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INTRODUCTION*
,

4

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.

Ol88H/0078Z -4-
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SECTION A - TEST PREPARATIONS'
.

' .1 Type A Test ProcedureA

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, 57, 59, S10,
Sil, 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 quantity 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,

i
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TABLE ONE *

INSTRUMENT SPECIFICATIONS .

INSTRUMENT MANUFACTURER MODEL NO. RANGE ACCURACY REPEATABILITY

Precision
Pressure
Gages (2) Volumetrics 0-100 PSIA 1 015 PSI 1 001 PSI

Burns
RTD's (30) Engineering SP1Al-5 1/2-3A 50-200*F 105'F 1 1*F

Volumetrics Lithium
DeaceiIs (10) (Foxboro) ChIoride -50-+140*F 1 0*F i.5*F1

Pall Trinity
Thermocouple Micro 14-T-2H 0-600*F 2i .0*F 1 1*F

.

Fischer
Flowmeter & Porter 10A3555A 1.1-11.1 scfm 1 111 scfm

level
Indicator 555111BCAA
LT 1-646B GEMAC 3AAA 0-60" H O2

.
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* .: 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" 225*
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 7 598'0" 340*
20 8 587'0" 10*
21 8 587'0" 100*
22 8 587'0" 190*
23 8 587'0" 280*
24 9(CR0 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)

DEHCELL 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 --- ---

* WEST = 0* AZIMUTH

0188H/0078Z -7-
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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 1Al-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 RTO was calibrated by comparing the bridge output to the 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 VHC 701-B used with a Dewcell/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 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 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.

Ol88H/0078Z -9-
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. 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 (Volumetrics S/N 1263) calibrated on April 16, 1985 by Volumetrics.

The calibration constants (the slope and intercept of a regression line)
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 11% 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 containment. 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 locations. 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 a 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.

0188H/0078Z -10-
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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 wCL, and all
sensor outputs in engineering units. In all cases, data was plotted hourly and
computer summaries were obtained at 10 minute time intervals. The plotting of
data and the computer printed summaries of data allowed rapid identification of
any problems as.they might develop. 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, M0-2-1001-26A was open during pressurization. Once the
containment was pressurized, the M0-2-1001-26A 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-distributton and the standard deviation of the regression line
slope. The mathematical expressions for these calculations are found in
Appendix C.

Ol88H/0078Z -13-
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B.2 Supplemental Verification Test
*

.

The supplemental verification test superimposes a known leak of approximately,

the same magnitude as LA (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 i 25% of L -A

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 1/ day
and 0.0169 wt 1/ day for a 24-hour test, respectively. These results are
inversely proportional to the test duration. With a dewcell and two RID'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 0.

.

Ol88H/0078Z -14- |

|
. _ . -



,

.

*

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) Installation 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)

j 0188H/0078Z -15-
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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 Leakage 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 installed 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 ist 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 Throttling fixture has been modified to accelerate the
blowdown.

0240 1601-63 is full OPEN.

0400 Depressurization is complete.

!
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SECTION D - TYPE A TEST DATA j,

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.

.

|

1

!
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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 0.4071
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 rest 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% La) +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 modeling 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 10CFR50,
Appendix J, Section III.A.l.(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 lef t", " 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.I.(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 N45.4-1972,10CFR50 Appendix J, or
Quad-Cities Technical Specifications.

The above interpretation is not, however, in agreement with present NRC
enforcement policy. 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 0.011

RHR System Operating for SDC* 37.52 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
j Penetrations with Dry N -2

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 enforcement 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.

,

a

4
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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) All Type B Tests 17.74 17.74

TOTAL (2 + 3 + 4) 377.45 163.05

(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

i

(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 Rata at 25 PSIG converts to Leak Rate at 48 PSIG using conversion
ratio af 1.58. REFERENCE ORNL - NISC - 5, Oak Ridge National Laboratory,
Aug. 1965, page 10.55.

** Na 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/R0 85-007, Supplement 1.

;

||

d

|
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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

A0 203-1A Main Steam Line 2.30 03-17-85 2.30 03-17-85*

Isolation Valves **
'

A0 203-2A MSIV 2.30 03-17-85 2.30 03-17-85*

A0 203-1B MSIV 0.00 03-17-85 0.00 03-17-85
,

A0 203-28 MSIV . 13.80 03-17-85 4.61 05-20-85

A0 203-1C MSIV .6.90 03-17-85 6.90 03-17-85*

A0 203-2C MSIV 6.90 03-17-85 6.90 03-17-85*'

A0 203-10 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

M0 220-1 Main Steam Line Drains 115.70 03-17-85 6.42 05-21-85
M0 220-2

A0 220-44 Primary Sample 0.09 04-08-85 0.09 04-08-85
A0 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" Outboard

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" Outboard

Values are the total inboard and outboard leakage.*

i

** Test Pressure for MSIV's is 25 PCIG. 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 0.0 SCFH.

:
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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

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 1001-238 RHRS Containment Spray - 15.12 04-23-85 17.56 05-29-85
MO 1001-26B System II

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

MO 1001-34B RHRS Suppression
MO 1001-36B Chamber Spray 3.04 04-23-85 3.04 04-23-85
MO 1001-378 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

A0 1601-21 Drywell and Suppression 33.00 03-23-85 33.00 03-23-85
A0 1601-22 Chamber Purge
A0 1601-55
A0 1601-56

A0 1601-20A Suppression Chamber 11.45 03-23-85 11.45 03-23-85
CV 1601-31A Vent Lines #1

* Valves tested separately. Individual valve leak rates shown.
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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

3

A0 1601-20B Suppression Chamber 13.99 _03-23-85 13.99 05-30-85
CV 1601-31B Vent Lines #2

A0 1601-57 Drywell and Suppression 6.00 04-26-85 6.00 04-26-85
A0 1601-58 Chamber Supply Air
A0 1601-59 Purge

A0 1601-23 Drywell and Suppression 342.00 04-29-85 0.00 05-24-85
-A0 1601-24 Chamber Exhaust
A0 1601-60
A0 1601-61
A0 1601-62
A0 1601-63

A0 2001-3 Drywell Floor Drain 0.03 03-23-85 0.03 02-23-85
A0 2001-4 Sump Discharge

A0 2001-15 Drywell Equipment 0.26 03-23-85 0.26 03-23-85
A0 2001-16 Drain Sump Discharge

M0 2301-4 HPCI Steam Supply 0.00 03-17-85 0.00 04-13-85
M0 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'

A0 4720 Drywell Pneumatic 0.00 04-25-85 0.00 04-25-85
Suction

A0 4721 Drywell Pneumatic 0.00 04-25-85 0.00 04-25-85
Suction

A0 8801A 0xygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85

A0 8802A 0xygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85

A0 88018 0xygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85

A0 88028 0xygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85

l
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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

.

A0 8801C 0xygen Analyzer Suction 36.50 03-29-85 13.00 05-22-85

A0 8802C 0xygen Analyzer Suction 9.70 03-29-85 6.50 05-03-85

A0 88010 0xygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85

A0 88020 0xygen Analyzer Suction 0.00 03-29-85 0.00 03-29-85

A0 8803 .0xygen Analyzer Return 0.00 03-29-85 0.00 03-29-85

A0 8804' 0xygen 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 04-15-85i

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-

50 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 2499-1B CAM - Drywell 0.00 04-01-85 0.00 05-21-85
' SO 2499-2B

SO 2499-3B CAM - Suppression Chamber 0.00 04-01-85 0.00 04-01-85
S0 2499-4B
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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

A0 2599-2A ACAD to Drywell *7.80/0.00 04-01-85 2.30 05-03-85
CV 2599-23A

A0 2599-3A ACAD to Suppression 0.00 04-01-85 0.00 04-01-85
CV 2599-24A Chamber

A0 2599-28 ACAD to Drywell *1.70/1.85 04-01-85 1.70/1.85 04-01-85
CV 2599-238

A0 2599-3B ACAD to Suppression 0.00 04-01-85 0.00 04-01-85
CV 2599-24B Chamber

A0 2599-4A ACAD Drywell Bleed to *1.70/0.00 04-02-85 1.70/0.00 04-02-85"

FCV 2599-5A SBGTS

A0 2599-4B ACAD Drywell *6.50/0.00 04-02-85 0.90/0.00 05-03-85
FCV 2599-5B Bleed to SBGTS

X-1 Drywell 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

<

Valves tested separately. Individual valve leak rates shown.*

**- Tested at 48 PSIG.
<
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-TABLE A-1*
,

TYPE 8 AND C TEST RESULTS
,

VALVE (S) OR MEASURED LEAK RATE (SCFH)
PENETRATION TEST VOLUME AS FOUND DATE AS LEFT DATE

1

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

X-350 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. Flanga 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

Dryrell Drywell Head 0.00 03-17-85 0 00 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
Hatch

.

* LLRT performed after closure following entry into suppression chamber.
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TABLE A-1*
,

TYPE 8 AND C TEST RESULTS
,

VALVE (S) OR 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-7D 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;

Orain 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 3.75 03-18-85 3.75 03-18-85

X-13A RHRS Return 0.00 03-19-85 0.00 03-19-85

X-138 RHRS Return 0.25 03-18-85 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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TABLE A-1*

TYPE 8 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-16B 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

I
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-101B Recirc. Pump Power 0.00 03-21-85 0.00 03-21-85
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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-1010 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-104B 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-106B Thermocouples O.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/818 H /02 Analyzer Panel 0.45/3.35 06-04-85 0.45/3.35 06-04-852

LT 2-1641-5A/58 Torus Hide 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,

i

.
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'

OATA SET AT START OF 24 HOUR TEST

.

*Cf a St A7 001 tS!26tSa.

ra!LCO %%%3e".1

1734 48 14 5.v.s 7 z 15.986 3CG F WAS BCC4 DELCTCO F43m tCa4 6 SCf 10 0.8470s 13 g4 S.v.s a 3t35 304 3CS F MAS SCC 4 DCLCTCO F#0m SC44 4 SCf TO O.0
1CECCLLt 13 14 S.v.s 4 : 34 150 OCS F MAS PCC9 nCLETCO FROM SCAN 6 SCT TO 0.8

P9CS$utt I a e4.396 PSIA 94CS$utC 2 s 64.417 PSta
397 att PACS $utt a 63.897 PSta v4P04 PACSSUAC s 0.509 PSIA
v0L dCISMICD evC CC a 80 117 OCG F WOL WCISMTCO AVCRA6C af0 a 96.844 OCS F
42 WATER LEVEL z 40.397 14CMCS 387 41R MASS s9.967014062SC+04

473S!

5.v.e t 117.103 115 529
5.v.s 2 121 554 122.600
S.W.8 9 116.060 111.731
Sev.8 4 116 224 101 329
S.v.s i 113.060 112.370 111.895
S.v.s 8 108.571 107 411 107 624 109 2189.v.s 7 g 6. 716 98.043 94.452 0.0001.v.s A 0.000 90.560 A7 146 91 511Sevee 9 af.734
1.v.8 10 46 574 46.429 86 501 86 344 46.466 46 782Sev.8 11 139.236 134 216

OCECCLLSt

Sev s g al.094e
1.v.s 4 S.000 48 287
9.V.S S 79.677
S.V.8 7 78 104 77 191

9.V e.t
0 74.159 76.576

S..s g 79.SSS 1.. 75

i

TABLE B-1
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'

DATA SET AT END OF 24 HOUR TEST

,

srr str. af e07 1*tE9146

FatLrg gg es31st

efet es IN 1.v.s F 94.s02 ets F was 8tt4 OCLtito F80s SC AN & Stf TO 0 0
of1t il 14 9.v.s e 8107 165 ntG t was SEE4 DEttito F A04 SCA4 & SET TO 0.0
StrCrLLs 19 14 t.v.s 4 s it.e94 3ES F was 8tE4 DELttto FRO * SCA4 4 Stf to 0 0

PatStuet t * 43.840 P5ta PRE 33JGt 2 3 63.333 P$te
37 sta >=t35udt * 6 3.378 F5t a v4Poe Pet 33utt a s.469 PSIA
vet witswit3 avt 9C * 77.66e DEG F v0L wttsMito avtAAEC RfD : 95.199 OCS F
et u4fte LtytL a 35 720 14CMrs Jay als gass se.93090F8129t+04

tv3tt

9.v.8 1 111.42* 111 12e
$.v 8 2 119.929 120.849
5.Wes 1 117.051 lit.17f
9.v.s 4 116.653 111.114
4.d.s 4 iI4 2ag 133.agg II1.12*
9.W.8 6 110.400 109.242 109.S*3 110.843
Seves F 95.194 9h.924 9F.626 0.000
1.V.s 4 0.000 Ag.934 85 1't 89.85F
S.ves 9 91.750
5.W.8 10 *5.437 29.431 83 416 83 208 83.353 *3.649
5.v 8 Lt t*4.42= 13. 324

7tdCELL11

9.v.s t 76.999
1.We8 9 0.0C0 76.*49
1.We8 5 76.249
9.Ve8 7 F5 376 73.179
S.V.S e 72 981 74.347
1.We8 10 77.454 76.503

TABLE 8-2
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I
'

DATA SET AT THE START OF THE INDUCED TEST '

Stf stat at 002 17:4925m
i Fa Lt0 Sr95aeS: ,

4T04 48 19 4.v.s F e **.732 StG F
M48WWW OtttfE0Faen stas aStt 70 0 0RTOf 18 19 S.W.8 4 *107 21S OCG F MAS Ott4 OCLCit0 F80m Stag & Stf TO 0.0_1CECCLL t 19 19 S.v.s e

a 57.42 7 OtG F M AS Pt[9 OELtfEO F#04 SCA9 L SET TO 0.0
PetiSUSC 3 s 63.759 PSin PRESSu#t 2cet att Pets $unt * 43.297 PSIA V4POR ##CSSutt s 63 770 PSIA
WOL utlGMitD AVE OC s 77.140 JtG F a 0.460 PSI 4

WOL wttS9fEO AVER 46( ATO s 95.044 OCS Fma ma tte Ltytt a 34.444 19tHES 347 4t4 9455
se.9229933125t 04

4775:

1.v.s i 110.911Seves 2 110.400
119.753S.V.s 3 120.708
117 021S.V.8 4 III.*TF116.623S.V.s 1 112 013114 30AS.W e 6 !!1.005 113.099110 528S.v.s F 109 272 109.623 110.93244.997

S.v.s 8 96.005 17.$260.000S.V.e 9 en.ee9 0 000
91.S31 14.914 as.590S.v.s 10 49 3e9S.W.s 11 43.247 93.434136.041 134.041 43 039 03.164 83.491SttCCLLS:

1.W.8 1 74.0051.Wa0 4 0.000S.Wa0 5 74.445f5.942SeveO 7 TS.2**'

9.W eg 0 74.450
72.S68S.V.0 W 74 81577 345 76.h39

TABt.E 8-3
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'

DATA SET AT THE END OF THE INDUCED TEST

tti 8217 of 002 23350327

v altro gtge$.e:

1736 48 14 7.v.e 7 s 9e.464 *CG * 44S SEtt DELCit3 Feog Scag & SET TO 0.0
1731 13 14 *.v.s a v107 215 CEG F M4S SEC4 OtL'ft0 FA0* SCAN & Stf TO 0.0
itetfLLI Il th %.v.e e a 57.410 nrg a M45 ffC4 SELCit0 F40m SCAN 4 SET TO 0.0

pattSunt I a 43.S98 PSIA PetSSJ8C 2 a 63 605 PS14347 ate *#t%$URE a 63.134 PSta V4POR **[SSu4C a 0.465 PSta
v3L drtSMit3 AVC OC a 77.340 QEG F YCL utBSMit0 avtnast at0 a 94 354 OC4 F
ts utitt LtvCL s 32 20s letMES ORY 484 mess sA.90459214FSE*04

if1SI;

S.V.e I 110 275 10*.939
1.v.s 7 119.418 120.S$2 ,

1.v.s 3 !!F.0$1 Il2 03 F
Sev s * 116 423 112.1)!
S.v.s 9 119 2mp !!3. 706 111.0?9
S.v.s s. Ilo.SSa 109 292 In9.672 110.932Seves F **.F44 *6 607 97 3F7 0.000tev.s * 0.0gg a. 263 94 637 49 124Seves * *S.222
1.v.s 10 83 151 #3.904 a3.240 m2.949 82.966 03.2934.v.s il 135.110 135 910

9EWCCLLSI
.

S.V.8 1 76.Sa5
S.We8 4 0 030 Th.4RO
i.v 4 S 75.747s
4.V.8 7 79.064 74.541
1. v 1. 8 8 72 245 73.FS3
%.Wa6 IG 77.1PS F4.SS7

4

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.

Tj = I(all RTD's in the jth subvolume) *F (1)
Number of RTD's in jth subvolume

D.P.j = I(all dew cells in jth subvolume) *F (2)
Number of dew cells in jth subvolume

where Tj = average temperature of the jth subvolume

; D.P.j = average dewpoint of the jth subvolume
I

B. Average Primary Containment Temperature and Dewpoint.

NVOL
'

E =1 (VFj) * (Tj) *F (3)T= j
NVOL

I =1 (VFj) (D.P.j) *F (4)*D.P. - j;

where T = average containment : temperature

D.P. = average containment dawpoint

VFj = volume fraction of the jth subvolume

NVOL = number of subvolumes

If Tj is undefined then

Tj = Tj.1 for 1 1 j i (NVOL - 2)

Tj = Tj_j for j = NVOL - 14

Tj = estimate for j = NVOL

If D.P.j is undefined

D.P.j = D.P.j.) for i 1 j i (NVOL - 2)

0.P.j = D.P.j.I for j = NVOL - 1
,

D.P.j = estimate for j = NVOL

Ol88H/00782 -50-
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C. Calculation of Dry Air Pressure.

I :D.P.(*K) - 273.16 + 0.P.(*F) - 32-

1.8,.

: X - 647.27 - D.P (*K)
!

3j- EXPON - X * (Y + Z * X + C * X )
! (0.P.(*K))*(1 + 0 * X)
1

Py - (218.167) (14.696)*

(PSI); e(EXPON * In(10))
.

P E(all absolute pressure gauges) (5)
{ Number of absolute pressure gauges - Py (psla)
: ,

1 where Y - 3.2437814 L

I. Z - 5.86826 x 10-3
J

| C - 1.1702379 x 10-8
i -

'
j -D - 2.1878462 x 10-3
f

Py - volume we1 hted containment vapor pressure I; 9

'P - containment dry air absolute pressure

C, D, X, Y, 2, and EXPON are dewpoint to vapor pressure conversion,

; constants and coefficients.
I

; D. Containment Ory Air Mass,
i

! H = (28.97) (144) * (P) * (288737 - 25 * (LEVEL - 35)) (6)*

| 1545.33 * (T + 459.69)
l '

where W = containment dry air mass
!

| LEVEL - reactor wa*.er level

j 288737 - containment free air space with water level - 35 inches
i

e

1 >

;

i
!

I'
'

i
J

i
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E. ,Heasured Leak Rate.-

tm(TOTAL) = (NBASE - W ) * 2400 (7)*

l

^tt*HBASE
:

tm(POINT) = (H _j - H ) * 2400 (8)i i

UDAY* (tt - t .1) * N .)t t

where WBASE = containment dry air mass at t = 0

tt - time from start of test at Ith data set

t .) = time from start of test at (1-1)th data seti

Hj = dry air mass at Ith data set

Hj_1 = dry air mass at (1-1)th data set
.

Lm(TOTAL) measured leakage from the start of test to ith data set
J

Lm(POINT)= measured leakage between the last two data sets

F. Statistical Leak Rate and Confidence Limit.

LINEAR LEAST SQUARES FITTING THE IPCLRT 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-zero
leak rate). Obviously, sampling techniques and test conditions are not

. perfect and consequently the measured values will deviate from the ideal
1 straight line situation.

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

W = At + B

where H = contained dry air mass at time t
i

i

|

1
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.

.

B = calculated dry air mass at time t = 0

A = calculated leak rate

t - test duration

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

A = (N * I(tj ) * (Hg) Ett*I W } = E( t g - I) * (W) A)t

(N * E(t )2 . (rt )2} r(t) - I)2i t
.

wi - A r , = (Ice,)2 * r(wi)} _ (r(t ) * (W ))B=r e i i<

N * E(t )2 _ (E t )2N tt

; where t = the average time for all data sets
i

| A = the average air mass for all data sets
-!

The second formulas are used to reduce round-off-error.j
.

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

Ls - (-A) * (2400) (9)
i B (weight %/ DAY)

f STATISTICAL UNCERTAINTIES

In 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 T-Olstribution function are used as follows.4

'

1 N * E(Wg)2 . (ry )2g

o={ .( ) _ A )l/22

(N-2) N * E(tg)2 . (rt )2t
t

*
t

'
i

'

; ,

f

!
i ,
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When perforcing these calculations on the process computer, E(Hg)2 and*
,

W )4 become so large that they overflow. To avoid this problem Ng is(E t
substituted for Hj. Mt is the difference between Wt and WBASE-*

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 + 1.975971
(N-2) (N-2)4

The upper confidence limit (UCL) is given by

UCL = LS + c * (TE) * 2400
g (weight 7./ DAY) (10)
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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.

A. INSTRUMENT ACCURACY ERROR ANALYSIS

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

equation:

L(%)=( 24 ) (100) ( W1 - W2 ) 2400 (1. T1P2 )
H W1 H T2PI

where L - primary containment leak rate (%/ day;
H = time interval between data sets #1 & #2 (hours)
W1 . weight of the contained dry air mass

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

at test data set #2 (Ibs)
T1 volume weighted primary containment

temperature at test data set #1 (*R)
T2 volume weighted primary containment

temperature at test data set #2 (*R)
P1 dry air absolute pressure at test

data set #1 (PSIA)
P2 dry air absolute pressure at test

data set #2 (PSIA)

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

2400 BL BL 8L BL

6(T2))2)l/2 [(B T a(pi))2 , (apf 6(P2))2
(ari 8(TI))2 , (aff6(L) . H P

substituting

H = 24 hours

BL - T1 P2 =1
BI T2 P12 FTP

BL T1 *-1=-

BP2 T2 Pl P1

8L P2 *-1=-

Bil T2 P1 T2

3L - T1 P2 = 1
8T2 T24P1 T2

assuming P1 * P2 * E and il * T2 * i
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whe're P = average absolute dry air pressure
,

T = average volume weighted primary
containment absolute temperature

Therefore,

+ 2( 6 7 ,)2)1/26(L) . 100 f 2( 6(y 32 1.

P T

1. Calculation of 6(f>_

11

i= I (VFj) (Tave.j)
j=1

where VFj - the volume weighting factors

Tave.j = the average absolute temperature in the itti subvolume

Nj
Tave j . I Ti im

11 Nj

where T1.j = the absolute temperature of the IM1 RTD
in the 191 subvolume

Nj = the number of RTD's in the it!! subvolume

Now,6(f) is calculated from

11 67
6(f) . I diave j 6(Tave.j)

Jl

where 67
sfave.j = VFj

6(Tave.j) RTO accuracy
(Nj)l/2

Therefore,

11

6(t) I (VFj) (RTO accuracy).

j.1 (Nj)l/2

2. Calculationof6g

6(p) . (6(pT)2 , 6(p )2)l/2y

where Pr = total absolute primary containment pressure |
Py = partist pressure of water vapor in the primary

containment
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Substituting 6(pT) . PPG accuracy .

.

(# of PPG's)l/2*

.-

* 11

6(p ) . I (VFj) (dewcell accuracy)y
j.1 1/2

(Nj)

where PPG = precision pressure gauge

Nj number of dewcells in the ith subvolume

Therefore,
11

6(p) , [ ( PPG accuracy )2 (E (VFj) ( dewcell accuracy >2)l/2,

(# of PPG's)l/2 J.I (Nj)l/2

3. Instrument Specifications

(SEE TABLE ONE)

4. Calculation of 6(L). Accuracy Analysis

Following are the designated volume fractions and sensor allocations:

Volume No. of
Subvolume Fraction RTO's

1 0.03486 2
2 0.03174 2
3 0.03634 2
4 0.01251 2
5 0.07979 3

6 0.10670 4
7 0.09134 3

8 0.08624 3

9 0.03083 1

10 0.46689 6
11 0.02275 1 T.C.

Volume No. of
Subvolumes Fraction Dewcells

1 0.03486 1

2,3,4 0.08059 1

5 0.07979 1

6,7 0.19804 2
8,9 0.11707 2
10 0.46689 2
11 0.02276 Sat.
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i

&ssume the folloutng values:
,

p 63.0 PSIA
'

.

i = 85'F = 544.7*R'

j Dewpoint = 65'F

1 Therefore,
\

6(T) = (0.03486 x 0.50) + (0.03174 x 0.50) + (0.03634 x 0.50) ;

! (2)1/2 (2)?/2 (2)l/2 *

+ (0.01251 x 0.50) + (0.07979 x 0.50) + (0.10670 x 0.50) ;

(2)l/2 (3)l/2 (43 1/2 |

+ (0.09134 x 0.50) + (0.08624 x 0.50) + (0.03083 x 0.50)
: (3)1/2 -(33 1/2 (1>1/2
'

+ (0.46689 x 0.50) + (0.02276 x 2_,,p) ;

(6)l/2 (13 1/2

6(f) = 0.2980*R,

i

6(pi) = 0.015 - 0.01061 PSIA,

| (2)l/2 ;

i ,

j For the subvolumes, other than the air space in the reactor, an accuracy of the
dewcells of g l'F at an average dewpoint of 65'F corresponds to i .011 PSI in;

vapor pressure. For subvolume #11 at an average temperature of 140*F, an
accuracy of 2*F corresponds to 3 150 PSI.

6(Py) = (0.03486 x 0.011) + (0.08059 x 0.011) , (o,07979 x 0.011)
j (1)1/2 (1)l/2 (13 1/2

! + (0.19804 x 0.011) (o,11707 x 0.011) + (0.46689 x 0.011)
i (2)l/2 (2)l/2 (2)1/2 !

I + (0.02276 x 0.150) ,

(1)1/2,

. 00038 + .00089 + .00088 + .00154 + .00091 + .00363 + .00341
i

6(p ) . 0.01164 PSI; y
!

Therefore.
,

6(p) . (( 0.01061 )2 + ( 0.011641211/2

f 0.01575 PSI
- ,

,

4

! l
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'The accuracy uncertainty for a 24 hour test is then found to be
,

6(L)a - 100 (2( .01575 32 + 2( .2980>2p2
'

63.0 544.7

- 0.0851 weight %/ day

5. Calculation of 6(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.

6(f) - (0.03486 x 0.10) ,(o,03174 x 0.10) (0.03634 x 0.10)+

(2)l/2 (2)l/2 (2)1/2

(0.01251 x 0.10) + (0.07979 x 0.10) (0.10670 x 0.10)++

(2)l/2 (3)1/2 (4)1/2

+ (0.09134 x 0.10) + (0.08624 x 0.10) + (0.03083 x 0.10)
(3)l/2 (33 1/2 (1)l/2

+ (0.46689 x 0.10) + (0.02276 x 0.10)
(6)I/2 (1)I/2

6(f) - 0.0528*R

6(pT) , 0.001 , o,0007] psgA
(2)l/2

For the subvolumes, other than the air 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 Afil at an &Verage temperature of
140'F, a repeatability uncertainty of 3 0.l'F corresponds to 1 008 PSI in vapor
pressure.

6(Py) - (0.03486 x 0.006) + (0.08059 x 0.006) . (o,o7979 x 0.006)
(1)l/2 (1)l/2 (13 1/2

+ (0.19804 x 0.006) + (0.11707 x 0.006) (0.46689 x 0.006)+

(2)l/2 (2)l/2 (2)l/2

+ (0.02276 x .008)
(1)l/2

. 00021 + .00048 + .00048 + .00084 + .00050 + .00198 + .00018

6(p ) . 0.00467 PSIy
,
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Thefefore,
.

6(p) . ((o,00071)2 (0,00467)2)l/2

- 0.00473 PSI

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

6(t>r 100 [2( 0.00473 32 + 2 ( 0.0528 3 )l/22

63.0 544.7

- 0.0173 weight %/ day

6. Total Instrument Uncertainty

a(L) Total - ((6(L)a>2 , (6(L)r>2)l/2

. ((0.0851)2 + (0.0173)2)l/2

- 0.0868 weight %/ day

2a(L) Total 0.1737 weight %/ day

.

e
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BN-TOP-1, REV. 1 RESULTS
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BN-TOP-1, REV. 1 SUMMARY

(24 HOUR TEST)

e gge- rrwo set-t"nt LCAM 6 aft C4LC LEA < *afr * > * CPNFIOC%CL
10 ti.** N.** *'.T'' O.0013'*18 0.01809*00 0.C00r*00 0.000nen0
il IS.e2 in . 1 *9.,.4 n.4JS00+00 0.00001+30 0.001D*0n 0.3000+00
12 Ig.7m %.13 3.917 ).24260+00 0.03330*30 0.3300+00 0.0 0 0 0 * f,0
33 I S . *', %.*C 43.8M2 ?.40140+00 0 44456*00 elilG+02 0 1660+02
34 16 12 'A.77 *d.nF7 0.44010*00 0.43790*00 .3240*01 0.4120*01
35 te.?e 2A.7* ''.473 0.37190*00 0 394%0+00 .1370+01 0 216n+01
36 16.43 't.7? 43.469 0.37710*00 0.97S40*00 .6390+00 0 1390*01
37 16 52 '4.70 65.a64 0.36970*00 0 36140+03 .3040*00 0 1030+0!
3e 16.F* *a.6* .3 =*0 0.34aCJe00 0.3447D*00 .1750*00 0 0150*00
3* 16.*? '4.67 53.asi 0 37311+00 0.34400*00 .2550-01 0.7130*00
40 17 12 N.65 43.d20 0 37940*00 0.39%20*00 0.4190-01 0.6500*00
41 17.21 46 42 63.444 0.15270*00 0 33170+00 0.9320-01 0.5860*00
42 17.46 96 41 63 843 0.34840+00 0 31400+00 0 1290*00 0.S310*00
43 17.57 16 59 43.830 0 35993*00 0 33320+00 0 1550+a0 0.S!?O*00
44 17.7* 'h.S* (3.495 0.39470*00 0.33160+00 0 17$0+00 0.4090+00
43 17.14 6 56 63.930 0 36940*00 0.33400*00 0.1900*00 0.4780*00
46 10.12 14.34 63.82F 0.35120 00 0.33200+00 0.2030+00 0.4610*00
47 10.79 96 g3 4 3.m2 5 0 35440*00 0 33130*00 0 2130*00 0.4500*00
44 1A.4% 96.~1 43.alA 0 360*0+00 0.332J0*00 0.2220*00 0.443O+00
41 18.62 44.*0 *3.414 0.3 71 *0+01 0.33529*00 0 2290*00 0.4410+00
50 18.ts +6.4F 61.e04 0 17260+00 0.33440*00 0.2350+00 0.4360.n0
St 19 12 14.4% 63.n64 3.36J00*00 0.336.0+00 0 2400*00 0.4330*00
$2 19.29 96.44 63.A00 0.36250 00 0 33000+00 0 2460*00 0.4300+00
SS 19.46 96.43 63.797 0.35660*00 0.33R20*00 0.2300*00 0.4260*00
94 19.63 96.42 63.793 0.36240+00 0.33950 00 0.7550+00 0.4240*00
SS l'.77 94.49 43.749 0.341F0*00 0.34010+00 0.7500+00 0.4220*00
34 19.96 'h.39 6$.ya4 0 37310*00 0.34240 00 0.2 20+00 0.4230*00
S7 20.13 14.36 m3.780 0.360MO*00 0.34280*00 0 2650*00 0.4210+00
S4 20.79 16.35 63 776 0.34390*00 0.34360+00 0.2600+00 0.4200+00
19 20.46 16.33 A3.771 0 37220+00 0.34530*00 0.2710*00 0.4200+00
60 20.65 *%.31 63.7'F 0.37100+00 0.344ND*00 0 2730*00 0.4200+00
51 20 19 'u.29 63.743 0.56790*00 0.34770 00 0.2760*00 0.4200400
62 20.96 's.24 63.h9 0 3FA40*00 0.34970*43 0 2 7a0*00 0.4210*0061 21 13 *n.71 A 9 . F .* 0.39041*00 G.93300*00 0.2820*00 0 9040*00
44 21* p *6.24 %3.791 0 39296+00 0.35620*00 0.?sS0*00 4. *00
63 21 M 16.28 6 3. 7! G 0.39690+00 C.35950*00 0.2800*00 8. *00

'66 &%.43 'A.27 63. Fee 0 39360+00 0.36220+00 0 2910+00 0** G*00
67 21.00 96.2A 43.F4% 0.404F0+00 0.36Sa0*00 0.2990*00 0.4979+00
A4 21 96 44 2A 63.F41 0.41380*00 0.14990*00 0.7aAO*f0 0.4420*00
68 22.13 4 24 43.749 0.41130e00 0.373%D*00 0 3020+00 0.4450+00
70 27.30 16.27 5 3. 73 F 0.40990*00 0.37460+04 0.3050*00 0.4400*00
71 22 46 '6.?? 63.735 0 40*iO*00 0.379$0*00 0.3040*00 0.4510+00
72 22 43 'e.27 23.730 0.423hn.00 0.38110 00 0.3120+P0 0.4550*00
73 22.=0 'G.2% t,1. 72 4 0.41480+01 0.3A410*10 0.9130*C0 0.4570+00
74 22.93 14.27 n ?. FPS 0.472nu.09 0.34f20 00 0.3180*C0 0.4400*00
fi 73 11 't. 2 6 63 723 0. 41 A * J.10 0.31191*00 0.3210+00 0.4620*00
76 23.30 96.26 A3.F21 C.41720 00 0 39430*00 0.3240*00 0.4640+n0
FF 23.46 96 26 49.717 0.4256n+00 0.37720*C0 0.3270*00 0.4670*00
ft 21.A3 St.24 65 715 0.42700+00 0.40000*00 0.5310*00 0.46*0*00
F1 23.40 '4.21 41.711 0.47993*01 0.40220*00 0.3340*00 0.4720*00
90 23.*6 "'.75 61.709 0.4747D*00 0.40S90+co 0 3370*00 0.4F40*00
al 24.11 16.2S 4 9. 70h 0.47940*00 0.40 F F0*0 0 0 3400*00 0.4F40*60
42 24. en 9%.2* 6 5. F0 4 0.43?20 00 0.410?O+00 0 3420+00 0.47A0*00
41 24.4F 96.26 43 701 0.43470+00 0.41260*00 0 3450*00 0 4000*00
84 74.$3 96 25 n3.694 0 43610 00 0.41510*00 0.3400*00 0.4020*00
mS 24.ar "e.25 41.h95 0 43500 00 0.4tF20*00 0 3910+00 0*4840+00
M6 24.17 94 24 4 3. =i ) 0.41100 00 U.41901+00 0 3530*00 0.4PSO*00
4F 23.13 "h.*! =!.6'O 0.42n00*00 3.42030*00 0.1 sic +00 0.4860*00
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s 41.J A3h6 ani*.ob3 13th ne aJ 3t73 13tu et la 641 30 Adit 3h33sa 4G'nu n * 41 st* von **2nbC+00 0'tlI+d+00 0'691C+09 0**d90+00
*

66 sG**/ ** * 16 >n**&( 0**1100+00 0*02200+00 o'74W0+00 0**d9C+00mo dG*** t9'l* 5 a ** 20 0**1610+00 0'0240C+00 0'ibmU+00 0*tW9L+0061 lb*hO ***le 4f*92G J**0rl0+00 0*022t0*00 C*tG60*00 G**94C*0062 2G*64 69*12 9t'v aJ 0**0620+00 s'022t0*00 0*5900+00 0**eG0+00ot 45*l* o9*II 9t*#%9 0**Cwf0+00 0*422tC+00 0*t900*00 D*tW*0 00** 29*ht =**Gu s'f*d92 0**0f0u*00 O*6216C*00 0*t900*00 0*ewt0*0066 29*t A ti'04 4t'954 0'ecIW0+00 0**t190+00 0*t900+00 0** tic +00a9 29'** 69'U* %t'*tf 0*t0040'00 0*62110*00 0'C900+00 0**RE0+0061 49'WI a**04 4f'9*6 0*t6440*00 0*02040+00 0*tG60+00 0*6910*00me 29'61 m**00 9t'9tt 0*teW20+00 0**16m0+00 0*iG60*09 O*tul0+006 44'1* 64'ev v>*9sh 0'ttE90*00 3*tt62C+00 0*t560+00 0*t00C+00
-

100 21'il 6G*66 9t*9tG 0*t6t20*00 0**1H00*00 0'tG00*00 0*tL60 00101 21**1 m4'mo 9t*%tO 0*t6600+00 0'tliN0*00 0*t59C+00 0*tiW0+00102 44'vo nb*61 9t'9lb 6*t6410*00 6**1460*00 u*iGLC+00 0**110+00lut 61*mI .* 4 ' 6 0 9i'921 0*6629C*00 0*tI4W0+00
0'rG90*00

tGAG+00 0'tt90+00104 EL*6w 6b*ta s'i ' 91 L 0*t64u0+00 0**1900+00 0* 0'et9C*0010G 2d*16 6m*Wk 91*912 0*t6tt0*00 0*tiGt0+0C 0*rG90+00 0*02b0*00109 ts'ti t4*ht st*909 0*t6920+00 0*t1660+00 0*th90*00 0'6160+00101 tW**s sm*st sn'90t 0*t6lt0*LO G*6lt50+00 0*t590+00 0* tit 0+00105 20*90 6G'wt wi*466 0*tatid+00 0**1610+00 0'tG90+00 0'61t0+00106 20'ul 6m*2t ,5*$=L O'f6tL0+00 0't1590+00 0'tGG0+00 0'6120+00110 lu'nu mk*tu vt*4ht 0*t6G40*00 0*titl0+00 0*rGG0+00 0*tll0*00111 26*le 64'19 9t*GWA 0*t6t20+00 0'41d90+00 O' EGG 0+09 O*6100+00112 le'tI bG*t* 9t*GvE 0*t6tl0+00 0'tiZQL*00 0'tG00*09 O*6100*00
IIC 26'vo

09 LL*4( 9S'Gf6 0*t6G9C+00 0'01190*00 O'iL60*00 0'0960'00lit 2n 64'41 9i'%16 0*t6110+00 0'ttiC0*00 0'tGt0+00 0*t9W0+00lib le'*wt 05'10 9t'tal 0*t6 tic +00 O*61060+pO C*tG00+00 0'0980+00119 ts'nu uh'96 9t*h9W G't6410*00 0'el000+00 0'CGt0*00 0'0940*00114 fO'is ab'9w 9f*E96 0*tevf0+00 0'01010+00 0'tG*0*00 0*t920+00IIW rO't. m4'*4 vE'4-0 0't6wwJ*00 O'00660+00 0*EG00'00 0't990*08lib C0'60 wt'92 9t'%hL 0*t6620*00 0**0640*00 O'CG00+00 0*t990*00120 E0'9S oG'99 't'EG# 0*tm99C+00 0**0naC*00 0*rG*0 00 8'6960*00121 rO' Wf 6t'wE *t'G%0 O'00lw0+00 0' tom 6C+00 0*t400*oc 0*t960+00122 C0'6W 04'wG vt*S*A 0'00120*00 0*t0600+00 0'tSt0*00 0'0990+0012E tI'lG oG'90 9F'ttt C*oC0m0 00 U*t06*0*00 0'tGG0+00 0'0990+00124 tl*fI 6m*te vt*G*0 0**0t10*00 0*t06tC+00 0'tGG0+00 8*994t*0012$ tlotS 64'%0 wt'bbb 0*t0620 0G 0*eGh*0+00 0't4G0*00 O'6960+00129 tl*9$ nE'92 9f*Gtt 0'notc0+00 4**0900*00 0*tE90+uO 0*t9f0*00lit tI'WI eL'41 ti*GEI 0**0200+00 0'6000U*00 0'tG9C*00 0'09C0*00120 il*6e 64'41 vs*%20 0*t02m0+00 0'606tC*00 0'i590+00 0't910'0C12( h2*lG nG'91 9t*G2G 0*tC900+00 3**04GC*00 0'C%90+00 O'69f0+00tfo hZ'62 64'91 9t'E22 0*t014C+00 O'00640+06 0*tGl0+09 O'6920+00!ti tl'ov 66'90 9t*Ct6 O'609ou+00 0**06mG*00 0*f%1C+00 0*t920+001CZ 62'99 o Mgm %s'419 0**0924*0C 0'tetm3+00 0'tGWuoJ0 0*t92C*00lit il'!eC 9*46 95'Glf O*6096U+00 0**l000+00 0'tb60+00 0*t940*00lit t2*bu oG'Gw 9t'%lO 0*t091C+00 d'el010'00 0'0430*00 O'6920+00tgS sE'lG 6G'b A 95'%09 0*totiC+00 0**10f0+00 0'CS60*00 0*t920+00159 tE*t2 eb*G9 9t' GOC O*6OLG0*OC 0**l000*OG 0'tG60+00 0*t920*00ttA tE*eW 6b*59 vt'500 0' nod 60'00 0'tl090+00 0'f900+00 0'0920'00liW ft'95 nb'GG it*664 0'*OWZC*00 0**l01C*00 0't900+00 O'0910+00tte tI'ed 6G'46 91*t6f 0**0 90*00 0'tl060+06 0't900+00 O'6910*00100 ff'6m eh*G( vt*tbO 0*t0GW0*00 0*el06C+00 0*f910*00 0*t9l0+00101 tt*14 oG'GZ 9t'eW9 O'609G0*00 0'61110+00 O'f910+00 0'0910+00162 C**CI .G*GI 9t'owt 0't0900'00 0*till0+00 0*t9I0*00 O*6910*00ttE te'tu e**GO 9f'teD 0**01W0*00 0' tilt 0+00 0't920*00 0'4910*00l*t re'94 =%*t6 95't&9 0*towlC+00 0'61100*00 0*t920+00 0*t910*00teG t**n2 6G'ew wt' tic 0**09tC*00 0**1190+00 0*t920*00 O'6910'00
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BN-TOP-1, REV. I SUMMARY

(CONT'D)

e ?!ws fr*p esr%YJ4C tra< #4fC CALC LF44 447E 957 fo4F10CNCC144 14. e4 95.4/ f*.*e1 0.4068J+00 0.41160+00 0.363C+00 0.4600*00147 95 16 a%.46 '5.447 0.40690+08 0.41160+00 0.3630 00 0.4600*00149 35 32 41.4t 43 443 0.40630*00 0.41170+00 0.1630 00 0.4600+00leg 35.41 15.44 s.3.4'O 0.40600+00 0.41170 00 0.363n.00 0.4600+00130 35 66 15 43 69.436 0.40610+00 0.41170+00 0.3640+00 0.4600*00151 35.P7 *$.4? 63.433 0.40SFJ+00 0.41170*00 0.3640+00 0.4600*00
152 35.99 9%.41 63.450 0.404AD*00 0.41180+00 0.3640*00 0.4600'00153 36 1' "%.40 f. 3. 4 4 6 0.40690+00 0.411PO*00 0.3640 00 0.4590*00
114 36.t2 '9.40 61.443 0.40683*00 0.41190*00 0.3650 00 0.4S90*00155 34 49 'S.39 %3.440 0.40590+00 0.41190*00 0.3650+00 0.4S90*00IS$ 36 6A 13 36 63.436 0.40490+00 0.41190+00 0.3650+00 0.4590+00157 36.82 "S.34 63.432 0.40670+00 0.41190*00 0 36S0*00 0.4590 00IS8 16."9 4'. 34 63.429 0.40S00+00 0.41190+00 0.36S0*00 0.4590*00159 17.16 95 33 63.429 0.40430+00 0.41190+00 0.3650+c0 0.4580+00160 57.37 85 32 63 420 0.40F20+00 0.41190+00 0 3660+C0 0.4S80+00161 37.49 $3 11 63.414 0.40410+00 0.41190 00 0.3660*00 0.4580+00162 17.A6 *S.31 63.415 0.40650+00 0.41190+00 0.3660+00 0.4580+00163 37.mi SS.30 s3.412 0.40610+00 0.41190*00 0.3660+00 0.4580+00164 37.95 **.29 63 404 0.40580+00 0.41110*00 0.3660+00 0.4540+00165 39 15 "S.28 63.404 0.406?0+00 0.41200+00 0.3670+00 0.4570+00166 39.33 95 27 63 402 0.40409+00 0.41190*03 0.14 70+ 0 0 0.4370+00167 38.49 "%.23 63.394 0.40490+00 0.41190+00 0.3670+00 0.4570+00164 18.66 75 23 A1.393 0.40940+00 0.41190+00 0.3670+00 0.4 5 70 + 0 0161 3A.e3 95 75 61.392 0.404$0+00 0.41180+00 0 3670+00 0.4570+00170 39.01 "S.22 43.389 0.40210 00 0.41170+00 0.3670+00 0.4560+00171 39 14 85 21 63 396 0.40080+00 0.41160+00 0.3670+00 0.4S60+00172 39.33 "S.20 63.3A3 0.40230+00 0.41150*00 0.3670*00 0.4560+00171 39.%0 15 20 43 379 0.40210+00 0.41140+00 3.3670+00 0.4560*00
1EAN LEAR **ft 0F LAST 20 801475:0.40480*00

<
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BN-TOP-1, REV. 1 SUMMARY

(IN00CEO TEST)

,

t

e TIME TEMD CRESSURE LEAM RATE CALC LEAM # ATE 951 CONF 1DENCE
187 41.83 95.@4 63.299 @.@@@eD+88 d.@@@eD+@e d. N@D+@@ @.@@@D+@@
184 42.@c 95. d3 63.291 @.1363D+41 @.@@eeD+@c @.@900+@@ 0.e9@D+@@
t89 42.17 95.@2 63.284 @.1325D+61 @.@@@eD+@@ @.@@@D+90 @.M00+@@
190 42.33 95.@2 63.277 @.1294D+01 $.1296D+41 .314D+@1 0.5730+@t
198 42.54 95.@t 63.270 @.1298D+01 0.12870+@t .3180+@l @.575D+@1
192 42.67 95.@e 63.263 0.1316D+41 e.1295D+et .2610+@1 9.5210+81
193 42.84 94.93 63.255 d.1297D+41 9.12900+41 .195D+@t @.363D+91
194 43.@e 94.98 63.249 @.12790+@t 0.12880+41 .261D+0e 0.282D+01
195 43.17 "F. 98 6J.d41 d.1J1@D+@t @.1286D+@l .122D+@c e.2690+01
196 43.34 14,97 63.233 9.1325D+e1 9.12960+41 9.1900-03 e.2590+41
197 43.50 94.95 63.227 @.1278D+@1 0.1287D+41 0.261D+ee 0.231D+01
198 43.67 94.96 63.221 0.1383D+@t 0.12890+01 0.4400+0e e.214D+41
199 43.84 94.94 63.214 0.1287D+0! 0.12460+01 0.5910+S0 0.194D+01
2@e 44.01 94.94 63.298 0.12560+41 0.1275D+01 0.661D+0e 0.189D+41
2@l 44.17 94.92 63.202 c.1239D+0! e.1262D+01 S.795D+80 e.142D+@t
202 44.34 94.92 63.195 8.1234D+41 9.1252D+41 S.763D+ee S.174D+01
283 44.51 94.91 63.189 0.1231D+01 0.1243O+41 0.812D+4e 0.1670+41
294 44.67 34.91 63.182 0.12350*e1 0.1236D+01 0.8590+4e 0.161D+41
295 44.84 94.89 63.176 0.1224D+01 0.1228D+G1 0.4950+0e 0.156D+0!
296 45.et 94.89 63.169 8.1228D+01 @.1223D+et 0.926D+0e e.152D+01
2@7 45.17 94.49 63.162 e.1232D+@t e.12290+01 8.9500+90 e.1490+61
294 45.34 94.84 63.155 0.1233O+01 0.1217D+01 @.964D+4e 0.147D+01
209 45.51 94.86 63.15e 0.1215D+01 0.1212D+91 8.9460+4e e.144D+01
210 45.67 94.86 63.143 e.1218D+41 9.12040+01 8.t800+41 e.142D+01
211 45.84 94.86 63.135 0.1234D+@t e.1297D+01 0.101D+01 0.141D+01
MEAN LEAM RATE OF LAST 20 POINTSse.12590+G1

I
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SN-TCP-1, REV. 1

GRAPHIC SUMMARY OF A SIMULATED 8 HOUR TEST
I
I

SIMULATED 8 HR. BN-TOP-l TEST
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