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INTRODUCTION

A significant part of the surveillance requirements for a nuclear power plant
involves the assurance of isolation of radioactive contaminants from the
environment in the event of a radiologicel accident. ‘The primary containment
serves as the final barrier of lsolation in an accident. General Design
Criteria 54 and 56 of Title 10 Code of Federal Regulations, Part 50 (10 CFR 50),
specify design provisions for the reactor building frimary containment,
Appendix J to 10 CFR 50 defines the basis for a surveillance program to ensure -

that the primary containment will perform as designed for the life of the plant.

The most significant test prescribed by Appendix J, the reactor building
containment integrated leak rate test, involves simulating as close as is .
practical the predicted conditions within the primary containment after the_
most severe postulated'accident. The leakage of air from the primary
containment to the environment is measured to demonstrate that offsite exposure
to postulated radioactive contaminants will not exceed 10 CFR 50 guidelines, -

as implemented by the plant technical specifications.

Since the public;tion of Appendix J to 10 CFR 50, it has been customary to
conduct reactor building containment leek rate tests (CILRT's) for at least.
2h hours. This practice originated from experience gained in the ORNL-AEC
containment proof program. The current national standard for the conduct of
the CILRT, ANSI 45.4-1972, recommends tests be conducted for ", . .not less
than twenty four hours of retained pressure. . ." This arbitrary test
duration was set as a means to ensure the primary containment leakage would

be accurately measured, with the instrumentation typically in use when the

standard was prepared.
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Experience gained by the Tennessee Valley Authority in the conduct of‘
C1LRT's has demonstrated that the primary containment leak rate may be
accuratelyvmeasured for tests conducted for considerably less than 24 hours.
The purpose of this presentation is to discuss the techniques, equipment,
and method of analysis TVA proposes to use to conduct future CILRT's of
shorter duration t?an current practice. Data collected from two CILRT's
conducted for 24 hours with the technigues and equipment described by this

paper are discussed.
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TEST OBJECTIVES

General

The reactor building primary containment is designed to prevent the
release of radioactive contaminants to the environment either in normal
operation of a nuclear power plent or as the consequence of an accident.
Plant site meteorological conditions determine from the guidelines
presented in 10 CFR 100 a maximun amount of radioactive contaminants that

may be released to the environment,

Various plant design and reactor specific features determine a predicted
maximum pressure expected to exist within the primary containment under
accident conditions and a maximum rate of release of radioactive

contaminants to the environment. Appendix J requires that the plant

’operator periodically demonstrate the ability of the primary containment

to limit the release of contaminants below the calculated meximum.,

The CILRT measures the rate of release, or the leak rate, of the primary
containment atmosphere to the environment at a test pressdie of either
one-helf or equal to the calculated peak pressure expected for the most
severe acclident, Lines that penetrate the primary containment are aligned
with the configuration assumed automatically after an accident. Lines
postulated to rupture inside the primary containment are drained to the

extent praétical of fluid and vented to the containment atmosphere for

‘the duration of the test. Lines postulated to rupture outside the primery

containment are drained to the extent practical 6f fluid and vented to

{the envirénment.
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Before a nuclear power plant may return to operation, the CILRT must
demonstyaté that this measured rate of leakege is less than 75 percent
of the design maximum. The 25-percent margin provides assurance that,
with unforeseen degradation of performance, the maximum leskage will not

be exceeded.

Specific Objectives

The specific objectives of the CILRT are: .

1. Accurately measure the actual rate of primary containmené atmosphere
leskege under conditions close to those predicted for the most severe

[

postulated accident.

2. Demonstrate that the primary containment leak rate has been accurately °

measured by the CILRT by & subsequent verification test.

3. Demonstrate that the measured rate of leakage is less than 75 percent
of the design maximum before the nuclear plant may return to power

operation,

i, Demonstrate that no potential means for the release of primaxry

containment atmosphere has arfsen since the previous CILRT.

5. Provide a statistical statement of the validity of the measured leak

rate of the primaxy containment by calculating the confidence interval

of the results.
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TEST CRITERIA

Primary Containment Atmosphere Stabilization

During the pressurization of the primary containment, the contginment
atmosphere temperature will significantl& increase. This heating, due
to the work required to pressurize the air, can introduce instabilities
of the containment atmosphere that may preclude the accurate measuremeht
of leak rate. In a similar manner, the operation of large equipment
within the containment can cause the apparent leak rate to change during

the CILRT.

Appendix J requires that the primary containment atmosphere be allowed to
stabilize at least 4 hours after the end of pressurization. This arbitrary
requirement can prove of insufficient duration particularly wheﬁ applied

to high-pressure, small-volume containments. From the experience gained .
in the conduct of six CILRT's, the following guldelines were prepared to

supplement the Appendix J reqQuirement:

l. The aversge primary containment atmosphere temperature change should
be less than 1OF per hour before starting the CILRT.

2. A time versus temperature plot for the stabilization period should be

approximately linear by the start of the CILRE,

3. Heat-producing equipment located within the primary containment should

only be operated to maintein the safety of the reactor,

4, Any air circulation equipment operated during the CILRT should be
operated continuously since intermittent operation could disturb the

containment air temperature distribution,

YL s oo agy e e
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5. Water levels within the reactor and eny other vessel within the
. primary conteinment should be held as constent as is possible. Any ‘

required level changes should be made slowly.,

B, Accuracy of the Measured Leak Rate
Since any measurement has some degree of uncertainty associated with
random and systematic errors, the reported measured leak rate of the
primary containment atmosphere is only an approximation to the "true"
| value. A statement of the goodness or degree of confidence of the CILRT
| results is necessary to provide assurance that the primery containment
| functions as designed. Following general testing practice, TVA reports

a 95-percent upper confidence level for the reported leak rate.

A CILRT is considered satisfactory if the measured leak rate is less than X
75 percent of the design maximmm. To ensure adequate confidence in this
. leak rate, TVA further requires that the 95-percent upper confidence level

be less than 75 pefcent of the design meximum leak rate.

e A e
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TECHNIQUES OF ANALYSIS

Containment Modeling

The accurate measurement of primary containment leak rate pivots on the
precise measurement of temperature, pressure, and vapor pressure. The
primaxry containment is not constructed as a single homogenous pressure
vessel but as a series of interconnected compartments. Although all
compartments forming the primary containment are vented to each other

for the CILRT, the flow of containment atmosphere may be restricted,

Pressure suppression containment designs incorporate special compartments
that may have significantly different temperature and vapor pressure
conditions from the rest of the primary containment. A boiling water
reactor pressure suppression chamber is charactérized by humidity
approaching the saturation point. Thé ice condenser for a pressurized
water reactor employs two large compartments far below the freezing point
of water., Since a substantial portion of the primary containment free

eir volume 1s contained within these pressurization suppression compartments
for both reactor designs, significant errors may result in the calculation
of the ieak rate if the containment atmosphere conditlions are not correctly

considered by the analysis,

To compensate for the compartmental construction of the primary containmeht,
the leak rate is calculated from a model in which the containment is a
multiple(element system., Temperature, pressure, and vapor pressure are
measured for each compartment. The mass of the air in each compartment is
calculated from these measurements. The primary containment leak rate is

calculated from the sum of the compartment air masses, Temperature, vapor
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pressure, and pressure measurements are individuaelly assigned volumetric
weighting or influence factors determined by the relative volume each

sensor represents within the compartment.

A primary containment model is déveloped from information provided in
section 6.2 of the Final Safety Analysis Report. Any compartment that
represents more than 10 percent of the containment free air volume is

considered & compartment for the CILRT.

Method of Leak Rate Calculation

Several techniques have been used previously to calculate the primary
contaeinment leak rate. ANS 45.2-1972 recognizes the absolute and the
reference vessel methods. The proposed standard for containment testiqg,
ANSI 56.8, recognizes the same techniques. We have found the absolute,
or mass loss, method yields the most accurate measurement of the primary

containment lesk rate.

The primary containment leak rate is calculated by the application of the
1deal gas law. During the CILRT, the mass of the air in the containment
is calculated periodically. The leak rate is computed from the slope of
the least squares fit line to these data. The gncertainty of the measured
leak rate is estimated by cealculating the deviation of the individual mass
points from the least squares fit line, with adJustmentscfor the sample

size,

Instrumentation Selection Guide
The accurate determination of leak rate by the absolute method requires
the precise measurement of primary containment atmospheric temperature,

»

vapor pressure, and total pressure. Since any measurement will include
some error, the acéuracy of these measurements determine the accuracy of

the measured primary céntainment leak rate. Prior to the performance of
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the CILRT, the number of temperature, vapor pressure, and total pressure
sensors required to accurately determine the leak rate must be estimated.
Based on the expected leak rate and the anticipated conditions encountéred
%n the test, this instrumentation selection gulde determines the minimum

instrumentation necessary to conduct the CILRT., !

The basic criteria TVA uses for the selection of minimum CILRT instrumen~
tation is that the primary containment leak rate should be accurately
measured within the first 8 hours of data collection with an assumed lesk
rate equal to 25 percent of the maximum allowed under technical specifica-
tions. In addition, no temperature measurement may represent more than

10 percent of the containment free air volume. Appendix A presentsvanh

eﬁample of the eEtimation of sensors required for a typical boiling water

reactor CILRT.

Ll
W
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DATA ACQUISITION AND REDUCTION SYSTEMS

-

The precise measurement of many test variables is required to accurately

calculate the primary containment leak rate. CILRT test data must, therefore,

be acquired and analyzed rapidly. TVA has developed a leak rate measurement

system that acquires and reduces test data automatically. The prineipal

advantages afforded by this automatle system sre highly accurate, reliable

results and data collection speed. The purpose of this section is to describe

the principal functions.and features of the automatlic date acquisition and

reduction systems.

A.

bata Acquisition System

The principal function of the date acquisition system is to periodically
neasure the test voriables. «A microprocessor controls the timing of
periodic acquisition, the conversion from analog to digitel. values, and
the transmission of data Lo the'data reduction system. The microprocessor
will periodically collect data at a set interval or, at the discretion of
the test director, can be demanded to acquire data within the selected
interval. A log of all collected data is printed for permanent records.
Table 1 lists typical date collected for a boiling water reactor and a
pressurized water conteinment, The deta acquisition system is designed to
allow for any combination of temperature, pressure, and vapor pressure
measurements, Figure 1 depicts the components that form the data acqpisition

systen,

The principel feature of the data acquisition system is the accurate,
rapid meaéurement of test variables. In CILRT's previously conducted by

TVA without the automatic date acquisition system, data could not be

collected more frequently than once per hour. Even at this slow rate of

- . ——
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collection, mistekes by test personnel in the measurement of test variables

degraded the results. For a typical ice condenser pressurized water
reactor, the data acquisition can collect up to 20 samples of the test
veriables per hour. The significant increase in the volume of collected ”

data improves the confidence of test results.

Date Reduction System ‘

The primary purpose of the date reduction system is ﬁo accurately perform
the necessary calculations to compute the primary containment leak rate.
The central element of the data reduction system is a minicomputer system
directly connected to the data acquisition system. All raw data collected
by the data acquisition systém is transmitted to the minicomputer and
stored on flexible disks. These data are subsequently corrected aécording‘
to each sensor's calibration data. The leak rate is automatically .
calculeted end results are printed on & local printer., The system is

designed to be tolerant of power failure., Figure 2 depicts the data’

reduction system.

Several features are included in the design of the date reduction system.
The nost significant is that the reliability of field test results ;s.

significantly enhanced because no manual data entry or calculations are
required, The speed of-data reduction is significantly increased. Fbr ‘
a typical,ice condenser, pressurized water reactor datae can be collectéé .

by the acquisition system, stored, reduced, and the leak rate calculated

in less than 2 minutes,

In addition to speed, the minicomputer offers several features to enhance
test performance. Test variables or results mey be automastically plotted
by the minicomputer any time during‘the CILRT. The test engineer may also

choose to redefine the time of the test start to any previously collected

s miwme ¢
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sample while the test is conducted. This "base reset" feature allows

the field evaluation of the effect of prolonging test duration,

e o e = w
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INSTRUMENTATION TECHNIQUES

Temperature Measurement

Four-wire resistance temperature detectors (RTD's) are used by the leak
rote measurement system to monitor primary conteinment atmosphere
temperature., Before and after the performance of each CILRT, each RTD

is individually compared with & standard certified by the National Bureau
of Standards over a temperature range of 0-150°F. The uncertainty of the
temperature standard is better than 0.005°F. A unique temperature as a
function of resistance calibration curve isicalculated for each RTD from

this comparison,

When installed 1n the primary containment, each RTD is connected to a
separate excitation‘bridge (wheatstone) by quick disconnect extension
cables. Systematic errors due to lead length resistance, excitation
bridge nonlinearity, and analog to digital conversion repeatable offset
error are measured by substituting precision resistors in place of the
RTD at the end of the‘extension cable, A unique resistance as a fnnctiah
of measured bridge output calibration curve is calculated‘for each

measurement channel. The minicomputer. automatically calculates and stores

each calibration curve. For each temperature measurement, measured bridge-

voltege is first converted to resistance. The minicompuéer then uses the
individual RTD calibration curve to calculate the equivalent temperature

from this resistance.

Tests have been conducted to determine the accuracy of temperature
measurements by the integrated leak rate measurement system., Seven RTD's

were compared with a standerd certified by the Nationel Bureau of Standards
¢

at five temperatures., This standard is certified with a measurement
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uncertainty of better than O.bOSoF. Figure 3 depicts the difference
between the temperature meassured by the standard and the lesk rgte
measurement system over the range of comparison. Analysis of the data
indicates that the system uncertainty of temperature by the leak rate

measurement system is better than 0.0202°F,

A

Vapor Pressure Measurement .
Lithiuwn chloride dewcels are used by the leak rate measurement system to
monitgr primary containment atmosphere moisture content. The principle
of operation of a dewcel 1s that certain hygroscopic salt solutiqns will
change the amount of water in the solution in relation to'thq moisture
content of the alr, The dewcel cpnsists of a thin coating of lithium
chlofide between two gold wires. As the moisture content of the air
changes, the salt solution will either absorb or liberate water. This
change in molsture content of the salt solution changes the solution
resistance proportionally. Passing a constant voltage through the two
wires and the solution causes resistance heating. An RTD embedded in
the support bobbin measures the induced heating. Since the temperature
of the solution is directly related to the solution resistance, and hence

the moisture content of the salt solution and the alr, it is necessary

only to measure this temperature to measure atmosphere moisture content.

Three-yire RTD's monitor the salt solution temperature, Before and after
each CIIRT, each dewcel RTD is individually compared with a standard
certified to the National Bureau of Standards over a temperature range
equlivalent to & dewpolint from 0°F to 100°F. ‘A unique temperature as a
function of resistan;e calibration curve is calculated for each dewcel

RTD from this comparison.
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‘ Each dewcel is connected to & separate excitation bridge (wheatstone)
and constant voltage power supply by quick disconnect extension cables.
As in the discussion of the air temperature measurement, & calibration
curve of resistance as a function of measured bridge output is calculated
by the substitution of precision resistors for the dewcel. Each dewpoint |
is first converted to equivalent resisteénce., The minicomputer then
cglculates the salt solution temperature from tﬁe dewcel's uniéue element
temperature as a function of resistance curve. Equivalent dewpoint is

calculated from data tabulated by the National Bureau of Standards,

C. Pressure Measurement

1
\
|
|
|
Precision quartz bourdon tube manometers were selected for containment
total pressure measurement., Prior to the CILRT, a pressure cell is
selected so that the rated pressure is Just above the expected test !
‘ pressure. Each manometer and cell is compared with a standard certified- ]
by the National Bureau of Standards before and after each CILRT over the - i '
range of the pressure cell, Proper selection of the pressure cell ehéurés
the highest possible sensitivity to small changes of the primary containment I,
pressure. The pressure measured by the quartz manometer is converfed
internally to digital values by & special encoder, The rated cell pressure

corresponds to a digital output of four hundred thousand counts, with a

resolution of one count.

To convert the digital signal acquired from the quartz manometer to

< pressure, the minicomputer linearly interpolates the true pressure from

the pressure cell calibration data, This technique ylelds a certified

system accuracy of better than 0.015 percent of reading.

A reme——y  f e —




»

D.

~16-

Calibration of Test Instruments

All instruments included in the leak rate measurement system are compared
with standards traceable to the National Bureau of Standards prior to and
after each CILRT. Any instrument found to be out of tolerance in the
range of measurement for the CILRT is rejected from consideration by
eliminating all data collected from the sensor, Influence or volume

weight factors are adjusted for the remaining sensors to compensate for

the failure.
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SYSTEM SOFTWARE

As a8 minicomputer performs all calculaﬁions required to determine the primary
containment leak rate, the computer software system represents a complex
element of the leak rate measurement system. This section describes the
purpose and features of the software required to conduct the CILRT. Thiee
basic tasks are performed by the softwaré programs of the leak rate measure-
ment system., First, before the CILRT, model defiqition, calibration data,

nnd chgnnel repeatublé error correction data must be stored in the minicomputer;'
Secondiy, software programs acquire the test data and perform the leak rate

calculations during the CILRT, Finally, raw and corrected data must be

summarized after the test for plant records.

A, P{ior to the CILRT
Several programs are used to define the model of the primary containmenﬁ
before the CILRT is conducted., Based upon the number of temperature,
vepor pressure, and pressure sensors, the ﬁinicomputer allocates storage
space for the test data., In addition, the calibration data for each
sensor must be stored prior to the test. Several programs are available
to. check varlous parts.of the data entry process. The most significant
is CHECK, which allows the computer to instantaneously compare the
temperature of an installed RTD with a precision temperature standard;
Table II lists and sumarizes all software required in the preparation

for the CILRT.

B, Dburing the CILRT
As the ClﬁkT is conducted, ihe raw data must be stored, corrected

according to the calibration factors, and the results calculated. The
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primary program, FORE, receives data from the acquisition system,

corrects according to the sensor calibration factors, computes, stores,

and displays the primary containment leak rate. Several other programs
(BASE, TALLY, and LIST) provide the ability to change the sample considered
the stert of the test, provide statistical confidence intervals, and

tabulate the test results.

y

Several unique features are included to prevent the loss of data and

enhance the information provided to the test engineer. The most significaﬁt(
feature ensures that any time the data acquisition is prepared to transmit
data, the minicomputer stops all activities so that the main data collection
program, FORE, may execute, When these data have been received and results
printed, the minicomputer completes the task interrupted by the acquisition

of data. All programs are designed to be tolerant of power failure. No

previous data 1s lost when power is restored., Table III lists and summarizes’

all softwere programs required during the CILRT,

After the CILRT

After the CILRT is completed, test data can be corrected for any instruﬁent
failure and arranged for inclusion in the permanent test record. Several
software programs provide the ability to list all raw and corrected datae, .
final test results, and celibration constants. Table IV lists and

summarizes the software programs used after the CILRT is complete.

- A wen







DISCUSSION OF TEST RESULTS

Iwo CILRT's have been conducted with the equipment and techniques described
in this paper. Each type represents an extreme of conditions typically
expected during the CILRT--small volume with moderately high pressure and
low pressure with moderate volume. Both tests were conducted for at 1easf
2li hours, with data collected at least every 15 minutes., This section
presents a summary of the CILRT results., Complete reports have been filed

with the NRC's bivision of Operating Reactors. K

A. Browns Ferry Nuclear Plant Unit 2, Conducted June 1978

Browvns Ferry unit 2 is a bo?ling water reactor employing a steel pressure - ’
suppression Mark I containment. The maximum leak rate at a reduced | :
pressure of 25 psig is limited by technical specification 4.7.a.2 to less

than 0.04437 percentege per hour of containment air mass. The containment
vas modeled as two compartments--the pressure suppression chamber and the | i
drywell. 7Twenty-nine temperatur? sensors, six humidity sensors, and two
pressure gauges vere used to measure the primary containment leak rate;i

The free air primary containment volume is approximotely 300,000 cubic feet,

A 2h<hour CILRT and a 12-hour ver;fication test were conducted June 13-16,
1978. The final measured leck. rate was 0.00949 percentage of containment
air mass per hour. The observed 95-percent upper confidence limit for
this measured leak rate was 0,0099% percentage of contéinment air mass,
The mass leak rate calculahed'during this test is depicted in figure U4,
Table 5 compares test duration with leak rate and upper coﬂ}idence limit,
Clearly, the primary containment leak rate was accurately determined

within the first 4 hours of the test. Figure 4 indicates that data

collected beyond the fourth hour of the test served only to improﬁe the
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upper confidence limit of the leak rate. Figure 5 depicts the upper
confidence interval as a function of the time of data collection. The
rapid approach to the asymptotic 1imit demonstrates the value of proper
instrument selection. Complete swmmaries of the calculated test results

are included in appendix B,

~

Sequoyah Nuclear Plant Unit 1, Conducted March 1979

Sequoyah unit 1 4s a pressurized water reactor employing an‘ice condenser
pressure suppression primary containment. The maximum leakage of air at

a test pressure of 12 psig is limited by technical. specification 4.6,1.2

to less than 0.0078 percentage per hour of containment air mass. The
primory éontainment contains four compartments~-the lower ice condenser
compartment which houses the energy absorbing ice beds, the upper ice
condenser compartment which encloses support equipment for the ice
condenser system, the lower compartment which encloses the reactor and
main piping systems, and the upper compartment which encloses the refueling
work erca. The free air mass was calculated separately for each compartment,
with the calculated leak rate derived from the sum of the coﬁpartment dif
masses. Based upon the instrument selection guide, 46 RTD's were used for
containment atmésphere temperature measurement, 10 humidity sensors were
used to monitor the containment atmosphere moiséﬁre content, and four
quartz manometers monitored the total pressure. Total free air volume for

the primary containment is approximately 1.19 million cubic feet.,

A 2h-hour CILRT and a h-hour verification test were conducted March 13-16,’
1979. The final measured leek rate was 0.00011 percentege of containment
air mass. The observed 95-percent upper confidence limit was 0,00024

percentage of the containment air mass. The mass leek rate calculated is

s e e
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depicted in figure 6. Table 5 compares test results with the duration
of data collection. Clearly, the primary'containment leak rate was
accurately determined within. the first 8 hours of data collection.
Figure 7 depicts the upper confidence interval as a function of the time
of dasta collection. Complete summaries of the calculated test results

are included in appendix C.
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CONCLUSIONS

CILRTfs conducted by TVA on a high-pressure boiling water reactor éontainment
and a low-pressure ice condenser pressurized water reactor containment verify
that the leak rate measurement s&stem used with the techniques outlined in -
this paper measured the primary containment leak rate in far less than the

24 hours the tests were conducted. An &nalysis of the 95-percént upper
confidence limit of the measured leak rate indicates that the primary
containment leak rate was accurately determined with a high level of confidence

within the first 4 hours of data collection.

To consistently achieve this accuracy for future CILRT's, this paper has
outlined several key techniques. The model used to calculaée the primary
containment leak rate must compensate for areas of varying temperature, pressure,
and moisture content. The test instrumentation must be capable of extrehely
accurate and repeatable measurement of the containment atmosphere conditions.
Collected test data must be acquired quickly with reliable equipment. The

test director must be provided with accurate results during the test.

TVA will conduct futuré CILRT*s in accordance with the techniques described
in this paper. Each CILRT will be conducted for at least 4 hours and extend
until adequate confidence in the accuracy of the measured leak rate is.

achieved,
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Quantity
29

1

1

TABLE I
DATA COLLECTED BY
AUTOMATIC ACGUISITION SYSTEM

1. DBoiling Water Reactor, Pressure Suppression Containment

Function

Resistance temperature detectors (RTID's) for containment
atmospheric temperature measurement

Lithium chloride dewcels for containment atmospheric vapor
pressure measurement

Precision quartz manometers for containment atmospheric total
pressure measurement

RTD's for containment vessel metal temperature and test
station temperature

s

Mass flowmeter for measurement of induced leak required for
the verification test

Precision quartz manometer for atmospheric pressure
Suppression chamber water level .

Reactor vessel water level

2. Pressurized Water Reactor, Ice Condenser Suppfession Containment

Quantity
46

10

Function
RTD's for containment atmospheric temperature measurement

Lithium chloride dewcels for containment atmospheric vapor
pressure measurement

Precision quartz manometers for containment atmospheric total
pressure measurement

RTD's for contalnmment vessel metal temperature and test
station temperature measurement

Mass flowmeter for measurement of induced leak required for
the verification test .

Precision quartz manometer for atmospheric pressure

. ok BB mm ag. al g
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Program

Name!s!

S1

CREAM
ENTAM
ENTVW

STARTIN

CHECK

CHECK8

~31~

TABLE II
SYSTEM SOFTWARE REQUIRED PRIOR TO THE CILRT

*

Degcription
Define the integrated leak rate system parameters:' number

of RID's, dewcels, pressure gauges, analog inputs, and local.
RTD's, Create the required system files requ%red to store

the test data,

Define the sensor callbration data and volume weights. Requires
calibration reports on all dewcels and RID's that may be used

for the CILRT.

Measure the integrated leak rate system analog to digital
repeatable offset. Requires all temporary cables to be

installed and integrated leak rate system to be opérational,

Define the calibration data for the quartz manometer -pressure
gouges and any plant process instrumentation, e.g., suppression

chamber and reactor level transmitters.

Verify in-place system temperature or dewpoint measurements.

A standard for comparison is reéuired for this program.

Print all stored calibration constants required to conduct

the C1LRT.




—

Program
Neme(s

FORE

LIST

TALLY

BASE

TABLE III
SYSTEM SOFTWARE REQULIRED DURING THE CILRT

Description
Acquire containment data from the date acquisition system,

store, correct raw data, and calculate leak rate.

Print & summary of measured lesk rate., Drive an online

digital plotter to produce graphs of principal test results.
Calculate confidence limits of the calculated leak rate,

Redefine the sample considered the start of the CILRT.







Program
Name(s

AM

DUMDEV

ALRMASS

TABLE IV
SYSTEM SOFTWARE REQUIRED AFTER THE CILRT

Description

Measure the integrated leak rate system anslog to digital

repeatable offset after test is completed.

Print all raw and corrected test data,

Print a compartment summary of the measured temperature,
vapor pressure, pressure, and air mass. Correct the test

results for any sensor found out of calibration.

—
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ZABLE V
CILRT RESULTS AS A FUNCTION OF TEST DURATION

Browns Ferry Nuclear Plant Unit 2

UCL Mass

PTP Leak¥* UCL PTP* Mass lLeak
C1lLRT Luration Number of Rate Leak Rate Rate Leak Rate
(Hours) Mass Samples % Per Hour % Per Hour % Per Howr % Per Hour
8 33 0.00527 0.01693 0.00855 0.01036°
12 49 0.00798 0.02318 0.00785 0.00893
2l 97 1 0.00506 0.01921 0.00949 0.0099% -
Sequoyah Nuclear Plent Unit 1
PTP Leak* UCL PTP* Mass Lesk UCL Mass
CILRT Luration Number of ' Rate Leak Rate Rate Leak Rate
(Hours) Mass Semples % Per Hour 4% Per Hour % Per Hour % Per Hour
6 25 0.00456 0.00470 0.00193 0.00238
8 34 0.00323 0.00336 0.00159 0.00188
10 k2 0.00254 0.00265 . 0.00190 0.00211°
12 51 0.00296 0,00307 0.00178 0.00193
24 100 0.00248: 0.00258 0.00162 0.00168

¥As defined in ANS-27h4 (draft)
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INSTRUMENT SFELECTION GUIDE

The containment air mass is calculated by the application of the ideal

gas law:

_ 144 x V. x (P = Py)
B RT

W
By the mass point method the primary containment leak rate is the
normalized slope of the mass loss curve:
W= At + B,
=(4¥ 1
Lp -<dt> x <w0>x 100
The total differential of the calculated is mass is:

_ vV [dP _ dpy , dT \
dw-laaR[T TLFTZ]

Therefore,

dt dt

LR = [Qﬁ-.@.!’.vd,%_@_:fl’&] % 100

The error in measurement of the independent variables, pressure, vapor

pressure, and temperatureé determine the error in the leak rate. In

general, an upper bound on the error in measurement of an independent

variable X is:

27 1/2
E = [__x(e )2 :xé;xz ]

An upper bound on the error in a dependent variable Y, as determined by

the measurement of a set of independent variables X;, X3, « . . XN is:

Ey < [(Exl)2 + (EXZ)Z .. (EXN)Z] 1/2 ‘

Therefore, the upper bound of error of the measured leak rate can be
expressed as:

Bip < [(EP>7: + (Epy)? + (Bp?] H2

¢ )

(2)

(3

'(4)

(5)

(6)

)
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‘ The minimum change that may be reliably detected in the measurement

of an independent variable is determined by the error of measurement.

~

In general,

2 1/2 ' 4 #
dX < [—@)ﬁ—}:—(ix)- ] (8)
. .

Substituting for each independent variable differential in equation

m=[

.In the paper, "Describing The Uncertainties In Single Samp;g Experi-

(7) yields:

Ep

+ | Epy
dt dt

5 ]x 100 9

+ 'EI x Sg—zlel

measurement of each independent variable should be equal for an ) ]

optimal instrumentation system. Therefore, equation (9) may be :

t

rewritten:
- _E (P - Py) |
® g 2 Oy Je 200 | (10
If a bound on the error in leak rate is aésumed, the error in the . [

ments," by McClintock et. al., it was shown the contribution of the
|
|
|
|
|
|

ncasurement of an independent variable can be bounded.

E = Lp x dt [ T ] (11)

~——y v mws

100 [2T + (P - Py)
TVA select; test instrumentation so that 25 percent of the maximum
allowable leak rate can be measured within 8 hours. It is assumed
that data is collected every 30 minutes. Therefore, equation (11) .« {

is rewritten: N ’ [

E= (.5)(.25 x Ly x .75)[ T ] (12) t
100 2T + (P - Py) )

Substituting into equation (8) and solving for the number of

instruments yields:

. [1exzz + <§x>2] 1/2 (13) [
nyx = E2
'L




Definition ot Symbols

e - Abzolute error of the measure of a variable »
v - Absolute error of the Indication of the measure of a variable

| HR - Relatfve crrox of a variable ‘ v

| \ .

. L - Abaolute ervor of leak rate, percent of countalnment alr mass per hour
N - Number of veplications of a measurement
' i - Numker of independent measurcments
r - Absolute pre:gure, o '-
. R - Universal gas constant .

- beviation from the mean of a population
t - Time of sample

tgg - Student's t dintributfon for N-1 degrees

T - Temperature, degrees Rankine
v - Containment air volume, scf
\ - Absolute mass of containment air, lbm

"

A - Estimate corrected for replication and sample size ‘ .o

1. - Lower hound

. :
‘ 1) - Upper bound ‘ ’

v - Vapor pressme

|
|
Subscripts 1




1 APPENDIX B







-

SREET XO. f
TERNESSEE VALLEYT AUTHORITY

- CONTATNMERT LEAKAGE KEASUREMENT
. TEST SUarary
HOURS AVEANCE, COARECTLD TOTAL KASS p-1-p TOTAL TIHE NASS
SINCE {enPERATONE PRESSINE, OF AIR LEAK RATE LEAK RATE - LEAX RATE
= SIaRl DEG F. PSIA L8N 1 PER KOUR 1 PER HOUR 1'PER HOWR
----------------------------------------------------------------------------------------------------------------------- ]
= §.800 83.1399 39.8687 57471.22 f. 4800880 f.osece89 1.5780568
#.258 43.1489 39.9871 57483.46 -8.4851788 -$.£851788 -§.0951529
8.569 83.1457 39.8794 57415.82 8.9531127 -0.9146270 -0.9168397
= 0.75¢ 83,1445 39.8893 37466.92 g.462b881 9.0101843 1. 1144839
1.98¢ 83.1462 39.9814 57444.21 #.6068322 £.9191468 §.0268193
1,250 83.1499 39,8838 37457.78 B8.9149481 18187104 §.3289792
h 1.549 93,1348 3v.884% S7473.14 6. 1859814 -4,8322339 §.6151926
1.758 83.1387 39.9837 S7481.28 -1.8586627 -0.2148841 §.6034592
2.089 83.130 39.6792 57471.81 19714829 9.0351835 0.£925374
- 2.259 83.1247 39.6818 57471.3% -§.0481257 -8.0R47397 . <9.6895462
2,589 83,1497 39.8729 S0 74 - B.181789 8.6859824 8.0524634
2.158 83.1564 37.8143 ST451.42 §.3773865 84121694 §.0971955
=~ 3.8 63, 1455 39.87%8 57448.25 -9.1018252 0.9828841 . 89063895
3.259 831485 39.811 57147.48 8.1292344 0.81246025 §.9193302
3,508 13.1362 39.8749 ST15.41 -0.1934818 -g.0820937 1.9662264
he 3.753 83.1207 3R.67%4 37454.47 g.1457422 8.0877728 0T3S
1.180 83.1124 37,8484 57845.12 8.9688938 g.6110988 1.8089636
4,250 93.1959 39.8157 SHSZ.89 -0.8437346 8.96785648 §.0892504
=~ 4.5€§ 83.1€78@ 17,0489 345409 8. 0144959 . 86856247 §.0096833
. 1.4 83,188/ 0.8019 57445,59 8.8531587 8.0693083 9.6696997
5.9 97.4883 35.8483 ST434.41 g. 4028484 R B JYALLL) §.6118533
e 5.799 53.8002 39.86%4 STsATT - -0, 1445783 g.e934530 1.8102247
3.5§9 83.9517 39.86% 37459.68 -§.0341842 . §.8934518 0.6891119
5.798 53.9308 39.8655 STA33.08 g.04q8707 £.#95259% 1.4485874
= 6040 83.4335 39,36 57449.51 $.9295034 B.8862950 L 8.428362
6.251 83.2301 39.96135 57447,34 9.6156907 08264448 §.418242¢
6,583 83.¢135 39.8597 S B.8411243 9.6079722 . 8084126
= 6,159 42.9983 30.8578 57442.87 -0.0999559 8.0013834 f.0084184
1.489 82.98%9 37.8584 57439.53 98232294 1.0878788 - 0.0485228
1.258 82.9409 39.8574 §7439.18 8.0024402 §.987481 .9955850
=~ 1.53 £3.9836 39.8626 - 57447.29 -#.85644884 §.9055528 §.8882111
1.7 83.8115 39.85¢3 57428.45 #.1311519 R B 11016 6.6886126
8.40¢ 83.0852 39.8573 51437.93 -§.0649088 §.8072295 §.£935458
he 8.23§ 23.48£0 39,8536 57438.57 §.4512754 #.8085731 1.0187117
8.56¢ 82,9951 39.8533 5743239 -§.4126783 0.9979484 #.4937412
8.754 82.9729 39.8584 57475.57 1.047473% §.8090767 58889495
e 9.68 02,9445 39.854) 57433.45 -9.0548541 T 8.887362 £.8968435
2.259 82,9492 39.8198 51425.43 f.6586272 §.9980863 T 08989553
9.564 82.925? 39.0452 