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l.o

SYNOPSIS

The Three Mile Island Nuclear Station Unit 1 reactor containment
building was subjected to a preoperational integrated leak rate test
during the period from March 19, 1974 to March 22, 1974. The purpose
of this test was to demonstrate the acceptability of building leakage
rates at interna) pressures of 55 psig (Pd) and 30 psig (Pt). Testing
was performed in conformance with the requirements of 10 CFR 50,

Appendix J and ANSI N&45.4-1972.

Leakage rates based on the total tiwe method of analysis were found
to be 0.043 percent per day at 50.6 psig and 0.031 percent per day
at 30 psig. These leakage rates are well below the allowable
leakage rates of 0.075 percent per day at 50.6 psig and 0.058

percent per day at 30 psig.

Ltm/Lam was therefore established at 0.720. In accordance with the
Three Mile Island Nuclear Station Unit 1 FSAR, Sectiom 15.4.4.1,
Amendment 47 (Technical Specificationms), all subsequent integrated
leakage rate tests at Pt shall be perfcrmed at the maximum allowable
value of La (Pt/P;)" since Ltm/Lam is greater than 0.7. Therefore,

these retests may not exceed the 0.75 Lt value of 0.058 percent

per day.

The final leakage rate of 1.13 1lb/hr at 30 psig was obtained after
the reactor containment building was depressurized, adjustments made
and the building again pressurized (prior rate was 20 lb/hr). The
adjustments made consisted of tightening mechanical joints and
packing in the main steam system and adjustments to purge valves

AH-V1A, AH-V1B, AH-VIC and AH-VID.

GILRERT ASSOCIATES INC
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Since the industrial cooler system was in operation during the
leakage rate tests, addition of the local leakage rate of the

system isolation valves (RB-V2* and RB~V7) to the measured values

of Lam and Ltm could be considered. However, the combined local
leakage rate of both these isolation valves was only 0.00008 percent
per day. Hence, there is no point in adding this negligible value |

to the measured leakage rates.

The supplemental instrumentation verification at Pa and Pt was
10 percent and 1.3 percent, respectively; well within the 25 percent

requirement of 10 CFR 50, Appendix J, Section III A.3.b.

All testing was performed by Metropolitan Edison Company/General
Public Utilities Corporatiom with the technical assistance of
Gilbert Associates, Inc. Gilbert Associates, Inc., has previously

supplied technical direction for seven integrated leak rate tests.

Procedural and calculational methods were witnessed by Atomic
Energy Commission (AEC) personnel, a NELIA representative and
auditied by the General Public Utilities Corporation site quality

assurance audit staff.

GILBRERT ASSOCIATES 1INV
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INTRODUCTION

The objective of the preoperational integrated leak rate test was the
establishment of the degree of overall leak tightness of the reactor
containment building at the design pressure of 55 psig and to establish |
a reference test for suvsequent perindic integrated leak rate tests

at 30 psig. The allowable leakage is defined by the design basis
accident applied in the safety analysis in accordance with site

exposure guidelines specified by 10 CFR 100. For Three Mile Island

Nuclear Station Unit 1, allowable integrated leak rates are as

follows:
Allowable
Integrated Leak Rate
Conditions (Percent per day)
Design (55 psig, Pd), Ld 0.100
Peak Calculated (50.6 psig, Pa), La 0.100
Reduced Pressure (30 psig, Pt), Lt 0.058

Testing was performed in accordance with Gilbert Associates, Inc.,
procedural requirements as stated in Three Mile Island Unit 1

Test Procedure, TP 150/3, TcN-1(%).

This procedure was approved
by the Three Mile Island Nuclear Station Unit 1 Test Working

Group prior to the commencement of test.

Prior to the accomplishment of the preoperational integrated leak
rate test the structural integrity test of the reactor containment
building was ﬁcrforned at an internal containment building pressure
of 63.2 psig. The results of the structural integrity test are

reported in a separate document (GAI Report No. 1838).

1408 Do)
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The combined local leakage rates from reactor containment building
isolation valves and penetrations tested was less than 00 percent
of the maximum allowable leakage rate at 55 psig prior to commence-

ment of the integrated leak rate test.

Leakage rate testing was accomplished at each pressure level of

30 psig and 55 psig for a period of 24 hours. Each 24 hour period
was followed by a 12 hour supplemental test for a verificatiom of
the test instrumentation. During eac. 36 hour period of testing
reactor containment building internal temperature was maintained at

71.5:0.3°F. except for hour 8 at Pd.

1408 Joh
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! 3.0

3.1

ACCEPTANCE CRITERIA AND CONCLUSIONS

ACCEPTANCE CRITERIA

Acceptance criteria (prerequisites, arrangements, methods and analyses),

(2)

established prior to the test and specified by 10 CFR 50, Appendix J $

(3)

ANSI N45.4-1972 ; and the Three Mile Island Nuclear Statiom Unit 1

FSAR, Sectiom 15.4.4.1, Amendment 47, are as follows:

a. The measured leakage rate (Lam) at the peak calculated pressure
of 50.6 psig (Pa) shall be less than 75 percent of the maximum
allowable leakage rate (La), specified as 0.1 weight percent of
the bullding atmosphere per day by the Three Mile Island Nuclear
Station Unit 1 FSAR, Section 15.4.4.1. The acceptance criteria
is then determined as follows:

La = 0.1%/day
0.75La = C.075%/day

b. The measured leakage rate (Ltm) at the reduced pressure of
30 psig (Pt) shall be less than 75 percent of the maximum
allowable leakage rate (Lt) at Pt. For purposes of the
preoperational integrated leak rate test at reduced pressure,

Lt was determined as follows:
Lt = La (Pt/Pa)%

Le = (0.1)(30/50.6)"

Lt = 0.077%/day

The acceptance criteria for the leakage rate at Pt then was

determined as follows:

Lt = 0.077%/day

1408 63

0.75Lt = 0.058%/day
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3.2

e, The acceptance criteria that the test instrumentation be verified
by means of a supplemental test within 25 percemt La (or Lt)

was established in accordance with 10 CFR 50, Appendix J.

CONCLUSIONS

a. The measured leakage rate (Ltm) at a containment internal pressure |

of 30 psig (Pt) was 0.031 percent per day. This value is well
below the previously stated acceptance criterion of 0.058 percent
per day. Thercfore, reactar containment building leakage at
reduced pressure (Pt) o£'30 psig is considered to be acceptable.
b. The measured leakage rate (Lam) at a containment internal
pressure of 50.6 psig (Pa) was 0.043 percent per day. This
value is well below the previously stated acceptance criterionm
of 0.075 percent per day. Therefore, reactor containment
building leakage at peak calculated pressure (Pa) of 50.6 psig
is considered to be acceptable.
e, The conclusion as to the acceptability of the measured leakage
rates (Ltm and Lam) is further strengthened by the fact that
only four of the forty-eight measured leakage rates were
outside the limits established by the 95 percent confidence level.
d. Verification of test accuracy at Pt and Pd was accomplished by
means of a supplemental test in each case, during which a
superimposed, controlled leakage rate from the containment was
instituted. Appendix J of 10 CFR 50 requires that the results
of supplemental tests be within 25 percent of La at peak

pressure (Pa) and within 25 percent of Lt at reduced pressure

(Pe).

1408 066
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The following summary indicates values for these tests:

'

Ly
24 Eour Suppler : .al Test

Leak. 32 Rate Leaks ~ Rate Difference Difference
(1b/ix) (1b/ar) (1b/hr) (%/day)
Pd 5.87 9.24 3.37 o.011
Pt 1.13 1.00 0.13 0.001

A comparision of these results yields the following:

, Lam _ (0.011x0.96)%Z/day _
At Pa: T 0.1%/day 0.10, or 10X of La

Lem _ 0.001%/day

At Pt: T0 = 0.077%/day

= 0,013, or 1.3 of Lt

These comparisons are both well below the 25 percent .. 't
specified by Appendix J of 10 CFR 50. Therefore, the supple-
mental tests are considered to have satisfactorily verified

the acceptability of the test instrumentation.

The conclusion as to test cata accuracy based on supplemental
tests is further strengthened by the fact that measured leakage
rates during the supplemental tests were all within the limits
estab.ished by the 95 percent confidence level, except one

data point.

When the results of instrument calibration checks made followiny
the completion of testing were compared with checks made prior
to testing, it was concluded that no drift to the instrumentation

had occurred.

1408 067
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In accordance with 10 CFR 50, Appendix J, the following
conclusion was reacred concerning the value of Lt to be used
for subsejuent reactor containment building integrated leak

rate tests:

Lt = La (Pt/Pa)?
Lt = 0.1 (30/50.6)H

Lt = 0.077%/day

This determination of Lt was used since (Ltm/Lam) was greater

than 0.7 (i.e., Lem/Lam = 0.72).

The acceptance critesrion for subsejuent integrated leak rate
tests then becomes 0.033 percent per day. This value was

deternined as follows:

Lt = 0.077%/day

0.75Lt = 0.058%/day

From the above value of 0.058 percent per day, it will be
necessary to subtract 0.025 percent per day (see Section 4.4
for derivation) to account for instrument error as required
in Appendix J, 10 CFR 50, III.A.3.c. Hewce the value for the
acceptance criterion becomes 0.033 percent per day, as st-ted

above.

1408 068
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1 4.0 TEST INSTRUMENTATION

i 4.1 SUMMARY OF INSTRUMENTS
Test instruments employved are described, by system in the following

subsections.

4.1.1 Temperature Indicating System
Overall system accuracy: £0.34°F.

Overall system repeatability:

Components:

0. 34°F

a. Resistance Temperature Detectors

Number 24 (TE-6550, out of service
prior to test)

Manufacturer Rosemount

Type Model 104 AAN, 100 ohm,
platinum

Range, °F 65-115

Accuracy, °P $0.1

Repeatability, °F £0.1

b, Indicating Readout Devices

Number 3

Manufacturer Leeds and Northrup

Type Model 8064

Accuracy, °p 0.24

Repeatability, °F 0.24

CILBERT ASSOCIATES INC
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10

&:1:d Dewpoint Indicating Svstem

Overall svstem accuracy: £1.0°F,

Overall system repeatability: 0.50°F.

a. Dewcel Elements

Number 10
Manuiacturer Foxboro
Type Model 2711 AG, 18 carat gold

b. Dewpoint lecorder

Number 1
Manufacturer Foxboro-Yew
Type Model Y/ERB12
Range 0-100°7

4.1.3 Pressure Monitoring System

Overall system accuracy: 20.015% of indicated pressure.

Overall system repeatability: 20.0005% of indicated pressure.

Precision Pressure Gauges

Number 2
Manufacturer Texas Instruments
Type Model 145-02

Range, psia 0-100

4.1.4 Suprlemental Test Flow Monitoring 3System

Overall system accuracy: =1% FSA

Flow Merer

Number 1 \ 4(353 047()

GITRERT ASSOCIATES INC
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4.2

Manufacturer Brooks
Range, lcgb. at 0 psig
and 100°F 30.9-30y
SCHEMATIC ARRANGEMENT
The basic arrangement of the four reasuring systems summarized in

Section 4.1 is depicted in Appendix A.

Temperature semsors (TE-655) were placed throughout the reactor
containment building volume to permit moniiuring of internal
temperature variz~ions at 24 locations. RTD TE-6550 was found

to be shorted before the test and was therefore abandoned.

Dewcels (TE~654) were placed in 10 locations as shown. Nc

special orientation or loc~tion of these instruments was considered.

Placement of temperature sensors and dewcels was as follows:

No. of Temperature

Indicators No. of Dewcels
Location (TE-655) (1E-654)
Basement floor 5 2
Mezzanine floor 5 2
Operating floor “ 2
Top of secondary shield 2 2
Crane hook 2  §
Crane bridge 4 0
Top of elevator 2 1

These 34 sensors, placed as indicated, made possible the most

representative measurements of reactor containment building internal

1408 071
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4.2

4.3.1

atwospheric conditions, especially since continuous mixing of the
atmosphere was taking place through the two building recirculation

unics.

The precision gauges (PI-390 and PI-391) and the flow meter (FI-110)
were located within 20 feet of the sensing line penetrations from the
containment. Condensation and temperature effects on the sensing

lines were thus minimized.

CALISRATION CHECKS

Temperature anc presscre measuring systems were checked for calibratiom!

before and after the test runs as recommended by ANSI N&45.4-1972,

Sections 6.2 and 6.3.

Temperature Indicating System Calibration Check

The temperature indicating system was checked by immersing a TE-635
RTD in a water bath which was temperazture monitored by a second test
RTD witn an accuracy of +0.34°F. The TE-655 RTD'S were comnected
to the Leeds and Northrut:» Model 8064 bridge wilh the test RTD (bath)
temperature aud each TE-655 RTD temperature being recorded. The
test RTD (bath) temperature ninus'th.e TE-655 RTD temperature is the

difference value shown in Table 1.

This same check was repeated following the test. Data are presented
in Table 1. The acceptance criterion applied to eacih RTD checked
was that the difference in measured temperatures should not exceed
the sum of the accuracies of the two measuring systems, 0.3401-‘ +

0.34°F, or 0.68°F,

1408 072
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TABLE 1

TEMPERATURE INDICATING SYSTEM

CALIBRATION CHECK

13

RTD INDICATION DIFFERENCES BEFORE AND AFTER TEST

Instrument

Number

TE-655A
TE-6553
TE-655C
TE-655D
TE-655E
TE-655F
TE-655G
TE-655H
TE-6551
TE-655J
TE-655K
TE-655L
TE-655M
TE-655N
TE-6550
TE-655P
TE-635Q
TE-655R

TE-6538

Difference

Before Test (°F)
-0.22

+0.35
-0.55
+0.30
-0.60
-0.11
+0.30
+0.15
+0.15
-0.30
+0.04
+0.08
+0.39
+0.13

N.A.
-0.30
-0.10
+0.02

-0.50

GILBERT ASSOCIATES INC

Diffcroncg

After Test F

+0.23
-0.54
-0.40
-0.16
+0.26
+0.22

0.00
-0.30
+0.30
+0.27
-0.32
-0.40
+0.53
+0.32

N.A.
+0.57
-0.50
-0.05

+0t53
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TABLE 1 (Cont'd)

Instrument Difference Difference
{ TE-655T 40.05 +0.47
;i TE-655U . +0.30 +0.52
? TE-655V +0.40 -0.52
| TE-655W -0.15 -0.19
| TE-655X -0.05 -0.32
- om 2.10°F 2052
| Average = total/23 -0.01°F +0.02°F

‘Qog 074
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L 4.3.2

°F after

The average cifferezces of -0.01%F before the tes: a=é +0.02
the test are well within the e, value of 0.071°F. (See Section 4.4.)
This cozparison validates the acceptadilisy of the texmperature

monitoring systex.

cint Indicating System

The dewpoint indicating system was checked by irmersing a flushed
TE-654 dewcel (RID) in a water bath which wvas temperature monitored
by a test RID with accuracy of +0.34°F, Bath temperature was
converted to dewpoint temperaturc using Fczboro Calibration Curve,
DI-2. The difference between the dewpoint indicated by the dewpoint
recorder and that obtained from the test RID, using Foxboro Calibra-
tion Curve, DI-2, was recorded for each dewcel RID (i.e., bath

dewpeint minus indicated dewpoint).

This same check was repeated following the test. Data are precented
in Table 2. The acceptance criterion applied to each TE-654 dewcel
checked was that the difference in dewpoints should not exceed the
sum of the accuracies of the two methods used, 0.34°F + 1.0°F, ar

1.34°F.

The average differences of +0.08°F before the test and 0.22°F after
the test are well within the €s, value of 0.316°F (see Section 4.4).
This comparision validates the acceptability of the dewpoint

indicating system.

1408 )79
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TABLE 2

DEWPQINT INDICATING SYSTEM

CALIBRATION CHECK

DEWCEL INDICATION DIFFERENCES BEFORE AND AFTER TEST

Instrument

Number

TE-654A
TE-654B
TE-654C
TE-654D
TE-054E
TE-654F
TE-654G
TE-654H
TE-6541
J{E-654J

TOTAL

Average = tstal/l0

Diffareice
Before Test
S

S i - -
0.00

+0.13
+0.03
+0.13
+0.30
+0.03
+0.30
+0.03

0.09
-0.13

+0.82°F

+0.08 °F

Difference |
Aftcs Test
F

S i ¢ - ~

+0.30
+0.10
-0.10
+0.20
+0.30
+0.20
+0.30
+0.30
+0.40

+0.20
+2.20°F

+0.22°F

1408 D76
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4.3.3

4.3.4

Pressure Monitoring System

The pressure monitoring system could only be checked against itself
on-site due to the extreme system accuracy, *0.015 percent of the
indicated value. This system was checked before and after the test
by comparing the indicated pressure from the two instruments (PI-390,
PI-391) and determining the difference at various pressure levels.

Data are presented in Table 3.

The acceptance criterion applied was that the difference in pressure
(at 55 psig) indication between the two instruments should not exceed
20,30 percent of the indicated pressure, or twice the accuracy of

one instrument. The factor of two was based on the assumption that
one instrument could be indicating +0.015 percent while the other

indicated -0.015 percent of the true pressure.

This comparison validates the acceptability of the pressure monitoring
system. Further confidence in the system was derived from review
of differences in indicated pressures during the tesrs at 30 psig and
55 psig. The differences did not exceed 0.021 psia at 30 psig and

0.015 psia at 55 psig.

Supplemental Test Flow Monitoring System

The supplemental test flow wmonitoring system could not be checked for
calibration at the site. It was assumed that factory calibration was

valid.

\AOB Q?7
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TABLE 3
PRESSURE MONITORING SYSTEM

CALIBRATION CHECK

PRESSURE INDICATOR DIFFERENCES BEFORE AND AFTER TEST

Approx. Difference* Difference* +0.0302 !
Pressure Before After of Indicated
Level Test Test Pressure i
(psia) (psia) (psia) (psia) ;
29.7 0.025 0.006 0.009
44,7 0.015 0.009 0.013
54.7 0.015 0.009 0.016
69.7 0.011 0.015 0.021

*Difference = TCPPI-39O - TCPPI-391 where TCP is the true corrected pressure

derived from indicated counts using Texas Instrument interpolation tables.

\AO% O?B

GILBERY ASSOCIATES INC




- e

19

4.4

‘.a.l

ERROR ANALYSIS

The basic sources of poteantial error in any leak rate test must

be considered and evaluated, these being systematic and random error.

Systematic Error

Systematic error, in this tes:, is induced by the operatiom of

the two temperature and the one pressure indicating system.

Justification of instrumentation selection was accomplished as
follows, using manufacturer's accuracy and repeatability tolerances

stated in Section 4.1, and listed below, and reference 3.

Ins trument Accuracy Repeatability

PI-390, PI-391 £0.0015% of 20.0005% of
indicated indicated
pressure pressure

TE-654A through a .
TE=-654J :1.0°F 20.5°F

TE-654A througb .
TE- 655X £0.34°F £0.34°F
The leakage rate, in percent per day (Z/day), based on an interval

or measurement of 24 hour duration is

P oB = Pwvo’ psia = partial pressure of air at start

, psia = partial pressure of air at finish
24
ro = building mean ambient temperature at start,

Pou " P12y = Py

°r

Tzé = building mean ambient temperature at finish, °R.

\ B‘OB \.)79
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The change, or uncertainly level, in L due to uncertainties in the

systematic measured variables is given by
TP L rP 9L T 3 L TT 2 4
Sl ("—' 2") *(3 "'(‘51'_ °> *e?_ 2“) i
26 o 24 .

where T is the systematic error for each variable. The error in L

after differentiation is

2 2 2 2
T, Pay Pz T, P, 2:. r /P To %
‘L = 100 F__?_—— -+ ‘——-——5—-
o 24 P P y
o 24

where:

= and e = TP
PO Pza 24

e = ‘r’l‘z“

Since the values of ‘1“J and '1‘2 are essentially the same, within

4

0.3°P, and P_ and P,, are essentially the same, within 0.044 psia,
o

24

letToﬁT and P = P

2% 4 24" The systematic error in L then becomes

2 k

2
¢p ' 3
e, = 14l.4 <p- + |5 (1)
(o] (o]

i
-—

where the error in pressure (ep) may be expressed as
2 2\*
p <‘P il )
a b

@ = error induced by two precision gauges, or

(0.00015)‘ (65.3) psia
(2)*

0.0069 psia \6,08 080 .

o
L]
"

L]
"

GILRERYT ASSOCIATES "N
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and
ep, = error induced by Dewcels, or

2.0 o
= 2 ——— VF
" 7 o)t

e = 2 0.316°F

From steam tables, at a dewpoint of 60°P. the pressure equivalent

to + 0.316°F is
epy * % 0.0028 psia

Therefore,

%

¢, " £(0.0069)% + (0.0028)%] psia

ep = * 0.0067 psia

The error in temperature (e.r) may be expressed as

e. = 0.071°F

-

Hence, for the values at Pa,
A 65.300 psia

o
" 531.41°R

and substitution into equation (1) yields

0.0067)2 ( g_.g7_1)2

G = 1614 (65.300 531,41

La

-

o, 20.024%/day.

L
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At 30 psig (Pt) with
Po = 44,661 psia
[
To = 531.02°R

N, * £0.025%/day

The maximum expected systematic errors of the test instrumentation

package are e. and T

If equation (1) is solved using the previously stated repeatability
values, the maximum expected error is calculat.a to be as follows: |

=e = 20,020%/day

®LaR = “LtR
A conclusion reached from the above calculations was that the
instrumentation selected yielded an error value approximately

5 times less than the allowable leakage rate value of approximately
0.7 percent per day and that the instrumentation combination was

of sufficient sensitivity for this test.

It was evident that use of accuracy or repeatability tolerances did

not appreciably affect the value of e -

Following the establishment of the systematic error in the leakage
rate, the uncertainty in the absolute value of the weight of reactor

building air (W) was derived as follows: ?

KP
W= T

where,
W = Weight of air inside the reactor contsinment building in

pounds mass (lbm)

2 o

K = Constant = V/R = 5.39 x 106 in. R

\468 082
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P = Partial pressure of air inside the reactor containment
building, psia

T = Mean reactor building temperature, °r

The error, based upon the Second Law of Propagation on W, is
5
Wz \2 W 2
-w-[(ri‘l’) +(ﬁ’?)]
X
2 2
wrl(F) - (27)

where
= Error induced by the pressure and dewcel systems.

e, = £0,0067 psia

and
e, = Error induced by the temperature system

er = £0.071°F

Without taking into account the exact minute changes of pressure
and temperature at each reading, the values at time zero may be
used as representative values, (i.e., P = 69.542 psia; T = 531.41°R).

Therefore, upon solution of equation (2),

& " t11€ lbm, at 55 psig

ey = *82 lbn,‘ at 30 psig

For each mass point on the graphs in Appendix F, e, was plotted as
the error bar. The consistency of the data was apparent since the

least squares fit excceded e, at only hour 8 « 55 psig, and hour 7

at 30 psia. .‘ 408 083
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4.64.2

a.‘.z.l

Random Error

Random error is somewhat of an intangible and, unlike systematic
error, evaluated in Section 4.4.1, cannot be evaluated beforehand.
After the experimental data are collected and each set of data is
processed using the CLERCAL computer code, the following statistical

parameters are available:

a. Least squares fit (L or W= K, + Klt)
b. Standard deviation (v)
c. Standard error of confidence for each data point (Se)

d. Limits of 95 percent confidence level for each leakage rate (CLM’
¢)

The significance of the random error can then be evaluated by
reviewing hov many data points exceed the limits of the 95 percent
level of confidence, and the similarity between the measured leakage
rates and the limits of the 95 perzent confidence levels for those

leakage rates.

Least Squares Fit
The equation for a straight line fit is developed from the least

squares analysis in the form
LorWs= Ko + Klt

where the constants Ko and K, are defined as follows:
2 »
1 -
NIt

L o i -
it Li Zti “Liti

2 (Zti)2

i

xz:ix.é - It Il \ 408 084

Nit ,~ - (E:i)

ch
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assuming the following:
N
& Summation of each data point in the rum, I .
i=]
b. L (leakage rate) and W (weigit of reactor building air) are

interchangeable.
¢c. N is equal to the number of data points.

The least squares equation provides a leakage rate which varies
with time for the total time and point-to-point methods of analysis.
If the mass point method is used, the least squares equation yields
a single, fixed leakage rate which is constant and does not vary

with time.
7/

The least squares fit calculated fram the data is presented in
Sections 8.2, 8.3,and 8.4. Since the pressure differential across
the reactor building c2creased only 0.044 psi at 55 psig and 0.004
psi at 30 psig, there is no reason to believe that the leakage rate
is time dependent. It may be assumed that the leakage rate of a
reactor containment building is not a function of time over a

pericd of 24 Kours.

The finite values of K, (approximately 0.001%/day/hr) shown in
Sections 8.2 and 8.4 increase confidence in the recorded data
since ideally the slope should be zero. Therefore, if least

squares is represented mathematically by

2
Lel (@ -L) (3

1408 085
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where,
x.,_ = observed values of leakage rate

LL = constant leakage rate equal to K

equation (3) becomes, by substitution:

2
L1 (L-K)

Then, by minimizing L with respect to K, 1.e.,

the following results:

3L o B (=
Yo 0 22(!.i K) (-1)

0 = I(L,~K)
IK = IL,
RN = IL,
IL
L
kel

since i ranges from 1 to N-1, then

IL

i
Luan N=1

which yields the mean leakage rates reported in Sections 8.2 and 8.4.
These two sections also compare the mean leakage rates to the average
rates over the last 15 hour’ of each test run. This comparison

demonstrates good agreement.

1408 088
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b.6.2.2

Standard Deviation

Standard écvintion (o) is classically defined as

¥
2 2
NIL,® = (IL1))

N(N-1)

O =

and is an expression of the difference in the measurement (of a
constant) of observed data points relative to the mean of the data

points.

This statistical parameter can be directly applied to the total
~ime and point-to-point methods of analysis since 24 leakage rates

are available to determine one constant leakage rate.

Standard deviation cannot be applied in the mass point method of
analysis since the data (mass) must decrease with time. Hence the
key parameter measured is not a constant as it is in the total time

and point-to-point methods.

In the mass point method, the standard error of confidence (Se)
is used. This value is expressed as follows:
4. 2
Il -k +K,t,)]
N=2

S. (lbm) =

This parameter is an expression of the difference between an
observed and a calculated (least squares) mass point. This same
expression may also be used to evaluate the total time and point-to-

point data.

1408 087
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4.4.2.3

Confidence Limit
As stated in a draft of Appendix J to 10 CFR 50, issued in August,
1971, a confidence limit of 95 percent was published as a repre-

sentative guide to the acceptability ¢ experimental data.

For the preceding least square fits, the 95 percent confidence

limit of the data (W or L) is, by definition, the magnitude of 2Se.

Likewise, the definition of the 95 percent confidence limit (CLM)
for the mean value of the leakage rates determined by the total time

and point to point methods may be expressed as follows:

tocC
B 95
- - e—

(N=-1)

where,

t.. = the Student's t distribution with N-1 degrees of

95
freedom

For the mass point method the 95 percent confidence limit (CL) of the
leakage rate is expressed in terms of Se rather than U as previously

mentioned and,

X
N
C, = ¢ x S
L 95 2 2 e
~N£t1 -(Iti)
where,
t95 = the Student's t distribution with N-2 degrees of

freedom.

1408 088
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4.4.2.4

Evaluation

A compilation of the confidence limits associated with the two

24 hour leakage rate fits (at 55 psig and 30 psig) is presented

below:

et ‘L S
Pressure Total Mass Point-to=-
Plateau Time Point Point
55 psig 0.028%/Day 0.012 0.096
30 psig 0.025% /Day 0.012 0.144

The above stated confidence levels, when compared to measured leakage
rates of 0.020 and 0.006 percent per day, demomstrate that the
random uncertainty interval is well within the measured leakage rates
and those calculated for systematic error (‘La = 0,024; G. " 0.025)
in Section 4.4.1. It may therefare be concluded that random error

was not of ary major significance.

A review of data points which were outside the confidence limit (25.)

yielded the following:

Number of Data Points
Qutside Confidence Limit

Pressure Total Mass Point=-to~-
Plateau Time Point Point
55 psig 1 1 2

30 psig - 1 2

It is quite evident that random error was minimal in that only

four of forty-eight total time data points exceeded the confidence

imit. \ AOB \‘)89
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' 4,5

For the 12 hour supplemental test verifications, the confidence

limits were as follows:

Cin S i
Pressure Total Mass Point-to-
Plateau Time Point Point
55 psig 0.002%/Day 0.016 0.085
30 psig 0.013%/Day 0.014 0.087

Using the ZS. value, the number of data points which exceeded

the confidence limit was as follows:

Pressure Total Mass Point~to-
Plateau Time Point Point
55 psig 1 0 0

30 psig 0 1 i

Again it can readily be seen that random error was not excessive
in the analysis of this data since only one of 24 data points

exceeded the confidence limit.

SUPPLEMENTAL VERIFICATIONS

In addition to the calibration checks described im Section 4.3, test

instrumentation operation was verified by a supplemental test
subsequent to the completion of the 24 hour leakage rate tests at
pressures Pt and Pd., These tests consisted of imposing a knownm,

calibrated leakage rate on the reactor containment building.

1408 090
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Flowmeter, FI-110, was placed in service and a flow rate from the
reactor containment building of 80% of FI-110 full scale deflection
was established. This flow rate was equivalent to 18.81 lb/hr at
pressure Pt and 18.66 lbm/hr at pressure Pd. After the flow rate
was established it was not altered for the duration of the supple-

mental test.

During the supplemental test phases, reac:or containment building

leakage rate was

'+
LC * I'V LO

where,
Lc = Composite total time leakage rate of the reactor
building and the flow rate through FI-110.
L= Known leakage rate through FI-110.
L; = Leakage rate of the reactor building during this test

phase.

Thus, at pressure Pt:
1! sL =1L
v c o
L; = 19,81 - 18.81

L; = 1.00 lb/hr

This value compares favorably with the measured leakage rate Ltm
of 1.13 1b/hr with one data point exceeding the limits of the 95
percent confidence level. This agreement is 1,3 percent of Lt,

well below the 25 percent of Lt which is allowable.

1408 091
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Similarly, at pressure Pu:
L'=sL -1
v c °
L; - 27090 - 18066

L"' = 9.24 1b/hr

This value compares favorably with the measured leakage rate of
5.87 1b/hr. This agreement is 10 percent of La, well below the

25 percent of La which is allowable.

This verification, through supplemental tests, combined with the
post test calibration checks clearly established the acceptablility

of the test instrumentation.

The two measured leakage rate values (Lc). mentioned above, are

L" s determined by the total time method.

1408 092
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5.0

5.1

TEST PROCEDURE

GENERAL

Following the satisfaction of seven basic prerequisites, stated in

Section 5.2, reactor containment building pressurization was initiated

at a rate of 2.5 psi per hour. Building tempecature was maintained at

approximately 70°F. Building pressurc and temperature and the

amperage required by recirculation unit fans (AH-E-1lA, 1B and 1C) were

monitored hourly.

Prior to stabilization of building pressure at a pressure plateu,

precision gauges were equalized to the barometric pressure within the

intermediate building. These gauges were then used to obtain data
for use in calculating the reactor containment building internal
gauge pressure. Leak rate testing was initiated at 30.2 psig and

55.2 psig.

A minimum of four hours elapsed hetween the stabilization of reactor
containment building pressure and the taking of any official data.
During this period and for the duration of the 24 hour leak rate
test and 12 hour supplemental test (total 36 hour period) at each
test pressure level (30.2 psig and 55.2 psig), industrial cooler
cooling water flow rate and the number of operating industrial
cooler air cooling fans were varied to maintain average internal

containment temperature within a band of +0.3°F. (See Appendix F)

1408 093
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During each test the following occurred hourly:

a. Each of the ten Dewcel dewpaint values was recorded. The
average of the ten values was converted to vapor pressure using
steam tables “) .

b. Each of the twenty-four RTD temperatures was recorded and an
average calculated (on the half hour) to permit computation of
the weight of containment air. This average value also served
as the variable controlled for the performance of the tests.

e» Pressures indicated by each of the two precision gaugvs were
recorded and an average was calculated to pewvmit correction

to the total pressure of air by subtracting the vapor piessure

for the weight of air calculation with partial pressure of air.

The use of vapor pressure (P _), average temperature (T) and total
wv

pressure (PT) is described in more detail in Section 8.1.

The plot of average temperature and weight of air was performed hourly.

An undesirable temperature ramp was counteracted by varying the heat

removal capability of the industrial cooler system.

When convenient, the available hourly values of Pwv’ T and PT were
transmitted to the Gilbert Associates, Inc., home office for further

(5). Computer prograw

analysis using the CLERCAL computer program
results were returned to the site via telephone which included a

least squares fit of the observed on-site data.

A final computer run was made after data for a full 24 hour period

wae available.

1408 094
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5.2

Following the 24th hour of each test, a superimposed leakage rate

was established for an additional 12 hour period for insirument

verification. See Section 4.5.

PREREQUISITES

Prior to commencemwent of .eactor. containment building pressurizationm,

the following bas.. prerequisites were satisfied:

2.

Proper operation of all test instrumentation was verified.

All reactor containment building isolation valves were closed

using the normal mode of operation. All associated system valves

were placed in post-accident »asitionms.

Equipment within the reactor containment building, subject to
damage, was protected from external differential pressures.
Portions of fluid systems which, under post-accident ccunaitions
become extensions of the containment boundary, were vented.

The penetration pressurization and fluid block systems were
depressurized. Gauges were installed at penetration
pressurization manifolds to provide means for detectionm of
leakage into the system.

Pressure gauges were installed on closed systems within
containment to provide means for detection of leakage into such
systems.

Local leakage rate testing of containment isolation valves and

penetrations were concluded.

1408 195
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5'3

5.3.1

5.3.2

LEAKAGE RATE AT Pt

As required by 10 CFR 50, Appendix J, Section III. 4.1, a reduced 3
pressure test was performed at a pressure, Pt, not less than 0.50 Pa, |
to measure a leakage rate Ltm. The value chosen for this test vas

30 psig at 0.75 Lt as defined by La (Pt/?a)k, or 0.058 percent per day.

Following the determination of Ltm and Lam, leakage rates at pressures

Pt and Pa, respectively, a new value of Lt is calculated for use in

all subsequent integrated leakage rate tests. f

Prerequisites for Leakage Rate at Pt

Upon completion of the seven basic prerequisites stated in Sectiom 5.2,
the reactor containment building was pressurized to 14 psig and an
inspection of the building was performed. No significant effects were
observed at this pressure and the building was pressurized to 30.2

psig (second time). |

Within 12 hours the building internal ambient average temperature (T)
hnﬂ stabilized within an acceptable range and leakage rate testing

commenced.

Test at Pt
During the test period, raw data was reduced and the weight of reactor |
building air was calculated every heur to obtain information con=-

cerning concurrent changes within the building.

1408 096
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5.4

Since the weight of building air (W) was determined by:

i /
W-KCT_T—-—VQ

only three variables can cause a variation in W. Those were:

b.

C.

A change in building total pressure, PI..
A change in the water vapor pressure of the building air, Pw'

A change in the average building temperature, T.

Changes in building temperature were controlled by cperation of

the industrial cooler system and dewpoint/vapor pressure was not a

major variable since it increased only 0.007 psia over 24 hours.

Hence, only the total pressure measurement affected the results of the

tests as elaborated in Sectiom 7.1 of ANSI 45.4-1972.

As the test progresaed, plotting of W versus tim was most useful in

understanding the changes caused by the three variables discussed.

When convenient, data was transmitted to the Gilbert Associates, Inc.,

computer for reduction using the CLERCAL code.

produced the results presented in Appendices D, F, and G.

Section 6.1 presents a discussion of test results.

LEAKAGE RATE AT Pd

As stated by 10 CFR 50, Appendix J, Section III. &4.a.ii, a second

test was required at the calculated peak internal pressure, Pa, to

This data reduction

measure a leakage rate Lam. However, this test was performed at the
design pressure of 55 psig as required by Three Mile Island Nuclear
Station Unit 1 FSAR, Section 15.4.4.1.1.3.a. vice the prak calculated

1408 097
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5.4.1

15.,6,2

It was therefore necessary to recalculate the leakage rate as follows:

X
Pa
Lam = Ldm (}iﬁi )

Laa = 0.96 Ldn

Where L, is the leakage rate at 55 psig.

dm

Tha acceptance criterion for this test, as stated in Section 3.1, vas
that the measured vulue must be less than 75 percent of La, or 0.075

percent per day.

Prerequisites for Leakag: Rate at Pd

Upon comp.etion of the supplemental test at Pt (30.2 psig), the reactor

containsent building pressure was increased to 53.2 psig.

Within 6 hours, the building internal ambient av:irage temperature
(T) had stabilized within an acceptable raunge and leak rate tasting

commenced.

Test at Pd

As described in Section 5.2.2, average reactor building intermal
amhient temperature (T) was monitored and controlled and the weight
of building air (W) was calculited and plotted hourly. Also, data
vas reduced by computer at convenient intervals to yield the results

presanted in Appendix E.

Section 6.2 presents a discussion of test results.

1408 098
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- 6.0

6.1

D7SCUSSION OF RESULTS

RESULTS AT Pt

Data obtained during the leak rate test at Pt indicated the following

changes during the 24 hour test period:

Variable Maximum Change
PT 0.022 psia
P 0.007 psia
wv
T 0.240°F

The methods used in calculating the leakage rate were as defined in
Section 8.0. The results of the calculaticas were as follows for

the methods indicated:

Leakage Rate
Method (%/3ay)
Total Time 0.006 (1.13 1b/hr)
Point-to-Point 0.007
Mass Point 0.007

Based upon the rctal time method of calculation, the leakage rate

(Ltm) was determined as follows:

Ltm = 0.006 + 2 ~/day

Lt
Ltm = 0.006 + 0.025 %/day

Ltm = 0.031 Z/day

1408 097
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6.2

RESULTS AT Pa

Data obtained during the leak rate test at Pa indicated the following

changes during the 24 hour test period:

Variable Maximum Change
P.r 0.054 pria
Pw 0.005 psia
T 0.430°F

The methods used in calculating the leakage rate were as cdefined in
Section 8.0. Results of these calculations were as follovs for the

methods indicated:

Leakage Rate, L

Methud (%/day) a
Total Time 0.020 (5.87 1b/hr)
Pcint-to-Point 0.038

Mass Point 0.032

Based upon the total time method of calculation, the leakage rate

(Lam) vas determined as follows:

Lam= L '20.6/55)F %/day (See Section 5.4)

Lam = 0.96 Ldn

where,

Taw * Leakage rate at 55 _sig = 0.020 %/day

1408 190
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Then,

Lam = 0.020 (0.96) Z/day
Lam = 0.0192 %/day

When the ervor €. is accounted for, che leakage rate becomes

Lam = 02,0192 + 0.024 Z/day

Lam = 0,043 %/day

1408 101
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/7.0

DEFICIENCIES

The following deficiencies wer: identified during this test:

Number Deficiency
D-17 Purge supply valvee (AHE-V1C and AE-VID)

required limit switch adjustments to effect
full seating. The seating surfaces of
AH-V1A, AH-V1B, AH-VIC and AH-VID were

cleaned with emery cloth.

D-22 Reactor building emergency river water
coolers exhibited communication with the

reactor building atmosphere.

D-23 Fuel transfer tube flange exhibited communi-
cation with the reactor building atmosphere

on the primary side of the gasket.

0f the preceding deficiencies, two (D-22 and D-23) were corrected via
2 General Public Utilities Corporation problem report. The third

(D=17) was resclved prior to the final test at 30 psig.

Aside from the preceding deficiencies, the effects of leakage observed

from the secondary plant within the reactor containment building did
not constitute a deviation from 10 CFR 50, Appendix J, requirements,
based on the fact that systems be in their post-accident mode during
this test. Since the system was depressurized for the test and not
at 900 psig, this overly conservative test approach was more than
consistent with the post LOCA status requirements of 10 CFR 30,
Appendix J. Continued secondary plant leakage was confirmed during

the final 30 and 55 psig tests at relatively negligible rates.

GILBERT ASSOCIATES INL
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The history of the leaking secondary plant was as follows:

The reactor building ambient was stabilized at 30.2 psig
at 1600, March 11, 1974, and leakage rate data was recc-ded

until 0500, March 14, 1974.

During this period the measured leakage rates were as

follows:
Date Time Interval Leakage Rate (1b/hr) |
3-11 1600-0800 20.74
=11 2100-0800 21.11

With no doubt that the test was failing, an investigation into

the valve alignment was undertakenm at 1200, March 12, 1974.

The check of valve alignment revealed that valves IC-V3,
IC-V4, IC-V6, MU-V3 and DH-V4A were in violation of the
alignment., It was determined that the violation was due to
a sezrch being conducted to locate a dc ground. The valves

were closed by the normal mode of operatiom.

Additional indications displayed leakage into the core flood
tanks, gross seat leakage at AH-VID, and leakage into the

reactor building emergency coolers.

The core flood tanks were equalized with the reactor building

ambient after the free volum<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>