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1

INTRQQUCIJON

This report presents the test method and results of the Integrated Primary
Containment Leak Rate Test (IPCLRT) successfully performed on December 5 - 8, 1992
at Quad-Cities Nuclear Power Station, Unit One. The test was performed in
accordance with 10 CFR 50, Appendix J, and the Quad-Cities Unit One Technical
Spe:ifications.

For the eighth 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 containment integrated leak rate |
was calculated to be 0.1471 wt 1/ day at a test pressure greater than 48 PSIG. The j
calculated leak rate was within the 0.750 wt %/ day acceptance criteria-(75% of !
L ). The associated upper 95% confidence limit was 0.2944 wt %/ day.'

A

The supplemental induced leakage test result was calculated to be 1.1315 wt
%/ day. This value should compare with the sum of the measured leak rate phase
result (0.1471 wt %/ day) and the induced leak of 8.5 SCFM (1.0324 wt %/ day). The
calculated leak rate of 1.1315 wt %/ day lies within the allowable tolerance band of'
1.1795 wt %/ day 1 0.250 wt %/ day.4

SECIION A - TIST PRE _ PARAL 10NS !

|

A.1 Iyne_A_Ieit_Erntedure !

The IPCLRT was performed in accordance with Quad-Cities Procedures QCTS 500-1
Rev. O, QCTS 500-2 through -6, and procedure QCTP 500-1.

.

These procedures were written to comply with 10 CFR 50 Appendix J, ANS/ ANSI
3

N45.4-1972, and Quad-Cities Unit One 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 Tyoe A Test Instrumentation

Table One shows the specifications for the instrumentation utilized in the
IPCLRT. Table Two lists the physical locations of the temperature and humidity
sensors within the primary containment. Figure 1 is an idealized view of the
drywell and suppression chamber used to calculate the primary containment free air
subvolumes. Instrumentation calibrations were performed using NBS traceable
standards. Quad Cities procedure QCTS 500-2 was used to perform the calibration.

,

"
I
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TABLE ONE
,

INSTRUMENT SPECIFICATIONS

INSTRUMENT MANUFACTURER MODEL NO. SERIAL NO. RM ACCURACY REPEATABILITY

Precision *

Pressure 0.015% Rdg
Gauges (2) Vol umet ri cs PPM-1000 0.4 - 100 PSIA 0.005% F.S. 0.001% F.S.

.

SEE
'

TABLE

Thermistors (30) Volumetri cs 418905000 TWO 50* - 135'T 0.25'F 0.01*F
L

SEE

Lithium TABLE ,

Dewcells (10) Volumetrics Chloride TWO 93-212*F 0.25*F 0.01*F

Pall Trinity |
Thermocouple Micro 14-T-2.H 0-600*F 2.0*F .1*F ;

Fischer
Flowmeter & Porter 10A35555 8405A0348A1 1.15-11.10 scfm .111 scfm

,

level
Indicator 555111BCAA

LT 1-6468 GEMAC 3AAA 0-60" H O2

,

P

l

1
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TABLE TWO
SENSOR PHYSICAL LOCATIONS

Il!E_RMISTER NO,. SIRIALEUMBIB SURQLUME ILEVATIQH AHliUJE*

1 10533-3 1 670'0" 180*
2 12172-1 1 670'0" 0*
3 10602-19 2 657'0" 20*
4 10533-1 2 657'0" 197*
5 10602-5 3 639'0" 70* i

'
6 10602-12 3 639'0" 255'
7 10533-16 4(Annular Ring) 643'0" 55'
8 10602-1 4 615'0" 225'
9 10533-9 5 620'0" 5'
10 10533-12 5 620'0" 100*
11 10602-16 5 620'0" 220*
12 10602-21 6 608'0" 40*
13 10602-8 6 608'0" 130*
14 10602-9 6 608'0" 220*
15 10602-20 6 608'0" 310*
16 12172-3 7 598'0" 70*
17 10602-26 7 598'0" 160*
18 10602-4 7 598'0" 250*
19 10533-23 7 598'0" 340*
20 10602-18 8 587'0" 10*
21 10533-27 8 587'0" 100*
22 12172-4 8 587'0" 190*
23 10533-32 8 587'0" 280*
24 12776-4 9(CRD Space) 595'0" 170*
25 10602-2 9(CRD Space)) 580'0" 170*
26 12172-2 10(Torus) 578'0" 70*
27 10533-24 10(Torus) 578'0" 140*
28 10533-25 10(Torus) 578'0" 210*
29 10602-24 10(Torus) 578'0" 280*
30 10533-26 10(Torus) 578'0" 350*

Thermocouple (inlet t o 11(Rx Vessel)
clean-up HX)

DEHCELL_N01 SERIAL NUMBEB SUBVOLUME ELEVAHON AZIMUTH

1 0890292 1 670'0"- 180*
2 10533-7 2,3,4 653'0" 90* <

3 0870292 2,3,4 653'0" 270* ;

4 11778-27 5 620'0" O'
'

5 10602-22 6 605'0" 45'
6 11778-23 7 600'0" 220'
7 10602-30 8,9 591'0" 0*
8 10533-15 8,9 591'0" 202' |
9 10533-13 10 578'0" 90* |

10 0970292 10 578'0" 270*
Thermocouple
(Saturated) 11 --- ---

nceu -6-
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Idealized View of Drywell and Torus j
Used to Calculate Free Volumes
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A.2.a. Temperature
i

The location of the 30 thermistor's was chosen to avoid conflict with
local temperature variations and thermal influence from metal structures. A !
temperature survey of the containment was 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 sensors have a recommended operating range
between -110 and 390 degrees F. A stability of better than 0.018 degrees F 4

per ten months can be expected when the units are stored at or below 212 !

degrees F. Interchangeable Thermistors, model 41890500 were chosen. YSI !
'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 is connected to a signal conditioning card. The Thermistor
resistance is converted by this card to a known voltage. The voltage output
from the cards is a function of the resistance. The Thermistor's change in ;

resistance with temperature is very nonlinear.

Therefore, the variation of output voltage with temperature is 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
recommended in ANS 56.8, the DAS output and display has a resolution of 0.01
degrees F. i

A.2.b. Eranura

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 in parallel !
with a drywell pressure sensing instrument.

Each instrument contains a pressure-sensing element that delivers an !

electrical frequency (in relation to the applied pressure) to a microprocessor j
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.

1

|

|
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The sensor is the vibrating cylinder type. The cylinder is a vibrating 1
'mechanical system. A vacuum reference in maintained on the outside of the

cylinder. The pressure differential across the wall creates stress on the 5

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 temperature. The cylinder is made from a

,

special nickel iron alloy, and closely controlled manaufacturing techniques |
'eliminate mass, dimension, and elasticity effects. Temperature is measured

using a calibrated diode and corrected by the microprocessor. -

'

The sensor's electronic circuit conditions the frequency wave and sends it
to the pulse rate converter board which counts the period. The period is sent
in a 16-bit word to the microprocessor controlled panel meter (MPM).

t

The sensor's temperature sensing diode voltage is converted to a 15-bit i
digital signal using the analog-to-digital converter in the MPM. The pressure
is calculated by 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 by Volumetrics on i
September 18, 1992. j
A.2.c. V_apor Pressure

Ten lithium chloride dewtells were used to determine the partial pressure
due to water vapor in the containment. The dewcells were calibrated by :

Volumetrics on September 22, 1992.

A.2.d. f_1_ow

A rotameter flowmeter, Fischer-Porter serial number 8405A0348A1, was used
for the flow measurement during the induced leakage phase of the IPCLRT. The
flowmeter was calibrated by Fischer-Porter on September 30, 1992, to within4

t17. of full scale (0.9 - 11.4 SCFM) using NBS traceable standards, to standard
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 flow
meter outlet was unrestricted and vented to the atmosphere.

A.3 Typ.e A Teit_tieAntr_ementr

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 acquisition cycle, the DAS reads the selected
OPERATE mode of single, continuous, or interval, and either block or

'
sequential scan. Once the system has determined which channels to scan
(user-defined), it addresses the analog scanner to select the first channel
for sampling. This address information (three BCD digits from the
Printer / Scanner Interface Card) is transmitted at RS-232C voltage levels.

TECH 364 -9-

-- - -



. - _ _ _ _ .

1

1

The scanner selects the channel and routes the analog signal to the Analog
to Digital Converter (ADC) housed in the DAS. After a relay stabilizing time :
of approximately ten milliseconds, the Central Processing Card (CPU) initiates j

the ADC. Although the ADC is capable of 20 conversions per'second, the actual I

scan rate is 10 per second because the CPU has numerous other functions to j
perform.

,

Upon conversion request, the ADC resets and selects a 0.lV or 1.0V full :
scale conversion factor as designated by the CPU. The CPU is then interrupted

,

by the ADC to read the converted data and the ADC status word. The status |
word indicates the polarity of the input voltage and if it was an overrange.
The data is stored in a buffer in RAM. The CPU addresses the scanner for data
from the next channel, and the acquisition process continues untti all the
data from the channels programmed to be scanned is stored in the buffer.

Numerical calculation of the raw data may now begin. The CPU selects the ,

most recent data entry from the buffer and divides it by 65536, the full scale '

count value of the ADC, to obtain the voltage value. The CPU checks the !

channel's format byte to determine the channel's assigned engineering unit
(0-15). That unit's associated slope and intercept values (m and b) are !

user-accessible in CMOS RAM). The slope (m) is multiplied by the voltage !
value (x), then added to the intercept (b) to obtain the final data value (y). !

The final data value is printed out on all enabled outputs. The printout
includes the channel number, the final data, the assigned engineering unit,
and the channel header. Digital input data, headers, date, and time are also
printed out. '

The PRIME computer was used to compute and print the leak rate data using
either the ANSI /ANS mass plot method (ANSI /ANS 56.8), a total time method '

based on ANSI /ANS n45.4, or the BN-TOP-1 method. Key parameters, such as
total time measure leak rate, volume weighted dry air pressure and
temperature, and absolute pressure were monitored using a Tektronix 4208 ;

terminal-. Plant personnel also plotted a large number of other parameters, |
including reactor water level and temperature, dry air mass, volume weighted
partial pressures and temperature, total time leak rate, statistically
averaged leak rate and UCL, and all sensor outputs in engineering units. In
all cases, data was plotted hourly and computer summaries were obtained at 10 i

minute time intervals. The plotting of data and the computer printed
summaries of data allowed rapid identification of any problems as they might
develop. Figure 2 shows a schematic of the data acquisition system.

.

A.4 Type _A Test .Presiur_lzallsn

Two PTS 1500 CFM diesel drive, oil-free air compressors were used to
pressurize the primary containment. The compressors were physically located

,

|outside the Reactor Building. The compressed air was piped using flexible I

metal hose to the Reactor Building, through an existing four inch fire header
|penetration, and piped to a temporary spool piece that, when installed,
i

allowed the pressurization of the drywell through the "A" containment spray |header. The inboard, containment spray isolation valve, M0-1-1001-26A was 1

open during pressurization. Once the containment was pressurized, the !
MO-1-1001-26A valve was closed and the spool piece was removed and replaced I
with a blind flange. I

i
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SICILQN B - TEST MEIRQD |
!

B.1 Basic Technique |

The absolute method of leak rate determination was used. The absolute
method uses the ideal gas laws to calculate the measured leak rate, as defined '

in ANSI N45.4-1972. The inputs to the measured leak rates calculation include !

subvolume weighted containment temperature, subvolume weighted vapor pressure,
.

and total absolute air pressure. J

As required by the Commission in order to perform a short duration test '

(measured leak rate phase of less than 24 hours), the measured leak rate was
statistically analyzed using the principles outlined in BN-TOP-1, Rev. 1. A
least squares regression line for the measured total time leak rate versus '

time since the start of the test is calculated after each new data set is
scanned. The calculated leak rate at a point in time, t , is th leak rate oni
the regression line at the time tg.

The use of a regression line in the BN-TOP-1, Rev. 1 report is different
from the way it is used in the ANSI /ANS 56.8 standard. The latter standard
uses the slope of the regression line for dry air mass as a function of time
to derive a statistically averaged leak rate. In contrast, BN-TOP-1, Rev. I

1

calculates a regression line for the measured leak rate, which is a function ;

of the change in dry air mass. For the ANSI /ANS calculations one would expect
to always see a negative slope for the regression line, because the dry air
mass is decreasing over time due to leakage from the containment. For the ;

regression line computed in the BN-TOP-1, Rev. 1 method the ideal slope is
zero, since you presume that the leakage from the containment is constant over-
time. Since it is impossible to instantaneously and perfectly measure the |
containment leakage, the slope of the regression line will be positive or
negative depending on the scatter in the measured leak rate values obtained -

early in the test. Since the measured leak rate is a total time calculation,
the values computed early in the test will scatter much more than the values ;

computed after a few hours of testing.

The computer printouts titled " Leak Rate Based on Total Time Calculations" ;
attached to the BN-TOP-1, Rev. 1 topical report are misleading in that the <

column titled " Calculated Leak Rate" actually has printed out the regression i
line values (based on all the measured leak rate data computed from the data i

sets received up until the last time listed on the printout). The calculated )
leak rate as a function of time (t ) can only be calculated from data3

available up until that point in time, t . This is significant in that thei
calculated leak rate may be decreasing over time, despite a substantial ,

>

positive slope in the last computed regression line. Extrapolation of the
regression line is not required by the BN-TOP-1, Rev. I criteria to terminate ;

a short duration test. What is required is that the calculated leak rate be
decreasing over time or that an increasing calculated leak rate be
extrapolated to 24 hours. The distinction between the regression line values

|
,

; and the calculated leak rate as a function of time is made in Section 6.4 of ;

BN-TOP-1, Rev.1. Calculated leak rates, as a function of time, are correctly |
printed out in the " Trends Based on Total Time Calculations" computer
printouts in Appendix B of BN-TOP-1, Rev. 1.

TECH 3M - 12 -
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Associated with each calculated leak rate is statistically derived upper
confidence limit. 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 yield nearly equal values), the upper confidence ,

limit calculations are greatly different. In the BN-TOP-1, Rev. 1 topical-

report the upper confidence limit is 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 in the ANS/ ANSI standard) and the standard
.

deviation of the measured leak rate data about the computed regression line i
(which has no relationship to the value computed in the ANSI /ANS standards). ;

*There are two important conclusions that can be derived from data analyzed
using the BN-TOP-1, Rev. 1 method: 1) the upper confidence limit for the same
measured leak rate data can be substantially greater than the value calculated
using the ANSI /ANS method, and 2) the upper confidence limit 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. With this in mind,
the upper confidence limit 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 referring to Figure 3 for the BN-TOP-1 in Appendix E for the
statistically averaged leak rate and upper confidence limit based on ANSI /ANS
56.8-1981. This data supports the contention of many that BN-TOP-1, while it
may not give the best estimate of containment leakage, is 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-1, only.

B.2 Su p p]Lme n tALy_e.r_jfRittion_ Lea t <

The supplemental verification test superimposes a known leak of approxi-
mately the same magnitude as LA (8.16 SCFM or 1.0 wt %/ day as defined in
Technical Specifications). The degree of detectability of the combined leak
rate (containment calculated leak rate plus the superimposed, induced leak
rate) provides a basis for resolving any uncertainty associated with measured
leak rate phase of the test. The allowed error band is i 25% of L * '

A

There are no references to the use of upper confidence limits to evaluate
the acceptability of the induced leakage phase of the IPCLRT in the ANS/ ANSI 4

standards.

B.3 Inshumeat_ Error Analv11_s
.

!

Instrument error analysis was not performed. For explanation and |

justification see Appendix C. '

It is extremely important during a short duration test to quickly identify
a failed sensor and in real time back the spurious data out of the calculated
volume weighted containment temperature and vapor pressure. Failure to do so
can cause the upper confidence limit value to place a short duration test in i

jeopardy. It has been the station's experience that sensor failures 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 failure (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.

nes su - 13 -
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SECIl0N C - SEQUENCE _0f_EVIEIS

C.1 Je1LPleparation ChrAonology

The pretest preparation phase and containment inspection was completed on
December 7, 1992 with no apparent structural deterioration being observed.
Major preliminary steps included:

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

2) Installation of all IPCLRT test equipment in the suppression chamber.

3) Completion of all repairs and installations in the drywell affecting
primary containment.

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

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

6) Completion of the pre-test valve line-up.

This test was conducted at the end of the refuel outage to test the
containment in an "As left" condition with repairs and adjustments. The
Station has an exemption to 10CFR50, Appendix J requirements to allow
performing the test at the end of the refuel outage.
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C.2 Iqst Pressuriza_ tion E d Stabilization Chronohgy j
i

DAlf HliE EYENT !
I

12-7-92 1330 Began pressurizing containment.

1400 2.5 psig reached.

1445 Began snooping for leaks. Top of
Torus, Reactor Building basement, RWCU |
Heat Exchanger room, RHR, Core Spray, I

and HPCI rooms, and MSIV room. ;

i

1600 Pin-hole leak found on X-23 penetration i

bellows. Considered minor. No other |
leaks found. !

1946 Pressurization complete.
,

,

'

12-8-92 0134 Containment temperature stable,
changing less than 0.5 degrees per hour 1

for last 4 hours. Reactor water level |
change less than 1.25 inches per hour i
for last hour. Reactor water 1

temperature change less than 2*F per
hour for last hour. All stabilization i

criteria satisfied.

I

C.3 Reasured Leak Rate Phase Chronology '

12-8-92 0134 Began measured phase. Base data set
#112. |

!

0744 Terminated measured leak rate phase at )
6 hours 10 minutes, base data set I

#151. Calculated leak rate was 0.1471 |

wt%/ day and decreasing over time. The )BN-TOP-1 upper confidence limit was '

O.2944 wt1./ day.

C.4 Lndured_Leabge Phase _ Chronology

12-8-92 0754 Valved in flowmeter at 8.5 SCFM and
began induced phase stabilization with
base data set #152.

0854 Following the 1 hour stabilization
required by BN-TOP-1, the induced phase
of the test was began with base data
set #158.

1204 Terminated induced phase at data set
#177, calculated leak rate of 1.1315

|
wt7./ day.

TECH 364 - 15 -
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C.5 pepr.giturigation PhaSLChIsn03D9y

DAIE JltiE EVENT

12-8-92 1400 Began depressurization using procedure
for venting through the Standby Gas
Treatment System.

1825 Depressurization complete.

0400 Technical Staff personnel entered
drywell. No apparent structural damage
and instruments still in place.

t

*

l

,

k

d
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SEC110N_D - TYEE A TESLDATA |

|
D.1 tieasureLLeak_ Rate _ Phase _Dala

A summary of the computed data using the BN-TOP-1, Rev. I 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 limit using the ANS/ ANSI 56.8-1981 standard are graphed in '

Figure E-1. A summary of the computed data using the ANS/ ANSI standard is found in
Appendix E.

)
D.2 IndVInd_ Leakage Phase _D31a

|

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 limit using the Mass |

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

|

i1

!
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MEASURED LEAK RATE TEST RESULTS

TABLE 3

|

MEAS. CALC. UPPER
DATA TEST AVE. DRY AIR LEAK LEAK CONFIDENCE

SEL ILME DMU_0N TEMP. ERESSURE RAIE R&lE LIMIT

112 01:34:19 0.000 90.9 64.1322 --- --- ---

113 01:39:19 0.082 90.9 64.1278 0.5891 --- --- |

114 01:44:19 0.166 90.9 64.1252 0.5899 --- ---

115 01:49:19 0.250 90.9 64.1233 0.3233 0.3679 1.4255 i
116 01:54:19 0.332 90.9 64.1199 0.4830 0.4085 1.0246

'

117 02:04:19 0.500 90.8 64.1135 0.3490 0.3331 0.7436
118 02:14:19 0.666 90.8 64.1080 0.2832 0.2668 0.5783 |

119 02:24:19 0.832 90.8 64.1021 0.3588 0.2794 0.5830
120 02:34:19 1.000 90.7 64.0965 0.2874 0.2536 0.5188
121 02:44:19 1.166 90.7 64.0908 0.2667 0.2310 0.4696
122 02:54:19 1.332 90.7 64.0840 0.3294 0.2418 0.4814 |

123 03:04: 19 1.500 90.6 64.0787 0.2985 0.2390 0.4673 |
124 03:14:19 1.666 90.6 64.0741 0.2706 0.2292 0.4441 |

125 03:24:19 1.832 90.5 64.0693 0.2605 0.2197 0.4236
126 03:34:19 2.000 90.5 64.0630 0.2536 0.2111 0.4060
127 03:44:19 2.166 90.5 64.0580 0.2154 0.1954 0.3805
128 03:54:19 2.332 90.5 64.0547 0.2230 0.1855 0.3636 i
129 04:04:19 2.500 90.4 64.0498 0.2080 0.1745 0.3461
130 04:14:19 2.666 90.4 64.0427 0.2385 0.1727 0.3427 |

131 04:24:19 2.832 90.3 64.0397 0.1931 0.1624 0.3270 ;

132- 04:34:19 3.000 90.3 64.0352 0.2131 0.1579 0.3200 |
133 04:44:19 3.166 90.3 64.0283 0.2202 0.1560 0.3168
134 04: 54:19 3.332 90.3 64.0257 0.2073 0.1523 0.3110
135 05:04:19 3.500 90.3 64.0207 0.2253 0.1523 0.3112 ,

136 05:14:19 3.666 90.2 64.0162 0.2136 0.1509 0.3086 |

137 05:24:19 3.832 90.2 64.0116 0.2069 0.1488 0.3050 1

138 05:34:19 4.000 90.2 64.0053 0.2128 0.1479 0.3034
139 05:44:19 4.166 90.1 64.0024 0.2069 0.1466 0,3009
140 05:54:19 4.332 90.1 63.9974 0.2125 0.1464 0.3002
141 06:04:19 4.500 90.1 63.9931 0.2187 0.1471 0.3008
142 06:14:19 4.666 90.1 63.9884 0.2151 0.1475 0.3008
143 06:24:19 4.832 90.0 63.9854 0.2038 0.1465 0.2988
144 06:34:19 5.000 90.0 63.9811 0.1906 0.1441 0.2946
145 06:44:19 5.166 90.0 63.9774 0.2058 0.1440 0.2937
146 06:54:19 5.332 90.0 63.9731 0.1982 0.1431 0.2917
147 07:04:19 5.500 90.0 63.9693 0.2107 0.1436 0.2920
148 07:14:19 5.666 89.9 63.9606 0.2252 0.1459 0.2950
149 07:24:19 5.832 89.9 63.9598 0.2174 0.1472 0.2962
150 07:34:19 6.000 89.9 63.9557 0.2007 0.1467 0.2947
151 07:44:19 6.166 89.9 63.9521 0.2073 0.1471 0.2944

1

!

I
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INDUCED LEAKAGE PHASE TEST RESULTS

TABLE 4

MEAS. CALC. UPPER
DATA TEST AVE. DRY AIR LEAK LEAK CONFIDENCE

SEL IIME DllRAIIQH IE L PRESSURE E6IE ILAIE _ LIMIT

158 08:54:19 0.000 89.7 63.8942 --- --- ---

159 09:04:19 0.168 89.7 63.8843 1.4988 --- ---

160 09:14:19 0.334 89.6 63.8789 0.6935 --- ---

161 09:24:19 0.500 89.6 63.8707 1.0293 0.8391 5.3517
162 09:34:19 0.668 89.6 63.8620 1.1057 0.9555 2.8778
163 09:44:19 0.834 89.6 63.8551 0.9852 0.9398 2.1611
164 09:54:19 1.000 89.6 63.8469 1.0802 0.9842 1.9328 *

165 10:04:19 1.168 89.5 63.8391 1.0832 1.0127 1.8006
166 10:14:19 1.334 89.5 63.8306 1.0556 1.0199 1.6979
167 10:24:19 1.500 89.5 63.8212 1.1480 1.0600 1.6705
168 10:34:19 1.668 89.5 63.8158 1.1076 1.0739 1.6264
169 10:44:19 1.834 89.5 63.8061 1.1584 1.1001 1.6098
170 10:54:19 2.000 89.5 63.8010 1.1021 1.1026 1.5749
171 11:04:19 2.168 89.4 63.7922 1.1184 1.1090 1.5506
172 11:14:19 2.334 89.4 63.7863 1.1115 1.1120 1.5277
173 11:24:19 2.500 89.4 63.7776 1.1581 1.1255 1.5199
174 11:34:19 2.668 89.4 63.7713 1.1275 1.1293 1.5046
175 11:44:19 2.834 89.4 63.7621 1.1187 1.1303 1.4889
176 11:54:19 3.000 89.4 63.7557 1.1247 1 1323 1.4761
177 12:04:19 3.168 89.3 63.7491 1.1127 1.1315 1.4624

'f
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MEASURED LEAK RATE PHASE
GRAPH OF CALCULATED LEAK RATE

AND UPPER CONFIDENCE LIMIT
,
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MEASURED LEAK RATE PHASE
|

GRAPH OF DRY AIR PRESSURE
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MEASURED LEAK RATE PHASE
GRAPH OF VOLUME HEIGHTED

AVERAGE CONTAINMENT VAPOR PRESSURE
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MEASURED LEAK RATE PHASE
GRAPH OF VOLUME

HEIGHTED AVERAGE CONTAINMENT TEMPERATURE
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INDUCED LEAKAGE PHASE
GRAPH OF CALCULATED

LEAK RATE
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SECIIQH E - TESLCALCULAIl0NS

Calculations for the IPCLRT are based on the BN-TOP-1,Rev.1 test method !
and are found in the functional requirements specification CECO Generic ILRT
computer code software ID No. GN1405-0.0, Document ID No. ILRT-FRS-0.0. A
reproduction of the BN-TOP-1, Rev. I method can be found in Appendix C. In
preparing for the first Quad Cities short duration-test using BN-TOP-1, Rev I
a number of editorial errors and ambiguous statements in the topical report
were identified. These errors are presented in Appendix E 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. 1 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 by regulations.

A. " Containment Atmosphere Stabilization"

Once the containment la 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: 5 hrs, 48 min).
The atmosphere is considered stabilized when:

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

DATA _SEI* AVEmCONTAINMENLIEME1 _AI
112 90.9 -

100 91.2 0.3
88 91.5 013_

average 0.3*F/ hour

* Approximate time interval between data sets is 10 minutes.

or

2. "The rate of change of temperature changes less than
0.5"F/ hour / hour averaged over the last two hours."

(Not required if A.1 satisfied).

i B. Data Recording and Analysis

1. "The Trend Report based on Total Time calculations shall indicate
that the magnitude of the calculated leak rate is tending to
stabilize at a value less than the maximum allowable leak rate
(L ) "-A

nca m - 30 -
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By Quad Cities procedure the calculated leak rate must be.less !
than 0.75 L . The actual value was 0.1471 L , stable, and iA Adecreasing (no extrapolation required). '

And |

2. "The end of the test upper 957. confidence limit 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 limit must be less f
than 0.75 L . The actual value was 0.2944 L . '

A A

And i
,

3. "The mean of the measured leak rates based on Total Time -;
calculations over the last five hours of the test or last 20 data i

points, whichever provides the most data, shall be less than the
i

maximum allowable leak rate."

By Quad Cities procedure this average must be less than 0.75 L -AThe actual value was 0.2248 LA for the last five hours.
And

1

4. " Data shall be recorded at approximately equal intervals and in no ;
case at intervals greater than one hour."

:

At Quad Cities data scans are automatically performed on 10 minute ]

intervals. J

and

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

There were 39 data sets taken for this test.

and

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

Quad Cities' procedure limits 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 criteria were satisfied in six (6.0) hours. j

SECIION F - TYPJ A IESLBESULIS

F.1 Measuned_Lealk_ Rale _leSi_Be5Mits ;

i

Based on the data obtained during the short duration test, the following
results were determined: (LA = 1.0 wt 1./ day) ]

TECH 364 - 31 -
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'1) Calculated leak rate equals 0.1471 wt %/ day and declining steadily
over time (<0.7500 wt.%/ day).

2) Upper confidence limit equals 0.2944 wt %/ day and declining (<.750 wt
.

%/ day). I
1

3) Mean of the measured leak rates for the last 5 hours (31 data sets) |
equals 0.2248 wt %/ day (<0.750 wt %/ day). :

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

5) There were 39 data sets accumulated in 6.166 hours measured phase. 7

6) The minimum test duration (by procedure) of 6 hours was successfully
accomplished (1 6 hours).

1

F.2 JAduced_ Leakage _Igit_.Relults
'

A leak rate of 8.5 scfm (1.0324 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 0.1471 0.1471
(Measured Leak Rate Phase) ,

Induced Leak (8.5 scfm) 1.0324 1.0324 !

Allowed Error Band 10.,2500 -0 2500 !
1.4295 0.9295 :

'

BN-TOP-1 Calculated Leak Rate 1.1315 wt %/ day
(Induced Leak Rate Phase)

,

I

The induced phase of the test has duration criteria given in Section 2.3.C of I

BN-TOP-1. The test duration requirements are listed below and were satisfied
by the test procedure and the data analysis:

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

2. The verification test duration shall be approximately equal to half |

the integrated leak rate test duration. (actual: 3 hours, 10 minutes
for a 6 hour, 10 minute test)

,

!

3. Results of this verification test shall be acceptable provided the |

correlation between the verification test data and the integrated leak |
rate test data demonstrate an agreement within plus or minus 25 |
percent. (actual: see results above)

i
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F.3 P_r_e-Qaerational Resu.lts vs Test Re10lti

Past IPCLRT reports have compared the results of each test with the |

pre-operational IPCLRT, performed April 20-21, 1971. Over the last 21
years, different test equipment, sensor locations and number of sensors, j
test methods, and test duration have been used. This test yielded results ,

that compare favorably with recent tests and demonstrate that there has !

been no substantial deterioration in containment integrity.

TEST DURATION CALCULATED LEAK RATE STATISTICALLY AVE.
IESLD6If (HOURS) (BB-IOP-1) LEAK RATE _MNSIIMS1

April, 1971 24 Not Available 0.111
February, 1976 24 Not Available 0.3175
December, 1982 12 0.4532 0.3796
July, 1984 24 0.4281 0.2297
March, 1986 12 0.2286 0.2286
December, 1987 6 0.3194 0.3162
November, 1989 6 0.3786 0.3714
March, 1991 24 Not Available 0.6069
December, 1992 6 0.1471

F.4 TYPE A_IESI_EENALTIES

During the type A test, there were a number of systems that were not drained and
vented outside the containment. The isolation valves for these systems or
penetrations were not " challenged" by the type A test. Even though these systems
would not be drained and vented during a DBA event, historically, penalties for

- these systems have been added to the type A test results.

AS LEFT
MINIMUM PATHWAY LEAKAJE
SCEtL 11L%IDAY

RWCU (2 & 5) 0.2 0.00041
feedwater A & B 1.6 0.00327
RBCCH (Supply & Return) 1.05 0.00214
Core Spray A & B 3.7 0.00756
RHR A & B 34.1 0.06965
TIPS 2.4 0.00490
2 Analyzer 5.05 0.010310

ACAD 1.2 0.00245
HPCI (Steam Exhaust) 2.25 0.00460
Clean Demin 0.4 0.00082
SBLC 0.4 0.00082
CAMS _0 Q8 0,_00016
Totals 52.43 0.1071

This penalty increases the type A test result to 0.2542 wt%/ day with an upper |

confidence limit of 0.4015 wt1/ day.
!

F.5 IVALUAIION_0f_IllSIRUMENT FAILURES !
;

Prior to the start of the test, Thermister number 15 was locked out. There were |
no instrument failures during the test.

I
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F.6 AS_E001LD TYPE A TISJ_RESULIS

The following table summarizes the results of all type B and C testing, as
well as the IPCLRT results to arrive at an "As Found" type A test result.
This is considered a passing "As found" type A test.* However, per 10CFR50,
Appendix J, which requires an accelerated testing schedule be maintained until |
the performance of two consecutive passing "As Found" tests, the present '

schedule of performing a type A test every refuel outage must be maintained.

SUMMARLOF_ALLCONIAINMENI
LEALRATE_IESIING_QURING
UNILTH0_REEVELOUlAGE

'
SERINGu 1992

AS_EQUNQ_1SC&ll AS_LEFLISCfH1 *

MINIMUM PATHNAY MINIMUM PATHHAY
LEAKAGE LEAKAGE

(1) MSIV's @ 25 PSIG 6.92 8.32

(2) MSIV's converted 11.97 14.39
to 48 PSIG**

(3) All Type C Tests 191.81 73.06
(Except MSIV's)

;

(4) All Type B Tests 24.01 18.05 t

TOTAL (2 + 3 + 4) 227.79 105.50 :
,

(1) Type A Test Integrated
Leak Rate Test) - 0.1471 wt 1/ day

;

(2) Upper Confidence Limit
of Type A Test Result - 0.2944 wt %/ day

(3) Correction for Unvented
Volumes During Type A Test - 0.1071 wt %/ day

, .

(4) Correction for Repairs
,

Prior to Type A Test - 0 2911 wt%/ day '

(As found - As Left)
.

Total (2 + 3 + 4) = 0.6926 wt%/ day

* Five bolted flanges were not tested in the "As found" condition. These
bolted flanges were challenged during the previous Unit One ILRT in March
of 1991. There is no reason to believe these flanges have degraded since
they were last tested.

** Leak Rate at 25 PSIG converts to Leak Rate at 48 PSIG using conversion
ratio of 1.73. REFERENCE Leaking Characteristics of Steel Containment
Vessels & the Analysis of Leakage Rate Determination, Division of Safety
Standards, A.E.C. TID-20583, May 1964, pg. 76.

t

t
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i

AEPINDIX_A >

TYPE B AND C TESIS

s

*

;

I

*

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 :j
penetrations and isolation valves following repairs satisfied the Technical ';
Specification limits. !

!

.

b

b
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REFUEL OUTAGE LOCAL LEAK RATE TEST SUMMARYt ,.

|

AS FOUND f SCFII) A S I. EFT (SCFIO

| VALVE / TEST

{i.EAKAGE| MINIMUM MAXIMUM TEST VALVE MINIMUM ~ MAXIMUMVALVE
DESCRIPTION PENETRATION DATE i PATTIWAY PATilWAY DATE !.E AK AGE PATIIWAY PATiiWAYi

TORUS IIATCIIES I X-200A 9-20-92 1 0.41 02f 04 12-6-92 1 0.41 02i 04
,

! X-200R 92092 1 04I O2! O4 12-6-92 I O41 02! O4
TORUS CAM /ACAD I X-227A 9-24-92 1 0 41i 0211 0 41 9-24-92 i 0411 0211 0 41
PENETRATIONS i X-227B 9-24-92 l 041 02l 0.4 9-24-92 1 04I 0.21 04
A TORIIS 1 FVEI, FI ANGE I 9-2T-92 I O4! O41 04 4-23-92 1 04i O4I O4
B TORUS [.EVEL FI ANGE I 9-23-92 i 04! O41 04 9-23-92 ! O4i 041 0.4

PAGE TOTAL | 0c.y 161 ! ku 2 41 PAGE TOTAL | Poi 161 TN 2 41

(2) (3)
TEST TOTAL (1) |% 215 82 |fot 2384 55 | |fD( 91.ll |fN 211.02 |

N Nofs; Th:$ f*lsl ani reffeJs ..,,; Rag je f re.:
(I) The test total is the sum of all page totals in the stutunarv(exclude MSIVs from test total). oc f / f, r% / .'s OVA - 9.2. do'/
(2) When the maumtun pathu ay leakage exceeds 0.6 La (293.75 SCFII), wnte a DVR immediately. (T.S 3.7. A 2 C.) g,4 %.,#f; o 4 h
(3) As letl max path must be less than er equal to 220.3 I prior to stan-up (NRC commitmen0 # g?

&
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D. INPUT PROCESSING ,

Calculations perfomed by the software are outilned below:

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

N
Tj =

1

T ,jI i
x j.1

where N - The number of RTDs in subvolume #1

0.2 Average dew temperature of subvolume #1 (0 )
1

. The average of all dew cell dew temps in subvolume si

1 N

Di. I D ,ji
u 31 .

where N = The number of RTDs in subvolume #1

0.3 Total corrected pressure #1, (P )
1

C1 First correction factor for raw pressure #1, (from program
initialization data met).

Mi Second correction factor for raw pressure #1, (from program
initialization data set).

Pr) Raw pressure #1, from BUFFILE.

P1 C) .M1 Pri /1000, for 5 digit pressure transmitters

P) .Ci . Hj Pr1 /10000, for 6 digit pressure transmitters

D.4 Total corrected pressure #2, (Pg)

C2 First correction factor for raw pressure #2, (from program
initialization data set.

,

H2 Second correction factor for raw pressure #2, (from program
initialization data set.

Pr2 Raw pressure #2, from BUFFILE.

P2*C2*M2 Pr2/1000, for 5 digit pressure transmitters

P2.C2.M2 Pr2/10000, for 6 digit pressure transmitters

TECH 364 - 47 -
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D.5 Whole Containment Volume Heighted Average Temperature, (T )c

ADDroximate N

Netnoo Tc .- I fg Tg
11

1

Exact N fl
Method I

11 It
f . The volume fraction of the ith subvolumewhere: t
N . The total # of subvolumes in containment

0.6 Average Vapor Pressure of Subvolume i, (Curve fit of ASHE steam
tables.) (Pvt)

~

Pvt . 4.01529125 + p.0016|3476 D t
- 1.4473a X 10- (Dj) + 7.081828 X 10-7 (0 )31
- 2.28128 X 10-9 (Di)4 + 3.03544 X 10-11 (D j )5

0.7 Nhole Containment Average Vapor Pressure, (Pv )e

Approximate' N

Method Pvc= I ft Pvg
11

Exact N fi Pvt
Method Pvc . Tc I

11 Tt

N . The total of subvolumes in containment
f . Volume fraction of the ith subvolume1

D.B Nhole Containment Average Dew Temperature. (Dc)

Approximate N

Method De . I ft Di
11

Exact Mether The whole containment average. vapor pressure,
(Pv ) calculated with the exact method is used toe
find Dc. An initial value of Oc is guessed and
used with the equation in D.6 to calculate Pyg.
This value is then compared to the known value frem
D.7. A new value of De is guessed and the process
is repeated until a value of De is found that
results in a calculated value of Pvc that is
within .0001 psia of 'the value from D.7. ]

TECH 364 4g .



D.9 Average to'tal containment pressure,(P)

P.( P .P2) '2

Average total containment dry air pressure, (P )d

Pd.P-Pvc
D.10 Total Containment dry air mass. (H)

Pd Vc
Type 1: H.

R T c

where: R . Perfect gas constant Ve . Total containment free volume.

Type 2: Type 2 dry air mass accounts for changes in Reactor vessel
level. ,

For uncorrected dry air mass, (Type 1) the below definitions
apply.

N

Vc - I Vi and fj . Vj/Ve
11

where Vi is the user entered free volume in subvolume 1.

For corrected dry air mass, (Type 2) the same definitions for Vc
and fi apply, except that one of the V s is corrected for enangesi
in vessel level. If A is the subvolume number of the corrected
subvolume then:

Vg . Vgo - a(C - b)

a is the number of cubic feet of free volume per inch of vessel
level.

b is the base level of the reactor vessel, in inches.

C is the actual water level in the reactor vessel, in inches.

V(o is the volume of the subvolume t when C equals b.

The volume fractions (fj) are then calculated with the
corrected volume, and all other calculations are subsequently
performed as previously specified for Type 1 dry air mass.

neu m _ 4g _
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D.11 Leakrate C*alculations using Mass-Plot Method:
1

|This method assumes that the leakage rate is constant during
'

the testing period, a plot of the measured contained dry air mass
versus time would ideally yield a straight line with a negative
slope.

Based on the least scuares fit to the data obtained, the
calcula.ed containment leakage rate is obtained from the ecuation:

M = At + B

Nhere H containment dry air mass at time t (1bs.)
B - calculated dry air mass at time t-0 (1bs.)
A = calculated leakage rate (1bs/hr)
t - time in,terval since start of test (hours)

.

B
'

N
(1bs)

t (hours) -

The values of the constants A and B such that the line is linear
least squares best fitted to the leak rate data are:

.

NIC t )(Nj) - (Itt) (I M )t t

A=
MI(ti)2 - (Itt )2

ArttIMi -

B=
N

neu m - 50 -
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By definition leakage out of the containment is considered
positive leakage. Therefore, the statistically averaged least scuares
containment leakage rate in weight percent per day is given by:

L( ') (2400)/B (weight ilday).

In order to calculate the 951 confidence limit of the least
scuares averaged leak rate, the standard deviation of the least
souares slope and the student's T-Distribution function are used as
follows: ,

1/
l- 1 NI(Hj)2 (rg )2 /2 (2400) (weight ig.

-A2e . '
_,(N-2 NI(tj)2 (It))2 B-

_

- .

UCL = L e o (T)
,

1.6449CN-2) + 3.5283 + 0.85602/(N-2)
where T. .

(N-2) + 1.2209 - 1.5162/(N-2)

Number of data setsN =

test duration at the ith data set (hours)
ti .

standard deviation of least sguares slope (weightU day)
e .

Value of the single-sided T-Distribution .

T .

function with 2 degrees of freedom
calculated laat rate in weight 1/ day ;

L -

951 upper confidence Ilmit (1/ day)
UCL -

calculated containmer.t dry air mass at time t=0 (Ibs.)B =

0.12 Point to Point Calculations

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

i

TECH 364 , _
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For every data set, the rate of change of dry air mass between |

the most recent. (ti) and the previous time (tt.1) is calculated using
'

the two point method shown below:
|

2400.

I~I'Hi* ~

(tj - tt.1)

Then the least square fit of the point to point leakrates is
calculated as described for dry air masses in section D.Il

D.13 Total Time Calculations

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

Initially, a reference time (tr) is chosen. For every data set
the rate of change of dry Air mass between tr and the most recent
time, ti is calculated using the two point method shown below.

2400.

Mt= (1 r M 'Mr)t
,

Then the least scurres fit and 95% UCl. of the Total Time
leatrates are calculated as shown below:

I A I(tt)2 - I tj I A tgt t'

N I (tt)2 - (I t])2
(NItjA -Itt IA)1 t

N I (tj)2 - (I t{)2*

L. 8 + At

1.6449(N-2) + 3.5283 + 0.85602/(N-2)
"

(N-2) + 1.2209 - 1.5162/(N-2)

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

i
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.

1 (tp I (tt) / N)2
F. _*

N I (ti)2 - ( I tj )2 / N

/ /

/ F /

e./ ,/ I (Hj)2 - B I A - A I A ti.

t_

\/ N \/

UCL L + To

Note: This ecuation is calculated for information only from the
start of the test up to 24 hours, then it becomes the
official leatrates for future times.

D.14 BN-TOP-1 ,,

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

Initially, a rtference time (tr) is chosen. For every data set
the rate of change of the data item between tr and the most recent
time, (t ) is calculated using the two point method shown below:i

2400
Mg . (1 - M /Mr)
.

t
(tt - tr)

Then the least squares fit of the Total Time lestrates and the
BN-TOP-1 951 UCLs are calculated as shown below.

I tj I Sg tt)( I A I(tt)2t
-

*

N I (t{)4 - ( I t{ )4
Note: N is the number of data sets minus one,

nc" " - 53 -
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1

I t{ I A )( N I t{ Ai t-

NI('t[4-(Itg)2
~*~

L- B . At

2.37226 2.8225
T 1.95996 + +

(N - 2) (N - 2)2

1 (to - I (ti) / N)27, , ,

N I (tt)2 - (I t;)2 / N

/ t

/ F 'l . . .

/ I (M )2 - B I Mt - A I Mt tte=/ t-

\/jj

\/ N

UCL = L . Te ,

Note: This ecuation is calculated for information only from the
start of the test up to 24 hours, then it becomes the
official leatrates for future times.

D.15 Temperature stabilization checking per ANSI 56.8-1981

T1 Heighted average containment air temperature at hour 1.

Tj.n Rate of change of weighted average containment air temperature
over an n hour period at hour 1, using a two point backwarcs
61iference method.

Ti - T -ni
T .n =1 n

I

|

__
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Zi is the AflSI 56.8-1981 Temperature stabilization criteria at hour i.

Zi = | Tj,4 Tg ) | 1 must be 2, 4.-

Per ANSI 56.8-1981, 2 must be less than or equal to 0.5 0F/hr

NOTE: If the data sampilng interval is less than one hour, then:

Option #1 Use d.ta collected at hourly intervals
Option #2 Use average of data collected in previou: hour

for that hour's data. !

l

D.16 Calculation of Instrument Selection Guide, (ISG)
'

ISG . 2400 / Z (ep/p)4 + Z (e /T)4 + Z_ (ed D)#r /_,

t \/ N Nr Ndp

where: t is the test time', in hours
p is test pressure, psia
T is the volume weighed average containment temperature. OR
N is the number of pressure transmitters
N 15 the number of RTDs .

Nd is the number of dew cells
eg is the combined pressure transmitters' error, psia
er is the combined RTDs' error OR
ed is the combined dew cells' error, OR

ep . /

\/ (S )2 . (gp, , gs )2p p

where: Sp is the sensitivity of a pressure transmitter
RP is the repeatability of a pressure transmitter
RS is the resolution of pressure transmitter

er= /
.

\/ (Sry2 , (gpr + RSr)2

where: Sr is the sensitivity of an RTD
RPr is the repeatability $ * an RTD
RS is the resolution of an RTD lp

l

|
;

|

l
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APy

ed 'O /'

\/ (S y2 . (ppd * RS )2TATd d d
1id

where: Se is the sensitivity of a dew cell
RPd is the repeatability of a dew cell
RSd is the resolution of a dew cell

'

AP change in vapor pressure'

y

AE d cnange in saturation temperature

The above ratio is from ASME steam tables and evaluated at the ,

containment's saturation temperature at that time. !

D.17 BN-TOP-1 Temperature Stabilization Criteria Calculation

A. The rate of change of temperature is less than 1 "F/Hr averaged
over the last two hours.

1 - 7 -11 K2 - 17 -1 - 7 -21Ki - 17 5 1 5

Et and K2 must both be less than 1 to meet the criteria
listed in A.

B. Jhe rate of change of temperature changes less than 0.5
F/ hour / hour averaged over the last two hours.

.

K1. (Tj Tj-1)/(tl - ti-1)

2 . (Tj.1|- T -2)/(ti-1 - ti-2)|
K i

1 - K )/(tl - ti.1)Z. (K 2

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

D.18 Reactor Vessel Free Volume Mass Calculation

As shown in section D.10, the free volume of the Reactor vessel

subvolume e is given by the below ecuation.

V, - V,o - a (c-b)

The dry air mass in subvolume e can then be written as:

Mr - 144 (P-Pve) Vn/RTc

Where: He is tP- dry air mass in sabvolume c. (Ibm)

R is the gas constant of air

5istheaverage,temperatureofsubvolumez.(OR)

5,istheaveragevaporpressureofsubvolumec. (pisa)

P is the average containment pressure. (psia)
3V, is the free air volume in subvolume c. (ft )

" ' " ' " - 56 -



D.19 Vorus Free Volume Calculation .

.

Free volume calculations of the Terus rely upon narrow range Torus
water level inputs. These valt.es range between plus and minus five
inches. It is assumed that the Torus subvolume free air volume is |
that subvolume's volume when the Torus level equals zero. The user '

may enter three constants to mc el the variation of Torus air volume
with water level.

The equations for Torus free volume in subvolume t are given:

3t " V o - (al + bl cL ])when L2 0
V

t

t . V o + (-at + bt2 -cL when LI OV
t

l

The dry air mass in subvolume t can then be written as- 1

Hg . 144 d E ) V /RTtvt t

Hhere: Mt is the dry air mass in subvolume t. (Ibm)

P is the average containment pressure (psla)

bt is the average vapor pressure of subvolume t (pisa)

| Vt is the free volume i.. su'bvolume t. (ft )3

R is the gas constant of air
Tt is the average temperature in subvolume t (OR)
L is the Torus level, (inches)

A,b,c are Torus level constants

Vto is the free volume in subvolume T when L equals zero,
3taken from standard free volume inputs. (f t )

E. OUTPUTS

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

PRINTERS: PRIME High Speed Line Printer
OKIDATA 2410
OKIDATA 93
LA120

PLOTTERS: Newlet Packard 7475A 8.5" X 11"
Hewlet Packard 7585A 8.5" X 11"
Hewlet Packard 7585A 11" X 17"

CRTs: Wyse Hy75
View Point 60
Amper Dialogue 80 & 81
PRIME PT200

GRAPHICS TERMINALS: RamTech 6200
RamTects 6211
Tektronir 4107-

Tektronir 4208
Tektronir 4014

n"" - 57 -
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July 8, 1992

To: D. Nyman
D. Schumacher
S. Gupta
J. Kuznicki
R. Salmi
H. King

Bubjects Calculation Of The Instrument Selection Guide For ILRT
Instrumentation Systems

I .

.

10CFR50-Appendix J specifies that all Type A tests be ccrducted in
accordance 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 magnitude of the specified leakage rate.

The Instrument Selection Guide,(ISG) 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
instrumentation system to measure the integrated leakage rate of a
primary reactor containment system. This rather long formulation
is labor intensive to calculate either by hand or by computer.

Section 5.4 of NO Directive NOD-TS.13 specifies that all CECO
plants shall use a standardized instrumentation system for Type A
testing. Attachment A lists 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 sensor.

It is shown in Attachment B, that if the standard Type A test
instrumentation specifications and the minimum sensor numbers are
met, then the ANS-56.8 ISG acceptance criteria is always
satisfied. This eliminates the need to demonstrate by calculation
in station procedures that the ISG acceptance criteria is meet.

4
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l

The requirement to calculate Type A Test instrumentation system
ISG values may be eliminated from the ILRT procedures of each Ceco
station. Instead, the instrumentation requirements listed in
Attachment A need be included. This letter along with the
attachments may be referenced as the basis for that procedure
change.

/' Jim Clover
Production Services Dept.

<d
J. Brunner

Te ical Staff Support
Superintendent

.

G. Vanderheyden R. Shields
M. Strait R. Walsh i

P. Johnson J. Brunner ;

W. T'Niemi

|

|

|
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|
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I

e
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ATTACHMENT A

.

ILRT INSTRUMENTATION SYSTEM BPECIFICATIpJJ

.

Pressure Transmitters: Resolution 0.0001 psi
Repeatability 0.001 psi
sensitivity 0.0001 psi
Minimum Number 1

Temperature Channels: Resolution 0.01 *F
Repeatability 0.02 *F ^

Sensitivity 0.01 *F
Minimum Number 15

Dew Temperature Channels: Resolution 0.01 *F
Repeatability 0.1 *F
Sensitivity 0.1 "F .

Minimum Number 5

Instrument Parameter Defintions From ANSI /ANS 56.8-1987

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

1

|
1



ATTACHMENT B
,

INSTRUMENT SEECTION GUIDE CALCULATIONS FOR ILRT INSTRUMENTATION
.

"These calculations are based upon the equations listed in Appendtx G of ANSI /ANS 56.B-1987"

Pressure Transmitter Paramaters Temperature Parameters Dew Temperature Parameters

SensitMty Sp := 0.0001 psi SensitMty Sr := 0.01 F Sensitmty Sd := 0.1 F
Repeatability RPp = 0.001 psi Repeatability RPr = 0.02 F Repeatability RPd = 0.1 F
Resolution RSp := 0.0001 psi Resolution RSr := 0.01 F Resolution RSd := 0.01 F
Number Np:1 Number Nr :15 Number Nd = 5
Pressure P >44. psig Temperature T := 95 F Dew Temp Td := 95. F

*EST DURATION t := 8

Pressure Error Calculation

Measurement System Error Pmse := RPp + RSp Pmse = 0.0011

Pe:= (Pmse + S
2

PPressure Error Pe = 0.0011
d

Np -

Temperature Measurement Error

Measurement System Error Tmse :: RPr+ RSr Tmse = 0.03

Temperature Error Te (Tmse + Srf
2

Te = 0.0082
Nr.5o

|
Dew Temperature Measurement Error j
Measurement System Error Tdmse :RPd+ RSd Tdmse = 0.11 |

Calculate the vapor pressure rate of change with dew temp from steam tables
A := 0.0886717535 B := 22.452 C := 490.59

Zb A exp B- Z = 0.041
~

dTd
,

(Td- 32 + C), '

Measurement System Error Dmse := Z-(RPd+ RSd) Dmse = 0.0045

Dow Temperature Error De := ) De = 0.0027
Nd*'

i



~

2Pe'

Pressue Enor Term PE = 2 PE = 7.0813 10 '-8

(P+ 14.7), ,

|
i

|

'Te ~8Temperature ErrorTerm TE :=2- TE -4.333610 '
. (T + 459.68),

DewTemperature ErrorTerm DTE:=2- DTE =4.317910"
,(P + 14.7),

i

ISG > ' -(PE+ *E+ DTE)" ISO = 0.0222
t

.

ANSl/ANS 56.8 requires that the ISG be less than 0.25La to be acceptable
.

STATION La 0.25La
:

DRESDEN 1.6 0.4 i

ZION 0.1 0.025 i
BYRON 0.1 0.025
BRA!DWOOD 0.1 0.025
QUAD CmES 1.0 0.25
LASALLE 0.635 0.156

.

1

|

|
.

i
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BN-TOP-i, REV. 1 ERRATA i
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APPENDEX E

. BN-TOP-1, REV. 1 ERRATA
.

The Cosmotssion has approved short duration testing for the IPCLRT provided
the Station uses the general test method outlined in the BN-TOP-1. Rev. I
topical report. The primary difference between char wthod and the ones
previously used is in the statistical analysis of the measured leak rate data.

Vithout asking any judgments concerning the validity of this test methcd.
certain errors in the editing of the mathematical arpresazons were discovered.
The intent here is not to Change the test =aethod, but rather to Clarify the
method in a mathematically prectre assner that allows its implementation. The
errors are listed below.

.

EOUATION 3A. SECTION 6.2

Reads: L sA+8tg g

Should Resd: Lg=A +B t
g g

Reason:
ustng the regression line cda)stants A ,
he calculated leak rate (L. at time t is computed

The suassation sthus kn(equation 6 are
computed using

equations 6 and 7).
n

defined as I = I, where n is the number of data sets up untti
ist

.ime t.. The regression line constants change each time a
new dah set is received. The calculated leak rate is not a
linear function of cles.

PARAGRAPH TOU.0 VINO EO. 3A, SEC* ION 6.2

Reads: The deviation of the measured leak rate (M) from the calculated
leak rate (L) is shown graphically on Figure A.1 in Appencax A
and is expressed as:

Deviation .* M -L
g g

Should Read: The deviation of the measured leak rate (M.) from the regression
line (N ) is shown graphically on Figure A'.1 in Appendix A and :s
express $das:

Deviation a M -N
g g

where N. = A +8 * t.,
A P P *

A, 8 = Regression line constants computed from all data
P P sets avatlable from the start of the test to the

last data set at time t ,

t. a time from the start of the test to the ich data set.
1
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Reason: The calculated leak rate as a function of trae
during the test is based on a regression itse.
The regresstoa lias constaats, A and S , are

g g
,

changing as each additional data set is received.

Iquation 3A is used later in the test to compute I
the upper confidence limit as a function of time. j
for the purpose of this calculation, it is the i

deviation from the last computed regression line
at time t that is important. :p i

EQUATION 4 SECION 6.2 i

!

Reads: SSQ = I (M - L ): ig g

Should Read: 55Q = I (M - N.): -|
i 1 .

.

Reason: Same As'Above

ECUATION 5, SECION 6.2
!

Reads: SSQ = I [ M (A + St )]2-
g g

'
Should Read: SSQ = I [ M. - (A +3 * t.)}L P p 1 -

Reason: Same As Above
i

tEQUATION ABOVE EQUATION 6, SECION 6.2 i

IE III 3
~ ~

Reads: 3s i i
,

.

1(t. - t)3 'f1

Should Read: 3. s I(*i )( i II~ ~
'

*
I(t - I)3g

Reason: Regression line coastant 3. changes over time tas ,

a function of C ) as each }dditional data set '

is received. REr of "t" left out of denominator. i

Susanation signs cattted. ;

1.

EQUATION 6, SECION 6.2 I

Reads: 3=* i i i i
~

a In 3 (I c )3-
g g |

M - (I e ) (I M )i* nit i i i iShould Read: 3 i

- (I s )3 {
a It 3g g

Reason: Same As Above
r
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f

EDUATION 7, SEC* ION 6.2

Reads: A=5-BE
.

Should Read: A *5-B cg g

Reason: Same As Above

EQUATION 10, SECTION 6 2 i

( i} ( i L i i
II E ) II E d)*

Reads: Aa
n I t.3 - (I t.)3

1 1

=-( i} ( *i } ~ IZ *i) I i iE d)Should Read: A.
#

- (I t )3nit 3

Reason: Same As Above

EQUATION 13, SECTION 6.3

{ g ,1, (t, * CP )Reads: 6m s 2
*

tja(t -
g

[3 , 1 , (t, - M jShould Read: 6=s2
"

I (t - T)2g
.

where t a time from the start of the test of the last data
P for which the standard deviation of the measuredset

being computek) from the regression line (N ) is
leak races (M *;

th
t a time from the start of the test of the i data

g
set;

n a number of data sets to time t ;

n
I = I ; and

ist

1 I t..i a
n 1

Reason: Appears to be error in editing of the report.
Report does a poor job of defining variables.

|

|
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EQUATIO)/ 14, SEC* ION 6.3

s [ 1 + 1 + I*p ]
'~

Reads: a=
. " t)3(t -

g

|

s [ 1 + 1 + (*p ]
~

Should Read: c=
" I (t. - li)2 |

1 l

l
i

Reason: Same As Above

EOUATION 15, SIC ION 6.3
.

Reads: Confidence Limit a L : 7

Should Raad: Confidence Limits = L : T z e

where L = calculated leak rata at time t ,

T= T distribution value based on n, the number of
data sets received up until time t ;

ea standard deviation of measured leak rate values

thd) start of the test until time t
(!f . about the regression line based on data f rom

.

Reason: Same As Above -

EOUATION 16, SIC * ION 6.3

Reads: UCL = L + 7

Should Read: UCL = L + T * a

Reason: Same As Above

EQUATION 17, SICTION 6.3

Reads: LCL = L - T

Should Read: LCL = L - T * a

Reason: Same As Above
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APPENDIX E !
i

TYPE A TEST ~RESULTS USING MASS-PLOT i
'

METHOD (ANS/ ANSI 56.8)

!
:

b

r

!
1

h

|
;
I
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i
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TYPE A TEST RESULTS
USING MASS - PLOT METHOD
MEASURED LEAK RATE PHASE ,

i
;

DATA DATA SET TIME TEST DRY AIR LEAK RATE 95% UP CONF
SET # DAY HH MM SS TIME, (HR) MASS, (LBM) (%/D) LIMIT, (%/0)

f

112 342 01:34:19 0.000 0.87683000E+05 --- ---

113 342 01:39:19 0.082 0.87F31234E+05 --- ---

114 342 01:44:19 0.166 0.87679422E+05 0.5899E+00 0.5938E+00
115 342 01:49:19 0.?50 0.87680047E+05 0.3495E+00 0.7548E+00
116 342 01:54:19 0.332 0.87677140E+05 0.4240E+00 0.6375E+00
117 342 02:04:19 0.500 0.87676625E+05 0.3475E+00 0.4775E+00
118 342 02:14:19 0.666 0.87676109E+05 0.2791E+00 0.3769E+00
119 342 02:24:19 0.832 0.87672093E+05 0.3103E+00 0.3804E+00
120 342 02:34:19 1.000 0.87672500E405 0.2839E+00 0.3390E+00'
121 342 02:44:19 1.166 0.87671640E+05 0.2620E+00 0.3078E+00 .

122 342 02:54:19 1.332 0.87666969E+05 0.2823E+00 0.3225E+00 I
123 342 03:04:19 1.500 0.87666640E+05 0.2814E+00 0.3136E+00 I
124 342 03:14:19 1.666 0.87666531E+05 0.2702E+00 0.2986E+00
125 342 03:24:19 1.832 0.87665562E+05 0.2599E400 0.2855E+00 .

126 342 03:34:19 2.000 0.87664469E+05 0.2511E+00 0.2744E+00
127 342 03:44:19 2.166 0.87665953E+05 0.2328E+00 0.2594E+00
128 342 03:54:19 2.332 0.87664000E+05 0.2228E+00 0.2478E+00
129 342 04:04:19 2.500 0.87664000E+05 0.2115E+00 0.2359E+00
130 342 04:14:19 2.666 0.87659765E+05 0.2122E+00 0.2338E+00 |
131 342 04:24:19 2.832 0.87663015E+05 0.2010E+00 0.2231E+00 i

132 342 04:34:19 3.000 0.87659640E+05 0.1978E+00 0.2178E+00 ;

133 342 04:44:19 3.166 0.87657531E+05 0.1974E+00 0.2155E+00
134 342 04: 54:19 3.332 0.87657765E+05 0.1943E+00 0.2110E+00
135 342 05:04:19 3.500 0.87654187E+05 0.1962E+00 0.2115E+00
136 342 05:14:19 3.666 0.87654390E+05 0.1954E+00 0.2094E+00
137 342 05:24:19 3.832 0.87654031E+05 0.1936E+00 0.2066E+00 ,

138 342 05:34:19 4.000 0.8765906E+05 0.1934E+00 0.2054E+00 ,

139 342 05:44:19 4.166 0.87651515E+05 0.1923E+00 0.2034E+00 f

140 342 05:54:19 4.332 0.87649375E+05 0.1925E+00 0.2028E400 i
141 342 06:04:19 4.500 0.87647047E+05 0.1940E+00 0.2037E+00 i

142 342 06:14:19 4.666 0.87646328E+05 0.1947E+00 0.2038E+00
143 342 06:24:19 4.832 0.87647015E+05 0.1935E400 0.2021E+00 i

144 342 06:34:19 5.000 0.87648187E+05 0.1903E+00 0.1989E+00
'

145 342 06:44:19 5.166 0.87644156E+05 0.1902E+00 0.1982E+00
146 342 06:54:19 5.332 0.87644390E+05 0.1889E+00 0.1966E+00

,

147 342 07:04:19 5.500 0.87640672E405 0.1898E+00 0.1971E400
148 342 07:14:19 5.666 0.87636390E+05 0.1929E+00 0.2003E+00
149 342 07:24:19 5.832 0.87636672E+05 0.1944E+00 0.2017E+00
150 342 07:34:19 6.000 0.87639000E+05 0.1935E+00 0.2004E+00
151 342 07:44:19 6.166 0.87636297E+05 0.1936E+00 0.2002E+00

,

i
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TYPE A TEST RESULTS
. USING MASS - PLOT METHOD '

INDUCED LEAK RATE PHASE

DATA DATA SET TIME TEST DRY AIR LEAK RATE 95% UP CONF
SET # DAY HH MM SS TIME, (HR) MASS, (LBM) (%/D) LIMIT, (%/D)

158 342 08:54:19 0.000 0.87586547E+05 --- ---

159 342 09:04:19 0.168 0.87577359E+05 --- ---

160 342 09:14:19 0.334 0.87578094E+05 0.6951E400 0.4697E+01
161 342 09:24:19 0.500 0.87567765E+05 0.9149E+00 0.1637E+01
162 342 09:34:19 0.668 0.87559594E+05 0.1043E+01 0.1419E+01
163 342 09:44:19 0.834 0.87556562E+05 0.1003E+01 0.1231E+01
164 342 09:54:19 1.000 0.87547125E405 0.1047E+01 0.1209E401
165 342 10:04:19 1.168 0.87540375E+05 0.1071E+01 0.1189E+01
166 342 10:14:19 1.334 0.87535156Et05 0.1068E+01 0.1157E+01
167 342 10:24:19 1.500 0.87523703E405 0.1111E+01 0.1195E+01
168 342 10:34:19 1.668 0.87519125E+05 0.1118E+01 0.1186E+01
169 342 10:44:19 1.834 0.87509015E+05 0.1143E+01 0.1204E+01
170 342 10:54:19 2.000 0.87506109E405 0.1136E+01 0.1188E+01
171 342 11:04:19 2.168 0.87498062E+05 0.1137E+01 0.1181E+01
172 342 11:14:19 2.334 0.87491875E+05 0.1135E+01 0.1173E+01

'

173 342 11:24:19 2.500 0.87480890E405 0.1148E401 0.1184E+01
174 342 11:34:19 2.668 0.87476765E+05 0.1148E+01 0.1179E+01
175 342 11:44:19 2.834 0.87470844E405 0.1145E401 0.1173E+01
176 342 11:54:19 3.000 0.87463406E+05 0.1144E+01 0.1169E+01
177 342 12:04:19 3.168 0.87457906E+05 0.1140E401 0.1162E+01

4
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MASS PLOT LEAKRATES VS TIME
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