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INTRODUCTION

A significant part of the surveillance requirements f'r a nuclear power plant

involves the assurance of'solation of radioactive contaminants from the

environment in the event of a radiological accident. 'The primary containment

serves as the final barrier of isolation 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 primary containment.

Appendix J to 10 CFR 50 defines the basis for a surveil1ance program to ensure

that the primary containment willperform as designed for the life of the plant.

The most significant test prescribed by Appendix J, the reactor buildingI 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 publication of Appendix J to 10 CFR 50, it has been customary to

conduct reactor building containment leak rate tests (CILRT's) for at least,

24 hours. This practice originated from experience gained in the OHNL-AEC

containment proof program. The current national standard for the conduct of

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

standard was prepared.





Experience gained by the Tennessee Valley Authority in the conduct of

CllHT's has demonstrated that the primary containment leak rate may be

accurate~ measured for tests conducted for considerably less than 24 hours.

The purpose of this presentation is to discuss the techniques, equipment,

and method of ana+sis TVA proposes to use to conduct future CXLRT's of

shorter duration than current practice. Data collected. from two CILRT's

conducted for 24 hours with the techniques and equipment described by this

paper are discussed.





TEST OMECTIVES

A. General

The reactor building primary containment is designed to prevent the

release of'adioactive contaminants to the environment either in normal

operation of a nuclear power plant or as the consequence of an accident.

Plant site meteorological conditions determine from the guidelines

presented in 10 CFR 100 a maximum 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, maximum.

The CXLHT measures the rate of release, or the leak rate, of'he primary

containment atmosphere to the environment at a test pressure of'ither
one-half or equal to the calculated peak pressure expected for the most

severe accident. 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 practical of fluid and vented to the containment atmosphere for
'the duration of the test. Lines postulated to rupture outside the primary

containment are drained to the extent practical of fluid and vented to

the environment.



0 Before a nuclear power plant may return to operation, the CILRT must

demonstrate that this measured rate of leakage is less than 75 percent

of the design maximum. The 25-percent margin provides assurance that,
with unforeseen degradation of performance, the maximum leakage will not

be exceeded.

B. Specific Objectives

The specific objectives of the CILRT are:

1. Accurately measure the actual rate of primary containment atmosphere

leakage 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 a subsequent verification test.

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.

4. Demonstrate that no potential means for the release of primary

containment atmosphere has arisen since the previous CILRT.,

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

rate of the primary containment by calculating the confidence interval
of the results.





TEST CRITERIA

A. Primary Containment Atmosphere Stabilization

During the pressurization of the primary containment, the containment

atmosphere temperature wiU. significant3g increase. This heating, due

to the work required to pressuri.ze the air, can introduce instabilities

of the containment atmosphere that may preclude the accurate measurement

of leak rate. In a similar manner, the operation of large equipment

withi.n 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 when appU.ed

to high-pressure, smaU.-volume containments. From the experience gained-

in the conduct of six CILRT's, the foUowing guidelines were prepared to

supplement the Appendix J requirement:

1. The average primary containment atmosphere temperature change should

be less than loF 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 CILRT.

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

only be operated to maintain the safety of the reactor.

4. Any air circulation equipment operated during the CILRT should be

operated continuously since i.ntermittent operation could. disturb the

containment air temperature distribution.
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e 5. Water levels within the reactor and, any other vessel within the

primary containment should be held as constant 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 primary containment

functions as designed. Follows.ng general testing practice, TVA reports

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

h CILRT is 'considered satisfactory if the measured leak rate is less than

75 percent of the design maximum. To ensure adequate confidence in this

leak rate, TVA further requires that the 95-percent upper confidence level

be less than 75 percent of the design maximum leak rate.



e
A. Containment Modeling

TECHNIQUES OF ANALYSIS

The accurate measurement of primary containment leak rate pivots on the

precise measurement of temperature, pressure, and vapor pressure. The

primary 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 fxom the rest of the primary containment. A boiling water

reactor pressure suppression chamber is characterized by humidity

approachinG the saturation point. The ice condenser for a pressurized

water reactor employs two large compartments far below the fxeezing point

of'ater. Since a substantial portion of the primary containment fxee

air volume is contained within these pressurization suppression compartments

for both reactor designs, significant errors may result in the calculation

of the leak rate if the containment atmosphere conditions are not correctly

considered by the analysis.

To compensate for the compartmental construction of the primary containment,

the leak rate is calculated fxom a model in which the containment is a

multiple element system. Temperature, pressure, and vapor pxessure 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

0





pressure, and pressure measurements are individually assigned volumetric

weighting or influence factors determined by the relative volume each

sensor represents within the compartment.

A primary containment model is developed. 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 a compartment for the CILBT.

H. l"lethod of. Leak Rate Calculation

Several techniques have been used previousIy to calculate the primary

containment leak rate. ANS 45.2-1972 recognizes the absolute and the

reference vessel methods. The proposed. standard for containment testing,

ANSI 56,8, recognizes the seme techniques, We have found, the absolute,

or mass loss, method yields the most accurate measurement of the primary

containment leak rate.

The primary containment leak rate is calculated by the application of the

ideal gas law. 17uring the CILHT, 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 uncertainty of the measured

leak rate is estimated by calculating the deviation of the individual mass

points from the least squares fit line, with adjustments for the sample

si,ze ~

C. 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 accuracy of these measurements determine the accuracy of

the measured primary containment leak rate. Prior to the performance of



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 encountered
1

in the test, this instrumentation selection guide determines the minimum
r

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, leak

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 presents an

example of the estimation of sensors required for a typical boiling water

reactor CILHT.
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MTA ACQUISITION AND HEDUCTION 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 automatica~. The principal

advantages afforded by this automatic system are highly accurate, reliable

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

the principal functions and features of the automatic data acquisition and.

reduction systems.

A. Data Acquisition System

The principal function of the data acquisition system is to periodica1lg

measure the test variables. A microprocessor controls the timing of

periodic acquisition, the conversion from analog to digital values, and

the transmission of data to the'data reduction system. The microprocessor

willperiodically 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 f'r permanent records.

Table 1 lists typical data collected. for a boiling water reactor and a

pressurized water containment. The data 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 acquisition

system.

The principal feature of the data acquisition system is the accurate,

rapid measurement of test variables. In CILHT's previously conducted by

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

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





collection, mistakes 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

variables per hour. The significant increase in the volume of collected,

data improves the confidence of test results.

B. Eata Reduction System

The primary purpose of the data reduction system is to accurate+ 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 system is transmitted to the minicomputer and

stored on flexible disks. These data are subsequently'orrected according

to each sensor's calibration data. The leak rate is automatically

calculated and results are printed on a local printer. The system is

designed to be tolerant of power failure. Figure 2 depicts the
data'eduction

system.

Several features are included in the design of the data reduction system.

The most significant is that the reliability of field test results is

significantly enhanced because no manual data entry or calculations are

required,. The speed of data reduction is significantly increased. For

a typical ice condenser, pressurized water reactor data can be coU.ected

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 may be automatically 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
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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.



INSTRUlKNTATION TECHNI UES

A. Temperature Measurement

Four-wire resistance temperature detectors (RTD's) are used by the leak

rate measurement system to monitor primary containment atmosphere

temperature. Before and after the performance of each CILRT, each RTD

is individualIy compared. with a 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 is calculated. for each RTD from

this comparison.

When installed in 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 function

of measured bridge output calibration curve is calculated for each

measurement channel. The minicomputer, automatical+ calculates and stores
4

each calibration curve. For each temperature measurement, measured bridge

voltage is first converted to resistance. The minicomputer then uses the

individual RTD calibration curve to calculate the equiva1ent 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 standard certified by the National Bureau of Standards

at five temperatures. This standard. is certified. with a measurement
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uncertainty of better Chan 0.005 F. Figure 3 depicts the difference

between the temperature measured by the standard and the leak rate

measurement system over the range of comparison. An~sis of the data

indicates that the system uncertainty of temperatuxe by the leak rate
0measurement system is better than 0.0202 F.

B. Vapor Pressure Measurement

Lithium chloride dewcels are used. by the leak rate measurement system to

monitor primary containment atmosphere moisture content. The principle

of operation of a dewcel is that certain hygroscopic salt solutions will
change the amount of water in the solution in relation to the moisture

content of the air. The dewcel consists of a thin coating of lithium

chloride between two gold wires. As the moisture content of the air

changes, the salt solution will either absorb or liberate water. This

change in moisture content of the salt solution changes the solution

resistance proportional+. 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 direct~ xelated to the solution resistance, and hence

the moistuxe content of the salt solution and the air, it is necessary

only to measure this temperature to measure atmosphere moisture content.

Three-wire RTD's monitor the salt solution temperature. Before and after

each CILRT, each dewcel RTD is individually compared with a standard

certified to the National Bureau of Standards over a temperature range

equiva3.ent to a dewpoint from 0 F to 100 F. A unique temperature as a0 0

function of resistance caU.bxation curve is calculated fox each dewcel

RTD from this comparison.
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Each dewcel is connected to a separate excitation bridge (wheatstone)

and constant voltage power supply by quickie disconnect extension cables.

As in the discussion of the air temperature measurement, a 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 resistance. The minicomputer then

calculates the salt solution temperature from the dewcel's unique element

temperature as a function of resistance curve. Equivalent dewpoint is

calculated from data tabulated. by the National Bureau of Standards.

C. Pressure Measurement

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 gust above the expected test

pressure. Each manometer and, cell is compared with a standard
certified'y

the National Bureau of Standards before and. after each CILRT over the

range of the pressure cell. Proper selection of the pressure cell ensures

the highest possible sensitivity to sma11 changes of the primary containment

pressure. The pressure measured by the quartz manometer is converted

internally to digital values by a 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 ceU. calibration data. This technique yields a certified

system accuracy of better than 0.015 percent of reading.



t D. Calibration of'est 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 CILHT is re)ected from consideration by

eliminating all data collected from the sensor. Influence or volume

weight factors are a@usted for the remaining sensors to conrpensate for

,the failure.



-l7-

0 SXSTFA SOFTWARE

As a minicomputer performs all calculations 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. Three

basic tasks are performed by the software programs of the leak rate measure-

ment system. First, before the CILRT, model definition, calibration data,

and, channel repeatable error correction data must be stored in the minicomputer.
r
I

Secondly, software programs acquire the test data and perform the leak rate

calculations during the CILHT. Fina11y, raw and corrected data must be

summarized after the test for plant records.t A. I'rior to the CILHT

Several proGrams are used to define the model of the primary containment

before the ClLHT is conducted. Based upon the number of temperature,

vapor pressure, and. pressure sensors, the minicomputer aU.ocates 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 various parts of the data entry process. The most significant

is CHECK, which allows the computer to instantaneous+ compare the

temperature of an installed RTD with a precision temperature standard.

Table II lists and summarizes all software required in the preparation

for the CILRT.

H. During the ClLBT

As the CILRT is conducted, the raw data must be stored, corrected

0 according to the calibration factors, and. the results calculated. The





primary program, FORE, receives data from the acquisition system,

corrects according to the sensor calibrat1on factors, computes, stores,

and displays the primary containment leak rate. Several other programs

(HASE, TALLY, and LIST) provide the ability to change the sample considered

the start of the test, provide statistical confidence intervals, and

tabulate the test results.

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

enhance the information provided. to the test engineer. The most significant

feature ensures that any time the data acquisition is prepared to transmit

data, the minicomputer stops all activities so that the main data co33.ection

program, FORE, may execute. When these data have been rece1ved and results

printed, the minicomputer completes the task interrupted by the acquis1tion

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

previous data is lost when power is restored. Table III lists and summarizes

all software programs required during the CILRT.

C. After the CILRT

After the CILRT is completed, test data can be corrected. for any 1nstrument

failure and arranged for inclusion in the permanent test record. Several

software programs provide the ability to list all raw and corrected data,

final test results, and, calibration constants. Table IV lists and

summarizes the software programs used after the CILRT 1s complete.



'
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0 DISCUSSION OF TEST RESULTS

Two CILHT's have been conducted with the equipment and techniques described

in this poper. Each type represents an extreme of conditions typically
expected during the CIMT--smaU. volume with moderately high pressure and

low pressure with moderate volume. Both tests were conducted for at least

24 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 NBC's Division of Operating Heactors.

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

Browns Ferry unit 2 is a boiling 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 percentage per hour of containment air mass. The containment

was modeled as two compartments —the pressure suppression chamber and the

drywell. Twenty-nine temperature sensors, six humidity sensors, and. two

pressure gauges were used to measure the primary containment leak rate. ~

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

A 24-hour CILHT and a 12-hour verification test were conducted. June 13-16,

1978. The final measured leak, rate was 0.00949 percentage of containment

air mass per hour. The observed 95-percent upper confidence limit for

this measured. leak rate was 0.00994 percentage of containment air mass.

The mass leak rate calculated during this test is depicted. in figure 4.

Table 5 compares test duration with leak rate and upper confidence limit.
Clearly, the primary containment leak rate was accurate+ determined

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

collected. beyond the fourth hour of the test served on+ to improve the
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upper confidence limN of the leak rate. Figure g depicts the upper

confidence interval as a function of the time of data collection. The

rapid approach to the asymptotic limit demonstrates the value of proper

instrument selection. Complete summaries of the calcu1ated, test results

are included in appendix B.

B. Sequoyah Nuclear Plant Unit 1, Conducted March 1979

Sequoyah unit 1 is a pressurized water reactor employing an ice condenser

prcssure 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

primary containment 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 area. The free air mass was calculated separately for each compartment,

with the calculated, leak rate derived from the sum of the compartment air
masses. Based upon the instrument selection guide, 46 RTD's were used for

containment atmosphere temperature measurement, 10 humidity sensors were

used to monitor the containment atmosphere moisture 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 24-hour CILRT and a 4-hour verification test were conducted March 13-16,

1979. The final measured leak rate was 0.00011 percentage of containment

air mass. The observed 9g-percent upper confidence limit was 0.00024

percentage of the containment air mass. The mass leak rate calculated. is
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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 interva1 as a function of the time

of data collection. Complete summaries of the calculated test results

are included in appendix C.
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CONCLUSIONS

CILBT's conducted by TVA on a high-pressure boiling water reactor containment

and a 1'-pressure ice condenser pressurized water reactor containment verify

that the leak rate measurement system 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 analysis of the 95-percent upper

confidence limit of the measured leak rate indicates that the primary

conlainment leak rate was accurate+ detexmined with a high level of confidence

within the first 4 hours of data collection.

To consistently achieve this accuracy for future CILBT's, this paper has

outlined several key techniques. The model used to calculate the primary

containment leak rate must compensate for areas of varying temperature, pressure,

and moisture content. The test instrumentation must be capable of extremely

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 wiU. conduct future CILRT's in accordance with the techniques described,

in this paper. Each CILRT willbe 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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0 TABLE I
DATA COLLECTED BY

AUTOMATIC ACQUISITION SYSTEM

1. 13oiling Water Reactor, Pressure Suppression Containment

~uunntit

29

Function

Resistance temperature detectors (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 containment vessel metal temperature and. test
station temperature

Mass f1owmeter 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 Suppression Containment

~gunntiu Function

HTD's for containment atmospheric temperature measurement

10 Lithium chloride dewcels for containment atmospheric vapor
pressure measurement

Precision quartz manometers for containment atmospheric total
pressure measurement

HTD's for containment 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
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TABJZ II
SYSTEM SOFTWARE REQUIIRD PRIOR TO THE CILRT

Progrsm
~Name a Descri tion

Sl Define the integrated leak rate system parameters: number

of RTD's, dewcels, pressure gauges, analog inputs~ and local,

RTD's. Create the xequired. system files required to store

the test data.

CRM4
EHTAM
ENTYM

Define the sensor calibration data and volume weights. Requires

calibration reports on all dewcels and RTD's that may be used

for the CIST.

Measure the integrated leak rate system analog to digita1

repeatable offset. Requires all temporary cables to be

installed and integrated leak rate system to be operational.

STARTH Define the calibxation data fox the quartz manometer pressure

gauges and any plant process instrumentation, e.g., suppression

chamber and reactor level transmitters.

CHECK Verify in-place system temperature or dewpoint measurements.

A standard for comparison is required for this program.

Print all stored calibration constants required to conduct

the CILRT.
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TABLE III
SYSTEM SOFTWARE REQUlRED DURING THE CILRT

Program
~Name s Descri tion

Acquire containment data from the data acquisition system,

store, correct raw data, and calculate leak rate.

LIST Print a summary of measured leak rate. Drive an online

digital plotter to produce graphs of principal test results.

TALLY Calculate confidence limits of the calculated. leak rate.

BASE Redefine the sample considered. the start of the CILRT.
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TABLE IV
SYSTEM SOFTWARE REQUIRED AFTER THE CILHT

Program
~Name s Descri tion

Measure the integrated. leak rate system analog to digital

repeatable offset after test is completed.

DUMDEV Print all raw and corrected test data.

AIIUSSS 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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TABLE V

CILRT RESUJTS AS A FUNCTION OF TEST DURATION

Brow>s Ferr Nuclear Plant Unit 2

CILRT Duration

colours

24

Number of
Mass S les

33

49

97

PTP Leak+
Rate

~Per Hour

0.00527

0.00798

0.00506

UCL PTf~
Leak Rate

~Per Hour

0.01693

0.02318

0.01921

Mass Leak
Rate

~Per Hour

0.00855

0.00785

0.00949

UCL Mass
Leak Rate

~Per Hour

0.01036

0.00893

0.00994-

Se uo Nuclear Plant Unit 1

CXLRT Duration

6

10

Number of
Mass Samples

25

34

42

51

PTP Leak+
Hate

~Per H'our

0.00456

0.00323

0.00254

0.00296

0.00248

UCL PTE+
Leak Rate

~Per Hour

0.00470

0.00336

0.00265

0.00307

0.00258

Mass Leak
Rate

~Per Hour

0.00193

0.00159

0.00190

0.00178

0.00162

UCL Mass
Leak Rate

~Per Hour

0.00238

0.00188

0.00211

0.00193

0.00168

+As defined in ANS-274 (draft)
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INSTRUMENT SELECTION GUIDE

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

gas law:

144xVx(P-P)
RT

i)y the mass point method the primary containment leak rate is the

normalized slope of the mass loss curve:

M = At + 8,

LR —
d

x —x 100

The tota1 differential of the calculated is mass is;

dW-"144 — —-~+~V dP dP dT
R T T ~Z

Therefore,

dP dPy + dT ~(P — P

dt dt dt T

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

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

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

variable X is:

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

the measurement of a set of independent variables Xl, X2, . . . X is:

X

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

expressed as:

E) R
< (EP) + (EPV) + (ET)





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 I/2

dX ' ( X~
nx

h

Substituting for each independent variable differential in equation

(7) yields:

(8)

LR = -p + ~ + ~ x x 100dt dt dt T
(9)

In the paper, "Describing The Uncertainties In Single Sample Experi-

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

measurement of each independent variable should be equal for an

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

rewritten:

L< —2+~x 100E (P-P)
dt T

If a bound on the error in leak rate is assumed, the error in the

measurement of an independent variable can be bounded.

TVA selects 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:

E = ( ~ 5)(.25 x L x .75) T
100 2T + (P - Pq)

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

instruments yields:

(13)



llLE>nJ c.>on ol ~>m>0>s

e - Abs<>lu<,e <.rr<>r of th< measure of a vari<>ble

A'bsol >I c < rror ol Lhr Indi< ation of thc measure of a variable

I'. - Rrl<>r lv<~ < rr>)>: of a v»rI<>blc'lI

I. - Abn<>lut r < rror <>f leak mt.e, I>crccnt of <:o<>I,nin>>>cnt, ni.r mass per hour

Number of r<~l>iicatious of a m< nsurement

N - Number nf i»dep< ndcnt m<.asurcmrnts

I' At>solute pr<:.»>r<,

R - Univcrsnl gas const.nnt

S — l)>.vlation from the mean of a population

T Im<'f. sample

«ss Stu<lent>s t <li»trlbut1<>n for N-1 degrees

'I' T<:»pere t,<<re, degrees Rank inc

V - Containment air volume> scf

Absolute mass of containment air, 1bm

.">u>s~crf ts

A — Estir>nte corrected for replication and sample size

l. - Lo"cr bound

II - I!pprr bo»nd
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TEI,'NESSEE |?ALLET AUTNORITT

CONTAINNENT LE)VASE NEASURENENT

TEST SI'.r>NT

SKEET NO. I

HOURS AUERACI. CORRECTLO TOTAL NASS

SINCE I'."PERATU'!F PRESSlhlE OF AIR
SIARI DEC F. PSIA LBN

P-T P

LEAN RATE

X PER HOUR

TOTAL TINE

LEAN RATE

1 PER HOUR

NASS

LEAk RATE

I PER HOUR

$ .444

9.259
0.5SS

9.759

I.CPS

1,259

1.5$ 8

I ~ 159

2.949
2.254
2.5CB

2.759
3.PCI
3.250
3,5)8
3.759
4.t)9
4.259
I.sel
I.TSA

S.EIQ

5.?59
5.5CS

5.TISS

6.049
6.25!I
6.5$ 4

6. 159

T.PCS

1.259
T.SCS

7.759

0,4)t
8.259

B.MB
8.759
9.4$ 9

9.?59
9.54iT

'?,159

It.)49
19.259

10.5$ 0

Ie.759
II.)f3
I I.ZSB
II.'CS
11.759

I?.CHS

83.1399
03 1489

83.145?

83. I I IS

03.1462
03.1499

03.1368
83.1367
83.1391
03 ~ I? I'1

83.1487
03.15)'I
83.1455
83.14)5
03.136?
83.1397

83.1 124

03.1459

83.IFTG

03.IIIT
83.4GP3

83.9602
03.8517
03.4364

83.4535

83.)301
03.413S
0?.'?983

82.9899
82.9809
83.9456
83.0115

83.8052

03.04 $ 8

02.9951

8'729
32.9645
82.9I9Z
82.925?

02,9438

82.8863
8?.8605

82,8753
02.0576

BZ.8318,

82.8197'2.8263

82.8IZ6
8?.8937

3'?,8007

39.8071

39.8794

39.8893

39.8819
39.88SB

39.8846
39.0837

39.0792
39.8818
39.8129
39.0743

39.8788
39.811'?

39.8769
39,GTP6

39.8684
39.8151

39.0688
~rP PAIS

39.8683

39.8694

39,86iB
39.0655

39.4651

39.8615
39.850?
'3<.8578

39i8503
3o.8578

39.8626
39.0543

39 8573

39,8538

39.8533
39.85th
39,85>3

39,8499

39.0153

39,8515
39 ~ 8430

39.8443

39.0393
39.P393

39,8384
39 '341
39,8361
39,0?93

39.0?07

57471.? 2

51483.46

57415.82

57466.83

S7469.21
57457.78

57473. 14

57481.28

57ITI,II
57477.35
51462.74

51451,62

57466.25
57>47.68
57415.41
57454.41

57445.1Z
514sz.el
57454. 49

57445.59

57431.II
57454.77

57459,68
57153.E'I

51449.51

57447.34
51441. 44

57442.87
57439.53
57439.18
57447,29
51428 F 45

57437,93

5743C.57

5T432.39
57425.57
51433.45

57425.03

57425,41

57438.31

57434.27
57434.19

57427.15
57438.32

57136.94
57395.25
574'36,32

SII IO.TB

51426. 47

- 17-

I.CSBCIN
-0,0851788

0.0531127

9.0626001

0.0460322
H.0169681

.0.1059011
-9. 0566427

0.0714629
-0.4441257
$ .1416749

0.$ 773865

.0.1018252
H,I29?340

-9.1934818
I,IIS7422
0,9608908

.8,4431366

-B.III4959
H.e. >15)7

9.)006464
-9. IIIST03
-4.4341842
I;4498707
0.0298086

9,415)9I7
H. III I 2 43

.0.0)9955'?
9. 4232Z94

I.0024482

-0,0564464
0.1311SI'1

-O.C66460O

0.)512790
-0.0126783

0.0474739
-I.ISIBSII
H.IS86272

-H. IOZ6121

-0.08994)6
I.0281550

- I,IIISSCT

I. I511460
-I.I778ISI
H.II96298
0.2983228

-1.2062534

$ .1152482

-e.lhbSSZI

O.IICSFCO
.I.4851788

-0.0164270

0,0101863

$ ,9191468
0,01871P4

-t.4022339
-O.IIOIBII

0,9)41835
-0.0047397

9.0459024
9.0121tll
0.)H28841
I.0126025

-$ .042P831

H. 407772I

I.01109) 0

4.9478668

0.9466247

H.H493083

4.0129494

0.0)54530
H. 4)36518
).4052596

I tlb295P
4.4466468
l.0079722

0.0473484
I.II78766
0.9)16894
I.OI55526

C. IC96925

0.0972395

0.0485731

0. 0079484

I.Hl'10767

l.$073921

I.I)86883
I.OI039I9
0.9058725

0,0064292
0.0462345

0.0073031

I. IO5325B

e.l)54227
9.$ 117498

0.4)52797
0.0)16171
O.llblBSB

I.CH)l00
.I.4,851529
- I.I 1 64397

I.0144839
4.4268793
I.)289792
4.0151926
I.I434592

e.e)2s314
-I.e)95462
4. 4424834

I.CP71055
I I)63095
O.t)933PZ
H. I462264
I.OP?2359

0. 0489636

0.092594
0.449)838
I.4) 96901

0.411$ 533

I.0142247

0. $ )91119
C. I)85874

O,CS836ZI

I.lt82429
I.)IG4126
0,0)84184
I ~ I485228
0.0)BMP
I.HI82111

4.OH86126

I.t485458

I.II87II7
I.N87412
C.HC89496

),4408436
I!I)89553
I. ))90162
i.0)87013

I.4484969

0.4482831

0.4982438

0.0)19415

I.t$ 76841

I.e)82442
I.I)79511
0,)019659
0.0)78516
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)LNYLSSCL /ALLLT ngTI;URII/r/FATA

IK)IEHI IEAXACL rEASUREHENT

TEST SU)IKARI

Hr)UOS

5IHCF

() I/ii'I

/(;IPArE
TE/IPERA IIN'E

016 F.

CO)'(ll C IE 0

I'RFSSURE

PS IA

TOTAL ?!ASS

0F AIR

LB!I

P-I-P
LEAK RATL'

PER HOUR

TOTAL TI?IE

LEAK RATE

I PER HOUR

NASS

LEAK RATE

L PER HOUR

--.-. ~

I;.Z58
I? F 598

12.750
13.59e

I3.?se
13.590

13.759
14,989

14.259

14.599

Ih.lse
Is.CPR

15.2JR

15.558

15. 15R

Ib.bee
16 '59
I/i.559
I/..159
I?.era
11 '/'"()

I l .ird
I/./>0
10. RIP

10.."58

I)I.SPH

IO ~ 75R

19.950
I'(.258

I ~. M4
I'?. 759

ZR.RHB

29.258
20.588

28,75tI
21.999
21.250
Zi,sea
ZI./58
??.988

Zi.?SH
2?.~88

22./SR
2;.859
23.258

23.MH
?3./58
/4.R.'8

0?..7AS/

02.1856

02.7836
02.103'5

02.0026
02.7'?61

02.0IS2
02. 1900

82.7961

82.1033

02.7051
02. 1551

02.7528
02.7142

02.7573
02,?697

0).1/91
02.704I
0?.?Obe
0?.1'/45

)I?./959
)I2.055?

02."ulh
02.0'353

0?,879?

02.90RI

02.92/i0
'V,9'?I9

03.SSZI
03.115'?

03.1738
03.2399

03.2958
03.3316
83.36")7
03.43Z'/

03 ~ 4315

03.411Z ~

83.4859
03.4113

03.48'4
03.449P

33.4951

03.4(e/
03.<685
03.5!PB

03.5733
03./ii 5(

3'?.0333

39.0291

39 02(/8

39 ~

031!i'9.0340

39.0344

39.0244

39.8398
'IP.P?66

39.0i96
39.8214
39.0i263

39.0258
39.0250
3').'(! 96

39,0261
39.0165

39.0190

39.0I98
3'r.P?dl
39.8173
'I9.0106

39.)?167

39.0?h?

39 0)55
39(.0? H")

3'!.02/9
3>.0319

39.0?11
39.0361

39.8CI3
39.0475

39.8444
3'?,0587

39.8569
39.0502

39.0699

39 '536
39.0495
39.6513
3'?.0474

39.3477

39.05il
39.e."CO

39.6:3?
3'4. 06<(I

39.0613

39,0651

57494.26
57414.71
57422.94

57426,73

57413.41
57483.37

574H9.el
57417.85
57416.57
57417.32

57494.;9
57410.50
57399.6/
57391.09
5'/4P2.79

57417.03

5/370.92
5/371.47
57304 '3

.57306.59
57312.55
573'?2.13

57390.6/
57396.35

57382.52
57368.52

57379,11

51393, "8

57)68.45
57357.46

'7359.34

57357.60

57358.43

51375.59

57375.78
57359.97

51357.09
57346.43

57351.63
57376.63

57363 '3
57352.77

57348,73
57336,15

57336.25
57352,77

5/3IP..91
5/336.'$)i

e.lshbBP3
-S.4728301
-S.I573141
-I ~ l263939
I,I927534
e.l699786

-S.P397132
-e. I611032

S,RI00987

-S.PI52Z49

I.P9/(I II?
.Q.I900008

P.1317344

e.b542246
-S.S759592
. I, Ie48232

I.2714910
S. I I S I757

-P.5529!26
- S. I I 15175

S.P9785i's

.S,I365516

.P,9454654
C.elbbbIZ
I.S963606

-S. S417698

5 '655357
-H,S9942S2

P.9920617

H.1574594

-H.RI3B758

8,4116844

8.95(R)1521

.B.IhilZHH4

-B.I362226
8.1165I35
H.s!1008dh

B. I792715
-R.S362659

-8,1743344

S.8949598

S,S722655

S.P278156

8,$ 008642

-8.9896she
-I,1152458
S.I269165
8,9074067

S.BS95llb
I.HI?8653
S. Idh'5084

d. I959546

I.S57591P

I.II87448
S.SP18646

ST S966328

S.8966724

P.9964673

S. SI70335

e,edhle59
e. 99816 34

S.S989S52

1.9975599
S.HI56958

I,RI96833
e.d89806H

I.HH09634
Q.9806624

P.R99'953P

B,QH78634

P.587!I32
8.8972312

4.8964564

I,HS17786

e.dsBshlh
I.BS71289

8,58624R6

9,elllseh
9.5896S67

S,8998782

8.8193742

I.ed85415
S.HBBHP38

S.BS92923

H.HB92073

8.8180992

e,e895672

I c ed?4015

d.l984526
8.8891681

H.H993645

e. Rle2101

P. 8 IP1812

8. HP077 I6
9.88896IH
8.9991178

P.9968982
I.SIBIZ22

I,IIBPP'?5
I.9878349
I.HI70481

I ~ 9979779

I.993l I 49

I.II791 l6
I.9470?35
I.SI7722Q
I.SI77692
I.I9764 fb
I.ddlllle
H.I5705SP

I,897057P

I.80/ill 9

I.997'9172

8.9961108

I,~ 902279

P.I882954
d.bd64?P9

P.4834615

S.PS63095

P. P I83311

P.II83738
8.8863632

P.9804457

S.f f83439
, H.IPB3641

S. SI05247

b.ed86553
I.S967706

9.5909314

d.988'14ZP

8.8869172
9.5909094

8.8998485
8.8991543

e,es922sz

l.9891468
e.d991415

4,9991821

H.IS9Z390

S.I893315

P.P994lbs
I,II94103
I. I894291

I.SI94809
- ~

-lU-
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TEHNESSEE VALLET AUTHORITI

<NUOTAII NUCLEAR PLAN -- UNIT I

CONIAIIINEkl IfAKAGf NEASURENEMT

IFST SUN!IART

AI.L COhl'ARTNf!ITS

12 PSIC CILRT

IVKIR'„. A IH NASS AIR NASS AIR NASS

SINCE I OK!'K CuNP. UPPER CONP. UPPER ICE

.ihP,T ( CN II'!I LBN

AIR MASS P-T-P TDTAI. TINE NASS

LONER ICE LEAK RATE LEAK RATE LEAK RAI'E

LBN X PER HOUR X PER KOVR X PER HOUR

C,SOH

0.($ 6

ff. $ EH

0.7$ 0

I.H!t'I

1,2$ 0

1.508

I.?$ 6

Z.PAH

Z.?$ 9

Z. "i60

'.756
3.068
3.2$ 6

3.$ ea

3.>58

l.006

1.2$ 0

I ~ $09

4, 150

5. V'70

$ .?$ 8

I'e
5 "ie
6.609
b.'i)6
6 ~ Res

6.638
6.1'.!8

7.617
'/,3!4

'!1
S.A1
0.311

'i I
?31.8

5'Io".2. I

$ 3931.?

$ 3938.1

$ 3736.9

$ 3)lu.3
'.3938.7

57929.0

57938,6
$ 3932,1
53932.8

53933.6
53934.2
53'?32.4

$ 3731.7
53931.'l
".3933.3

$ 3934.1

$ 3934.1
5'3931.4

)7734.R
l'R9Q3

$ )9'~,4
13931 o4

$ 393$ .6

$/9)I
$ 393$ ,7
5193$ .1

53935.1

5 <93JI6

539"':.0

5!937.0
'i;c937 ~ 6

9!I~8.S
? 114',')
'ill44.1
91 139.6

91 l39. I
9113".6
91112,5
'?1142.$

91141.3

9114?.6

91143.Z
91145i.B

91140.9
91151.2
9I I I'$.6
'll14f .2
91146.9

91140,9

91149.7
9! I $ 1.1

9II53.6
911$ ', I

91152. I
'll 151. Ii

9I!$ 6.6
91!51.9
9»5$ .e
91156.8

9ll$$ .7
'll156. 2

9!1$6.3
91155.0
91'157.9

91157.9

71~I "

7 IOI!.0
7I80.7
7IBH.S

1182,0
7!ca.e
710'i. I
?697.9

1897.6

7169.5

1101.4
7181.8

71S2.6
76'?7,7

1890,9
7697.0
79'?1.4

1897.6
7181.3

7u90.1

7692.6

76?8,7
7894,1

7696.2
1890.6

7890,8
7e96.0

7697,$

1895.9

1897.1

7993.7
7693,2

7993.4.
76'll. I
7607.0

1699.5
I696o.d
16966.7

Ic 965.9
16963.2

16962.1

169Lb.b

16959. I
16951.7

16956.6

16955.6
16954.6

16953.0

1695Z.4
1695S.5
1694'?.3

16947.7

16947.1

16946.6
lb'l45.5
16944.3

16943.1
16'l4 I .'1

Ih<40.0
I694d.e
16939.5

1693S,5

16931,9

f6937.P
16<35.3

1693I.Z
16'?32.9

16931.0

16931.3
16938.I

e.eaese

b.eesze
-8,68200

S,effbb
e.eez77

-e.eeeIB
~ e.ess37
P,01334

9.88807

-8.0$ 9el
-S.BSISI
-0.88271
~ 8.81270

P.HS318

0.62313
6.06590

S.es2.4s

-0,0$ 720
~ e.el13e
B.eebzl
H.PS9PI

6.01171
-s.ee20$

0 ~ 68'i"7
-8.08495

.0.8187?
P.HC«9

e.80376
9.61057

8.68848

9.91110
8.68244

H.ed499

.8.90525
8.81124

e.eeea6

9.8002S
0.88266

8.98133
S,SS619

B.HSIS6

S.SS390

P.S8532

S.SH576

H.eellz
S.PS323
s.'sezbs

s.del39
S.SS153

S.SH31Z

S.SS331

8.88326
S.88764

S.SBIS6
0.8828'l
s.se240

H.SSZ92

S.S8266

e.He?41

H.ee219

H.SSI59

S.ee172

S.88116

9.6819Z

8.68105
8.88217
e.He?Is
8.99227
9.68283
B.eb231

e.sbeee

9.88821
H,eb266

B.P0639

S.88633

H.S8534

H.S9439

H.de473

H.e05!s'.86463

S.PS391

H. N322.

B.SHZ29

H.PHI73

B.e0191

P.H6213

H,HPZZS

9.88223

H.PSI97

S.SSISI
e.celeb
S.eel90
8;98282
H.ee"SC

8 ~ 83193

9.88176
H.e4164

S.HB156

H.eelsz
9.0814'1

S.H8153

9.98155

H.selbe
H.SS1$ 9

S.db!64





'LHKLSSEC. OAII.Lr AUrnORtrr
SfnUorAH ttucLEAR Pl AHT -- Ut:lr I

".OIIIA I tt?ICHT I.CNACE tfEASUREHENI

IES'I S'RIKARY

ALL COIIP."P. f tKt?TS

I? PSIG CILRT

IIOURS AIR tIASS AIR YASS

SIHCC LIIKER COIIP. Uf'f'ER COKP.

SIARI Lett LIIN

AIR IIASS

UPPER ICE

Le?i

AtR IIASS

LOMER ICE

LB?I

P. f-P TOIAL TIIIE IIASS

LEAK RATE LEAK RATE LEAK RATE

X PER HOUR 1 PER HOUR X PER HOUR

II.5&4

0.0th
9.8&4
'?,314

9.5&h

9.0I4
Ib.0&4
16.314
Ie.'&4
IP.GI4
10.'I24

II.O&4
II ~ 314

I I.'!&4

11,014

I I,Ph I
I Z. 314

Ic.5>4
I 2.014

I3,$ ) I

13,314
13,5'4
13.l'Ih
1<.ihh
14.31 1

! I.5&4

14.014

15.6&4

15.314
l5.5&4

15.011

Ib.ehh
1&.314

1&,5)i4

I &.ttfh

53934.5

53936.0
53936.3

53937.2
53'?30.1

53'?30,4

53930.5

53939.1
53'?39.7

53941.2
53940.0
53'?4?.1
', 3'?41.2

)3939.7
5 i'?39.v
53"..I') . 6
r.ni)tp

~".93'].7

>)<.'(1,4

5393I.5
5 )37.2
53937.0
5)937.6
.)3'?30,0

5'1939.7

53939.0

53ihl.h

l)3941,9
53948,1
53939.9
5?'?39.2

5?948.3

53941.h

. 53941. I

5 '942.4

91156.8

91155.5
91155,7

91156.1
91156.0
91159.3
911&0.4

91159.?
'Itll62.3
9II63 ~ 6

)f1&i.5
91I()).h
91166.2
911V.i
9II&3.9
') I lb')
YIIIA.5
QI I) ~ 'h I)

9I I &4 ~
i'.

91163.2
) I lh:I, I
9llb3.0
'? I lb) .'?

91169.4

91170,3

911 &fi,5

91172,6

91173.7
'?117?.5

91171.'I

91172.3
91174.6
91175 '
91170.3
9117&.6

709$ .9
7091,1

7091,5
7092.4
7098.3
7005 '
7003 '
)091.7
",693.2

7006.6

7004.0
7)IOS. I
'I070.3

VOP)i.e

7005,0

7807.I
7005.5
va06.6

7000 9

te:,O.I
IB98.0
7909.9
7696.5
7696.fi

7696,I

,7000.7
IP05.6

7879.9
V$79,6
7079,6

7605,8
7670.4

7679.0
7079.0

7674.3

16920.5

16927.1

169?b.Z

16925.5
16924,0
16'724,1

16922.0

16921.0
16921.2

16920.5

169?$ .2
16928.2

16910.6

16916 5

16915.Z

16914,3
I&9ID.5
IV)I2.6
16911,8

I&918.1

1&989.1

I &91"1.3

t6'787.5

16966.9

1&986.2

I&955.3

f6984.4

16983.4

16962.t
1696$ .6
16099.6

16099.2

16090.4
1&097.3

1&096,3

$ ,08039

B.e$ 526

8.0$ b2Z

-8.05304
$ .88311

$ .08673

$ .054?5

-e.01527
-8,81116

$ .81868
-$ .$ 8270

5.0$ 3)39

0.01737
O.OOII3

-0.08396
.I'.05122

O.OOI&6', $ 5133

O.P"696

$ .$ 6155
d.'Idbev

8,05436
-$ .55035
-$ .58758
-$ .88152

8.56949
-8,88445

S.S1231

b,8 1 tel
8.65573

8 ~ Bltlvh
-B.BS314

-8.88665
-Q.ee?00

8,$ 1648

8,88249
$ .$ 8243

$ .$ 8236

$ .$ 8228

8,$ 82Z2

S.eb234

8.$ 5230

$ .88196
$ .65165

S.SS105

8.80101

S,BOIB3

8.$ 521B

8,56123
$ .88216

$ .88263
8.0$ 28Z

0.051 BI

8.65285
B.doc.$ 4

S.OS20$

6.06285
5.$ .106
8.68169

8.68163
8,$ 5177

S.BSI67

8.$ 8104

8.$ 6199

S.SOZ65

$ .56?65

8.851,97

8.86103
S.BS176

$ .86190

0.$ 8171

0.$ 8177

8.85108

0,88102
8.00104
$ .$ 8106

B.S819$

8.$ 6107

0,88101

e.eelvs
e,be175

$ .88172

B.oelvh
8,88177
B.ebtvu
8.08170
e,eelve
8.50179

S.eel?9
B.SSII9-
8.85179

B.SOIBb

8.58179

8.$ $ 175

8.68172

8,$ 6176

8.85160

8.86167

5.$ 6160

$ ,$ OI69

8.55175

0.$5171,
8,5817$

e.eel&9
B.eet78



e
II:Rtrl:SSEE VALI.I'I A«ITHORITT

SFOUOTA!l MULIEAR PLANT -. UNIT I

C«3RTAIINLNT LEAKACC NEASURENCHT

TEST 5«!I«'«ART

Pill CONPr'r'I ft«c HTS

12 PSIC CILRI

} «UAS AIR NA AIR tlASS

SINCE LOMER CORP. Uf'PER CONP.

START LBN LBN

AIR NASG

UPPER ICE

LBN

AIR NASS P-T-P TOTAL TINE NASS

LOI!ER ICE LEAK RATE LEAK RATE LEAK RATE

LBN X PER HOUR X I'ER HOUR X PER HOI«R

17.054

11.314

I7.564
11.014

IO.H64

10.314

IO.564
IS.GII
10.9.'t
I9,1«36

19.436

I r.! «36

19.9 «!

cP. r 06
t 16

? r'..h06

s,l o r36

? I. IO ~

21. I'36

21.!,06
2'..936

2?.1"5
ZZ. I36
22.60!
2c..9>6

23.1««6

23.436
Z3.606

23.936

21.106

Z4.436

24.6M

53941.1

53949.9
53948.4
53940.6

53946,6
53940.4

53946.2
53940.3
5394 1.3
53SI3.5
5394?.8

53940.9r

53912 ~ I
~3rl?.4
5

5394i..l
53')43.a

53913.5
53143 ~ Ir

5 94?.4
53944,7

53945.1

53917.3
539IS.S
53949 ~ 0

53949.6

53947,3
53945.6

53946.8

53946.9
53946.6

53946.9

91110.1

91114.6
91175.7
91117 ~ 3

91171.6
91176.5

91114.1
9I!76.9
7ll70 ~ 2

91179.3
9IISB.I
9<177.8

91170,4

7llr7 F 6

91179,2
".117'?.I

91,179,6

91 IS.«,S

91101.2

9 1 1 06.3
9I IS 1.9
'11104.1

91187.3
91100.9
91191.7

91191.5
91109.3

91107.3
91103,I
91105.4

91101.3
9110'/.9

7072.9

7074.6
7077.0
7!«73, 2

1873.3
7079.0

7001.2
700?,2
7001.!«

7001«.3

1979.1

7079.1

70?e.e

7010.5
7010.6

7070 6

7070.7

7077.7
7971.9

7S18.7
7879.8

7970.0
7078.6
7S?S.S

1068.0
7962.2
7667.1

707B.S

7874,0

7974.0
7913.8

7974,0

16095.1

16893.8
16092.7

16091.0

16S98.7

16009.4

160SS.Z

16087,4

16007.4

158S6.7

16005.5

16081.2

I6003.3
I608?,4
16001,7

16006 '
160SH.2

16079.3
16370.4

15077.3
16076.7

16076 '
16076.8
1601 S.6

16075.1

16073.5

16071.9

16079.3
1606'1.3

16060.3

16867.5

16066.6

$ .00551

0.00'?07

AS.BIS68

8.011$ 2

$ ,88174
-S,00916

8.86399
-e.sos69
-0.80962
-S.RP255

9.0811S

S.81135

"B.BSS41

S.06311
-0.00270

B.HH383

-8.09299

0.0S251
-$ ,80033

S.00299
-S.es?SS
-$ .08399

-S.BIBZS
-8,086H3

8.81568

S.92$ 26

S.SB281

S.SB356

S.08181

-e.seesl
-e,s8392
e.see?2

H.08263

S.BS215

8.88196
H.H0289

B.S8289

B.S8193

p,esl96
8.08106
S.H0170

S.HI«I73

$ .9018S

S.S8192

H.SS109

B.H019S

H.HI«ISS

B.eels6
$ .08108

0.69181
$ .08179

e,eslse
B.SB169

e.ee163
9.8$ 15H

S.HS141

H.$6156

9.$ 9176

H.HSI77

$ .$ 0179

B,PBI79

e.e9177
e.sp171

e;B&169

H.HI«I7I
'.H6173

S.60173.
8.98175

B.e«3176

B.HSI76

$ ,90176

ST 08176

B,He!75

H.P8173

9.0el13
8.06173

e.99173

9.96173'

'0173
8.88173

S.SPI72

B.He!72
9.08171

H.QPI7e

B.HHI69

Q.eelbs
B.HPI66

Q.P$ 163

s,eel62
B.SB162

S.SSI62

S.S6162

S.S$ 162

S.SS162

S.BH162

s.eslbl


