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This report presents det.ils of the Primary Containment Integrated Leak Rate
Test (PCILRT) successfu performed on December 8, 1993 at LaSalle County
Nuclear Power Station, 2. The test was performed in accordance with
1GCFR50, Appendix J anc » LaSalle County Station Unit 2 Technical
Specifications. LaSall unty Station Unit 2 is a BWR 5, Mark II
containment, located in .rseilles, Illinois. LaSalle County Station Unit 2
received its operating license in June 19, 1984,

A short duration test (6.0 hours) was conducted using the general test method
outlined in BN-TOP-1, Revision 1 (Bechtel Corporation Topical Report) dated
November 1, 1972.

The total primary containment integrated leakage rate was found to be 0.3164
wt%/day at a test pressure of 41.1 psig, which is within the 0.476 wti/day
zcceptance criterion. This value is the sum of the calculated leakage rate of
0.28486 wt®/day plus the leakage rate of all non-vented penetrations which is
0.0315 wtt/day. The total 95% upper confidence limit leakage rate was found
to be 0.3479 wt®/day. This value is the sum of the measured 95% upper
confidence limit of 0.3164 wt®/day plus the leakage rate of all non-vented
penetrations which is 0.0315 wti/day.

The total "as-found" containment leakage rate was found to be 0.4273 wt#/day
which is also within the 0.476 wt%/day (.75 La) acceptance criteria. This
value is the sum of the “as-left" leak rate (0.3164 wti/day), the non-vented
penetrations (0.0315 wt%/day), and the back correction leak rate (0.0794
wt%/day) which takes into account the improvements made to type B and C
pathways during the outage.

The Induced phased leak rate test result was found to be 0.7996 wti/day. This
value should compare with the sum of the measured leak rate phase of 0.2849
wth/day and the induced leakage rate of 0.638 wt®/day (387.0 SCFH), the
difference of which being within the & 0.159 wt%/day (0.25 La) tolerance band,
The actual test data results show a difference of 0.1232 wt%/day which is
within the acceptance criterion,

The next primary containment integrated leak rate test is to be performed
during the sixth Unit 2 refuel outage which also happens to be the 10 year
refuel outage. The outage is currently scheduled to begin February 1995.
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SECTION A - TEST PREPARATIONS

Type A Test Procedure

The PCILRT was performed in accordance with Procedure LTS-300-4,
Revision 18, dated December 1, 1993. This procedure was written to
comply with 10CFR50 Appendix J, ANSI N45,4-1972, and LaSalle County
Unit 2 Technical Specifications, and to reflect the Nuclear
Regulatory Commission's approval of a short duration test using the
BN-TOP-1, Rev. 1 Topical Report as a test method.

Type A Test Instrumentation

Table One shows the specifications for the inastrumentation utilized in
the PCILRT. Table Two lists the physical locations of the temperature
and humidity sensors within the primary containment. Instrument
calibrations were performed using NIST traceable standards and LTS-300-4
was used to perform required In-Situ's prior to testing.

A Graftel, Irc Smart Sensor Instrumentation System was used in the
performance of this test, The Smart Sensors allow for the measurement
of temperature and relative humidity during an ILRT without the aid of a
data acquisition system. Each sensor contains its own CPU, memory,
signal conditioner, and R5~485 bus interface. All calibration constants
are contained in each sensors nonvolatile memory.

Up to 124 sensors may be connected to a communications port at the same
time. For this test, 40 sensors were connected. Each sensor responds
only to its own unique address, Cable runs mag be up to 10,000 feet
long. For this test, cable runs were between 250 and 350 feet long.
Since the output of each sensor is a digital signal, cable lengths have
no effect on instrument calibration.

The sensors were connected in 4 strings with each string containing both
temperature and relative humidity sensors. Although the sensors are
physically connected in series, they are electrically connected in
parallel. This ensures that the fallure of any one sensor will not
affect other sensors. The strings connect to a standard serial
communications port of an IBM compatible personal computer,

a. Temperature

30 temperature sensors (thermistors) were suspended to prevent
direct thermal influences from any metal surfaces. Sensors were
also kept away from any direct air flows.

Graftel, Inc. Model 9202 temperature sensors were used to provide
the containment temperatures. The model 9202 sensor is designed
for the measurement of dry bulb temperatures during an ILRT. The
senscrs utilize superstable precicion thermistors. The
thermistors are glass hermetic encanpsulated and subject to 1004
individual inprogress screening.

Each thermistor is mated to a signal conditioning circuitry, A/D
converter, CTPU, EEPROMS, and RS-485 network interface. An
isolation circuit is used to isclate each sensor from the network.
This provides extra assurance that the failure of a single sensor
will not result in a failure of the entire string of sensors.
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Pressure

Two precision Paroscientific 760-100A pressure transmitters were
utilized, Each transmitter had a local digital readout in
addition to a Binary Coded Decimal output to the computer.
Primary containment Yressuro was sensed by the pressure
ttansmitters in parallel through a 3/8" tube connected to a
primary containment pressure sensing instrument line,

Each instrument consists of a Paroacientific pressure transducer
an a digital interface board, The digital board has a
microprocessor-controlled counter and a RS-232 serial port. The
microprocessor operating program is stored in permanent memory
(EPROM) . User controllable parameters are stored in writable
memory (EEPROM). The computer interacts with the pressure
transmitter by way of the R5~232 interface.

The microprocessor monitors incoming commands from the computer,
When a sampling command i3 received, the microprocessor selects
the appropriate frequency signal source and makes a period
measurement using a 124.5 MHz timebase counter. The counter
integration time is user selectable. Some commands require
measurements of both temperature and pressure signals. In that
case, the temperature period is measured first, followed by the
pressure period, When the period measurement is completed, the
microprocessor makes the appropriate calculations and loads the
data onto the RS=232 bus,

Each precision pressure transmitter was calibrated over the range
of 0 paia to 100 psia in approximately 10 psia increments using
calibration standards as stipulated in Pre-Cal Services, Inc,
procedure ICP-14,

Vapor Pressure

Ten relative humidity sensors were used to determine the partial
pressure due to water vapor in the containment. The humidity
sensors were installed throughout the drywell and suppression
chamber. The sensors were placed in locations where the chance
of the dewcell becoming damaged was slight,

The humidity asensors used were Graftel, Inc, Model 9203 Relative
Humidity Sensors. These sensors utilize a temperature compensated
bulk polymer chip. They have an equivalent accuracy of 2°F dew
temperature and are unaffected by most commonly present chemical
vapors.

Bach relative humidity sensor is mated to signal conditioning
circuitry, A/D converter, CPU, EEPROMs and RS-485 netwoik
interface. An RS5-485 isolation circuit is used to isolate wach
sensor from the network., This provides extra assurince that the
failure of any one sensor will not result in the failure if the
entire string of sensors.

Flow

A rotameter flowmeter, Fischer-Porter, calibrated to within % 1.0%
by Fischer-Porter, was used for flow measurements during the
induced leakage phase of the ILRT. The rotameter was connected to
a primary containment penetration via 4" polyflow tubing and the
unrestricted output was vented to atmosphere.
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m A Tast Measurement

Data from temperature and relative humidity sensors as well as the
pressure transmitters was collected by an IBM compatible personal
computer. Electrical penetration E-20 was used to allow signals to
travel back and forth between the inside and the outside of the drywell,
The computer would ask a specific sensor for its current data. The
sensor would in turn send the current data via the RS-485 cable to
repeater outside the drywell. The signal from the repeater then gets
sent through a converter to a switching box that switches between the
temperature/humidity sensors and the pressure transmitters. Output from
the A/B switching box is then sent directly to the computer via the
serial interface where data is readable by the computer and the test
engineer. All necessary calculations are performed and displayed and
the data is stored to disk for retrieval at a later date.

Type A Test Pressurization

Two 1500 CFM, diesel driven air compressors were used to supply clean,
oil free air for containment pressurization,

The compressors were physically located outside the reactor building.
The compressed air was piped into the reactor building through the
existing PCILRT pressurization line, For ease of handling, a flexible
4" pipe was used outside of the reactor building.

The drywell was pressurized through the "A" containment spray header 16"
flange with an inboard valve, 2E12-FU17A, open during the pressurization
process,
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SECTION ¢ SYQUENCE OF EVENTS

v eparation Chroneol ogy

Test Pressurizatior
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c.3 Tenperature Stabilization Chronol g
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FIGURE 16

Temperature No. 1 & Temperature No. 2
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FIGURE 17

Temperature No. 4 & Temperature No. 3
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FIGURE 18

Temperature No. 5 & Temperature No. 6
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FIGURE 21

Temperature No. 11 & Temperature No. 12
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FIGORE 23

Temperature No. 15 & Temperature No. 16
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FIGURE 24

Temperature No. 17 & Temperature No. 18
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FIGURE 25

Temperature No. 13 & Temperature No. 20
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FIGURE 26

Temperature No. 21 & Temperature No. 22

L aSsile

s S S —

Tempersture No. 22

105 4
1088
08

e T —

:

Page 45

B S . Y

——————————y

4 4] o w (®)

8 8 3 3

- - - e

35 40 45 SO 53 60

3c

Time - Hours

05 10 1S5 20 25

813)



FIGURE 27

Temperature No. 23 & Temperature Nc. 24
LaSslia
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FIGURE 28

Temperature No. 25 & Temperature No. 26
LaSalle
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FIGORE 30

Temperature No. 29 & Temperature No. 30
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Puge 1 o 1

MEASURED LEAK (WT CALCULATED LEAK (WT  UCL LEAK [WT %/DAY)

%/ DAY)

Q876778
0879801
QBO7866
0748149

0754391
Q768613
Q786966
Q78002
Q795807

Q783150
0795022
Q802180
2803330
Q8012886

QB07423
0.804851
0807451
GB0O88B24
0804956

(1814686
Q804127
0803771

%,/DAY)

0879801
0820378
0758100

Q737308
C73s5897
0.744520
0.748038
0.756824

Q762369
Q767213
Q773101
0.778004
0.781358

0.785554
Q788322
079120
(1793869
0785342

0.798394
07891
0.789648

1.117033
0891611

0.840920
Q847677
0866157
0863856
0E71354

0871787
0871582
Q873705
(874842
0873784

0B74860
0873920
0873734
0.873590
0872234

0873163
0871410
0868702
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FIGURE 31

Measured Total Time Leak & Total Time Leak at UCL
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Average Pressure
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Figuaz 37

Pressure No. 1 & Pressure No. 2
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FIGURE 41

Dew Point No. 5 & Dew Point No. 6
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FIGURE 42
Dew Point No. 7 & Dew Point No. 8
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FIGURE 45

Temperature No. 3 & Temperature No. 4
LaSalte
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FIGURE 45

Temperature No. 11 & Temperature No. 12
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FIGURE 50

Temperature No. 13 & Temperature No. 14
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FIGURE 52
Temperature No. 17 & Temperature No. 18
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Temperature No. 21 & Temperature No. 22
LaSaifis
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Temperature No. 23 & Temperature No. 24
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FIGURE 56

Temperature No. 25 & Temperature No. 26
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FIGURE 57

Temperature No. 27 & Temperature No. 28
LaSafis
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BECTION E -~ TEST CALCULATIONS

Calculations for the test were based on LaSalle County Station Procedure
LTS-300~4. A reproduction of this computational procedure is found in
Appendix C. The instrument error analyses are also found in Appendix C.
In preparing for the LaSalle County Station short duration test using
BN-TOP-1, Rev. 1, a number of editorial error and ambiguous statements
in the topical report were identified. Corrections to these errors have
been incorporated into the calculations for BN~TOP-1, Rev 1, found in
LT5~300~4 and in the calculations found in Appendix C. The station has
made no attempt to improve or deviate from the methodology outlined in
the topical report.
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SECTION F - TYPE A TEST RESULTS AND INTERPRETATIONS

r.1 Meassured Leak Rate Test Results

Based upon data collected during the Short Duration test, the following
results were determined:

Acceptance
Actual Leak Rate Criterion
{wt%/day) (wt%/day)
Total Time Measured Leak Rate 0.269689 0.476
Calculated Leak Rate 0.284863 0.47¢
Upper 95% Confidence Limit Leak Rate 0.316442 0.476

.2 Induced Phase Test Results

A leak of 387.0 SCFH (0.638 wt%/day) was induced on the primary
containment for this phase of the test. The following results were

determined: |
|
Actual Leak Rate
(wt%/day)
Superimposed Flowmeter Leak Rate (L) 0.638
Calculated Leak Rate Prior To
Verification Test (L) 0.284863
Induced Calculated Leak Rate During
Verification Test (L.) 0.799648

Acceptance Criterion:

I L. = (L # L) | s 0.159 wti/day

b Le = (Ly + L) | = 0,1232 wt¥/day
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Leak Rate Compensation For Non-Vented Penetrations

The Primary Containment Integrated Leak Rate Test was performed with the
following penetrations not drained and vented as required by 10CFRS0,
Appendix J. The minimum pathway "as left" leak rate of each of these
penetrations, as determined by Type C testing is listed:

Penetration Function SCFH
M-16 RBCCW Supply 0.0
M~17 RBCCW Return 0.45
M-25 PCCW “A" Supply 0.69
M-26 PCCW "B" Supply 0.35
M-27 PCCW “A" Return 6.08
M-28 PCCW "B" Return 0.0
M-30 RWCU Suction 0.0
M-36 Recirc Loop Sample 0.0
M-96 Drywell Equip. Drain Sump 0.19
M~98 Drywell Floor Drain Sump 2.88
M~-97 Drywell Equip. Drain Sump Cooling 0.0
M-22 Inboard MSIV Drain 0.19
M=17 RHR Shutdown Cooling Suction 0.87
M-15 Steam To RCIC i
ECCS/RCIC Worst Division 6,84
M-HG Unit 2 H, Recombiner Skid 1.03
M-34 StandBy Ligquid Control 0.0
-7 CRD to RVWLIS Backfill 0.0
1-8 CRD to RVWLIS Backfill 0.0
I-4A CRD to RVWLIS Backfill 0.0
I>3 CRD to RVWLIS Backfill 0.0

TOTAL 19,11 SCFH

This yields the following Non-Vented Penetration Penalty:

TOTAL (SCFH) x 1.6473x10°?

Non-Vented Penetration Penalty = 0.0315 wt%/day

Change In Drywell Sump Level

During the time that the drywell was closed for the PCILRT to the time
it was re-opened for post test inspection (approximately 36 hours), the
drywell floor sump levels did not change as verified by the pre and post
ILRT sump level measurements. The drywell equipment drain sump did
increase 4.5" (approximately 1.3 x 10?% total containment volume)

during this period. The small change in drywell equipment sump volume,
(over the 36 hour period when the drywell was closed), produced
negligible effects during the € hours that the test was performed.
Therefore, changes in drywell sump levels were not used in calculating
the final containment leakage rate.
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Evaluation Of Instrument Failures

There were no instrument failures or sensors rejected during the test,

As~-Found (Calculated Adjusted) Local Leak Rate

The 95% Upper Confidence Limit, Type A test leak rate, plus the total
leak rate penalty for non-vented penetrations, plus the sum of the
Calculated Adjusted local leak rates must be less than 0.75 La. The
Calculated Adjusted local leak rates are summarized in Table 5.

As Found Test Results

35% Upper Confidence Limit 0.316442 wtt/day
Penalty For Non-Vented Penetrations 0.0315 wt®/day
Calculated Adjusted Leakage 0.0794 wt¥/day
TOTAL 0.42734 wti/day

The total "As Found" containment leakage rate was below the maximum
allowable leakage rate of 0.75 La (0.476 wt%/day). Thus, the "As Found"
Containment Integrated Leakage is satisfactory.
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TABLE 5 Page 83
SHEET 1 !
CALCULATED ADJSUSTED LEAKAGE
MINIMUM PATHWAY ADJUSTED LOCAL
PENETRATION / VALVE(s) TEST VOLUME AS-FOUND (SCFH) } AS-LEFT (SCFH) JLEAK RATE (SCFH)
M-22 INBOARD MSIV DRAIN 3.86 0.19 " 3.67
Z2B21-F016, 2B21-FO019
M-21 DRYWELL PURGE 1.26 0.00 # 1.26
2VQD35, 2VvQoes
M-5 "A" FEEDWATER TO REACTOR 4.43 3.00 @ 1.43
2B21-FO10A, 2ZBZ1-F032A
M-6 "B" FEEDWATER TO REACTOR 0.00 0.00 e 0.00
2B21-F010B, 2B21-F032ZB
M-9B DRYWELL FLOOR DRAIN SUMP 25.14 5.10 o 20.04
2RFG12, 2RFO013
M-108, M-104 DRYWELL VACUUM BREAKER 0.00 0.37 S 0.00
2PCO01A
M-30 RWCU SUCTION g.37 0.00 @ 0.37
2G33-F001, 2G33-F004
M-101 RCIC TURBINRE EXHAUST 0.00 0.37 B 0.00
<E51-FGBO, 2ES1-F066 VACUUM BREAKER
M-25 PCCW "A"™ SUPPLY 0.00 0.€9 # 0.60
2VPO63A, 2VF113A
-27 PCCW "A" RETURN 0.42 6.08 o 0.00
2VPOS3A, 2VP114A




TABLE 5 Page B4

{SHEET 2 OF 5)

CALCULATED ADJUSTED LEAKAGE

MINIMUM PATHWAY ADJUSTED LOCAL
PENETRATION / VALVE(s) TEST VOLUME AS-FOQUND (SCFH) | AS-LEFT (SCFH) JLEAK RATE (SCFH)
M-2R PCCW “"B" RETURN 0.00 0.00 = 0.00
2VP0538, 2VP1148B
M-53 COMBUSTIBLE GAS CONTROL 0.42 0.55 B 0.00
2HGOO1A, 2ZHGOC2A "A"™ SUCTION
M-104 COMBUSTIBLE GAS CONTROL 0.20 0.00 * 0.20
2HGOO5A, 2HGCOBA “"A" RETURN
M-~33 COMBUSTIBLE GAS CONTROL 0.37 0.15 # 0.22
2HGO01B, ZHGO02B "B" SUCTION
M-106 COMBUSTIBLE GAS CONTROL 0.00 0.00 ~ 0.00
ZHGRO5B, 2HGOO6B "B" RETURN
M-15 RCIC STEAM SUPPLY 17.4¢ 6.37 + 17.09
2ES51-F008, 2E51-F0€3,
2E51-F076, 2E51-F064,
2E51-F091, 2E51-F357
M-29 RHR/RCIC HEAD SPRAY 0.00 8.37 $ 0.00
2E12-¥023, 2ES51-F013
M-17 RBCWW RETURN G.00 G.45 @ ¢.00
2WR040, 2WR180
M-54 135 0.19 = 1.16
<INO74, 2INO7S

i . ] S —— n



{ SHEET

CALCULATED ADJUSTED LEAKAGE

MINIMUM PATHWAY ADJUSTED LOCAL
PENETPATICN / VALVE(s} TEST VOLUME AS-FOUND {SCFH) | AS-LEFT (SCFH) JLEAK RATE (SCFH]j
M-11 HPCS INJECTION g.00 0.42 $ 0.00
2E22-FG04
M-7 RHR SHUT DOWN COCLING 0.37 0.37 @ 0.00
2E12-F008, 2E12-F009 SUCTION
M-314 SBLC INJECTION 0.00 0.0C @ 0.00
2C41-FQ04A, 2CA41-F004B,
2C41-F007
M-81 RCIC VACUUM PUMP 8.72 0.00 ¥ 0.32
2E51-F069, 2ES51-F028 DISCHARGE
M-76 RCIC TURBINE EXHAUST 0.58 0.71 = 0.00
2E51-F068, 2E51-F040
M-18 RHR "A" DRYWELL SPRAY 0.88 6.19 = 0.69
ZE12-FOl6A, 2E12-FO17A
M-20 DRYWELL INERTING MAKEUP 0.42 0.19 Ed 0.23
2VQ047, 2vQO048
M-19 RHR "B" DRYWELL SFRAY 0.00 0.85 B 0.00
2E12-F016B, 2E12-FQ17B
M-14 RHR "B" LPCI INJECTION 0.00 0.93 $ 0.00

2E12-F0428B
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CALCULATED ADJUSTED LEAKRAGE

MINIMUM PATHWAY ADJUSTED LOCAL
PENETRATION VALVE (s TEST VOLUME UND (SCFH} | AS-LEFT {SCFHE) JLEAK RATE (SCFH)
M-9 RHR S .00 0.37 g 0.00
2E12-F053B COOLING RETURN
LPC 4¢ 0.37 $ 0.09

i1
o}
[ o=}
<

LPCI "C" INJECTION 0.00 5.54

1.53 9.30 . 0.80

- “B" POST LOCA 1.00 1,40 . 0.00

1-50, I-35, I-4 OST LOCA 0 0
2CM0218, 2CMO23B, CONTAINMENT MONITORING
2CMOZ 6B
M-107, M-103 DRYWELL VACUUM BREAKER 3.46 2.43 $ 1.03

TOTAL = 48.20

CALCULATED ADJUSTED LEAKAGE RATE = TOTAL (SCFH) x (1.6473 x 107-3} [ wt%/day!

CALCULATED ADJUSTED LEAKAGE RATE = 0.079400 [wtz/day]
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TABLE
(Sheet 5 of 5)
CALCULATED ADJUSTED LEARAGE

In the case where individual leak rates are assigned to two valves in
series (both before and after the R&Aj, the penetration through-leakage
would simply be the smaller or best of the twe valves' leak rates.

The Minimum Pathway Leak Rate of a single valve pathway is equal to the
measured leak rate past that single valve.

In the case where a leak rate is obtained by pressurizing between two
isolation valves and the individual valve's leak rate is not quantified,
the "As-Found" and "AS-Left" penetration through-leakage for each valve
would be one half the measured leak rate if both valves are repaired,

In the case where a leak rate is obtained by pressurizing between two
isolation valves and only one valve is repalred, the "AS Found"
penetration leak rate would conservatively be the final measured leak
rate or one half of the measured value prior to repairs or adjustments,
whichever is smaller. The "As Left" penetration through-leakage in
either case is zero.

The Minimum Pathway Leak Rate of a parallel multi-valve pathway is equal
to the sum of the leakages of all the inboard valves or the sum of the
leakages of all the outboard valves whichever is smaller. If individual
valve leakage rates are not known and the system is tested by
pressurizing between all the valves, the Minimum Pathway Leak Rate is
equal to half the measured leakage rate.

The correction (Calculated Adjustment) for each pathway is that
pathway's Minimum Path Leakage Rate before the R&A minus its Minimum
Path Leakage after the R4A but before the Type A Test. Any negative
corrections will be set equal to zero.
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L2ROS5 LLRT RESULTS

AS- FOUND AS- LEFT
MINIMUM | MAX IMUM MINIMUM
PENETRATION DESCRIPTION VALVE {s ) / COMPONENT DATE TOTAL | PATHWAY | PATHWAY | DATE | TOTAL | PATHWAY
M-22 INBOARD MSIV DRAIN 2B21-F016, 2B21-F019 9/5/93 1 1.72 3.860 | 7.720 j11/29/93} 0.37 | 0.185
M-66 SUPPRESSION CHAMBER  [2vQ026, 2vQ043, 2vQo27|9/10/93) 8.28 4.140 8.280 |ss10/93) 8.28 | 4.140
VENT
M-20 DRYWELL VENT 2vQ029, 2vQ030, 2vQod2] 9/10/93] 3.50 1.750 3.500 §9/10/93) 3.50 ] 1.750
M-67 SUPPRESSION CHAMBER  [2VQ031, 2vQ032, 2vQ046|9/10/%3] 15.67 7.835 | 15.570 | 9/10/93 | 5.99 | 2.995
PURGE
M-21 DRYWELL PURGE 2vQ034, 2vQ035, 2vQo3e] 9/10/33] 2.51 1.255 § 2.510 §11/21/93] 0.00 | 0.000
2VQO6E
I-36 SUPPRESSION CHAMBER  |2CMO027, 2cM028 $/17/93§ 0.00 0.000 | 0.000 |3/17/%3] 0.00 | v.000
CONTINUOUS AIR
MONITOR
I-11 DRYWELL CONTINUOUS 2CM023, 2CMO30 9/17/93| 0.00 0.000 | o.co0 fos17/93) o0.00 | c.o000
AIR MONITORING
I-11 PC AIR SAMPLE 2CM031, 2CMO32 9/18/93] 0.00 0.000 0.000 |9s18/93] 0.00 | 0.000
1-45 SAMPLE RETURN TO 2CM033, 2CMO34 9/18/93| o©.o00 0.000 ).000 |o/18/23) 0.00 | 0.000
SUPFRESSION CHAMBER
M-5 A FEEDWATER 2B21-FO10A 9/10/93 JINFINITE 11/3/93] 3.00
2B21-FO32A 9/11/93 ) 4.43 4.430 JinFINITE| 11/3/93) 6.47 | 3.000
2B21-FO65A 9/11/93) 0©.00 9/11/93} 0.00
M-6 B FEEDWATER and 2B21-F010B 9/7/93 { o0.00 9/7/93 | 0.00
RWCU RETURN 2B21-F032B 9/7/93 | 13.34 0.000 JINFINITE|10/29/93] 2.60 | ©.000
2B21-FO65SB 9/8/93 | 0.355 10729723} 1.57
2G33-F040 9/9/93 JINFINITE 10/28/93] 1.39




TABLE 6

(SHEET 2 OF 1

<

!

L2R05 LLRT RESULTS

RS- FTOUND AS- LEET
MINIMUM | MAX IMUM MINIMUM | MAXIMUM
PENETRATION DESCRIPTION VALVE (s} /COMPONENT DATE TOTAL | PATHWAY | PATHWAY | DATE | Torar | pAaTuway | PATHWAY
M-54 DRYWELL PNEUMATIC 2INOO1A, 2INOO1B S/8/93 0.00 0.000 0.00c0 ] 9/8/93 ] 0.00 | o0.000 0.000
SUCTION
M-36 RECIRC LOOE SAMPLE 2B33-FC19 $/7/93 9.00 0.000 0.000 | 977783 [ 0.00 | 2.o000 0.000
2B33-F020 9/7/93 c.00 9/7/93 | 0.00
M-98 DRYWELL FLOOR DRAT 2RF012, 2RFO13 9/20/93f 107.66 | 25.140 J107.660 11727792} s.1a } 2.ss%0 5,160
SUMP
M-111 DRYWELL PERSONNEL DRYWELL PERSCNNEL 9/3/93 Z.40 2.400 2.400 f1271/03) 2,12} z.120 2.120
IACCESS HATCH ACCESS HATCH
M-112 DRYWELL EQUIPMENT DRYWELL EQUIPMENT 9/4/92 0.00 0.000 0.000 § 1274753} 0.00 ] 0.000 0.000
HATCH HATCH
M-113 SUPPRESSION POOL SUPPRESSION POOL 9/4/93 0.00 0.000 0.000 f11726/93] o0.00 | o.o000 0.000
EMERGENCY ACCESS EMERGENCY ACCESS
HATCH #1 HATCH #1
M-114 SUPPRESSION POOL SUPPRESSION POOL 9/4/92 0.00 0.000 0.000 J1i/26/93f 0.00 ] o.000 0.000
EMERGENCY ACCESS EMERGENCY ACCESS
HATCH #2 HATCH #2
M-115 CRD REMOVAL HATCH CRD REMOVAL HATCH 5/4/93 0.00 0.000 0.000 jr1/18/93] 0.c0 | ©.000 0.000
N/A DRYWELL HEAD DRYWELL HEAD 9/5/93 0.00 0.000 0.000 §12/3/33§ 9.00 | ©.000 0.000
M-42 E TIP PENETRATION E TIP PENETRATION 9/5/93 0.0G0 ¢.000 0.000 | 9/5/93 § 0.00 | o.o000 0.000
FLANGE FLANGE
M-43 D TIP PENETRATION D TIP PENETRATION 9/5/93 0.00 0.000 0.000 | s/5/93 | o.00 { 9.900 0.000
FLANGE FLANGE
M-44 C TIP PENETRATION C TIP PENETRATION 9/5/93 0.00 0.000 0.000 | 9/5/93 § 0.00 | o.000 0.000
FLANGE FLANGE
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L2RO5 LLRT RESULTS
75— FOUND AS- LEET
- - e
MINIMUM | MAXIMUM MINIMUM | MAXIMUM
PENETRATION DESCRIPTION VALVE (s ) /COMPONENT DATE OTAL | PATHWAY | PATHWAY DATE | TOTAL | PATHWAY 1»)&'!'?“11#\':4H
M-45 B TIP PENETRATION 8 TIP PENETRATION 3/5/93 0.00 0.000 0.000 9/5/93 | 9.00 0.000 0.000
FLANGE FLANGE
M-46 A TIP PENETRATION A TIP PENETRATION 9/5/93 0.00 ¢. 000 0.000 9/5/93 | 0.00 0.000 0.000
FLANGE FLANGE
M-108/M-104|DW TO SP A VACUUM 2PCOGLA OUTBOARD 9/2/93 £.00 0.000 0.000 Kf117/27/93] 0.00 0.000 0.000
BREAKER FLANGE O-RING SEAL
M-108/M-104|DW TO SP A VACUUM 2PCOO1A INBOARD 9/2/93 0.00 0.000 0.000 Ji11727793] 0.37 0.370 0.370
BREAKER FLANGE O-RING SEAL
M-108/M-104|DW TO SP A VACUUM 2PCOO1A ACTUATOR 9/2/93 0.00 0.000 0.000 f11/27/93] 0.00 0.600 0.000
BREAKER O-RING
5
M-108/M-:_2gu.. O SP A VACUUM 2PCO01A ACTUATOR 9/2/93 0.00 0.000 0.000 J11/27/%3] ©.00 0.000 0.000
BREAKER SEAL
M-106/M-21C|DW TO SP B VACUUM 2PCO01B CUTBOARD §/2/93 0.00 0.000 0.000 $/2/%3 | 0.00 0.000 0.000
BREAKER FLANGE O-RING SEAL
M-106/M-110|DW TO SP B VACUUM 2PC001B INBOARD 3/2/93 0.00 0.000 0.000 972793 | 0.00 0.000 ©.000
BREAKER FLANGE O-RING SEAL
M-106/M-110JDW TO SP B VACUUM 2PC0O01B ACTUATOR 9/2/93 0.00 0.000 0.000 9/2/93 | 0.00 0.000 0.000
BREAKER 0-RING
M-106/M-110jDW TO SP B VACUUM 2PC001B ACTUATOR 3/2/93 0.00 0.000 0.000 9/2/%3 | 0.00 9.000 0.000
BREAKER SEAL
M-103/M-107|DW TO SP € VACUUM 2PC001C OUTBOARD a/2/93 0.00 0.000 0.000 9/2/93 | 0.00 0.000 0.000
BREAKER FLANGE O-RING SEAL
M-103/M-107fDW TO SP C VACUUM 2PC0O01C INBOARD 9/2/93 0.00 0.000 0.000 9/2/93 | o0.00 0.000 0.000
BREAKER FLANGE O-RING SEAL
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(SHEET 5 OF 10}
L2RO5 LLRT RESULTS
AS- FOUND AS- LEET
MINIMUM | MAX IMUM MINIMUM | MAXIMUM
PENETRATION DESCRIPTION VALVE (s ) /COMPONENT DATE TOTAL | PATHWAY [ PATHWAY | DATE | ToTAL | PATHWAY | PATHWAY
M- 66 SUPPRESSION CHAMBER 2VQ027 VALVE STEM $/2/93 0.00 0.000 0.000 | 9/2/93 | o.00 { ¢.oo00 0.000
VENT PACKING
M-67 SUPPRESSION CHAMBER 2VQ031 VALVE STEM 9/2/93 3.00 0.000 0.000 § 9/2/93 | 0.00 | 0.000 0.000
PURGE PACKING
M-38 SA TO DRYWELL SA FLANGE O-RINGS 9/2793 0.00 0.000 0.000 f12/4/93) 0.00 ] o.000 0.000
M-37 MC TC DRYWELL MC FLANGE O-RINGS 9/2/93 0.00 0.900 0.000 f127/74/93) o.00 | o.000 0.900
M-21 DRYWELL PURGE 2VQ034 VALVE STEM 9/2/93 0.00 0.000 0.000 | 9/2/93 | 0.00 | o©.000 0.000
PACKING
M-103 C VACUUM BREAKER 2PCO03C INNER FLANGE 9/2/93 .00 0.000 0.000 | 9/2/93 | 0.00 | e¢.o000 0.000
LINE O-RING
M-104 A VACUUM BREAKER 2PCO03A INNER FLANGE 9/2/93 0.00 0.000 0.000 §1274793) 0.00 | o0.000 2.000
LINE O-RING
M-105 D VACUUM BREAKER 2PCO03D INNER FLANGE 9/3/93 0.00 0.000 0.000 | 973793 | 0.0e | o0.000 0.000
LINE O-RING
M-10€ B VACUUM BREAKER 2PCO03B INNER FLANGE 9/2/93 0.00 0.000 0.000 | 972793 | o.00 | o0.000 0.000
LINE O-RING
M-107 C VACUUM BREAKER 2PCO02C INNER FLANGE 9/2/93 0.00 G.000 0.000 | 9/2793 | o.00 | o0.000 0.000
LINE O-RING
M-108 A VACUUM BREAKER 2PCOO2A INNER FLANGE 9/2/93 .00 0.000 0.000 f§11/27793f 0.00 | o0.c00 0.000
LINE O-RING
M-109 D VACUUM BREAKER 2PC002D INKER FLANGE 9/2/93 0.00 0.000 0.000 | s/2/93 | 0.00 | o.000 0.000
LINE O-RING
M-110 B VACUUM BREAKER 2PCO02B INNER FLANGE 9/2/93 0.00 0.000 0.000 | 972793 | 0.00 §| ©.000 0.000
LINE O-RING




L2ROS LLRT RESULTS

PENETRATION

DESCRIPTION

VALVE (s) /COMPONENT

AS- FOUND

}‘_S e LEE i

MINIMUM
PATHWAY

TOTAL

MINIMUM
PATHWAY

M-97

DW EQUIPMENT DRAIN
SUMP COOQLING

2RE026, 2RED2S

0.000

0.00

0.

000

ELECTRICAL PENETRATION
170 - 2"

9/2/93

ELECTRICAL PENETRATICN
775 - 137°

9/2/93

ELECTRICAL PENETRATION
774" - 225°

$/2/33

DRYWELL EQUIPMENT
DRAIN SUMP

2ZRECG24, 2RE025

1/11/93

11/11/93

RWCU SUCTION

2G33-F001

8/36/83

2G33-F004

9/30/93

10/20/93

10/20/93

RCIC TURBINE EXHAUST
VACUUM BREARKER

2E51-F080,

2E51-F08%6

9/6/93

12/1/7/93

N/A ELECTRICAL PRESSURIZATICON 8/13/93 0.57 0.567 0.567 9/13/93 )] 0.57 0.567 0.:67
PENETRATION SYSTEM

M-25 PCCW A SUPP™ Y 2VPO63A, 2VF113A 8/22/93 .00 0.000 0.000 310/26/93} 1.38 0.6590 1.380

M-26 PCCW B SUPPLY 2VP063B, 2VP113B 9/10/93 0.69 0.345 0.690 8/10/53 1 0.6° 0,345 0.68%0

M-27 PCCW A RETURN ZVPOS3A, 2VP11l4A 9/22/93 0.83 0.415 0.830 §11/10/93]12.16 6.080 12.160

M-28 PCCW B RETURN 2VP053B, 2VP114B 9/10/93 .00 0.000 0.000 §11/24/93] 0.00 0.000 0.000

M-47 TIP INDEX PURGE 2INO31 S$/9/93 0.60 0.000 0.000 8/9/93 0.00 0.000 0.000

AIR SUPPLY




L2ROS5 LLRT RESULTS

AS- FOUND AS- LEET
e
MINIMUM | MAXIMUM MINIMUM | MAXIMUM
PENETRATION DESCRIPTION VALVE (5} / COMPONENT DATE roTaL | eaTEway | pATHWAY DATE | ToTAL | pATHWAY | PATHWAY
M-54 RYWELL PNEUMATIC 2INO17 9/8/83 0.79 0. 000 0.780 '8/93 7% 0.000 0.790
DISCHARGE TO DRYWELL I2INO1S8 2/ 8 3.00 9/8/93 00
M-53 COMBUSTIBLE GAS 2HGO001A, 2HGOOZA 9/5/93 G.83 3,415 0.830 f12/73/83}) 1.11 0. 1.110
CONTROL A SUCTION
M-104 COMBUSTIBLE GAS 2HGOO0SA, 2HGOOGA 9/9/93 21.16 10.580 | 21.160 §11/23/93] 6.01 3.010 6.010
CONTROL A RETURN
M-33 COMBUSTIBLE GAS 2HGO01B, 2HGOG2B 9/3/53 G.74 0.370 0.740 § 1273793} ©0.37 0.185 0.370
CONTROL B SUCTION
M-106 COMBUSTIBLE GAS 2HGOOSB, 2HGO06B 9/6/93 8.00 0.000 p.000 J11723/93f 0.00 0.000 0.000
CONTROL B RETURN
M-15 STEAM TO RCIC 2ES1-F063, 2E51-F076, S/6/93 34.92 17.460 | 34.%20 J11/17/93] 0.74 0.370 0.740
2ES1-F064, 2ES1-FO08,
2E51-F091, 2E51-F337
M-38 SA TO DRYWELL 2SA042, 2SA046 12/4/93 0.00 0.000 o.c00 §12/4/93}] 0.00 0.9000 G.000
M-37 MC TO DRYWELL 2MC027, 2MCO33 1274793 0.00 0.000 0.000 {§ 12/4/93f 0.00 0.000 0.000
M-29 RHR/RCIC HEAD SPRAY 2E12-F023, 2E51-F013 9/17/83 0.00 3.000 0.000 Jo/17/93} 0.00 0.370 0.370
11727/93} 0.37
M-58 CYCLED CONDENSATE TX 2FC113 11/24/93] 0.900 0.000 0.550 §11/24/93} 0.00 6.000 0.550
REFUELING BELLOWS 2¥C114 11/24/93} 0.55 11/24/93} 0.55
M-65 REACTOR WELL DRAI 2FC115 2/21/93 0. 00 0.000 0.000 §9/21/93}] 0.00 0.000 0.000
2FC086 9/21/93 0.00 9/21/93] 0.00
M-16 RBCCW SUPELY 2WR02% 2/10/93 0.00 0.000 0.000 §5/10/83] G.00 0.000 .000
2WR179 $/10/93 0.00 s/106/93 f ©.00
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(SHEET & OF 10
LZROS LLRT RESULTS
A5- FOUND AS- LEET
MINIMUM | MAXTMUM MINIMUM § MAXT
PENETRATION DESCRIPTION VALVE (s} /COMPONENT DATE TOTAL PATHWAY | PATHWAY DATE TOTAL § PATHWAY | PATHWAY
M-17 RBCCW RETURN 2WR040 9/10/53 0C 0.000 0.510 10/15/93F 0.45 0.450 0.560
ZWR1B0 9/11/93 51 10/15/93) 0.56
I-4F DRYWELL HUMIDITY 2CMO017A, 2CMO18A S/18/792 Q.00 0.000 C.000 3/18/93 0.06 0.000 0.000
MONITOR A SUCTION
I-SF DRYWELL HUMIDITY 2CM017B, 2CMO18B 9/18/7/93 0.00 0.000 0.00C0 a9/18/93 0.00 0.000 0.000
MONITOR B SUCTION
I-45 DRYWELL HUMIDITY 2CM019A, ZCMO20A 9/18/93 0.37 0.185 0.370 9/18/93 0.37 0.185 0.370
IMONITCR A DISCHARGE
I-45 DRYWELL HUMIDITY 2CMC198B, 2CM0O20B 2/18/93 V.37 0.185 0.370 5/18/93 0.37 0.185 0.37
MONITOR B DISCHARGE
M-54 DRYWELL PNEUMATIC 2IN0O74, ZINOCTS §/8/93 2.68 1.345 2.690 10/22/93% 0.37 0.185 0.370
DRYER PURGE
M~-11 HPCS INJECTION 2E22-F004 9/8/93 0.00 0.000 0.000 10/16/93f 0.42 0.420 0.420
M-7 RHR SHUTDOWN COOLING 2E12-F008 9/22/93 0.37 0.370 0.370 9/22/%93 g.37 0.370 5.130
SUCTICON 2E12-¥F00 $/22/93 0.37 10/19/93f 5.13
M-34 SBLC INJECTION LINE 2C41-FC04A/B 2/28/%82 0.00 0.000 0.000 10/16/53}] 0.60 0.000 0.000
2C41-F007 10/16/93 0.00 10/16/93§ 0.00
M-81 RCIC VACUUM PUMP 2ES1~F069, 2ES51-F028 85/6/93 1.44 0.718 1.43¢6 1271793 0.47 0.234 D.468
DISCHARGE
M-76 RCIC TURBINE EXHAUST 2E51~-F068, 2ES1-F040 9/6/83 1.16 0.580 1.160 12/2/%83 1.42 0.710 1.420
M-20 DRYWELL INERTING 2VQ047, 2VC048 5/10/93 0.83 0.415 0.830 11/20/53§ 0.37 0.185 0.370
MAKEUP
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L2R0OS LLRT RESULTS
AS- FOUND AS- LEFT
MINIMUM § MAXTMUM MINIMUM mm
PENETRATION DESCRIPTICHN VALVE (s} /COMPONENT CATE TOTAL PATHWAY | PATHWAY DATE TOTAL | PATHWAY | PATHWAY
M-E6 SUPPRESSION POOL 2VR050, 2VvQosl 8/10/93 0.00 0.000 ¢.000 9/10/93 0.00 0.000 0.000
INERTING MAKEUP
M-46 A TIP PENETRATION TIP BALL VALVE A ©/713/93 0.37 0.370 0.370 9/13/53 0.37 0.370 0.370
M-45 B TIP PENETRATION TIP BALL VALVE B 9/13/93 6.37 0.370 0.370 9/13/83 0.37 0.370 0.370
M-44 C TIP PENETRATION TIP BALL VALVE C 8/13/93 0.37 0.37¢0 0.379 8/13/93 «37 0.370 9.370
M-43 D TIF PENETRATION TIF BALL VALVE D 9/13/93 0.00 0.000 0.000 9/13/93}] 0.00 0.000 0.000
M-42 E TIP PENETRATION TIP BALL VALVE E 8/13/93 0.56 0.5860 0.560 8/137/93 0.56 0.560 0.560C
M-18 RHR A DRYWELL SPRAY <E12~-FOl6A, 2E12-F0172}) 9/14/53 1.76 g.,880 1.760 10719793} 0.237 0.185 0.370
M-19 RHR B DRYWELL SPRAY 2E12-F016B, 2E12-F017Bj ©/23/33 0.00 0.000 0.000 11/13/93§ 1.2% 0.645 1.290
= M-13 RHR A LPCI INJECTION 2E12-FO042A S/14/93 0.83 0.830 0.830 9/14/23§ 0.83 0.83C 0.830
M-14 RHR B LPCI INJECTION 2E12~-F0428B 8/23/93 g.0C D.000 0.000 11/5/793 0.93 0.530 0.930C
M-8 A RHR SHUTDOWN 2E12-F0O53A 9/13/93 4.43 4.430 4.430 $/13/93§ 4.43 $.430 4.430
COOLING RETURN
M-S B RHR SHUTDOCWN 2E12-F053B 8/23/53 0.00 0.000 0.000 11/5/%3§ 0.37 0.370 0.370
COOLING RETURN
] M-10 LPCS INJECTION ZE12-FC0S 8/10/93 0.486 0.460 0.460 9/28/93 0.37 0.370 0.370
M-12 RHR C LPCI INJECTION 2E12-F042C 10/6/93 0.60 0.000 0.000 §11/19/93] 5.54 5.540 5.540
M-77 RCIC TEST RETURN TO 2E51-F362, 2ES51-F363 9/18/93 C.00 0.000 0.000 S/18/%3§ 0.00 0.000 e.0co
SUPPRESSION POOL
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L2ROS LLRT RESULTS

= FTOUND S~ LEET
MINIMUM | MAXIMUM MINIMUM] MAXIMUM

3

0

~
Y

PENETRATION DESCRIPTION VALVE (s} /COMPONENT DATE TOTAL PATHWAY § PATHWAY DATE TOTAL |PATHWAY] PATHWAY
I-11/1-3€¢/ JA POST LOCA 2CM0228, 2CM0D24A, 9/18/83 1.33 1.530 2530 11727/83] $.30 9.300 g9.300
I-45 CONTAINMENT MONITORINGE2CMOZSA
I-50/1-35/ §8 POST LOC 2CM021B, 2CMO23B, 8/18/53 0.00 0. 0.000 11/27/93 1.40 1.400 1.409
I-47 CONTAINMENT MONITORINGJZ2CMOZGB
I-4A RVWLIS CRD BACTKFILL 2C11-F422G N/A N/A N/A N/A 11/25/93] 0.00 0.000 0.000
PANEL 2C11-P0O04 2C11-F423G N/A N/A 11/25/93}) 0.00

I-5A RVWLIS CRD BACKFILL 2C1l1-F4228 N/A N/A N/A N/A
PANEL 2C11-P003 2C11-F423B N/A N/A
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1~7 RVWLIS CRD BACKFILL 2C11-F4220 N/A N/R N/A N/A 11/20/93 0.00 0.000 .000
PANEL 2C11-P002 2C11-F423D N/A N/A 11/20/23§ ©.00

I-8A RVWLIS CRD BACKFILL 2C11-F422F N/A N/A N/A N/A 11/
F423F

20/93fF 0.00 0.000 0.000
N/A N/A 11/20

PANEL 2C11-PO05 2C1L1-
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TOTAL {infinite}] 1 96.265
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APPENDIX B

L2ROS TYPE B AND C TEST SUMMARY

The As-Found leak rate for the Primary Containment Isolation
Valves/Components, excluding the Main Steam lsolation valves was below the
Technical Specification limit of 231.4 SCFH using the Minimum Pathway
Methodology. The Technical Specification limit was exceeded using the Maximum
Pathway Methodology due to large leakage from the RWCU return isolation valve
(2633~F040) and the "A" Feedwater inboaru check valve (ZB21~F010A)., Both
components resulted in infinite leakage. Failed components were
repaired/adjusted to bring the total Type B and C leakage well below the

Tech Spec limit.

As-Found As-Found As-Left Tech Spec Limit
Min Path Max Path Max Path (SCFH)
(SCFH) (8CFH) (SCFH)
Type B 2.967 2.967 3.057 smseseew
Type C 101,663 INFINITE 93.208 i
Total 104.63 INFINITE 96.265 231 .4

MAIN STEAM ISOLATION VALVES (TESTED AT 25 PSI@)

The As-Found leak rate for the Main Steam Isolation Valves did not exceed
Technical Specification limits.

As-Found Leak Rate As-Left Leak Rate Tech 8pec Limit

STEAM LINE (SCFH) (SCFH) (SCFH)
A 29,35 3838 U T N e R,

B 15.54 15,88 Lo i e
7.79 P [ R e S

D 8.56 208 L apsae

Total 61,24 54,77 100.00
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CALCULATION OF CONTAINMENT DRY AIR MASS

Average Temperature of Subvolume #i (T;)

The average temperature of subvolume #i (T;) equals the average of all
RTD/Thermistor temps in subvolume #i

1 N
Ti ’ - L Tl,j
j=1
Where

N = The pumber of RIDs/Thermistors in subvolume #i

Average Dew Temperature of Subvolume #i (D;)

The average dew tempersture of subvolume #i (D;) equals the average of all
dew cell dew temps in subvolume #i

N N
=
By "4 TPy
§=l
Where
N = the number of Dew Cells in subvolume #i
If the subvolume in question ie the suppression pool, the above assumption

may be used if it can be shown from previous test data that there is a very
close correlation between suppression pool chamber and water temperature.

Total Corrected Pressure #i (P;)
The total corrected pressure #i, (Py) is
Py = Cp « My Pry
Hhere
€y = Zero shift correction factor for raw pressure §i

M; = Blope correction factor for raw pressure §i
Pry = Raw pressure §i, in decimal form
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CALCULATION OF CONTAINMENT DRY AIR MASS

D. Whole Containment Volume Weighted Average Temperature, (T.)

Calculate T, using the below equation or onme that yields equivalent values
to two decimal places.

T, = =
N
r %4
j=1 T
where
£ = The volume fraction of the 1Y gubvolume

N = The total number of subvolumes in containment
E. Calculation of the Average Vapor Pressure of Subvolume i, (Pvy)
Average Subvolume Vapor Pressure as functions of Average Dew Temperatures
(Dy) are most accurately found from ASME Steam Tables. A similar
correlation that is extremely accurate is given below, *
For 32 5 Dy « so*r
Pvi = 0.2105538 x 1071 4 0.1140313 x 107? p,
+ 0.1680644 x 1074 & p: + 0.3826294 x 107% p?

i
+ 0.5787831 x 10°° o: + 0.2056074 x 10°10 p%
1

For 80 ¢ Dy & 115°*r
Pvi = 0.18782 - 0.7740034 x 1077 p;
+ 0.204009 x 10°? & ni - 0.1569692 x 10-3 D:

¢ 0.1065012 x 10~ n:

For 115 ¢ D; & 155°F
Pvi = 0.9897124 - 0.3502587 x 107} p,
+ 0.5537028 x 0~7 n: - 0.3570467 x 10°° o:

+ 0.1496218 x 107 o;
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CALCULATION OF CONTAINMENT DRY AIR MASS

For 155 ¢ D; g 215°F
Pv; = 0.3338872 x 10' - 0.9456801 x 107 p;

+ 0.1121381 z 1072 Di - 0.598361 x 10°% p?
h |

+ 0.1882153 x 1077 n:

*HOTE: Numbers from ASME Standard Steam Tables, Fifth Edition.

F. Whole Containment Average Vapor Pressure, (Pv,)

Calculate Pv, using the below equation or one that yields equivalent values
to twe decimal places.

" £, P
- Pl |
Ty
isl

where

N = The total of subvolumes in containment

f. = Volume fraction of the it subvolume

i
G. Calculation of the Whole Containment Average Dew Temperature, (D)
Whole Contaioment Average Dew Temperature as functions of Whole Contaimment
Average Vapor Pressures are most accurately found from ASME Steam Tables.
A simpler correlstion that is extremely accurate is given below, *
D, is in units of °F.
For 0.08859 g Pv, g 0.50683 psia
Bote: Pc (0.08859) = 32°F, Pc (0.50683) = 80°F

DC =

i

0.5593968 x 101 ¢« 0.6348248 x 103 Py,

4 a8 5.3
0.320306 x 10 pv? 4 0.1230089 x 10° by,
c

5 . 4 5 5.5
0.2411539 x 10° Pv* + 0.2796469 x 10% pv,
C

6
0.1348916 x 10° Pv,
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CALCULATION OF CONTAINMENT DRY AIR MASS

For 0.50683 ¢ Pv. & 1.4711 psia

c

Wote: P, (0.50683) =~ B0°F, ' (1.4711) = 115°F

Do = + 0.2334173 x 10? + 0.2004024 = 10° Py,

- 0.2785328 x 107 Pv? + 0.2765841 x 107 pv?
e C

0.168669 x 10° Pv® + 0.5658985 x 10?2 pyd
c c

]

0.7977715 z 10} py®
c

For 1.4711 g Pv, g 4.2036 psia
Note: P_ (1.4711) = 115'F, P, (4.2036) = 155°F
D, = « 0.5221757 x 102 + 0.7391149 x 102 Pvc

¢

- 0.3306993 x 102 Pv? + 0.1074842 x 10° pyv?
c c

]

0.2169825 x 10% pv? 4 0.2422796 pv®
c c

0.1155358 z 10~} Pv:

For 4,2036 ¢ Pvc £ 15.592 psia

Note: P, (4.2036) = 155°F, P, (15.592) = 215°r

D, = 0.8512278 x 10% + 0.274613 x 102 PV,

L]

0.3847812 x 10 Pv? 4 0.3909064 Py’
C -

'

0.2451226 x 107} pv® 4 0.8484505 x 10°? pyd
e [ -]

- 0.1237098 x 10~4 pyf
c

*ROTE: Numbers from ASME Standard Steam Tables, Fifth Edition.
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CALCULATION OF CONTAINMENT DRY AIR MASS

H. Average Total Contaioment Pressure, (P)

“ : N
! A ¢ Py
PN
i=1
where
N is the number of pressure transmitters used
I. Average Total Contaimment Dry Air Pressure, (P,)

PdtP-»PVc

J. Total Contaioment Dry Air Mass, (M)
P, V
Me 9 €
R Te
where

E = Perfect gas constant of air, 53.35 1be - f£/1b, ~ *R

vc = Total containment free volume.
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BN-TOP-1 METHOD TEST CALCULATIONS

Measured Leak Rate (Total time calculations)

From BN-TOP-1 Revision 1, Section 6.0 the following equation is given for
the measured leak rate using the total time procedure:

Mi = 2400 To ;iih (1)
ti o7 Tien ;o
WHERE :
Mi = Measured leak rate in weight \ per day for the ith data point
ti = Time since the beginning of the test period to the ith data

point in hours

To, Tjep = mean volume weighted contaimment temperature st the beginning
of the test and at the ith data point (R)

Py. Py = mean total absolute pressure, PSIA of the containment
atmosphere at the beginning and end of test interval (ty)

respectively.
Poir Fyp = mean total water vapor pressure, PSIA, of the contaimment
atmosphere at the beginning and end of test interval (ty)
respectively

Polpl "Pvl

Fien = P2 - Py
Calculated Leak Rate

The method of Least Squares is a statistical procedure for finding the
"best fit" straight line, commonly called the regression line, for a set
of measured data such that the sum of the squares of the deviations of
each measured data point from the straight line is minimized.

To determine the calculated leak rate (Li) at time ti, the regression linme
is determined using the measured leak rate data from the start of the test
Lo time ti. The calculated leak rate is the point on this line at time ti.
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BN-TOP-1 METHOD TEST CALCULATIONS
@
Using differential calculus, the numerical values of Ai and Bi that will
minimize the sum of the squares of the deviations can be shown to be:
Ai = (xm’!,_,_(:;lz),.!w (s)
a{fei®) - (Lti)
®
By = JL!JHIY_:___‘.:.LU_LW_- (6]
a(fti®) - (Lei)
& WHERE :

n = nunber of data sets to time ti

Equations (5] and (6) are referred to as the Least Square equations and
are used by the computer program to compute the calculated leak rate for
the Total Time and Point to Point calculations.

C. Confidence Limits

Even though the regression line is statistically determined to minimize
the sum of the squares of the error, the values of the calculated leak
rate cannot be considered to be exactly correct. If the containment
integrated leak rate test were run a number of times, under the same
conditions, the calculated leak rates would be close in value but not
exactly the same each time.

However, based on statistics we can establish confidence limits associated
with the regression line such that the limits of the calculated leak rate
computed would successfully enclose the true value of the desired
parameter a large fraction of the time. This fraction is called the
confidence coefficient and the interval within the confidence limits is
the confidence interval,

Confidence limits for the integrated leak test computer program are
determined based on a confidence coefficient of 95N. This means that the
probability that the value of the calculated leak rate will fall within
the upper and lower confidence limits, or confidence interval, is 95\.
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BN-TOP-1 METHOD TEST CALCULATIONS

To determine the value of the confidence limits the following statistical
information is required: the variance, standard deviation., and the
Student's T-Distribution.

The variance, as the name implies., is a measure of the variability of
individually measured data points from the mean, or in this case, from the
regression line, The variance of the measured leak rate (Mi) from the
calculated leak rate (Li) is given by:

s = 550 (7

n-2

Where & is the variance and s is the standard deviation based on (n-2)
degrees of freedom. S585) is the sum of the squares of the deviations from
the regression line and is mathematically expressed below:

$SQ = I (Mi - Ni)? (8)
Where: N; = deviation from regression line

The standard deviation has more practical sigunificance since computing the
standard deviation returns the measure of variability to the original
units of measurement. Additionally, it can be shown that given a normal
distribution of measurements, approximately 95\ of the measurements will
fall within two standard deviations of the mean.

The number of standard deviations either gide of the regression line which
establish a upper confidence interval are more accurately determined using
& statistical table called a "Table of Percentage Points of the
T-Distribution” and provide increased confidence in outcomes for small and
large sample sizes,

Since we are interested in reporting a single value of calculated leak
rate based on measurements taken over a specific time period, an
additionsl factor is applied to the formula for computing the variance and
hence, the standard deviation.
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BN-TOP-~1 METHOD TEST CALCULATIONS

The Table of T-Distributious has been formalized for use by the computer
program as follows:

T = 1.95996 « 2431226 {9)

(n-2)

2.8223

L4

(n-2)2

WHERE: the value of T is based on 95\ confidence limits and (n-2) degrees
of freedom.

The application of the additional factor to the variance formula yields:

2 2

0 = & 1« _1 + (tp - -:)2 (10)

n L (ti-t)?

WHERE :
tp = time from the start of the test of the last data set for which the
standard deviation of the measured leak rates (Mi) from the
regression line is being computed.
ti = time from the start of the test of the ith data set
n = oumber of data sets to time tp
n
L =1 H and [11)
i=1

QERET SR R A |
n

Taking the square root of equation [10) yields the standard deviation:

o= 8 1 ¢ _1 + m_—__;)_z %

a I (ti - ¢)2
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BN.-TOP-1 METHOD TEST CALCULATIONS

The upper confidence limit can now be determined, the confidence limit
being equal to T standard deviations above and below the regression line.
Combining equations [10] and [11] yields:

Confidence limits = L & To {12)
or
UCL = Li +« To [13)

WHERE: UCL is the upper confidence limit respectfully.

WHERE: Li e Calculated Leak Rate at Time ti
T = T-Distribution value based on n, the number of dats sets
received up until time ti,
o = Standard deviation of Measure Leak Rate (Mi) values about
the regression line based on data from the start of the test
until time ti.
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DATA REJECTION CRITERIA

If a sensor, in the opinion of the ILRT Test Engineer, is out of |
range, it will be ignored (i.e., set=0) and the total number of |
operable RTD's/Thermistors or Dewcells in the containment will be |
reduced by one. The sensor should be considered out of range if it

is evident that the sensor has malfunctioned. All rejected data
should be maintained if possible and the reason for rejection
documented on Attachment Z data sheet and in the Events log,
(Attachment C).

Should a loss of temperature or humidity sensor occur, the bad sensor |
vill be locked out. The volume fraction of the locked out sensor |
will be mssigned to a substitute instrument (as many as five |
substitutes) which is located in similar temperature location based |
oo temperature survey and/or temperature distribution prior to |
instrument failure. The volume fraction of the locked out sensor |
will be set equal to zerc. Data from the locked out sensor will |
continue to be monitored and displayed. However, the data from the |
locked out sensor will not be used in the ILRT calculations. |
Document on Attachment Z data sheet and in Events Log, (Attachment C). |

NOTE

If all RYD's/Thermistors in Subvolume 8 are lost, then STOP the test |
and repair the RTD's/Thermistors, or if the sir in Subvolume 8 can be |
shown to be near saturation, use Subvolume 8 Average Dewcell |
Temperature,

If 2l dewcells in Subvolume B are lost and the air in Subvolume 8 |
can be shown to be near saturation, use Subvolume 8 Average |
RTD/Thermistor Temperature. Alsoc, it the average RTID/Thermistor '
temperature over the last 6 data sets is within 0.5 F of » specific
RTD/Thermistor, the specific RTD/Thermistor may be chosen as the
dewcell.

If one pressure transmitter is out of the range of 14 ¢ P (psia) ¢« 60
the pressure transmitter will be ignored (sets=D).

NOIE

All data should be recalculated with bad element(s) deleted,
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DATA REJECTION DATA SHEEY

Rew temperature, pressure, and dew point data should not be rejected
statistically, but may be rejected and not used in the final
calculations provided there is a good physical reason for the
rejection. Data rejected, including the casuse or probable cause for
the bad data, are to be documented. If the validity of certain data
is suspect, but no physical reason is found, then a statistical
rejection technique may be aspplied. (See ANSI/ANS 56.8-1987, for
Data Rejection Criterion). A data point may be rejected if it is
expected to occur statistically less than 5\ of the time. The
statistical rejection of more than 5\ of a2 set of data should not be
allowed.
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ILRT TEST INSTRUMENTATION REQUIREMENTS

10CFRS0, Appendix J specifies that all Type A tests be conducted in accordasce
with the provisions of the American National Standard, N45.4-1972. Section
6.4 of that standard requires that the combined precision of all instruments
used to perform a Type A test be such that the accuracy of the collected data
is consistent with the magunitude of the speclfied leakage rate.

The Iastrument Selection Guide (I1S8G) formulation defined in Appendix G of the
1987 Standard, ANSI/ANS-56.8, is an acceptable means of determining the
ability of the Type A Test Instrumentstion System to measure the integrated
leakage rate of a Primary Reactor Containment System. This rather long
formulation is labor intensive to calculste, either by hand or by computer.,

Section 5.4 of Commonwealth Edison NO Directive, NOD-TS.11, specifies that all
Commonwealth Edison plants shall use a stendardized instrumentation system for
Type A testing. The following is a list of the resolutions, repeatabilities,
and sensitivities which may be expected when the standardized system is used.
Also listed are the recommended minimum numbers of each type of seasor:

ALET_INSTEUMENTATION SYSTEM SEECIYICATIONS

Pressure Transmitters: Resolution 0.0001 psi
Repeatabllity 0.001 psi
Sensitivity 0.0001 psi
Minimum Number 1

Temperature Channels: Rescolution 0.01 *r
Repeatability 0.02 *r
Sensitivity 0.01 *r
Minimum Number 15

Dew Tewmperature Channels: Resolution 0.01 °*r
Repeatability D:1- 1
Sensitivity Y SRR
Minimum Number S

Repeatabilicy: The capability of the measurement system to reproduce
& given reading from a comstant source.

Resolution: The least unit discernible on the display mechanism.

Sensitivity: The capability of a measurement system to respond to
change in the measured parameter.



