85 1.30 04-15-85
733-4 Automatic TIP Ball Valve 0.00 03-21-85 0.30 04-15-85
733-5 Automatic TIP Ball Valve 1.70 03-21-85 0.50 06-02-85
700-743 TIP Purge Check Valve 4.60 03-21-85 4.60 03-21-85
SO 2499-1A CAM - Drywell 0.00 04-01-85 0.00 05-21-85
SO 2499-2A

SO 2499-3A CAM - Suppression Chamber 0.00 04-01-85 0.00 04-01-85
SO 2499-4A

SO 2499-18 CAM - Drywell 0.00 04-01-85 0.00 05-21-85
SO 2499-28

SO 2499-38B CAM - Suppression Chamber 0.00 04-01-85 0.00 04-01-85
SO 2499-48
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VALVE(S) OR

TABLE A-1
TYPE B AND C TEST RESULTS

MEASURED LEAK RATE (SCFH)

PENETRATION TEST VOLUME AS FOUND DATE AS LEFT DATE

AQ 2599-2A ACAD to Drywell *7.80/0.00 04-01-85 2.30 05-03-85

CV 2599-23A

AQ 2599-3A ACAD to Suppression 0.00 04-01-85 0.00 04-01-85

CV 2599-24A Chamber

AQ 2599-28 ACAD to Drywell *1.70/1.85 04-01-85 1.70/1.85 04-01-85

Cv 2599-238

AO 2599-3B ACAD to Suppression 0.00 04-01-85 0.00 04-01-85

CV 2599-24B  Chamber

AQ 2599-4A ACAD Drywell Bleed to *1.70/0.00 04-02-85 1.70/0.00 04-02-85

FCV 2599-5A  SBGTS

AQ 2599-48 ACAD Drywell *6.50/0.00 04-02-85 0.90/0.00 05-03-85

FCV 2599-58 Bleed to SBGTS

X-1 Orywel]l Equipment Hatch 0.00 03-17-85 0.00 06-01-85

X-2 Drywell Personnel **10.30 05-12-85 10.30 05-12-85
Airlock

X-4 Drywell Head Access 0.00 03-17-85 0.00 03-17-85
Hatch

X-6 CRD Removal Hatch 0.00 03-17-85 0.00 05-25-85

X-35A TIP Flux Mon. Flange 0.00 03-21-85 0.00 03-21-85

X-358 TIP Flux Mon. Flange 0.00 03-21-85 0.00 03-21-85
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Valves tested separately.

Tested at 48 PSIG.

Individual valve leak rates shown.
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VALVE(S) OR

TABLE A-1
TYPE B AND C TEST RESULTS

MEASURED LEAK RATE (SCFH)

PENETRATION TEST VOLUME AS FOUND DATE AS LEFT DATE

X-35C TIP Flux Mon. Flange 0.00 03-21-85 0.00 03-21-85

X-35D TIP Flux Mon. Flange 0.00 03-21-85 0.00 03-21-85

X-35E TIP Flux Mon. Flange 0.00 03-21-85 0.00 03-21-85

X-35F TIP Flux Mon. Flang~ 0.00 03-21-85 0.00 03-21-85

X-35G TIP Flux Mon. Flange 0.00 03-21-85 0.00 03-21-85

X-200A Suppression Chamber 0.00 03-17-85 0.00 06-05-85
Access Hatch 0.00 01-21-85 0.00 01-21-85

0.00 12-28-84 0.00 12-28-84
0.00 10-26-84 0.00 10-26-84

X-2008 Suppression Chamber 0.00 03-17-85 0.00 05-25-85
Access Hatch

Drywell Drywell Head 0.00 N3-17-85 0 90 05-24-85

Head Flange

SL-1 Shear Lug Inspection 0.00 03-21-85 0.00 03-21-85
Hatches

SL-2 Shear Lug Inspection 0.00 03-21-85 0.00 03-21-85
Hatch

SL-3 Shear Lug Inspection 0.00 03-21-85 0.00 03-21-85
Hatch

SL-4 Shear Lug Inspection 0.00 03-21-85 0.00 03-21-85
Hatch

SL-5 Shear Lug Inspection 0.00 03-21-85 0.00 03-21-85
Hatch

SL-6 Shear Lug Inspection 0.25 03-21-85 0.25 03-21-85
Hatch

SL-7 Shear Lug Inspection 0.00 03-21-85 0.00 03-21-85

* LLRT performed after closure following entry into suppression chamber.
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VALVE(S) OR

TABLE A-1

TYPE B AND C TEST RESULTS

MEASURED LEAK RATE (SCFH)

PENETRATION TEST VOLUME AS FOUND DATE AS LEFT DATE
SL-8 Shear Lug Inspection 0.00 03-21-85 0.00 03-21-85
Hatch
X-7A Primary Steam 0.00 03-19-85 0.00 03-19-85
X-78 Primary Steam 0.00 03-19-85 0.00 03-19-85
X-7C Primary Steam 0.00 03-18-85 0.00 03-18-85
X-70 Primary Steam 0.00 03-18-85 0.00 03-18-85
X-8 Primary Steam 0.00 03-19-85 0.00 03-19-85
Drain Line

X-9A Reactor Feedwater 0.00 03-19-85 0.00 03-19-85
X-98 Reactor Feedwater 0.75 03-18-85 0.75 03-18-85
X-10 Steam to RCIC 0.45 03-18-85 0.45 03-18-85
X=11 HPCI to Steam Supply 0.00 03-18-85 0.00 03-18-85
X-12 RHRS Supply 3.79 03-18-85 3.7% 03-18-85
X-13A RHRS Return 0.00 03-19-85 0.00 03-19-85
X-138 RHRS Return 0.25 03-15-85 0.25 03-18-85
X-14 Cleanup Supply 1.30 03-19-85 1.30 03-19-85
X-23 Cooling Water 0.40 03-18-85 0.40 03-18-85
X-24 Cooling Water Return 0.00 03-18-85 0.00 03-18-85
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r ‘ 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 1.80 03-19-85 1.80 03-19-85
X-26 Vent to Drywell 0.00 03-19-85 0.00 03-19-85
X-36 CRD Hydraulic 0.00 03-18-85 0.00 03-18-85
System Return
X-47 Standby Liquid 0.20 03-18-85 0.20 03-18-85
Control
X-17 Reactor Vessel 1.50 03-19-85 1.50 03-19-85
Head Spray
X-16A Core Spray Inlet 6.50 03-18-85 6.50 03-18-85
X-168 Core Spray Inlet 0.00 06-01-85 0.00 06-01-85
X-1008 CRD Position Indication 0.00 03-21-85 0.00 03-21-85
X-100C Neutron Monitor 0.00 03-25-85 0.00 03-25-85
X-100E CRD Position Indication 0.00 03-25-85 0.00 03-25-85
x-100F Power 0.00 04-15-85 0.00 05-18-84
X-100G CRD Position Indication 0.20 04-15-85 0.20 04-15-85
X-101A Recirc Pump Power 0.00 03-21-85 0.00 03-21-85
X-1018B Recirc. Pump Power 0.00 03-21-85 0.00 03-21-85
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VALVE(S) OR

TABLE A-1]
TYPE B AND C TEST RESULTS

MEASURED LEAK RATE (SCFH)

PENETRATION TEST VOLUME AS FOUND DATE AS LEFT DATE
X-101D Power 0.00 04-15-85 0.00 04-15-85
X-1028 Neutron Monitors 0.00 03-25-85 0.00 03-25-85
X-103 Neutron Monitors 0.00 03-25-85 0.00 03-25-85
X-104A Drywell Coolers 0.00 03-19-85 0.00 03-19-85
X-1048 Drywell Coolers 0.00 03-19-85  0.00 03-19-85
X-104C CRD Position Indication 0.00 03-25-85 0.00 03-25-85
X-104D CRD Position Indication 0.10 03-25-85 0.10 03-25-85
X-104F Recirc Pump Power 0.30 04-15-85 0.30 04-15-85
X-105C Neutron Monitors 0.05 03-25-85 0.05 03-25-85
X-106A CRD Position Indication 0.00 03-19-85 0.00 03-19-85
X-1068 Thermocouples 0.00 03-25-85 0.00 03-25-85
X-107A Neutron Monitors 0.10 03-25-85 0.10 03-25-85
X-1078 Recirc Pump Power 0.00 04-15-85 0.00 04-15-85
X-227A ACAD/CAM 0.00 03-23-85 0.00 03-25-85
X-2278 ACAD/CAM 0.00 03-25-85 0.00 03-25-85
1-2252-81A/81B Hy/0; Analyzer Panel 0.45/3.35 06-04-85  0.45/3.35 06-04-85
LT 2-1641-5A/58 Torus Wide Range 0.00/0.00 03-26-85 0.00/0.00 03-26-85
Level Inst. Lines
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. _ 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 at the conclusion of the 24 hour test. Table B-3 has the data set at
the start of the induced phase of the test. Table B-4 has the data set at the
conclusion of the induced phase of the test.
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DATA SET AT START OF 24 HOUR TEST

“Er e N AT 001 19:26:50

FAILED “(NvsSoas:

TTOC &) IN Suve® 7 = 79,988 NEG F wAS BELN DELETED FeOm SCAN & SET 10 0.0
ITHC 1) IN So¥ed & =10%,500 O3 7 waS SCEW OELETED FROM SCAN & SET Y0 0.0
JEWCFLLLE 1) TN Sove® & = SA,1%0 N5 F WAS REEN NELFTED FROM SCAN & SET 10 0.0

PRESSUNE 1 T n8.39% PSS PRCSSURE 2 T K4LA;T PSTIA
29F AR PRESSURE 2 63.097 PSIa VAPOR PRESSURE = 0,509 PSIA
YOL JEISHTED AVE DC = RO.117 DE6 F VOL WEIGHTED AVERAGE nTD T 96.8A8 NFEG ¥
RY wATER LEvEL T 48,397 INCurs ORY AIR maASS SR 96T0LN082%5C0 00
aryse
Se¥et 117.10% 119929
SeVor 2 121.5%8 122.609
SeVor 116.080 111.731
Sev¥et o 116,22n 107,329
SaVer 5 115,060 112.570 111,89%
Sever ¢ 108,571 107.511 1N7.628 109,218
SV 7 S6.716 AR, 005 S LI LT 0.000
SeVet & g.000 20.560 Al.14s %1.%%
S.¥.t 3 wla.7%
SeVes 10 25,57 s, 829 25,501 f6.540 LTIy A6.782
TeVar 1} 15%.2% 138.2%
JEWCELLS:
“1.0%
2.000 f1.207
19,677
TR.108 77.191
Te.189 18376
79.5%% ThahTs
TABLE B-1
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DATA SET AT END OF 24 HOUR TEST

FY sile AT AQ? -lg%iee

FAILFD 3 8Os

PINE &) [N “aV¥el 7 = T4,802 NEG F “AS BLEN DCLETTD FROW SCAN & SET 10 0.0
ATIC 1) IN S.ve®  # 107,165 NEG ¢ =AS BEEN NELETCD FRO® SCAN & SFT YO 0.0
SEECTLLE 1) 1% Save® & © S7,89y O05 F WAS BEEN NFLETED FRO™ SCAN & SET 10 0.0

reCssuet 1 T S3.,%0 PSIaA PRgsSsune 2 = 63.895 PSIA
TEY AR MmESSUNE = 53.37A PS5l YAPQOR PRCSSURE S 0889 PSIA
VOL JLIGMTED AVE NC = TT.660 OC(G F VOL WEIGWTED AVERAGE mTD T 95,199 DEG F
Av wATER (EVEL : 39.720 INCwFS JRY AlR mass z0.930907812%E+00
LAS A

T.Var | 111.829 i11.12¢

SeVer 119.9329 127.849

SeVaer s 117.0%1 11.377

S V.0 8 116.,5%)% 11716

Sevel 5 118,258 1135.29% 11%.32"

SevVel ~ 110.508 109,242 109,893 110.A0Y

Sever ’ %.156 T W20 TT.628 0.000

SeVes 4 %.000 Aa.704 5.1 A9.887

Sever O 45.758

SeVet 10 “5.537 fL,847 LR K A3.208 83,.3%) “S.0A9

SeVerF i1 1¥6,100 1344320

TEUCELLS:

SVl 1} 15,999

Te¥al & t.0C80 764987

TaVer 9 ILTT AL

(u'.. ' "-0'3" ,'il"

Se¥all 8 T2.8m1 Ta 387

Te¥et 10 17,058 74,50)

TABLE B-2
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DATA SET AT THE START OF THE INDUCED TEST

SET s1an AT 002 17249230

PriLen sensons:

atey 11 I8 %ved » o sasunn Bee ¢ AR IS Setiven Feed SCAN & SET 10 0.0
ATOC 1) IV S.v.t A :y07,.218 OEG F WAS BEEN OCLETED FROm scan & SET 10 0.0
YEUCELLE 1) 1% Saven & = 87,427 JEG F wAS RECN OCLETED FROM Scay € SET 10 0.0

PRESSUNE | = 63,799 Psia PRESSUNE 2 T 63.770 PSIA
DAY A1R PeCSSURE = £3.297 PSIa YAPQOR pRESSURF = D.060 PSIa
YOUL wilGWTED ave 0C = 77.%8 e ¢ YOL wilGWrTED AYERAGE nYp = 99,008 0L F
NY owATE® Lpvru = NA.a00 INCHES IRY 41% qass F8.92299531249¢C 400
arIs:

S«Ve0 ) 110.911 110.480

SeVer 119,193 120,701

Se¥oe 3 117,021 111.977

SeVer & 116,823 112.01%

SeVer 5 118.30n 11,808 11%,.099

Se¥et 110.528 109,272 109,623 110.952

SeVaenr 4 4.9y 5.80% 17.528 0.000

Se¥or & %.000 LE L] 4,918 89.59%

Seven 9 45.50

SeVer 10 A%, 500 A1.2e2 RRPT AT AS.0%0 83,184 83,49

SeVar 11 136,04} i35.041

JEwCELLS:

TeVer ) Thengs

TaVal S.000 76,0y

TuVel 8 15,982

Se¥el 7 75.29 Ta,a8y

TYee 8 12,568 1e.115%

Tevel Ay TP.845% Tourta

TABLE B-3
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FAILTD simener:

DATA SET AT THE END OF THE INDUCED TEST

SEY 0212

T pe2 20

1se:27

TO0 &) TN Civar 7 : Sa.a68 TEG F wAS BEEN DELETCD FROM SCAY & SET TO 0.0
ITIC 1) IN T .0 f 10742195 TEG F maAS BCEN DELFTED FRO®™ SCAN & SET 10 0.0

YECFLLL 1) IN Sover o

R b 3

SeVar
SeVar
SeVer
SeVar
Sev¥ar
Sev¥ar
SaVer
TaVan
Sevet
S«¥a.n 10
SeVer 1)

L T Y

MuCrLLS:

SeVet 1
TaVel
Ta¥al 8
T.¥el 7
Tuvel

.
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= S7.8%10 NFT B Mas

PATSSURE 1
DIV AR PACSSURE

VIL WFISHTED avE ocC

I wATER LRyl

110.27%
119,890
117,051
118.62%
1ie.2Mn
110,558
T, Ten

0.000
“S.222
5.2
13%.710

T6.50%
.09
TS.ra0
8. 085
72,208
17.10%

BFEN NCLETED Fonm SCAN R SET 1O 0,0

T 63,991 PSIa peCsSSUNE 2 = 53.605 PSIa
= al.l3e PSTA VAPOR ORESSURE T 0.48% PSIA
= T7.300 OCG F VYOL WEISHMTED AVERAGE RTD = 94,0%8 0fe F
T 52.288 INCHES QRY 4IR mass TRL9048921AT7E 00
109,9%¢
120.9%2
112.007
112.1M
113.708 11%.079
109.2% In%,.672 110.9%2
%5001 ar.317 0.000
Re.2e8 LATT B2 AS.12
R1.%00 .20 A2.908 A2.9%%
135.%10
TheRy
Te,.540
Ti.788
16.5%7
TABLE B-4
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APPENDIX C
COMPUTATIONAL PROCEDURE

The procedure for computing the containment parameters, leak rates, and
statistical confidence limits is given by Quad-Cities procedure QTS 150-T3,
Revision 7. A summary of that procedure is presented here.

Data collected from pressure sensors, dew cells and RTD's located in the
containment are processed using the following calculations. If the test is
concluded with a test period of <24 hours, additional calculations given in
QTS 150-T9 will be required.

A. Average Subvolume Temperature and Dewpoint.

Ty = Z¢all RTD's in the jth subvolume) °F ()
Number of RTD's in jth subvoliume

D.P.y = L(al) dew cells in jth subvolume) °F ()
Number of dew cells in jth subvolume

where Tj = average temperature of the jth subvolume
D.P.J = average dewpoint of the jth subvolume

8. Average Primary Containment Temperature and Dewpoint.

zNVOL

T = Jnl (VFJ) (Tj) F (3)
NVOL

D.P. = !J.l (VFy) * (D.P.g) e (4)

where T = average containment temperature
D.P. = average containment dawpoint
VFj = volume fraction of the jth subvolume
NVOL = number of subvolumes
[f TJ is undefined then
Ty = Tyey for 1 ¢ § ¢ (NVOL - 2)
Ty = Ty for § = NVOL - |
Tj = estimate for j = NVOL
If D.P.J is undefined
0.P.y « D.P.gqy for 1 < J ¢ (NVOL - 2)
0.P.y = D.P.j.y for J = NVOL - |

D.P.J = estimate for j = NVOL
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C. Calculation of Dry Air Pressure.

D.P.(°K) = 273.16 +« D.P.(°F) - 32
1.8

X = 647.27 - D.P.C°K)

EXPON « X * (Y ¢+ 2* X + C*xd)
OP.CKO T +D* 0

Py = (218.167) * (14.696)
e(EXPON * Tn(T0))  (PSD)

P = Z(all absolute pressure gauges) ()
Number of absolute pressure jauges - Py (psia)

where Y = 3.2437814
I« 586826 x 10-3
C

D = 2.1878462 x 10-3

1.1702379 x 10-8

P, = volume weighted containment vapor pressure
P = containment dry air absolute pressure

C, D, x, ¥, 1, and EXPON are dewpoint to vapor pressure conversion
constants and coefficients.

D. Containment Dry Air Mass.

We (28.97) * (144) * (P) * (288737 - 25 * (LEVEL - 3%5)) (6)
1545.33 * (T + 459.69)

where W = containment dry air mass
LEVEL = reactor wa er level

288737 = containment free air space with water level « 35 inches
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E. Measured Leak Rate.

Lp(TOTAL) = (Wgagg - Wy) * 2400 N
Lp(POINT) = (Wj_) - Wj) * 2400 (8)

where Wgage = containment dry air mass at t « 0
t; = time from start of test at ith data set
ti.) = time from start of test at (i-1)th data set
Wi = dry air mass at ith data set
Wi_) = dry air mass at (i-1)th data set
Lp(TOTAL)= measured leakage from the start of test to ith data set
Lp(POINT)= measured leakage between the last two data sets
F. Statistical Leak Rate and Confidence Limit.
LINEAR LEAST SQUARES FITTING THE [PCLRT DATA

The method of "Least Squares” is a statistical procedure for finding the
best fitting regression line for a set of measured data. The criterion
for the best fitting line to a set of data points is that the sum of the
squares of the deviations of the observed points from the line must be a
minimum. When this criterion is met, a unique best fitting line is obtained
based on all of the data points in 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 constant during the testing
period, a plot of the measured containment dry air mass versus time would
ideally yield a straight line with a negative slope (assuming a non-2ero
leak rate). Obviously, sampling technigues and test conditions are not
perfect and consequently the measured values will deviate from the ideal
straight line situation.

Based on this statistical process, the calculated leak rate is obtained
from the equation:

W=At + B

where W = contained dry air mass at time t
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B = calculated dry air mass at time t = O
A = calculated leak rate
t « test duration
The values for the Least Squares fit constants A and B are given by:

Ae N *Tety) * W) -ty * Ingd = DCty = ©) % (Wy - W)

(N * Lep2 - (Tep2) Ly - 02

Ba Ig - A* Lty o (Tctp2 » Lawp) - (Bt * (wp)

N Nt D2 - (B2
where t = the average time for all data sets
W = the average air mass for all data sets
The second formulas are used to reduce round-off-error.

By definition, leakage out of the containment is considered positive
leakage; therefore, the statistically average leak rate is given by:

Lg = (-A) * (2400 (9
B (weight %/DAY)

STATISTICAL UNCERTAINTIES

[n order to calculate the 95% confidence 1imits of the statistically
average leak rate, the standard deviation of the least squares slope and
the student's (-Distribution function are used as follows.

1 Nt Dewp2 - (Twgp)2
¢, " ) - A2}1/2
(N-2) N Ler2 . (D)
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. When gcrforninq these calculations on the process computer, L(W;)2 and
(ZWy) become so large that they overflow. To avoid this problem 3wy is
substituted for Wy. OW; is the difference between W; and Wgase.

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

T.E. = 1.646698 + 1.455393 + 1.97597!
(N-2) (N=2)¢

The upper confidence limit (UCL) is given by

UCL = Lg + 9_* (TE) * 2400
]

(weight %/DAY)
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APPENDIX D
ERROR ANALYSIS PROCEDURE

The procedure for computing the system accuracy uncertainty and the system
repeatability uncertainty is given by Quad-Cities procedure QTS 150-T1,
Revision 5. A summary of that procedure is presented here.

INSTRUMENT ACCURACY ERROR ANALYSIS

Per ANSI N45.4-1972, the computation of the leak rate is given by the
equation:

L()=( 28 ) (100) ¢ Wl _- W2 ) , 2400 (). TIP2 )
A Wi H T2P1

where L = primary containment leak rate (%/day’

H = time interval between data sets #1 & #2 (hours:
Wl =« weight of the contained dry alr mass

at test data set #) (1bs)
W2 = weight of the contained dry air mass

at test data set #2 (1bs)
Tl « volume weighted primary containment

temperature at test data set #| (*R)
T2 = volume weighted primary containment

temperature at test data set #2 (*R)
Pl =« dry air absolute pressure at test

data set #I| (PSIA)
P2 =« dry air absolute pressure at test

data set #2 (PSIA)

The standard variation on L due to the uncertainties in the measured variables
is given by:

2400 @ 3 a 3L
SCL) = W C(BPT (P12 & (3PF 6(P2))2 & (3TT (12 4 (372
S(121)2)1/2
substituting

H = 24 hours

I «TI P2 =)
¥ TRz P

3 U " -y
3 TP Pl

aL s - P2 ¥ =i
i T2 Pl 12

W «TIP2 =)
o " T T
assuming P1 * P2 =P and T1 =12 = ¥
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) where P = average absolute dry air pressure

T = average volume weighted primary
containment absolute temperature

Therefore,

8Ly « 100 [ 2¢ 8B y2 , a¢ 8¢T) 21172
) T

1. Calculation of 8(T)

"
Ta L (VF)) (Tave,))

3=l
where VFj = the volume weighting factors

Tave,j = the average absolute temperature in the jth subvolume

N
i ﬁtl I%Tl

where T1,§ = the absolute temperature of the ith RTD
in the jth subvolume

Nj = the number of RTD's in the jth subvolume

Now, 8(T) is calculated from

18
§(T) « LT TMave,) S(Tave,))
Jel

here 61
’ ave,) = VF}

S(Tave,j) = RTD accuracy
(NDTT72

Therefore,

1
§¢7) « & (VF§) (RTD accuracy)
jul (NJ)1/2

2. Calculation of 8(P)

5Py = (8P & B(py2)1N2
where Pr « total absolute primary containment pressure

Py = partial pressure of water vapor in the primary
containment
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substituting 8(Py) « _PPG accuracy
(# of PPG's) 172

"
S(Py) = I (VF)) (dewcell agcuraqy)

(Ij)

jul

where PPG = precision pressure gauge
Nj = number of dewcells in the jth subvolume

Therefore,
11

8Py« [ ¢ PPG acggrg§’ 12« (I (vFy ( dewcel) accuracy j2)1/2
(# of PPG's)!/2 Jal (N 172

Instrument Specifications
(SEE TABLE ONE)

Calculation of 6(L), Accuracy Analysis

Following are the designated volume fractions and sensor allocations:

Volume No. of
Fraction RTD'
0.
0.03174
0.03634
0.01251
0.07979
0.10670
0.09134
0.08624
0.03083
0.46689
0.02275

<
-
—~ O W GOV BN

-~ AWM

-

8
{

Volume
Subv?lumgg Fraction
0.
2,14 0.080%9
5 0.07979
6.7 0.19804
8.9 0.11797
10 0.46689
1 0.02276
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dssume the following values:

P = 63.0 PSIA
T « 85°F = 544 .7°R
Dewpoint = 65°F
Therefore,
8(T) = (0.03486 x 2.50) , (0.03174 x Q;;? + (0.03634 x 2.50)
%3%?/2' (2) 5 (172

(0.0125! .50y + (0.07979 x Q. (0.10670 x 2.50)
+ 01251 «x ?ﬁ/z’ (;)_ﬁg + (—4%/2

+ (0.09134 x 0.50) . (0.08628 x 2.50) 4 (0.03083 x 2.39)
(n'n2 (n'ne (172

(0. 30) & (0.02276 x )
+ (0.46689 « $§§$/z° 0 -(‘) A

5(T) « 0.2980°R

6Py « 015 o 0.01061 PSIA
(2)

For the subvolumes, other than the air space in the reactor, an accuracy of the
dewcells of + 1°F at an average dewpoint of 65°F corresponds to + 011 PSI in

vapor pressure. For subvolume #11 at an average temperature of 140°F, an
accuracy of + 2°F corresponds to +.150 PSI.

§(Py) = (0.03486 « %T%+}5 + (0.08059 x %T$%}£ + (0.07979 x ?;%llz
+ (0.19804 x ?3%T73 + (0.11707 x ?3%T75 N (0.‘66!9(;)?7¥__)
Q0.1
+ (0.02276 ”_)ﬁi

« 00038 + 00089 + .00088 + 00154 + 00091 + .00363 + 0034
§(Py) « 0.01164 PSI
Therefore,
$(P) « [( 0.0106) )2 + ¢ 0.01164 27172
« 0.01575 P51
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‘The accuracy uncertainty for a 24 hour test is then found to be

S(L)s = 01575 2 , 2¢ .2980 )2)1/2
C 8L, = 100 (2 ) 12 .2 e ]

= 0.085! weight %/day
5. Calculation of 8(L), Repeatability Analysis

Using the formulas developed previously, the repeatability error
analysis is performed by substituting the instrument repeatability
errors for the instrument accuracy errors.

1Y) (0.03634 x
12 "

+ (0.0128) x 9.10) 4 (0.07979 x ©.10)
(2)1/2 1) /12

(0.09134 x 2.10) 4 (0.08624 x 2.10) 4 (0.03083 «x

)
(p1n 12

(0.46689 x 2.10) 4+ (0.02276 «x
X ;_G_;TIZO

8(T) « 0.0528°R

§(Pp) « 2001 o 0.00071 PSIA
(112

For the subvolumes, other than the alr space in the reactor, a repeatability
uncertainty of the dewcells of 0.5°F at an average dewpoint of 65°F corresponds
to « .006 PSI in vapor pressure. For subvolume #1) at an average temperature of
140%F, a repeatabi!ity uncertainty of « 0.1°F corresponds to +. 008 PSI in vapor
pressure.

S(Py) = (0.03486 x 2.906) . (0.08059 x 2.906) . (0.07979 « 2.006)
(1R (2 (12

+ (0.19804 x 2.006) , (0.11707 O_Q.,- + (0.46689 x 0.006)
(2) (2) 5 ('

¢ (0.02276 x : )
(12

« 00021 « 00048 + 00048 + .00084 + 00050 « 00198 « 00018
6(’v) « 0.00467 PSI
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Therefore,
§(P) « [(0.00071)2 + (0.00467)21172

= 0.00473 PSI
The repeatability uncertainty for a 24 hour test is then found to be

§(L)p = 100 [2¢ 9*§g5%1 Y2 4 2 ¢ 0.0528 j271/2

= 0.0173 weight %/day

6. Total Instrument Uncertainty

L) Total o [(8(L)y2 + (B(L))2)172
« [€0.0851)2 + (0.0173)2)1/2
= 0.0868 weight %/day

23(L) Total « 0.1737 weight %/day
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APPENDIX E
BN-TOP-1, REV. 1 RESULTS
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BN-TOP-1, REV. 1 SUMMARY
(24 HOUR TEST)

rRTTEIME Liax sare CALC LLAx Parr
s RN A.0000%e0 § . NNN0Ne00
t Ag: +N ".82%00000 0.00007%+30

1.5%2 Te3%250000 0.0%330e034
LY Taa0180%00 0.084% 000
1ieMT? 0.80010000 0.837%0+00
Ti.ATY 0.%7190+00 « 2945000
wlednn 0.57710000 0.%7%40400
CR P LY ) 0.%870¢00 0.36140¢0)
alemnd 043400 «00 03087000
LB P TIAL ] 0437317400 Q.30000000
im0 D4357940400 0434952000
hleRan 0.35270+00 0433970400
CEPLLD ] Qe34R00U«0N  0.3%400e00
S3.838 043599700 04353320400
LRI EL 0.3%870+00 043316000
sda.n30 3454940400 0.33400400
63.827 0.59512000 0,33200000
LR TLEA! Na3%440+00 0.33150%00
LRRLAL 0.360°0+00 0,3%32¢20%00
LR AL 0.3719009 0,23592"%00
El.004 0.57260000 0433480000
alenin 756200400 0.3%eDe00
t3.h00 0.362%0+00 0.33800¢00
$3.71%7 0.35%660+00 0,33820+00
t3.793% 036200000 04339350000
5%.7A9 D.3517000 0430010000
his?ha De37310%00 Jed8250000
sl TR0 0o3K0R0+00 0.502R0000
6178 0.56390400 0430580000
3.7} 037220200 0.34530000
LAPS A J 0437100000 Go306M0e00
“3.75) 04356790000 0.38770e00
ble79 D.57R4N«00 0,.34%7040)
Alslin 05900700 LoV830D000
$3.74% 0439290400 0.3%9820000
63.770 03790400 (439990000
6834708 039360000 0436220900
LATRAL ] 0.40470400 O0.36%4Ne00
URFRAY U«013R0400 0434990000
LR TRALR 0.81130000 043735000
S3.700 0400990000 N 37440000
CRER AL 0.00950¢00 0,57930 00
23750 0442940000 0.458%1N0000
Y720 08180009 QL3R%700%0
ntel?8 002200009 0438920000
%1723 DeblARB N0 oV 19%00
AYe 121 Ca®lT20000 Gos9a30000
Ats 117 00256000 0,59720e00
bie 718 D.02700000 0.40000000
Ale.T11 0077090400 0.,80280000
LY. 709 T42AT0000 2.00%%0000
“YeTim Ce82740000 Q.00 TID%00
“i. 100 040522000 0401070000
AlaT01 0403470000 0401260000
n 360 085610200 0.81510%00
LR AL 0.03%0000 0.41720400
“Jemn} PebVIENe00 Ued170M0N
«Seu™) Ce82,400000 J.82030000
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0.C0C7 s0n
G.009%0e0n
0.230Ne0¢
e lS10002
=« 420001
1370001
“oh39Ne00
=« 5040000
“e 1780000
~ed%%0~-01
0«81%0-01
0.9320-01
0.12%0+00
0.1950e00
0.1750+00
G.1%00+00
0.2030+00
0.213%0e00
0.2220%00
0.229Nn00
0.233D+00
0.2%00%00
0.2060%00
0.2%00+00
0.255%0+00
0.2%8000
0s2020¢00
042650400
0.2680+00
0.2710+00
0.2730¢%00
0.2740000
0.2780+00
0.2820+00
0.78%0¢00
0.2A8De00
0.2910+00
0.,29%0+00
0.2%R0De 00
0.%020+00
0.5050¢00
0.3080000
0.3120e00
0.%'130+C0
0.3130e0C0
0.321D0000
0.320D000
0.2270000
0.%310¢00
0.3340000
0.337000n0
05800000
0.3420000
0.5850000
0.58R0000
0.3%10%00
02830000
04154000

0.9%0 N9
D.2000e00
0.0000e10
Del1600002
0.4120%01
0.216N01)
0s1390e0)
0.1030.01
D«81%0400
0.7130e00
0.6%00+00
0.9860000
093700400
0.5120¢00
0989000
[ PLRADELL
Det610D00
0.4500+00
0e0a30000
Q.8a10000
De038Den0
De8330000
0.0300¢00
0.4260000
Q024000
044220000
0.42350%00
0.4210%00
0.4200¢00
0.4200¢00
:o......'

0.44%50400
0.8480400
0.4510000
0055000
0.8570000
00600000
Qevp2D000

Debp90eng
00772400
GedT40400
Ne.aT740e00
Q0780000
0.4800+00
0.4820%00
O.0Ra0e00
0.0R8Te00
LR LI )



BN-TOP-1, REV. | SUMMARY

(CONT'D)

e Trer Tows BuEcr URE LTAN waTE COLC LEAx RAaT: 3% CIAINFLICNCT
ae s 1n UL Y B TN Te02V,000 D.82160e00 TeAST10e0n  p.amp9e00
89 35.47 LIS F Vgpnl 74170000 0.42200e00 UeI%AD*00 0,4mpDe00
2 2% .n0 Yi.els HYLE TR Ted1410400 0.42°8000 0'59N+00 0,8867400
M 2%.4° sel b e ?H Ta%0410e00 0.427%0000 0.3%90+00 Tevb%le00
92 25,37 oeol? sSesll J.40720400 0.82250e00 03600400 9,48%50400
L0 B TS Y .11 LYY O«%0RTDe00 0.02233000 003‘.0‘.. Je0Rede00
38 2641 Shellm fené2 Go4030Ne00 0.42190400 0.3600400 n,sa80000
99 26,07 T .08 tYent? DaN2ANS00 0.9216Ne00 0«3/00400 0.4830+00
I8 26490 TReNe Y3enil D480040000 0492110000 043600000 0 082000
37 P6en) “nel? Hi.809 0439770400 0.02060¢00 04159000 0.a810+00
AR 2607 .00 6lentn ColdA20+00 048199000 0.5590+00 o0.em10e00
- e P.1n AT LAY AL 0439546000 C.81720¢00 0.359000 0.4800¢00
190 27,11 %599 Al.645 Ce3T320000 Q.01EANe00 0358000 0.4790+00
101 27,87 %% SY.8% 13990000 048178000 0.3580+00 0.4780¢00
102 27,40 5.9 63en2% TeMI61000 Neal7%000 Na¥577%00 o0.4770+00
18Y 27,%) TSe0 Lileh21 019760¢00 Ce8lnAneGO 0.3570+C00 Ql.8760%00
108 27,.9% T5R7 flanl? 0.597280400 0.91600000 0.3560400 Q.8760+00
105 2P.10 TR,A8 sY.612 De39350000 0.41540007 0.3560+00 0.07%0+00
106 20, V) LA 55.0608 D3762000 0.81890000 043560400 0.6740+00
197 2P a0 I 02 58%.a08 T239780e00 D.01880400 0e3560+00 0.0730400
102 28,60 LY B hiy,979 CelOT1I0000 Qo018 1Ue00 0.5560+00 O0.0730¢00
109 28.n) R LRI AL 0«39670+00 0.81%6D000 04395700 0Q.0720400
110 20,98 L TR L £3.591 059550400 0.41510%00 0.3%50+00 0,4710e00
111 2% 16 R TR 6587 037320000 049126000 0355000 Q.4700+00
112 29,31 ST b3e5R% 039510400 0.91207+00 0439540400 0.4700+00
113 29,48 M7 54519 0.39580+00 0.41140e00 0.3594D00 0.0870¢00
118 29%.,4s LETRA §3.574 049710400 0.8113000 04354000 04468000
118 29,4} %.70 63.572 Je39450e00 0.81070e40 0.154D400 0.0680¢00
114 79,98 % .69 LR PRY 099410400 0.0104D¢00 045540400 O0.0670+00
117 38.1% 5,00 hl.%00 059610400 044101000 04350000 0.4670+00
1IA 30,1 hen? LRS- 13 Go39RADNC00 0.4099000 0.35540+00 0.46604+00
117 30408 RLTT S b3:597 043792000 0,4097Ne00 05540400  Q.0660000
120 30.6% 35,56 2563000 J1e3%RR000 0,40%0¢00 043540400 0.4650+00
121 0.8 ekl niean0 T.401R0000 0.409%03000 0.3540400  B.46%0+00
122 0.9 M ens A5.507 0.40120600 0.40%0e00 0.5540+00 Q0.0600%00
123 31.19% S50 LEFRTS ] G«40090e00 N,a0% 0000 0.3550+00 048840400
126 31,0 TELE8 Li.5a0 0440510000 0,40%40¢00 0.5550+00 0.0600000
179 Sl.an & ke “3.54 0.00820eN09 0,8%%40¢00 04455700 0.0640400
126 31.65% Yien? b Ne50 Ge80'2D200 y.e0nape00 0.456000 0.0630¢00
127 31.M1 “Nenl 2531 D.4020000 (Q,80740e00 04756000 0.8830¢00
128 Y1, Mk he857R 080290+00 0.807a0400 0+'56N¢00 0.0630009
129 *2.1% “Se01! 63.52% 0489800000 C.e0950+00 0396000 0.0830¢00
150 12.%2 "Nt 634922 048077700 0.00970e00 N.857000 0.4820400
131 S2.an 5,40 63517 0.80K0N400 0.009%%¢00 04351000 De0k20400
132 %2.%" THeM® S5%9in 00082780 0.00990e00 O«3SANSC0  0.4620+00
19% 22,52 %99 “3%:%1)3 De408%0e00 O040100ne00 0158000 Q.0620e00
136 32,9n 75.98 63.%10 0«%0612+00 N.8lN1De00 D.3%E0e00 08620000
159 *“3.1% 95.%7 63.%08 0480770400 N,a1030000 0.3%90+00 040820400
136 3%.32 95,98 63.903 0440750009 0.41068D09 0.3590+00 0.0620400
137 Y%.00 9% ,5% £3.500 0480070400 0.01060000 04600400 0.0620400
L3R 23,65 “h,8 Cl.097 0480R20600 Q0.81070e00 05600000 O0a%610e00
139 33.m2 5.5 CRART L] ] 0.80%0400 0.81090400 0.3600¢00 0.%610%00
180 3%,9¢ %,.5% h3.070 0.405A0%00 0.410%90¢00 05610400 0.0610400
181 36,15 95,982 DR LY D.00830400 0.81110000 0.5610400 0.%610D%00
182 %e,.32 7551 CRFLLLY 0.8060000 0.41110e00 0.3610400 O0.0610e00
183 fa e "%.950 t3.000 0.,807R0600 0.41130000 0.3620400 0.8610000
146 fa .85 “s .40 Hl.aTs D+40AT7607 Q.811a00e00 035620400 D.8610400
189 38,80 T hlenl}y G«80K20+00 O.01100%00 0462000 048610400
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BN-TOP-1, REV. 1 SUMMARY

(CONT'D)

e trwp Cares Jar LA« Pare CALC LFax ®arg N8y CANFIOENCE
1864 %4, e fiLan Je406AJ 00 Coa81160000 0+%30+00 0.4600¢00
187 %8,.1% LL Ty Cl,447 D.00p%00" Q.41160+00 0.5650+00 0.9600¢00
LOR 385,12 i 7% L Slednl 04%063000 040117000 0.%630+00 0.0600+00
189 5,47 Thets “l,e¢90 0.40600«00 0.08117Ne00 0.563N00 O0.0600¢00
150 3%.8% el 6,838 J+40610400 O0.41170e00 0+3600400 0,460000
151 3%.02 3e82 G3.05) 0480%7J¢00 04%1170¢00 0.35640+00 0.4600+00
152 315.7 101 hl.050 D+804ANC00 O0.4118De00 0.%640¢00 0.0600+00
193 36.1¢ a%.00 flanag 0+40690+00 0N.e11P0¢00 0.3640+00 0.4%9D¢00
156 36,%2 %00 CRPLL ] 0.40682000 0.41190¢00 0.2650400 0,4590¢00
1SS 36,00 - TE L wi.040 080530900 044119000 045650400 0.0%90+00
158 !o.he Mel8 aY.458 J.40490+00 0.41190¢00 0.35650400 0.,4590+00
157 38,02 “Hel5 61,432 040670400 0.81190¢00 03650400 0.,4590+00
158 Y6.79 “te M H3e029 0.40500000 0.41190+00 043650400 0.4590+00
199 V7,18 9533 a3e028% 0.8083N00 0.,01190400 0.3650+00 Q0.495A8N«00
160 %7,%2 A%,12 hl.020 N.40720+00 0.41190¢00 0+3660+C0 0.458D+00
161 27,49 L TR EY,41R 0.408410400 0.41190400 0.%60+00 0.4%804+00
162 "T.ks 9%.31 63.418 0.4065000 0481190400 0.3660+00 0,458D%00
18y 37,.m¢ 25.40 “3.412 0.40610400 0.81190400 0.3660+00 0,45RD00
166 17,72 §8,2% 53408 0.005R0+00 0,41170+02 04%650+00 0.4%80+00
169 8,10 NG e20 63.4008 0.806%000 0.,41200¢00 0.2670+00 0.8570¢00
166 '8,y %27 53.402 080807000 0,01120¢09 0.%TNe00  0,8370400
167 R,409 %,25 53.39a 08003000 0.01190000 0.%A7D+00 0.8570¢00
168 '8, x4 79.2% A1.39% J.80560¢00 0.01190400 0.7670+00 0.4570¢00
169 2R,#1 185258 63392 40850400 0.,41180000 0.5670+00 0.457D¢00
170 39,09 "5.22 0l.389 040210200 0.%1170«00 0.3670+00 0.4%560¢00
171 39%1s 9%.21 LREFRLIY D.40080eA0 0.41160+00 03670000 (0.0%60%00
172 39.\% 5.20 61.3R% 0.40250400 0a.01150%00 0.3670+00 0.4%60+00
173 39,50 7920 LAY a4 0480230400 O0.8114N0¢00 33670400 Q.0%6N+00

CEAN LEAX PATE OF LAST 20 POINTSIO.60AR0400
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187

210
211

MEAN LEAK RATE OF LAST 20 POINTS:Q, 12990+91

0188H/00782

TIME

41.83
42,9
“2.17
a2, 33
L
42.67
“2. 84
43,
43.17
3, 38
3.5
43.67
+3. R
“h, 21
“h. 17
“h, 34
aa. 51
“h. 687
4. Ba
45. 91
48,17
48, 26
4.5
48.67
4%, 84

TEMD

995. 04
3%.92
98. @2
8. @2
95. 21
5. 00
6. 93
Fs. 38
e, 98
36,37
T4, 9%
F6.96
4. 94
EL N 1
94, 32
94, 92
4. 91
F6.9
4. 89
94.89
94.89
94,88
94, 86
4. 86
94,86

BN-TOP-1, REV. 1 SUMMARY
(INDUCED TEST)

CRESSURE
63.299
63. a7
63,286
63.277
63.27¢@
63.:263
63.29%
62,249
6.6l
63.233
63.c27
63. a2l
63.214
63. 208
63. 202
63.198
63.1089
63,182
63.176
63.169
63. 162
63,193
63. 1%
63,143
63.1138

LEAK RATE

Q200000
2. 1363D+91
. 1325D+9)
2. 12380+
& 12980+01
2. 1316D+01
d. 1c97D+91
2. 12730+
. 1310D+21
. 132%D+91
2. 1278D+91
2. 1303D+91
Q. 12870+
2. 1296D+9!
?. 1239D+21
9. 12380+91
Q. 12310+01
9. 12335D+01
D, 12240491
2. 12280+
9. 1232021
Q. 12330+@1
2. 12150+
2. 1218D+21
@.1234D+01
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CALC LEAK RQTE

. V0D 20
2. QR0+ 20
3. D00 20
&, 1296D+91
@, 12870491
@, 1295D+91
¢, 12990+91
@. 1280D+@1
9. 1286D+91
?. 12960+01
Q. 1287D+01
2. 12890+01
?. 1286D+91
0. 12735D+91
?. 1262001
9. 12320+
@. 1243001
@.1236D+0!
. 1228D+@!
2. 12230+01
?. 12200+
@. 12170+
9. 1212001
@. 1208D+91
Q. 1207D+01

FS% CONF I DENCE

. A0 L0
Q. 20D
¢. M09
=, 3140+01
~. 318D+21
~. 261D+@1
~. 108D+@1
~. 2610+09
~. 122D+99
Q. 1990-93
9. 2€1D+00
2. 440D+29
9. 359510+90
2.6610+09
@.763D+00
@.8120+09
0. 8590+99
9. 895D+~00
0. 926D+09
@. 95eD+29
2. 3%630+99
3. 9860+00
2. 190D+01
0. 101D+21

&R0
¢. @D+
0. R0
@.573D+01
9. 575D+@1
Q. 5210+01
@, 363D+91
0. 2820+01
9. 2630+01
. 2590+91
2. 2310+01
Q. 214D+01
2. 198D+01t
Q. 1890+0.
9. 182D+01
Q. 174D+01
0. 167D+01
2. 161D+01
@. 156D+t
9. 132D+91
9. 143D+91
2. 147D+01
@. 144D+
@. 142D+01
Q. 141D+01
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8N-TOP-1, REV. 1

GRAPHIC SUMMARY OF A SIMULATED 8 HOUR TEST

__ SIMULATED 8 HR. BN-TOP-| TEST
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GRAPHIC SUMMARY OF INDUCED TEST
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