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INTRODUCTION

This report presents the test method and results of the Integrated Primary
Containment Leak Rate Test (IPCLRT) successfully performed on April 1 - 6, 1992 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.

For the seventh time at Quad Cities a short duration test (less than 24 hours
was conducted using the general test method outlined in BN-TOP-1, Revision 1
(Bechtel Corporation Topical Report) dated November 1, 1972. The first short
duration test was conducted on Unit One in December, 1982.

Using the above test method, the total primary contalnment integrated leak rate
was calculated to be 0.1764 wt %/day at a test pressure greater than 48 PSIG. The
calculated leak rate was within the 0.750 wt %/day acceptance criteria (75% of
La). The associated upper 95% confidence 1imit was 0.2458 wt %/day.

The supplemental induced leakage test result was calculated to be 1.0593 wt
%/day. This vaiue should compare with the sum of the measured leak rate phase
result (0.1768 wt %/day) and the induced leak of 8.5 SCFM (1.0339 wt %/day). The
calculated leak rate of 1.0593 wt %/day lies within the allowable tolerance band of
1.2103 wt %/day + 0.250 w* %/day.

SECTION A - TEST PREPARATIONS
A.1 Type A Test Procedure

The IPCLRT was performed in ac-ordance with Quad-Cities Procedures QCTS 500-1
Rev. 0, QCTS 500-2 through -6, and procedure QCTP 500-3. Approved temporary
procedure 7699 was written in conjunction with the test. Procedure 7699 was
written to revise the operations pretest checklist. This temporary procedure
corrected typographical errors identified in the line-up.

These procedures were written to comply with 10 CFR 50 Appendix J, ANS/ANSI
N4%.4-1972, and Quad-Cities Unit Two Technical Specifications, and to reflect the
Commission's approval of a short duration test using the BN-TOP-1, Rev. 1 Topical
Report as a general test method.

A.2 Type A Test Instrumentation

Table (ne shows the specifications for the instrumentation utilized in the
IFCLRT. Table Two 1ists the physical locations of the temperature and humidity
sensors within the primary containment. Figure | 1s an idealized view of the
drywell and suppression chamber used to calculate the primary containment free air
subvolumes. Instrumentation calibrations were performed using NBS traceabie
standards. Quad Cities procedure QCTS 500-2 was used to perform the calibration.
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TABLE ONE

INSTRUMENT SPECIFICATIONS

MANUFACTURER MODEL NO. SERIAL NO. RANGE ACCURACY
16141-2 +0.015% Rdg
Volumetrics PPM-1000 10255-2 0.4 - 100 PSIA +0.005% F.S.
SEE
TABLE
Volumet~ics 418905000 Two 56° - 135°F 0.25°F
SEE
Lithium TABLE
Volumetrics Chloride TwW0 93-212°F 0.25°F
Pall Trinity
Micro 14-T-2H 0-606°F +2.0°F
Fischer
& Porter 1DA35555 B40SA0348A1 1.15-11.18 scfm +.111 sefm
5551118CAA
GEMAT 3AAA 0-60" H,0
~5-

#.007% F.S.

0.01°F

e.01°F
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A.2.a. Temperature

The location of the 30 thermistor 5 was chosen to avoid conflict with
local temperature vartations and thermal influence from metal structures. A
temperature survey of the containment was previously performed to verify that
the sensor locations were representative of average subvolume conditions.

The Thermistors are hermetically sealed, glass encapsulated units
manufactured by YSI Inc. These seinsors have a recommended operating range
between -110 and 390 degrees F. A stability of better than 0.018 degrees f
per ten months can be expected when the units are stored at or below 21¢
degrees F.  Interchangeable Thermistors, mode! 41890500 were chosen. Y§I
certifies each sensor to follow the same Resistance verses Temperature curve
within 0.1 degrees F over the range of 50 to 135 degrees F.

Each sensor 15 connected to a signal conditioning card. The Thermistor
resistance 's converted by this card to a known voltage., The voltage output
from the ¢ ‘v 15 a function of the resistance. The Thermistor's change n
resistance Y temperature is very nonlinear.

Therefore, the varfation of output voltage with temperature 1s nonlinear.
In order to allow direct reading of temperature values from the DAS, two sixth
order polynominal curve fits are programmed into the DAS's EPROMs. As
:oconmongod in ANS 56.8, i«® DAS output and display has a resolution of 0.0°
egrees F.

A.2.b. Pressure

Two Volumetrics PPM-1000 Precision Pressure Monitors were utilized to
measure total containment pressure. Each precision pressure gauge was
calibrated from 0.4-100.0 PSIA. Primary containment pressure was sensed by
the pressure gauges in parallel through a tygon tube connected to pressure
taps associated with the Unit Two CAM return to drywell penetration.

Each instrument contains a pressure-sensing element that delivers an
electrical frequency (in relation to the applied pressure) to a microprocessor
circuit. The microprocessor corrects the signal for nonlinearity, offset,
scaling, and temperature effects and displays the corrected pressure value on
a 5-1/2 digit LED readout.

TEOM 384 85
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The sensor 1s the vibrating cylinder type. The cylinder 1s a vibrating
mechanical system. A vacuum refecence in maintained on the cutside of the
cyliuder. The pressure differential across the wall creates stress on the
wall varying the natural resonant frequency of vibration. The resonant
frequency depends upon the physical properties of the element such as mass,
stress, elasticity, dimensions and temperaiure. The cylinder 1s made from a
special nickel fron alloy, and closely controlled manaufacturing techniques
eliminate mass, dimension, and elasticity effects. Temperature 1s measured
using a calibrated diode and corrected by the microprocessor.

The sensor's electronic circult conditions the frequency wave and sends 1t i
to the pulse rate converter board which counts the pertod. The period s sent
In a 16-bit word to the microprocessor controlied panel meter (MPM).

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

Each PPM-1000 was calibrated from 0.40-100.0 PSIA py Volumetrics on
January 29, 1992.

A.2.c. Vapor Pressure

Ten 1ithium chloride dewcells were used to determine the partial pressure
due to water vapor in the containment. The dewcells were calibrated by
Volumetrics on February 25, 1992.

A.2.d. Flow

A rotameter flowmeter, Fischer-Porter serial number B40SA034BA), was used
for the flow measurement during the induced leakage phase of the IPCLRT. The
flowmeter was calibrated by Fischer-Porter on December 3, 1991, to within +1%
of full scale (0.9 - 11.4 SCFM) using NBS traceable standards, to st: fard
atmospheric conditions.

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

A.3 Type A Test Measurement

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

Upon initiation of data scquisition cycle, the DAS reads the selected
OPERATE mode of single, continuous, or interval, and either block or
sequentia. scan. Once the system has determined which channels to scan
(user-defined), 1t addresses the analog scanner to s:l1z:t the first channel
for sampling This address information (three BCD '~ ts from the
Printer/Scanner Interface Card) is transmitted at RS-232C voltage levels.
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Associated with each calculated leak rate 15 statistically derived upper
confidence 1imit. Just as the calculated leak rate in BN-TOP-1, Rev, 1 and
the statistically averaged leak rate in the ANSI/ANS standards are not the
same (and do not necessarily yleld nearly equal values), the upper confidence
1imit calculations are greatly different. In the BN-TOP-1, Rev. | topical
report the upper confidence 1imit 1s defined as the calculated leak rate plus
the product of the two sided 97.5% T-distribution value (as opposed to the
one-sided t-distribution used tn the ANS/ANS] standard) and the standard
deviation of the measured leak rate data about the computed regression 1ine
(which has no relationship to the value computed in the ANSI/ANS standards).

There are two important conclusions that can b2 derived from data analyzed
using the BN-TOP-1, Rev. | method: 1) the upper confidence 1imit for the same
measured leak rate data can be substantially greater than the value calculated
vsing the ANSI/ANS method, and 2) the upper confidence 1imit does not converge
to the calculated leak rate nearly as quickly as usually observed in the
latter method as the number of data sets becomes large. MWith this in mind,
the upper confidence 1imit can become the critical parameter for concluding a
short duration test, even when the measured leak rate seems to be well under
the maximum allowable leak rate. A graphical comparison of the two methods
can be made by referrin? to Figure 3 for the BN-TOP-1 in Appendix F for the
statistically averaged leak rate and upper confidence 1imit based on ANSI/ANS
56.8-1981. This data supports the contention of many that BN-TOP-1, while 1t
may not give the best estimate of containment leakage, 1s a conservative
method of testing. The ANSI/ANS 56.8 data contained in Appendix F is provided
for Information only. The reported test results are based on BN-TOP-!, only.

B.2 Supplemental Verification Test

The supplemental verification test superimposes a known leak of approxi-
mately the same magnitude as L, (B.16 SCFM or 1.0 wt %/day as defined in
Ter’ nical Specifications). The degree of detectability of the combined leak
rate (containment caliculated leak rate plus the superimposed, induced leak
rate) provides a basis for resolving any uncertality associated with measured
leak rate phase of tue test. The allowed error band is & 25% of L,.

There are no references to the use of upper confidence 1imits to evaluate
the ;ccoptability of the induced leakage phase of the IPCLRT in the ANS/ANSI
stande “Js.

B.3 Instrument Error Analysis

Instrument error analysis was not performed. ior explanation and
Justification see Appendix D.

It 1s extremely important during a short duration test to quickly ‘dentify
a falled sensor and in real time back the spurious Jdata out of the calculated
volume weighted containment temperature and vapor pressure. Failure to do so
can cause the upper confidence 1imit value to place a short duration test in
jeopardy. It has been the station's experience that sensor fatlures should be
removed from all data collected, not just subsequent to the apparent failure,
in order to minimize the discontinuity in computed values that are related to
the sensor fallure (not any real change in containment conditions). For this
test, one instrument failure was encountered before the start of the test, and
was removed from data collection prior to the start of the test.

TEOM 364 - 13 -
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SECTION C - SEQUENCE OF EVENTS

C.1 Test Preparation Chronology

The pretest preparation phase and containment inspection was completed on
April 1, 1992 with no apparent structural deterforation being observed.
Major preliminary steps included:

1

)
3

L}

5)

6)

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

Installation of all IPCLRT test equipment in the suppression chamber.

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

Venting of the reactor vessel to the drywell by opening the manual
head vent line to the drywell equipment drain sump.

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

Completion of the pre-test valve 1ine-up.

This test was conducted at the end of the refuel outage to test the
contatnment in an “As Left" condition with repairs and adjustments. The
Station has an exemption to V10CFRS0, Appendix J requirements to allow
performing the test at the end of the refuel outage,

- 14 -
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C.2 Test Pressurization and Stabilization Chronglogy

DATE TIME
4-1-92 1214
1430
1535

1809
2010

2020

2335

ok e et L
Began pressurizing containment.
MSIV room snooped. No leaks observed.

Top of Torus, Reactor Bullding basement,
RHR, Core Spray, and HPC] rooms snooped.
No leaks found.

Pressurization complete.

All accessible penetrations in Reactor
Building snooped. No leaks observed.

Channel 48 (Dewcel) #9) and Thermister
#15 locked out. The sensor output ».om
these channels were not representative
of the output from other sensors in the
same area.

Containment temperature stable,
changing less than 0.5 degrees per hour
for last 4 hours. Reactor water level
change less than 1.25 inches per hour
for last hour. Reactor water
temperature change less than 2 degrees
F per hour for last hour., All
stabilization criteria satisfied.

C.3 Measured Leak Rate Phase Chronology

4-1-92 2335
4-2-92 0030
0400
2130
C.4 Retest Preparation Chronology
4-3-92 1100

Btgan measured phase. Base data set
#67.

Transformer 22 was inadvertantly
deluged by fire suppression system
resulting In loss of power to ILRT
equipment and portions of Unit 2. Test
suspended while plant status determined
and conditiont stabilized.

Operations department decision to abort
test and begin containment
depressurization due to Transformer 22
deluge.

Containment depressurization complete.

ILRT preparations resumed. DAS
channcls previously locked out (15 and
48) were 1epaired and reinstated.

=18+




C.5 Retest Pressurization and Stabilization Chronology

DATE TIME PR TR T | | O T
4.4.92 1812 Pretest preperation complete and
containmert pressurization began.
2045 Snooped Reactor Building ba.ement and
corner rooms. No leaks found.
2050 Top of torus snooped. No leaks
observed.
2130 Snooped Reactor Bullding penetrations,
no lecks observed.
4.5-92 0039 Piressurization complete.
0200 to 0300 Time change for daylight savings time.
0500 Dewcell channel #48 locked out.

Reading inaccurately. Prior to start
of measured phase.

1043 All stabilization criterfa satisfied.
C.6 Retest - Measured Leak Rate Phase Chronology
1043 Began measured phase. Base data set
#252.
1716 Terminated measured leak rale phase at

6 hours 33 minutes, base data set
#291. Calculated lerak rate was
0.1764 wtk/day and decreasing over
time. The BN-TOP-1 upper confidence
limit was 0.2458 wtX%/day.

C.7 Induced Leakage Phase Chronology

4-5-92 1726 Valved in flowmeter at 8.5 SCFM end
began induced phase stabilization with
base data set ¥242.

1826 Following the 1 hour stabilization
required by BN-TOP-1, the induced phase
of the test was began with base data
set #298.

2206 Terminated induced phase at data set

#320, calculated leak rate of 1.0593
wt%/day.

TEOM 384 T
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C.8 Depressurization Phase Chronology

RATE 1IME o O LN R AR L
4-5-92 2355 Began depressurization using procedure
for vont!ng through the Standby Gas
Treatment System.
4-5-92 1030 Depressurization complete.
1300 Technica)l Staff personnel entered

drywell. No apparent structural damage
and instruments stil] in place.
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SECTION. D - TYPE A TEST DATA

D.1 Measured Leak Rate Phase Data

A summary of the computed data using the BN-TOP-1, Rev. | test method for a
short duration test can be found in Table 3. Graphic results of the test are found
in Figures 3-7. For comparison purposes only, the statistically averaged leak rate
and upper confidence 1imit using the ANS/ANSI 56.8-1981 standard are graphed in
:iqur;'r-;. A summary of the computed data using the ANS/ANSI standard is found in

ppendix F.

0.2 Induced Leakage Phase Data
A summary of the computed data for the Induced Leakage Phase of the IPCLRT is
found in Table 4. The calculated leak rate and upper confidence 1imit using the Mass

BN-TOP-1, Rev. | method are shown in Figure 7. Containment conditions during the
Induced Leakage Phase are presented graphically in Figures 8-10.
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TIME

09:46:
09:56:

10:06:

10:16:
10:26:

10:36:

18
18
18
18
18

10:46:04

10:56:
11:06:
11:16;
11:26:
11:36:
11:46;
11:56:
12:06:
12:16:
12:26:
12:36:
12:46:
12:56:
13:06;
13:16:
15:26:
‘3:36:
11486
13:56:
14:06:
14:16:
14:26:
14:36:
14:46:
14:56:
15:06:
15:16:
15:26:
15:36:
15:46:
15:56:
16:06:
16:16:

TESY

PURATION

0.000
0.167
0.333
0.500
0.667
0.833
. 000
167
333

. 333
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DRY AIR
PRESSURE

66.7122
66.7104
66.7084
66.7056
66.7026
66.7030
66.6381
£6.6988
66.6962
66.6958
66.6943
66.6933
66.6942
66.6909
66.6865
66.6868
66.6815
66.6775
66.6785
66.6789
66.6814
66.6794
66.6786
66.6790
66.6795
66.6764
66.6768
66.6763
66.6758
66.6748
66.6746
66.6767
66.6734
66.6736
66.6724
66.6720
66.6708
66.6706
66.6694
66.6696

MEASURED LEAK RATE TEST RESULTS
TABLE 3

MEAS .
LEAK
RATE

0.0439
1183
2193
1986
1487
2501
1674
2017
1605
. 1686
1743
1210
1704
2116
1834
2277
2031
778
1762
. 1506
1658
1813
1700
1638
18N
1761
A2
1743
. 1840
1785
1574
A719
1685
1732
. 1688
1700
AN
A1
1651
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UPPER
COMFIDENCE
LAIMIT

- -
-

- -

319
.4354
4376
419
. 4043
. 3858
. 3683
.3513
3377
3212
3116
. 3150
. 3095
. 3159
A4
. 3083
. 3029
2955
.2899
2867
2R24
2177
2764
2736
. 2705
2679
.2667
.2649
2612
.2590
2566
2549
2528
.2509
.2493
2478
. 2458
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MEASURED LEAK RATE PHASE
GRAPH OF VOLUME WEIGHTED
AVERAGE CONTAINMENT VAPOR PRESSURE

CONTAINMENT VAPOR PRESSURE VvS TIME

Normal Teet
|
& . ‘ . |
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FIGURE 5

= 33 =




DEC ¥

CONTAINMENT AIR TEMFERATURE VS TIME

MEASURED LEAK RATE PHASE
GRAPH OF VOLUME
WETGHTED AVERAGE CONTAINMENT TEMPERATURE

Normal Test
84 1000 - - + . —t 841000
(UL UL //" 184.0800
840000 ¢ /' + 84,0000
.-'-.\'—‘\ //
a3e800 T e e i +83.0500
L/
838000 T T 83.8000
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CONTAINMENT DRY AIR PRESSURE VS TIME
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SECTION € - TEST CALCULATIONS

Calculations for the IPCLRT are based on the BN-TOP.1 Rev.! test method
and are found In the functional requirements specification CECo Generic ILRY
computer code software 1D No. GN1405-0.0, Document ID No. ILRT-FRS-0.0. A
reproduction of the BN-TOP-1, Rev. 1 method can be found in Appendix C. In
preparing for the first Quad Cities short duration test using BN-TOP-1, Rev. |
a number of editorfal errors and ambiguous statements 1. the topical report
were identified. These errors are presented in Appendix £ and are editorial
in nature only. The Station has made no attempt to improve or deviate from
the methodology outlined in the topical report.

Section 2.3 of BN-TOP-1, Rev. | gives the test duration criteria for a
short duration test. By station procedure some of these duration criteria
have been made more conservative and in some cases these changes may be
required bv regulations.

A. "Con*ainment Atmosphere Stabilization"

Once the containment fa at test pressure the containment atmosphere
shall be allowed to stabilize for about four hours (4 hours required
by Quad Cities procedure and actual stabilization: 9 hrs, 3 min),
The atmosphere 15 considered stabi)ized when:

1. The rate of change of average temperature 15 less than 1.0°F/hour
averaged over the last two hours.

DATA SET* AVE. CONTAINMENT TEMP. Al
252 84.0
246 84.1 0.10
240 B4.1 Q.00

average 0.05°F/hour

* Approximate time interva)l between data sets is 10 minutes.
or

2. "Th. rate of change of temperature change; less than
0.5°F/hour/hour averaged over the last two hours.”

(Not required 1f A.1 satisfled).
B. Data Recording and Analysis
1. "“The Trend Report based on Total Time calculations shal)l indicate
that the magnitude of the calculated leak rate is tending to
stabilize at a value less than the maximum allowable leak rate
TP P
Ry Quad Citles procedure the calculated leak rate must be less

than 0.75 Lp. The actual value was 0.1764 L, stable, and
decreasing (no extrapolation required).

and

TECH 84 - 31 «
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“The end of the test upper 95% confidence 1imit for the calculated
leak rate based on total time calculations shall be less than the
maximum allowable leak rate".

By Quad Cities procedure the upper confidence 1imit must be less than
0.75 Lp. The actual value was 0.2458 LA

and

“The mean of the measured leak rates based on Total Time calculations

over the la* five hours of the test or last 20 data points, whichever

provides the most data, sha', be less than the maximum allowable leak
rate."

By Quad Cities procedure this average must be less than 0.75 L. The
actual value was 0.1779 L, for the last five hours,

and

“Data shall be recorded at approximateiy equal intervals and in no
case at intervals greater than one hour."

At Quad Citles data scans are automatically performed on 10 minute
intervals.

and

"At least twenty (20) data points shall be provided for proper
statistical analysis."

There were 39 data sets taken for this test.

and

“In no case shall the minimum test duration be less than six (6)
hours."

Quad Citles' procedure 1imits a short duration test to a minimum of
six (6) hours. The data taken during this test supports the argument
that a shorter duration test can be conducted. All of the above
termination criterfa were satisfied in six (6.0) hours.

SECTION F - TYPE A TEST RESULTS

F.1 Measured Leak Rate Test Results

Based on the data obtained during the short duration test, the following
results were determined: (L, = 1.0 wt %/day)

Calculated leak rate equals 0.1764 wt %/day and declining steadily
over time (<0.7500 wt %/day).

.32 .



2)

KD

4)

5)
6)

Upper confidence 1imit equals 0.2458 wt %/day and declining (<.750 wt
%/day).

Mean of the measured leak rates for the last 5 hours (37 data sets)
equals 1779 wt %/day (<0.750 wt %/ Jay).

Data sets were accumulated at approximately 10 minute time intervals
and no intervals exceeded one hour.

There were 39 data sets accumulated in 6.5 hours measured phase.

The minimum test duration (by procedure) of 6 hours was su cessfully
accomplished (» 6 hours).

F.2 Induced Leakage lest Results

A leak rate of 8.5 scfm (1.0329 wt %/day) was induced on the primary
containment for this phase of the test. The leak rates during this phase of
the test were as follows.

BN-TOP-1 Calculated Leak Rate 0.1764 0.1764
(Measured Leak Rate Phase)
Induced Leak (B.5 scfm) 1.0339 1.0339
Allowed Error Band +0.2500 =0.2500
1.4603 C.9603
BN-TOP-1 Calculated Leak Rate 1.0593 wt %/day

(Induced Leak Rate Phase)

The induced phase of the test has duration criteria given in Section 2.3.C
of BN-TOP-1, The test duration requirements are 1isted below and were
satisfied by the test procedure and the data analy:s:

1i

Containment atmospheric conditions shali be allowed to stabilize for
about one hour after superimposing the known leak. (actual: 1 hour).

The verification test duration shall be apprrximately equal to half
the integrated leak rate test duration. (actual: 3 hours, 40 minutes
for a 6.5 hour test).

Results of this verification test shall be acceptable provided the
correlation between ' - “erification test data and the integrated leak
rate test data demcr- -2 an agreement within plus or minus 25
percent. <(actual: ee results above).

« 13 -
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APPEND]IX A
TYPE B AND C TESTS

Presented herin are the results of local leak rate tests conducted on all
penetrations, double-gasketed seals, and isolation valves since the previous IPCLRT
in April 1990. Total leakage for double gasketed seals and total leakage for all
penetrations and isolation valves following repairs satisfied the Technical
Specification limits.



REFUEL OUTAGE LOCAL

0TS 100-S1

Revision B
uNtT 2 (am//) 2 - ifea LEAK RATE TEST SUMMARY December 1989
TEST DIRECTOR g, /7
OPERATING ENG.
TECH STAFF Supy. Aol
| AS FOUND (SCFH) AS LEFT (SCPH)
, VALVE(S)/ | MINIMUM | MAX T MUM MINIMUM | MAX MM
DESCRIPT 10N | PENETRATION  DATE | TOTAL | PAT:zAY | PATHWAY | DATE | ToTAL PATHWAY | PATHWAY
A MS1Y | AC 203-1a 24 |//221 5777 | 2.6 | 5,9 | Fha | 5:/2 | 2.6 | 5577 )
B MSIV | A0 203-18, 28 | /A2 ) 3.20 | 1é | 3.20 | Zifp2) 320 | 4,6 | 72 I
2SI | A0 203-1c,2¢ |72 | 5.97 | 3.0 | 599 %ke | %22 | 20 £
Dusn} | A0 203-10,20 l//%zl/yf.g’z] $.22 | /03¥ ]«V?fqo.zrl a’ss | ©.25 |
0TAL  4%2/24. 22 WIAL  735/m 07
TOTAL CORRECTED * 7.7/ %277  10TAL CORRECTED 12.48/¢5.3/
MSL DRAIN | M0 220-1,2 | %2421 /23 | 76 | s | Y342| o.¢9 | _e25 | oy |
PRIMARY SAMPLE | A 220-44 45 |%h2| 40 | o.5 | .o | %42| Lo | O.5 | zo |
A FEEDWATER |_Cv 220-584, 624 | “h2) 2 | 7, ol 1 it 53 A I % o |
B FEEDWATER LCv 220-588,628 | 7772| 1,2 | o, | 28 \|Y%2 e | 0.4 | #2 |
A DN _SPRAY LMo 1001-20,260 %242 ¢ | 2 | & ey e TR
A RHR RETURN _ | MO _1001-294 %92 /5 | 45 | s % |%5e| #8 | 28 | , % |
A_TORUS COOLING SPRAY | M0 1001-34,36,374 | Y2o4pz| 2.8 | 2% | 22 |34k ¢, 2 i e el Y AN
B DW SPRAY | MO 1001-238,268 ]l/u/,zl ¥ | L2 | 2. | /234, %0 | 2@ | %0 |
B RHR RETURN | MO 1001-298 |#344| 6.5 | 6.5 | (.5 |¥%gn) c.0 | 60 | g0 |
B_T0RUS CoOL ING/SPRAY____| M0 1001-34,36,37 | %3/42| 4, 75 | a9 | 427 pVeshay 2.8 | ¥y 2.5 |
SHUTDOKN COOL ING L W0 1001-47,5 _ |%vfn| 46 | 0.8 | se 2| 5~ | 235 | “5 |
PAGE TOTAL l NA | | — NA
IS et vt it LO_O_NLB.?'_*J_?NJ' J‘_ﬁiﬁlbﬁxz:
LPR 1219901

10/0168s

C.C.OSR.
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REFUEL OUTAGE LOCAL

T K2R/ LEAK RATE TEST SUMMARY

Q1S 100-%1
Revision B

AS FOUND (SCFH) AS LEFT (SCFH)
VALVE(S)/ MINIMUM | MAXIMUM MINIMUM | MAX MM
DEng_I}’H(N | PENETRATION ! DATE TOTAL | PATHWAY PATHWAY | DATE TOTAL | PATHWAY PA"IM-
CLEAN DEMIN | 4399-45, Cv 4399-46] /3¢ | 60¥ | 0, & | 60 |34 1¢ | 0,4 | , = [
SERVICE AIR | 4699-46, Cv 4699-47| %42 | 20,4 | 0.¥ | coo (2sfor] 24 {0 ¥ | so |
DN PNEUMAT | C | A0 4720, 4721 | 75421 .2 | 0.9 | o8 | /9%2] 0.8 | o.¥ |o.5 |
DN INSTRUMENT AR | CV 4799-185, 156 | %s/42) 3.9 | /.5 | 2-¥ Mga|\ 2.8 | 1.3 |15 !
T0RUS INSTRUMENT AIR | ¢y 4799-158, 159 |%1/42] 0,8 |l e.¥y | o8 %3y 2 O 8 | e.¥ |es5s
0,ANALYZER ——— | A0 B8O, BBO2A |74z 108 | 0.y | o |%pelo.5 | oy | g5 <
0,ANALYZER | A0 88018, 88028 | Yé/44| @. 8 | ¥ | 0. (fehsio.5 |l o.¥ | ¥
CANALYZER | %0 8801C, 8802 |%/pz | 0.7 | o. % L 2% |%he)0.5 | o4 - a»
0,ANALYZER L A0 88010, 88020 |%s/se 108 | ooy | o4 1452105 | e.¢ | a% |
O ANALYZER | A0 8803, 8804 |%fk2) 2 | O.5 | £b || 2.7 | o5 | Ze |
DRYWELL “SATICULATE | | o/ | | | | s | | ! ]
SAMPLE LINES |LINES 88038-v-1/2" ]| '/"1 kel e AR 1/”7"1 o . g e T
TIP BALL VALVE | 7331 | 2| ©.7| o« L 2% (P12 0.6 | o6 | @6
TIP BALL VALVE | 733-2 \"%hz| 4¢ | r-© | so [Pore) .95 | 0. 75 | 0.75 N
TIP BALL VALVE 17333 | 7421 0. & | % | a¥ %% 0.2/ 0.2/ | vy
TIPBALLVALVE | 7334 | %22 | CF 1 OF | OF |Yehhslowy| ot |L2#7 |
TIPBALLVALVE | 7335 e st o Lo sl o YWegl 4 Wi Ay
T1P PURGE CHECK L700-743 (%12 2.2 L 22 | 2.2 (Yarj o9 | GO | o.0¥
.. SR i A 180 499- w24 |%/32) 0.4 | 0.2 | O S |yl 0y 102 | ey |
RN ST NUN-8B|ejod | 0.2 ) oy Jf_/’.',/ulﬁ-@il,_i’z?iu}.i?il
CAM | SO 4930|742 0¥ | a2 | o 124421 09 | o2 | o¥ |
e | .50 249938 48 V%3 e | o2 | ay A as | ay | ay |
‘PPROVED | i | | | | l |
i il 1 e P et e R Sk Sl e Ciosih Sty

10/01685 -3-

Q.C.OSR.
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REFUEL OUTAGE LOCAL QTS 100-S1
- LEAK RATE TEST SUMMARY Revision 8
it Q2R
AS FOUND (SCFH) AS LEFT (SCFH)
VALVE(S )/ MINIMUM | MAXIMUM MINIMUM [ MAX I MUM

_DESCRIPTION | PENETRAT1ON OATE | TOTAL | PATHWAY | PATHWAY | DATE | TOTAL | PATHWAY | PATHWAY

ELE(.!_M‘A! PENE TRAT 10N | _X-1048 (P%2| 0% | o.2 | 0¥ M4y oy | o.2 | ¥ |

ELECTRICAL PENETRATION | X-104C | Y% 0¥ | o.2 | 0% (72| 0. | 0.2 | o¥ I

ELECTRICAL PENETRATION | X-104D "/z/ | i i '/,:,/ | | |

(UNIT 1% ONLY) B . 1LY | &R | ey 2| o¥ | @2 | oy |

ELECTRICAL PENETRATION |_X-104F '/"/ul C.0% | 0.0 | oc.o¥ /"Azl Goy | o | coy |

ELECTRICAL PENETRATION | X-105A M40 0.4 | 0.2 | 0. ¥ l"‘%z | ©37| o.20 | p.37 |

ELECTRICAL PENETRATION X-1058 | : l | | |

_(UNIT ONE ONLY) | | | | - SO, Ty R | )

ELECTRICAL PENETRATION | x_105¢ %3 1 Q¥ | &2 | oy M| o¥ | az |oy |

ELECTRICAL PENETRATION | X-105D | #a | | SO i | —>l

it omy) - f 00 | ,,.l_m‘,l HEWE ety ST RN T S

ELECTRICAL PENETRAT}ON | X-1064 |2,4‘ | | %/ | | | |

' o, / - O ? @A ©. y

WniT WO oMY) /;‘ et I__" il RO Sl | | l

ELECTRICAL PENETRAT ION | X-1068 |’7’1, | | | 1%y | | | |

¥ b &, o, ¥ 0.9

wmvwoomy) {4 2 o el § 0‘_1_1_0_7__1 # L--i_ ] il

ELECTRICAL PENETRATION | x-107A SRS _Alf/f",Z!’-L‘_’;"‘ | &2 | 0. ¥ J/";/"l s A Wi S . AR

ELECTRICAL PENETRATION | x-1078 % | | | Y2y ! |

?

(UNIT TWO ONLY) ] i 41| POV JRmd ey, 'f‘ Mool tigiogimpl, Sugeobniatily
 TORUS PENETRATION | x.227a _._______J’/'Zz_z |o¥ | 2.2 | o4 I/‘/'zl o | o2 | 0¥ |
- TORUS PENETRAT 10N | x-2218 A,_*_____J’/N[,:La./ leos” | o/ (%2 oy | oo | 0./ |
A" TORUS LEVEL FLANGES ¥ | - 142 ) 0.9 J o5 l 21 (1) 29 |ors o5 |

APPROVED | | | | | 59 ' / |
PAGE TOTAL | NA | 1 Q’rlL 5 ,,’ | J i _*L_f_ ! l
APR 12 19%. T
- 10/0168s Q-C-O.S.R =
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{

; : REFUEL OUTAGE 10CAL CTS 100-S1
|

LEAK RATE TEST SUMMARY Revision 8
T X222y
' AS FOUND {SCFH) AS LEFT (SCFH)
VALVE(S)/ MINTMUM | MAX MM MINIMUM T MAXT MM
DESCRIPT ION | PENETRATION DATE | TOTAL | PATHWAY | PATHWAY DATE | TOTAL | PATHWAY | PATHWAY
‘B’ TORUS LEVEL FLANGES | --__ |“%2| 10 | o.5 | 29 (Y2 zo RS Y he )
SRM/ IRM PURGE g | ses | Y2, | | | 1145/ | | | |
i L 4 4 &. o, é 006
(UNIT THO ONLY) | | "*| 26, 0.6 | o e, gl | I
PERSONNEL INTERLOCK X-2 | x-2 ]'z/"'/”] 6. 57 | e | 6-87 |%/n.|/3.7Y | &.§57 | 73. 7¥ |
H,/0, MONITORING SYSTEM | ___ A p=nei | Dary 0.7 o |2 1%y 2.8 | 2¢ IR,
(10TAL) | 8 pane ( |7%2) 0.6 | o7 | @ "% | 3.5 | 2% L 25
HAC! Exhuart Vacwum @rekers| 3-2308- Vo, %7 # o JE AR ID f‘i‘7¢ | ;ﬂ ¥ 0.6 | ©-28 | o352
*l New volves lksﬂ//eJ i}lll/ PAGE TOTAL : . : : : d : o : : ! : atf :
Per Pod. m¥-2-9- A At oo "
/08. /, ¥
— TEST TOTAL + | na | 1/70“'71 | | T L by 1/9 1

*To determine the corrected leakage of the MSivVs (as if they had been tested at 48 PSIG), multiply by 1.73.

“*When the maximum pathway leakage exceeds 0.5 La (283.75 SCFH), write an LER immediately.

+The test total is the sum of all page totals in the checkiist (exclude MSIVs from al! test totals).

Reference: QI§ 150-8, "Determination of Total Containment Leak Rate ™

APPRQVED

APR 1 2 1990,
Q.CcosR,

(final)

10/0 1585 8-
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lhe computed leak rate will be the total time leak rate and 1s given by:
LY - - 2400 x Wt - W
H W*

where W® = dry air mass of the containment at the start of the test.
Wt . dry air mass of the containment at time t,

H duration of the test from start to time t in hours, and

it

total time leak rate a¢ time t.

There are 3 subvolumes to consider in evaluating the effects of water
leakage from the vessel: the vessel itself (subvolume 11), the suppression
pool (subvolume 10), and the subvolume for the drywell equipment drain sump
(DWEDS) and the drywell floor drain sump (DWFDS) (subvolume 9). Any water
leaking from the vessel in excess of that added to the sumps and suppression
pool will be assumed to have leaked from the containment through the shutdown
cooling mode of RHR.

Over a 90 hour time period starting prior to the test and ending following
completion of the test, 100 gallons of water ieaked into the sumps. The sumps
are assumed to have filled at a constant rate during this time perifod and each
sump holds 1,200 gallons and is 42 inches deep.

Rate of water leakage into sumps: 1.111 _gal./hr.
Rate of free air volume change: .152 ft3/hr.

The following table gives the extrapolated values of the subvolume free
alr spaces using the above data:

6 HOUR TEST

SUBVOLUME

NO. (1) Vi ta0  Vy tab
! 10,550 10,550
2 9,596 9,596
3 10,990 10,990
4 3,783 3,783
5 24,125 24,125
f 32,265 32,265
7 27,618 27,618
8 26,071 26,071
9* 9,489.6  9,488.7
10 119,775 119,767

mn* 2,087 = _ 5,130
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0. INPUT PROCESSING .
Calculations perfomed by the software are out)ined below:

D.1 Average temperature of subvolume #1 (Ty)
« The average of all RTD temps in cubvelume #1

] N
N Jel

where N « The number of RTDs in subvolume #§

D.2 Average dew temperature of subvolume #i (D)
o The average of all dew cell dew temps in subvolume #i

1 N
Oy @ = T Dy

N jel .
where N « The number of RTDs In subvolume #1

D.3 Total corrected pressure #1, (Py)
First correction factor for raw pressure #1, (from program

i
fnitialization data »et).

M) Second correction factor for raw pressure #1, (from progra~
initfalization data set).

Pri Raw pressure #1, from BUFFILE.

Py » Cy o My Pry/1000, for § gigit pressure transmitters

Py « C) « My Pr /10000, for 6 digit pressure transmitters

0.4 Tetal corrected pressure #2, (P2)

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

M2 Second correction factor for raw pressure #2, (from program
initialization gata set.

Pry Raw pressure #2, from BUFFILE.
Py » Cz « My Prp/1000, for § digit pressure transmitters

Py « Cz + My Prp/10000, for 6 digit pressure transmitters

- BE: «
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Whole Containment Volume Weighted Average Temperature, (T¢)

Approximate N
Method Tee T N1 Ty
{al
1
Te o
Exact Ny
Method I

el T4

fie The volume fraction of the 1th subvolume

where:
N « The total # of subvolumes in containment

Average Vapor Pressure of Subvolume 1, (Curve fit of ASME steam

tables.) (Pvy)
Pvy » 0.018529125 2.001623476 Dy

2V aa738 x 1076 (D)€ 7.081828 X 1077 (D)3
- 228128 x 109 (D)% < 3.03544 x 10°'] IR

Whole Containment Averane vapor Pressure, (Pve)

Approximate K

Method Pvg 2 1y Py
fel

Exact N Ty Pvy
el T4

N « The total of subvolumes in containment
fie Volume fraction of the {th subvolume

Whole Containment Average Dew Temperature, (D¢)

Approximate

N
Method Dc N

fy By
{el

Exact Metho”  The whole containment average vapor pressure,
(Pve) calculated with the exact method is used 10
#ind D.. An initial value of D¢ 15 guessed anc
uszg with the eguation in D.6 to calculate Pve.
This value is then compared to the known valye frem
D.7. A new value of D¢ is guessed and the process
iy repeatec until 2 vafut of D, s found that
results in a calculated value of Pve that is
within .000! psia of the valyue from D.7.



D.9  Average tota! containment pressure,(P)
P ol PpebPy) 2

Average total contcinment dry air pressure, (Pg)
Pd - P - Pvt

D.1C Tota! Containment dry air mass, (M)
Pe Ve

YyD! 1! L
R T,

where: R « Perfect gas constant, Ve o Tota! containment free volume

Type 2 dry air mass accounts for changes in Reactor Vessel
level. 2

For uncorrected ory air mass, (Type 1) the below ¢ “initions
wely.

V: " : V§ ang f‘ - Vi/vC
fel

Type 2:

where Vi is the user entersd free volume in subvolume |.

For corrected dry air mass, (Type 2) the same definitions for Ve
and fy apply, except that one of the Vys is corrected for changes
in vessel level. If k is the subvolume number of the corrected

subvolume then:
Vg « Vgko = &(C = B)
: is the number of cudbic feet of free volume per inch of vessel
level.
b {s the base level of the reactor vessel, in inches.

C s the actual water leve! in the reactor vessel, in inches.

Vio fs the volume of the subvolume k when C equals b.

The volume fractions (fy) are then calculated with the
corrected volume, and all other calculations are subsequently
performed as previously specifieg for Type | dry air mass.

+' 87 =
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.1

least sguares best fitted to the lea

Leakrate Calculations using Mass-Plot Method:

hod assumes that the leakage rate is constant during
iod. & plot of the measured contained gry air mass
1d icgeally yield a straight line with a4 negative

This met
the testing per
versus time wou

slope.

Based on the least squares
caleula.ed containment leakage

fit to the data obtained, the
rate is nbtained from the equation:

Me At « B

Where M e containment dry air mass at time ¢t (1bs.)
B e calculated dry air mass at time tel (1bs.)
A e calculated leakage rate (1bs/hr)
t « time 1q5¢rval since start of test (hours)

8
(1ps)
t (hours) -

onstants A and B such that the line is linear

The values of the ¢
k rate data are:

NICty) (M) = (Z4) (T M)

Ae
NI(t)? - (It )2

Ny = ALYy




By definition, leakage out of the conta'‘.ment iz considered
positive leakage. Therefore, the - ..istically everaged least SQuares
containment leakage rate in weight percent per day is given by:

L e ( %) (2400)/8 (seight T/day)
In orger to calculate the 951 confidence limit of the least

squares averaged leak rate, the standard deviation of the least
souares slope ang the student’s T-0istribution function are used as

foilows:
e £
[ 9 NE(MO2 = (IM)2 \7|/2 (2400) (weight 1
¢ = - - —
ot day)
__(NeD) NZ(t)2 - (ot? - il
UCL « L o @ (D
1.6449(N=2) « 3.5283 « 0.85602/(N-2)
where T e -
(N=2) « 1.2209 - 1.5162/(N-2)
N s Number of data sets
t{ = test guration at the 1th gata set (hours)
o « standard deviation of least squares slope (weight%/day!
T » Value of the single-sided T-Distribution
function with 2 cdegrees of freegom
L « calculated leak rate 'n weight */day
UCL « 95% upper confidence 1imit */day)
air mass at time tel (10s.)

g « calculated containment dry

D.12 Point to Point Calculations

ylates the rate of change with respect to time of

This method cal¢
o Point Method.

gry air mass using the Point ¢

TECH 382 ! 55 B



For every gdata set, the rate of change of dry air mass between
the most recent, (t{) and the previous time (ti.1) is calculated using

the two point method shown below:

2400
(1 « My/My_1)

M, e
: (ty = ti.1)

Then the least sguare fit of the point to moint leakrates 1
caleulated as described for ¢ry air masses in section 0.1

D.13 Tota) Time Calculations

This meth~d calculates the rate of change with respect to time ¢f
gry air mass vsing the Tota! Time Method
reference time (t,) s chosen. For every data set

f dry air mass betwes  t, and the most recent
two point method shown below.

Inftially, a
the rate of change ©
time, ty s calculated using the

2400
"' gy S——— (‘ '“1o"r>
(ty=tr)
Then the least squeres fit and 51 UCL of the Total Time

leakrates are calculated as shown below:
T My S0t = Tty T Mgty

8.
NT (L0 - (2 )8
(Nt My=2tg M)
A e
N (22 = (L t)e
L e B « At

L LbadscN-D) 1.5283 + 0.85602/(N~2)
® =TRoI) . 1.2209 - 1.5162/(N-2)

Note: K is the number of data sets minus one.

TECH %04 N 56 N



(tp = T (tq) / N2

% o
B it - (rty /N
" /
' MR P i . )
Fal o gt (M)2 - BIM=AZML
\/ . \/
UCL e L « To

Note: This eguation is calculated for information only from the
start of the test up to 24 hours, then 1t Decomes the

official leakrates for future times.

£.14 BN-TOP-] .

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

a reference time (tg) s chosen. For every data set
data item between t. and the most recent
two point method shown below:

Initially,
the rate of change of the
time, (1,) is calculated using the

. a00
(:{ - tr)
Then thy least saquares fit of the Total Time leakrates anc the

BN-TOP-1 §5% UCLs are calculated as shown below

(p M D(e)? = Tty T Mgty
-
N (t1)f=-CL ¢ty

Note: N is the number of cata sets minus one.

wr BT =



B
NI tiMy - Ity T M)
Ao . ———_ - ——— —y—————.
.
L £i172® = (4 f‘."
L o= B « At
- - - . .
B 3 - L 8 Ebt-s
T . 959%6 « - — - - s
N « 2 (N « )&
AN
(*o = L (t4) / NG
»
fF o | 9 - w—
¢ 2 fre \q
H . 0;\)‘A had - '\‘J‘ ”
———— Jp— e —
/
. -
/ ‘ |
e - — f (Mi)é « B I My - A Mo ot
/ !
\/ ~ \ /

This eauation is calculated for inforration only from
start of the test up %0 24 hours, then it beccmes the
official leskrates for future times

Note

§ Temperature stabilization checking per ANS] 56.8-198]

i
- ' w

.

T Meighted average containment air temperature at houv

Ti.n Rate of change of weighted average containment ai
over an n rour period at hour 1, ysing twd point
difference method,

temperature
DACKwATrCS

OhP




Zi is the ANSI 56.8-198) Temperature stabilization criteria at hour i,
ie| Tyaa = Toap | 1 must be ; 4.
Per ANSI 56.8-1981, I must be less than or egqua! to 0.5 OF/hr
NOTE: If the cata sampling interval is less than one hour, then:
Option #1 Use data collected at hourly intervals

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

D.16 Calculation of Instrument Selection Guide, (ISC)

ISC « 2400 /7 2 (ep/p)é « 2 (e/T)é o 2 (eg/p)¢
t VN Ny My

where: t 15 the test time, in hours

p s test pressure, psia
T is the volume weigheo average containment temperature, °R

Np is the number of pressure transmitters
Ny 15 the number of RTDs

Ng 1s the numder of dew cells
¢y i3 the combined pressure ‘ransmitters' error, psia

e, s the combined RTDs' error, OR
¢ 13 the combined dew cells’ error, OR

ep e /
\/ ($p)2 « (RPp o RSp)?

where: S, is the sensitivity of a pressure transmitter
RPy 15 the repeatability of 2 pressure transmitter
RSy 1s the resolution of pressure transamitter

8y = /
\/ ($¢)2 o (RPp o RSy)2

where: S, is the sensitivity of an RTD

RP, is the repeatadility . an RTD
RSy is the resolution of an RTD

TECH 384



&Py
.d._

o
aTy ’Td 1/ (5g)8 « (RPg « RSg)?

where: SS is the sensitivity of 3 dew cell
RPy 13 the repeatability of a dew cell
RSg fs the resolution of 4 dew cell
oy change in vapor pressure
—— -
ATg | 1g change in saturation temperature

The above ratio is from ASME steam tables and evaluated at the
containment's satyration temperature at that time.

D.17 BK-TOP-1 Temperature stabilization Criteria Calculation

The rate of change of temperature is less than | *F/Hr averaged

A.
over the last two hours.
K, o [Ty = T4Y] K2 o [Tiay = Ty2|
K, and Kz must both be less than 1 to meet the criteria
listed in A.
B. he rate of change of temperature chanye: less than 0.5

F/hour/hour averaged over the last two hours.

Ky o (Ty = T 2/(tg = tiay)
K2 o (T4o1 = Tia2) /(8 = 2220
e [(K) = K2)/(2y - tin1)l

7 must be less than 0.5 to meet the criteria listed in B.

0.18 Reactor Vessel Free Volume Mass Calculation
As shown in section D.10, the free volume of the Reactor vesse!
subvolume « is given by the below equation.
Vg » Vgo = & (€=D)
The dry air mass in subvolume = Can then be written as:
Me = 144 (P-Pve) Ve/RTe

Where: Me is tr- gry air mass in subvolume «, (1om)

R is the gas constant of air
T, 15 the average temperature of subvolume «, (OR)

5:. i3 the average vapor pressure of subvolume =, (pisa)

B is the average containment pressure, (psia)

V, is the free air volume in sudbvolume e, (red)

TECH Ja4 v 60



D.19 Torys Free Volyme Calculation

Free volume calcu'ations of the Torus rely upon narrow range Torus
water level inputs These valies range between plus ano minus five
inches. It is assumed that the Torus subvolume free air volume 15
that subvolume's volume when the Torus level equals zero. The user
may enter three cr -tants to mc.el the variation of Torus air volume

with water level.
The equations for Torus free volume in subvolume t are given:

Vi » Vep = (al « BL = cL’; wher L2 0
Vi » Vgo + (=2l ¢ BLZ =cLd) when L¢ 0

The dry air mass in subvolume t Can then be written as:
My o 188 (F-Pyp) Ve/RTy

Where: Mt 13 the dry air mass in subvolume <, (lbm)

P is the averzye containment pressure, (psia)
Pyt 1 the average vapor pressure of subvoluae t (pisa)

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

R is the gas constant of air
Ty s the average temperature in subvolume t (OR)

L s the Torus level, (inches)

a.5.c are Torus level constants

Veo 15 the free volume in subvolume T when L equals zero.

taken from standard free volume inmputs, (ft3)

€. QUTPUTS

£.1 OUTPUT DEVICE TYPES: The below output devices shall be supported.
There are no special constraints on output gdevice locations.

PRINTERS: PRIME Migh Speed Line Printer
OKIDATA 2410
OKIDATA 93
LA120
PLOTTERS : Hewlet Packarg 7475A 8.5 X 11*
Hewlet Packard 7585A B.5" x 1”7
Hewlet Packard 76854 11" X 177
CRTs: Wyse Wy75
View Point 60
Ampex Dialogue 80 & BI
PRIME PT200
. RamTech 6200
GRAPHICS TERMINALS: RanTech 6211
Tektronix 4107
Tektroniz 4208
Teit onix 4014

- B} =
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Nyman
Schumacher

fubject: Calculation Of The Instrument Se¢
Instrunentation Systems

1l @

LOCFRS0~Appendix J specifies that all Type A tests be

accordance with the provisions of the American National Standard
N45.4-1072. Section 6.4 of that standard requires that the
combined precision of all instr .ents used *o perfora a Type A
test be such that the accuracy ¢! the collected data is consistent
with the magnitude of the specified leakage rate.

The Instrument Selection Guide, (I8G) formulation defined
Appendix G of the 1987 Standard, ANSI/ANS~56.8B is an a«
means of determining the ability of the Type A test

instrupentation system to measure the integrated leakage rate of
primary reacto: containment system. This rather long

! ¢

16 labor intensive to calculate either by hand or by

in
ceptaple

formulation
computer

section 5.4 of NO Directive NOD-TS.13 specifies that all CECo

plants shall use a standuardiced instrumentation system for Type A

P |
testing. Attachment A lists the resolutions, repeatabilities, and
sensitivities which ma; be expected when the standardized system
18 used., Also listed are the recommended minimum numbers of each
type of sensor.

It is shown in Attachment B, that if the standard Type A test
instrumentation specifications and the ninimum senso:
met, then the ANS~56.8 ISC acceptance criteria is always

satisfled. This eliminates the need to demonstrate by calculatio:
in station procedures that the ISG acceptance criteria is

numbers are

meet.




The requirement to calculate Type A Test instrumentation systen
185G values nay be eliminated rfrom the I1LRT procecures of each C}
station. Instead, the instrumentation requirements listed in
Attachment A need be included. This letter along with the
attachments may be reference as the basis for that procedure

nande

~
4 £
V. il i
AR BEL - . T .
Jim Glove:

Froduction Servicet Dept

. ) Ve
‘ Brunney
echnical Staff
uperintendent

1
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Vanderheyden . Shlelds
Strait .. Walsh
Johnson ‘ Brunne:
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ATTACHMENT A

Pressure Transmitters: Resolution 0.0001 psi

Repeatability 0.001 psi
fensitivity 0.0001 psi
Minimum Number 1

Tenperature Channels: Resolvtion 0.01 *F

Dew Temperature Channels: Resolution

Re satability 0.0 *F
Sensitivity 0.01 *F
Minimum Number 15

0.01 *F
Repeatability 0.1 ‘*F
Sensitivity g4 . 'F
Minimum Number &

instrument Farameter Defintions FProm ANSI hNE $6.8-1987

Repeatability:

Resolution:

Bensitivity:

The capability of the measurement system to
reproduce a given reading from a constant source.

The least unit discernible on the display
mechanism.

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



ATTACHMENT B
INSTRUMENT SELECTION GUIDE CALCULATIONS FOR ILRT INSTRUMENTATION

"These caicuiations are based upon the equations listed in Appendix G of ANSUANS 56 8-1987

Prassure Transmitter Parameters  Temperature Parameters  Dew Termperuture Parameters

Senaftivity Sp = 00001 psi Sensitmity S =00] F Sensitivity Sd =01 F
Repeatabilty RPp 20001 psi Repeatabiiity RPr =002 F Repeatabilty RPd z0] F
Resolution  RSp = 0.000) psl Resolution RSr =001 F Resolution RSd=001F
Number Np =1 Number Nr =15 Number Nd =§

Pressure P=a4 psig Temperature T:*95 F DewTemp Td=95 F

TEST DURATION 1t:s8

Pressure Error  Calculation
Measureraent System Ermor  Pmse « RPp+ RSp  Pmse = 0.00])

1 04
Pressure Error !'e:-'g-———-ﬁ-'m"‘s Pe =0.0011

Np ’
Temperature Measurement Error
Measurement Systam Error  Tmse 2 RPr4 RSr Tmse = 0.03
2 A0S
Temperature Error rallowle ™ e
N
Dew Temperature Measurement Error

Measurement System Error Tdmse =RPd+ RSd Tdmse =0.]1

Calculate the vapor pressure rate of change with dew temp from steam tables
A=008BB6717538 B=22452 C 249059

z=9. qulB..j.e:_’.z_..” 2 0041

dTd (Td- 32+ C)
Measurement System Error Dmse = Z (RPd+ RSd)  Dmse = 0.0045
Drnse’ 2%
Dew Temperature Eror De:-L +(Z-Sd)r De = 0.0027

Ndo.s



* Pressue Eror Term rsnz‘[

Temperature Error Term mw[

Dew Tempersture Error Term DTE iz 2»[

ISG :n.-z_‘;w-'g(mo

ANSUANS 56 .8 requires that the ISG be less than 0.25La to be acceptable

TE« DTE)*?

(Pe 14T

(T4 45968)

Pe

Te

I1SG = 0.0222

r PE=70813 107"

.

r TE=4.333 10"

De
(Pe147)

T DTE =4.3179 10

STATION La 0.25La
DRESDEN 16 04
ZION 01 0.02%
BYRON 0.1 0.02%
BRAIDWOOD 01 0.028
QUAD CITIES 10 028
LASALLE 0635 0.156






APPENDIX E
EN=TOP=1, REV. | ERRATA
The Commission has approved short durationm testing for the [PCIRT provides
the Station uses the gepersl test setbod outlined io the BN-TOP-1, Rev

topical report The primary difference bDetwvewn LBAL method snd the onex
previously used is in Lhe statastacal apalysis of the measured leak rate

Vithout making apy judgeunts copcerning the validity of thisr test method
COrtain errors io the editing of the SALDEsACLICAL €Xpressions vers discovered

The intent bere is oot to change the test .athod, bdut ratdar to clarify toe

pethod 10 4 sathamatically precise sanner that aliows ity ieplesentation
errors are listed balowv

-5

e

EQUATION A, SECTION 6.2

Reads

Should Read

Reason The calculated leak rate (L,) at time t is cosputed
using the regression line coostants A ,°B (<raputed using
egquations & and 7) The rusmation s;‘no ta equation 6 are
o
defined as 1 » ., vhere 2 15 the ousber of data sets up unti.
1=
<Aiel t The regression line constants change each time 4
sev datas set is receivec. The calculated leak rate is not 4

Linesr function of time

PARAGRAPH FOLILOWING EQ. 3A,  SECTION 6.2

(M) from the calcu.ated

Reads The deviation of the messured leak rate
Appelngix =

leak rate (L) is sbown grapbically on Figure A.l 1o
4bd L8 expressed as

Deviation = ¥ - '.x
Should Reand: The deviatioo cf the measured lesk rate (9 from the regressior
lige (N ) is shown graphically on Figure ATl 1o Appendix A and

cxpr|s|ld at

Deviation = M
|

vhera N = A <+ }
: P P
A, B Regression line constants computed from
.. sets available from the start of the tes

last data set at Lims ‘p'

tise from the start of th




UATION & S ON 6.

AT

UATION

Reads:
Should Read:
Rearcn:

N
Resds:
Should Read:

Resson:

ON 6

Rends:

Should Reasd:

EQUATION 6, SECTION 6.2

TECH 38

Reads:

Should Read:

The calculeted leak rate a8 4 fusction of time
during the tast is based o0 4 regression liae.
The regression lioe coustants, A and B, are
changing &% each additionsl data‘set is'received.
Equation 3JA is used later 13 the tLest to compute
the upper comnfidence limit as & functiop of time
For the purpess of this caleoulation, it s the
devistion from the last computed regression lice
4t Lime t' Lhat is important.

- 2
s8Q f i (Bi Li)
. .
§5Q » I (H‘ N‘)

Same As Above

$s5Q = I | "i « (A= lti)]'
$8Q = 1 | LA (A' . .' . “))3
Same As Above

TION 6.

(¢, = e)(NS
. i
l(t‘ PryL

g (e, =M - )

o

Regression line coastant B changes over time 45
a function of t_ ) as each ddditional data set
18 received. 3‘: of “t" laft out of denominater

Summation sigas omitted.

)

e (T¢) (2 1 )

fhr-dnz

« (2 ¢ ) (2 " )

#llz L (17‘ ik

Same As Above




EQUATION 7 SECTION 6.2

Rasds
Should Read:

Resson:

EQUATION 10, SECTION 6 2

Reads:
Should Read:

Reason:
ATION ON

Reads:

Sbould Read:

vhere t

Reascn:

TUOH 384

Same Az Above

1 . -
4@ (1 "t) (2 L ) » (1 l;) (2 ¢ n‘)
TR R 7tk

_(In‘) (L¢3« (2e) (¢ N)
i ' A i i 4
!It;t' (1 :‘)r

)

Same As Above

. t)d
z‘ L)

Lime .com the start of the test of the last data
set for which the standard deviation of the smeasured
lesk rates (M. ) from the regression l.oe (N ' i3
being computed; .

time from the start of the test of ihe ‘:a

set;

data

pumber of dats sets to time t’:

Appears to be errer is editing of the report.
Report doer & poer job of defiming variables.

& g1 =



EQUATION 14, SECTION 6.3

: i "
Reads: o s [ 1 » % o A8 $ J ]
(¢. = ¢t)
i

Should Read: o= s [ 1 do(8° ¢ )? )

. 3 (t.i -t
Reason: Same As Above

EQUATION 15, SECTION 6.3

Reads: Counfidence Limat = [ =2 T
Stould Read: Confidence Limits = L 2 T x ¢

whare L = calculated leak rate ot time ;’,

T« T distribution valus based om o, the aumber of
data sets received up until time c’;

o= standard deviation of seasured lesk rate values
(M.) abeut the regression line based co data from

th‘ start of the test ustil time t'.

Resson: Same As Adove
EQUATION 16, SECTION 6.
Reads: UCL s L T

Should Read: UcL s L« T* 0

Resson: Same As Above
EQUATION 17, SECTION 6.3
Reasds: (L el -1

Should Read: (Lsl-T"*0

Resson: Same As Above

TECH 364
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APPENDIX F

TYPE A TEST RESULTS USING MASS-PLOT
METHOD (ANS/ANSI 56.8)
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TYPE A TEST RESULTS
USING MASS - PLOT METHOD
MEASURED LEAK RATE PHASE

DATA DATA SET TIME  TESY DRY AIR LEAK RATE 95% UP CONF
SET # DAY HH MM 55 TIME, (HR) MASS, (LBM) (%/D) LIMIT, (%/D)
252 096 09:46:18 0.000 0.92353828E405  «w- .-

253 096 09:56:18 0.167 0.92353547E405 - -

254 096 10:06:18 0.333 0.92352312E405  0.1183E+00 0.4857E+00
255 096 10:16:18 0.500 0,92349609E405 0.2167E+00 0.3928BE+00
256 096 10:26:18 0.667 0.92348734E405 0.2203E+00 0.3018E400
257 096 10:36:18 0.833 0.92349062E+05  0.1826E400 0.2496E+00
258 096 10:46:18 1,000 0.92344203E+05 0.2307E+00 0.3024£400
259 096 10:56:18 1.167 0.92346312E405 0.2041E400 0.2636E£400
260 096 11:06:18 1.333 0.92343484E405  0.2075E400 0.2526E400
261 096 11:16:18 1.500 0.92344562E405 0.1887E+00 0.2294E400
262 096 11:26:18 1.667 0.923430156405  0.1809E400 0.2747€+00
263 096 11:36:18 1.833 0.92341531E+405 0.1783E+00 0.2062€+00
264 096 11:46:18 2.000 0.92344515E405  0.1555E400 0.1888E+00
265 096 11:56:18 2.167 0.92339625E+05 0.1585€+00 0.1870E400
266 096 12:06:18 2.333 0.92334B2BE+05  0.1753E+00 0.2051E+00
267 096 12:16:18 2.500 0.92336187E+05 0.1779E+00 0.2040E+00
268 096 12:26:18 2.667 0.92330469E+05 0.1937E+00 0.2216E400
269 096 12:36:18 2.833 0.92331687E+05 0.1980E+00 0.2231E+00
270 096 12:46:18 3.000 0.92333297E405 0.1941E400 0.2168E400
271 096 12:56:18 3.167 0.92332359E+05  0.1905E+00 0.2112E+00
272 096 13:06:18 3.333 0.92334515€405 0.1810E+00 0.2019E400
273 096 13:16:18 3.500 0.92331500E405 0.1773E400 0.1966E+00
274 096 13:26:18 3.667 0.92328250E405 0.1781E400 0.1957E400
275 096 13:36:18 3,833 0.92328750E405 0.1761E+00 0.1923E+00
276 096 13:46:18 4.000 0.92328609E+05  0.1732E+00 0.1883E+00
277 096 13:56:18 4,167 0.Y2323828E+05 0.1757E400 0.1899£400
278 096 14:06:18 4.333 0.9232446BE+05 0.1756E400 0.1887E+00
279 096 14:16:18 4.500 0.92324187E+05  0.1745E+00 0.1867E+00
280 096 14:26:18 4.667 0.92322531E+05  0.1742E+00 0.1856E+00
281 096 14:36:18 4.833 0.92319609E+05 0.1757E+00 0.1865E+00
282 096 14:46:18 5.000 0.923194B4E405 0.1761t400 0.1861E+400
283 096 14:56:18 5.167 0.92322531€+05 0. 1727€400 0.1826E+00
284 096 15:06:18 5.333 0.92318547E+05 0.1722E+00 0.1816E+00
285 096 15:16:18 5.500 0.92318172E+05  0.1713E+00 0.1801E+00
286 096 15:26:18 5.667 0.92316062E+05 0.1713E400 0.1796E4+00
287 096 15:36:18 5.833 0.92315937€+05 0,1705£+00 0.1784E+00
288 096 15:46:18 6.000 0.92314578E405 0.1701E+00 0.1776E+00
289 096 15:56:18 6.167 0.92313187E+05 0.1699E+00 0.1770E+00
290 096 16:06:18 6.333 0.92311984E+05 0.1699E+00 0.1766E+00
291 096 16:16:18 6.500 0.92312531E405  0.1689E+00 0.1753E+00
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DATA DATA SET TIME

SET # DAY HH MM 55

298
299
300
301
302
303
304
308
306
307
308
309
310
mn
312
3
a4
15
316
37
318
319
320

096
096
096
096
096
096
096
096
096
096
096
096
096
096
096
096
096
096
096

096
096
096

17:26:
17:36:
17:46:
17:56:
18:06:
18:16:
18:26:
18:36:
18:46:
18:56:
19:06:
19:16:
19:26:
19:36:
19:46:
19:56:
20:06:
20:16:
20:26:
096 20:36:
20:46:
20:56:
21:06:;

18
18
8
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

TYPE A TEST RESULTS

USING MASS -~ PLOT METHOD
INDUCED LEAK RATE PHASE

TEST

TIME, (HR)

0
0

WD W TN PRI PI TN = et b ekt et = O O O O

3

000
167
. 333
.500
667
.833
,000
167
333
. 500
667
.833
000
167
.333
500
567
.833
.000
167
.333
500
667

DRY AIR
MASS, (LBM)

0.92271344E+05
0.922666B7E4+05
92257953405
.92249875E+05
.92242672E405
.92237828E405
.92230469E405
.92222953E+05
.92217000E+05
.92209472E405
.92201687E+08
0.92196656E+05
0.92190390E+05
0.92183734E+05
0.92179031E+05
0.92172562E+05
0.92164203E405
0.92160281E+05
0.92150015E+05
0.92143969E+05
0.92136625E+05
0.92132578BE+05
0.92124281E405

COO0OO00OO00C

- 15 -

LEAK RATE
(%/0)

. 1045E+00
J141E400
1576400
1104E400
. 1090E+00
LJ091E400
J0B1E400
LT0B1E+00
. 10B7E+00
J079E+00
10716400
. 1064E400
1052E400
. 1043E400
L1042E400
. 1034E400
.1037€+00
037E400
.1039E+00
.1036E+00
.1037E400

OCC OO0V O0OO0OO0O0OO0O0TCOO0OODDO000O

95% UP CONF
LIMIT, (%/D)

-

- -

.260BE+O1
14336401
12948400
1208E401
162E4010
114384010
J121E+400
11368400
1136401
102E400
L1092E+01
L TOBAELON
10736400
.1063E401
. 1060E+01
J0S1E+O)
10536401
L1052E+01
L1053E+01
L 1049E4+01
.1048E401

OO0 O0O00O00DO0OO00CO0OODO0OO0OO0OOQOOOOO0O
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MASS PLOT LEAKRATES VS TIME

MASS PLOT LEAKRATES VS TIME

COLCULATED LE4k PATE
85 X UPPER CONFIDENCE LIMIT

Normgal Teet

Allowed Leak Rote

1.00 - . S 1.00
0.80 4 +0.80

Pt e G e R R AR R R R R R e R R R R R e e e e e e e e e e
0.0 + +0.50
g 0.40 T 10.40

e

0.20 «»/-"‘ ST 0.20
oo ¢ 1 0.00
-0.20 1 T-0.20
-0.40 + + + + -+ o -0.40

0.33 1.3 ER 3.33 +33 5.33 6.33 713

HOURS

SOFTWARE ID NUMBER: GNQ1405-0.0

FIGURE !

TEOH 364 - 76 =

% PER Day






