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i.

SYNOPSIS

The fhree Mile Island Nuclear Station Unit ! reactor containment
building was suhjected to a pericdic integrated leak rate test
during the period from April 16, 1977 to April 19, 1977. The
purpose of this test was to demonstrate the acceptcbility of the
building leakage rate at an internal pressure 50.6 psig (Pg).
Testing was performed in accordance with the requirements of

10 CFR 50, Appendix J and ANSI N&45.4-1972.

The measured leakage rate based on the mass point method cf analysis
was found to be 0.042 percent by weight per day at 350.6 psig. The
leakage rate at the upper bound of the 95 percent confidence
interval is 0.052 percent by weight per day which is well "elow

the allowable leakage rate of 0.075 percent by weight per day at

50.6 psig.

The final leakage rate of (.042 percent by weight per day was
obtained after adjustments were made ar4 the test was restarted.
The initial building leakage rate indicate~ =~ In excess of 0.1
percent by weight per day. The adjustments made consisted of

tightening mechanical joints and packings.

Since the industrial cooler system was in operation during the
integrated leak rate test, addition of the local leakage rate of
the system isclation valves (RB-V2* and RB-V7) to the measured
integrated leakage rate must be considered. The combined local
Leakage rate of both these isolation valves was 0.007 percent by
weight per day. The addition of this value increases the total
integrated leakage rate to 0.049 percent by weight per day.

1412 199
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The supplemental instrumentation verification at P, was 1.0 percent,
well within the 25 percent requirement of 10 CFR 50, Appendix J,

Section III A.3.).

All testing was performed by Metropolitan EZdison Company with the
technical assistance of Gilbert Associates, Inc. Procedural and
calculational methods were witnessed by Nuclear Regulatory Commission
personnel and audited by the Metropolitan Edison Company site

Quality Control staff.
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2.0

INTRCDUCTION

The objective of the periodic integrated leak rate test was the
verification of the overall leak tightness of the reactor containment
building at the calculated design basis accident pressure of 50.6 psig.
The allowable leakage is defined by the design basis accident applied
ir the safety analysis in accordance with site exposure guidelines
specified by 10 CFR 100. For Three Mile Island Nuclear Station

Unit 1, the maximum allowable integrated leakage rate at the design
basis accident pressure of 50.6 psig (P,) is 0.10 percent by weight

per day (Lp).

Testing was performed in accordance with the procedural requirements
as stated in Metropolitan Edison Company Three Mile Island Nuclear
Station Unit 1 Surveillance Procedure 1303-6.1. This procedure was
recommended for approval by the Three Mile Island Nuclear Station
Unit 1 Plant Operations Review Committee and approved by the Unit

Superintendent prior to the commencement of the test.

The combined local leakage rates from the reactor coatainment building
isolation valves and penetrations required to be tested by 10 CFR 50,

Appendix J, was less than 50 percent of the maximum allowable leakage

rate (Ly) at 50.6 psig prior to the commencement of the integrated

leak rate test (Refer to Appendix D).

Leakage rate testing was accomplished at the pressure level of

50.6 psig for a period of 24 hours. The 24 hour period was followed
by an 8 hour supplemental test for a verification of test inscrumen~-
tation. During the 32 hour period of testing, the reactor containment |

building internal temperature was maintained at 72.0 + 6.3"Y.

1412 157
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3.0

ACCEPTANCE CRITERIA

Acceptance criteria established prior to the test and as specified

by 10 CFR 50, Appendix J and ANSI N&4" 4-1972 are as follows:

The measured leakage rate (Lgy) at the calculated design basis
accident pressure of 50.6 psig (P,) shall be less than 75 percent
of the maximum allowable leakage rate (L,), specified as

0.10 percent by weight of the building atmosphere per day. The

acceptance criteria is determined as follows:

Ly = 0.10%/day

0.75Lg = 0.075%/day

The test instrumentation shall be verified by means of a
supplemental test. Agreement between the containment leakage
measured during the Type A test and che containmert '~akage

determined during the supplemental test shall be within 25 percent

of L.

1412 158

ibert | Conmonweaith




4.0

.1

TEST INSTRUMENTATION

SUMMARY OF INSTRUMENTS

The sensor locations were the same as those used for the preoperational

ILRT in 1974.

in the following subsections.

Temperature Indicating Svstem

Overall system accuracy: + 0.19°7

Overall system repeatabilicy: + 0.19°F

Components:

a. Resistance Temperature Detectors

Quantity

Manufacturer
Type

9

Range, F

o
Accuracy, F§

0

Repeatability, F

| I Bridge Cards

Quantity
Manufacturer
Type
Range, °p

o
Accuracy, F

o]

Repeatability, F

Test instruments employed are lescribed, by system,

24
Rosemount

Model 104 AAN, 100 ohm,
platinum

60-110
+ 0.1

+ 0.1

24

Rosemount

Model 440-L3
60-110

+ 0.25% of span

* 0.25% of span
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¢. Digital Indicator
Quantity
Manufacturer
Type
Range, °F
o
Accuracy, F

]

Repeatability, F

1

Weston
Model 1230 *
60-110

+ 0.1

+ 0.1

* Modified for direct digital temperature readout

Dewpoint Indicating System

Overall system accuracy: + 1.12°F

Overall system repeatability: + 0.52°F

Components:

&8s Dewcell Elements

Quantity

Manufacturer

Type

o

Range, F

Accuracy, OF

o

Repeatability, F

b. Dewpoint Recorder

Quantity

Manufactuier

Type

Range, °r

Accuracy, “?

=}

Repeatabilicy, F

10

Foxboro

Model 2711AG, 18 carat gold
0-100

1.0

I+

0.5

I+

1
Foxboro

¥odel T/ma12 412 | 50
0-100

+ 0.5% of span

+ 0.15% of span




4.1.3

4.1.4

302

Pressure Monitoring System

Overall system accuracy: + 0.015% of indicated pressure
Overall system repeatability: + 0.001 psia

Precision Pressure Gauges

Quantity 2

Manufacturer Texas Instruments

Type Model 145-01

Range, psia 0-100

Accuracy, psia + 0.015% of indicated pressure
Repeatability, psia + 0.001% of full scale

Supplemental Test Flow Monitoring System

Overall system ac:uracy: + 1% of full scale

Flow meter
Quantity. 1
Manufacturer Brooks
Type Model 1114-08
Range, scfh atc
0 psig and 100°F 30.9 - 309
Accuracy, scfh + 1% of full scale

CALIBRATION CHECKS

Temperature, dewpoint, pressure and flow measuring systems were
checked for calibration before the test in accordance with
Metropolitan Edison Company Procedure 1430-Y-23, as reccrmended
by ANSI N&45.4-1972, Section 6.2 and 6.3. The results of the
calibration checks are on file at Three Mile Island Nuclear
Station Unit 1. The supplemental test at 350.6 psig confirmed

1412 16!
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4.3

4.4

INSTRUMENTATION PERFORMANCE

Prior to the start of the integrated leak rate test, one dewcell
began indicating a dewpoint temperature approximately 30°F lower
than the other 9 dewcells. This dewcell was eliminated from future
readings. The remaining 9 dewcells performed well at all times

and provided more than adequate coverage of the containment. The
temperature, pressure, and flow measuring systems performed well

throughout the test.

SYSTEMATIC ERROR ANALYSIS
Systematic error, in this test, is induced by the operation of the
temperature indicating system, dewpoint indicating system and the

pressure indicating system.

Justification of instrumentation selection was accomplished, using
manufacturer's accuracy and repeatability tolerances stated in

Section 4.1, by computing the figure of merit as follows.

The leakage rate, in weight percent per day (%/day), based on an

interval of measurement of 24 hour duration is

P T
Le=100][1 - gl ~/day

P T,

o 26

where:

P° = Pro - Pwvo' psia = parctial pressure of air at stars

LR

Pza T2, " Pwvza’ pPsia = partial pressure of air at finish

To = building mean amvient internal temperature at start, °r

T:6 = building mean ambient internal temperature at finish, °R}




The change, or uncertainty in L due to uncertainties in the

systematic measured variables is given by
sLe100 [ )%+ @ )2+ & )2 s & o)l 3o
®,, 2 ® o T, o T, 2

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

after differentiation is

1/2
i o ‘?z Pz/.ra ®20\ 2 (P2 *10 /1’2:.T ® 24
pz T P Ty 73
24 o *2

where:

u Y

€2, " TPy

.To - TTo

- 1T

T24 24

Since the values of To and 126 are essentially the same, within

0.28°F. and P° and sz are essentially the same, within 0.002 psia,

lee T, = Tour 2o = Pyyr @, = &y, = ¢ and &7 = ep,, = e

The systematic error in L then reduces to

. - m.a[(;l:.)z . <;—:)2:] . (1

where the error in pressure (gp) may be expressed as

2 2.1/2
Geole, -e¢ )
a b
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and

error induced by the precision pressure gauges, or

J

'

o £0:00015)(65.340)
(2)*

+ 0.0069 psia

o

and

error induced by the dewcells, or

'
"
[
—
1]
o

o9
o

I+
e J
vy

e

o
&
I+
o
w
-~
w
e |

From steam tauv.es, at a dewpoint of 65°F, the pressure equivalent

to + 0.373°F s

& =t 0.0039 psia
b

Therefore,

e = [(0.0069)7 + (0.0039)%]7 pata
“*=2 0.C079 psia

The error in temperature (er) may be expressed as

+ 0.19 o
(24)

e, = + 0.0388°F

1412 164
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Hence, for values at 50.6 psig,

Po = 65,340 psia
0
To = 531.42°R

and substitution into equation (1) yields

- - L’
) 0.0029.° _ ,0.0388.°,
o = Wb [(GFHE * Gitan !

e, = % 0.020%/day

The maximum expected systematic error (figure of merit) of the test

instrumentation is IL.

If equation (1) 7. solved using previously stated repeatabiliry

values, the figure of merit is calcuated to be
e, = * 0.011%/day

Containment leakage rate computaticns are a function of changes in
temperature and pressure relative to each other, not absolute
values. Therefore, the repeatability error analysis is more

meaningful.

A conclusion :eached from the above calculation was that the
instrumentation selected yielded an error value five times
less than the allowable leakage rate value of 0.10 percent per
day and that the instrumentation combination was of sufficient
sﬁnnitivit§ for this test. [he e values are not based on a
statistical analysis of leakage rate calculations and are used

strictly for instrumentation selection.

1412 163
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6.5

SUPPLEMENTAL VERLFICATION

In zddition to the calidration checks described in Section 4.2, test
inatrumentation operation was verified by a supplemental test
subsequent to the completion of the 24 hour leakage rate test. This
test consisted of imposing a known calibrated leakage rate on the
reactor containment building. After the flow rate was established,

it was not altered for the duration of the test.

During the supplemental test, the measured leakage rate was

t'c " Lv' +Lo

where,
Lc = measured composite leakage rate consisting of the reactor

building leakage rate plus the imposed leakage rate
L° = imposed leakage rate

Lv. = leakage rate of the reactor building during the

supplemental test phase

Rearranging the above equation,

Lv' - Lc - Lo

The reactor containment building leakage during the supplemental
test can be calculated by subtracting the known superimposed leakage

rate from the measured composite leakage rate.

Sl wrt | Commonwesith




The reactor containment building leakage rate during the supplemental
test (Lv.) was then compared to the measured reactor containment
building leakage rate during the preceding 24 hour test (L.-) to
determine instrumentation acceptability. Instrumentation is
considered acceptable if the difference between the two building
leakage rates is within 25 percent of the maximum allowable lervage

rate (L.).

Subert . Commonwesith
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5.0
5.1

TEST PROCEDURE
PREREQUISITES

Prior to comxencement of reactor containment building pressurization,

the following basic prerequisites were satisfied:
a. Proper operation of all test instrumentation was verified.

b. All reactor containment building isclation valves were closed
using the normal mode of operation. All associated system valves

were placed in post-accident positions.

C. Equipment within the reactor containment building, subject to

damage, was protected from external differential pressures.

d. Portions of fluid systems which, under post-accident conditions
become extensions of the containment boundary, were drained and

vented.

e. The penetration pressurization and fluid block systems were
depressurized. GCauges were installed at penetration
pressurization manifolds to provide means for detection of
leakage into the system. These gauges were removed and the

manifolds were ver:ed prior to the start of the test.

, Pressure zavges were installed on closed systems within
contaimme.t to provide means for detection of leakage into

such systems.

8. Local leakage rate testing of containment isolation valves

and penetrations was concluded.

14



5.2

h. Potential pressure sources were removed or .isolated from the

containment.

i. All accessible liner weld channels (approximately 35 percent

of the total) were vented to the containment atmosphere.

3. A general inspection of the accessible interior and exterior

areas of the containment was completed.

GENERAL DISCUSSION

Following the satisfaction of the prerequisites stated in Sectiom 5.1,
the reactor containment building pressurization was initiated at a
rate of approximately 2.5 psi per hour. Building internal
temperature was maintained at approximately 72°F. Building pressure
and temperature were monitored half hourly and the amperage required
by the recirculation unit fans (AH-E-lA, 1B and 1C) was monitored .
hourly. Leak rate testing was initiated at the 50.6 psig pressure
level. Forty-three hours elapsed between reaching the 30.6 psig
pressure level and the recording of official data. For

the duration of the 24 hour leak test and the 8 hour supplemental
test, the average internal containment temperature was maintained
within a band of + 0.3°%F by varying the industrial cooler cooling

water flow rate to the containment recirculation fan unit coolers.

During the test the following occurred at half-hour intervals

(See Appendix A):

a. Pressures indicated by each of the two rrs¢iion gauges were

recorded and the average calculated.
a ™ ‘ O
1412 167
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b. The twenty-four RTD temperatures were recorded and the average

calculated.

¢. The ~'ae dewpoint values were recorded. The average of the
nine values was converted to vapor pressure using steam tables.
This permitted correction of the total pressure to the partial

pressure of air by subtracting the vapor pressure.

The use of vapor pressure (Pwv)' average temperature (T) and the
total pressure (PT) is described in more detail in Section 6.1.
All original data is on file at Threz Mile Island Nuclear Station

Unit 1.

The plot of averages temperature and weight of air was performed half
hourly (See Appendix 3). Atmospheric weather conditions were clear
from 1000 on April 16, 1977 to 1830 on April 18, 1977. From 190U on
April 18, 1977 to 1530 om April 19, 1977, the weather conditions were

cloudy.

When convenient, the available half-hourly values of Puv’ T and PT
were transmitted via on-site portable computer terminal to the
Gilbert Associates, Inc. home office for analysis using the CLERCAL
computer program. Computer program results, including a least
squares fit of the data, were returned to the site via the terminal.

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

was available.

Subsequent to the 24 hour leak test, a superimposed leakage rate
was established for an additional 8 hour period. During this time,
temperature, pressure and vapor prassure were monitored as described

1412 170
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5.3
5.3.1

TEST PERFORMANCE

Prussurization Phase

Pressurization of the reactor building containment was started on
April 15, 1977 at 0500. The pressurization rate was approximately
2.5 psi per hour. When contaimment internal pressure reached

12 psig, at 1120 on April 15, 1977, pressurization was secured.

An inspection team enterad containment to perform the 12 psig
inspection. During pressurization co'thc 12 psig pressure level,
the Leak Rate Test System air drver drain and the cyclone separator
drain were not functioning properly. Pressurization was secured
while temporary bypasses weres installed. While at the 12 psig
pressure level, these drains were repaired. The 12 psig internal
inspection was completely satisfactorily and pressurization was

restarted at 1336 on April 15, 1977.

During pressurization to the 50.6 psig pressure level, the fcllowing

observations were made:

a. Several penetration pressurization manifold isolation valves
were suspected of leaking. The main header was then
vented to ensure the penetration pressurization system would

remain depressurized.

b. A buildup of pressure on several of the pressure gauges
installed on penetration pressurization manifolds indicated a
small amount of leakage from the fuel transfer tube flanges,

the personnel and emergency airlock door seals, and manifold "J".

1412 V71
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5.3.2

¢. A small amount of water leakage was noticed from Nuclear

Services Closed Cycle Cooling Water valves NS-V4 and NS-V1S5.

d. One leak rate test dewcell began to indicate a dewpoint
temperature approximately 30°F lower than the remaining nine

dewcells. This dewcell was eliminated from data collection.

When containment internal pressure reached 50.7 to 50.8 peig, at
0600 on April 16, 1977, pressurization was secured. Temperature
was controlled by throttling the industrial cooler pump discharge
valve, RB-V18D, which supplies cooling water to the recirculation
fan units cooling coils. All penetration pressurization system

temporary manifold pressure gauges were removed.

Integrated Leak Rate Testing Phase

sfter walting 4 hours, leak rate testing was ;tarted. Temperature
had stabilized at approximately 72°F. From 1000 on April 16, 1977
until 0500 on April 18, 1977, an excessive leakage rate was indicated
by the data collected. The weight of containment air and the
average containment temperature versus time for this time period

are presented in Appendix B, Exhibits 1 and 2. During this time,

the following sequence of events tcok place:

a. At 1200 on April 16, 1977, the leakage rate, based on two
hours of daca, was 0.151 per.ent by weight per day. This
established a baseline for the mass point versus time graph.
Plant auxiliary operators were sent on routine leak detection.
There was no cause for immediate concern since only a limited

1412 72

amount of data had been collected.
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Subsequent mass points were following approximately the same trend
as previously reported. Pressure gauges were installed on
manifolds "J", "N" and "0" of the penetration pressurization
system for leakage detection. Plant auxiliary operators were

again dispatched for leak detection.

at 1930 on April 16, 1977, the leakage rate, based on nine and
one-half hours of data, was 0.199 percent by weight per day.
The pressure gauge on manifold "0" (Fuel Transfer Tube Flanges)

was replaced with a flow indicator.

The fluid block line to valve IC-V4 was isolated and vent valve

FB-V122 was opened. Leakage through this path was evident.

The purge valves and the access lock doors were soap-checked
and no leakage was indicated. A bonnet/packing leak on
penetration pressurization system valve PP-V46 and reducer
leaks on the reactor building pressure sensing lines near

BS-V37C and BS-V37D were found and repaired.

An investigation revealed that several of the automatic fluid
block initiation valves, specified to be open, were closed.

All automatic fluid block initiation valves were opened.

Additional flow indicators were placed on the main steam lines
from steam generator A (OTSG A) and steam generator B (OTSG 3).

At 2400 on April 16, 1977, the following leakages were indicated:

1412 173
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Location Leakage

Manifold "O0" 180 scem
OTSG A 850 scem
OTSG B 0 scem
WDG-V4 700 scem

Since the amount of leakage found was insignificant compared to
the leakage indicated by the data (250,000 sccm), leak
detection continued. At 0245 on April 17, 1977, the reactor
containment building was repressurized to between 50.7 and

50.8 psig.

Indicated leakage from OTSG A had increased to 1000 sccm. The
fluid bdlock line to IC-V4 was opened and no pressure

buildup in manifolds '"N" and "0" was observed.

As leak detection continued, the measured containment leakage

rates were as follows:

Date Time Interval Leakage Rate 95% Confidence
4=17 0300-0700 0.120%/day 0.051%/day
4=17 0300-1400 0.126%/day 0.009%/day

A valve lineup verification was performed and no deviations
were found. A systematic quadrant by quadrant check of
penetrations and isolation valves failed to identify any
significant leakage. The following adiustments were made on

April 17, 1977:

1) Fittings and connections in the leak rate test panel were

tightened.

1412 171
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Minor amounts of leakage were evident at the following loccations:

1) LR-V2 and LR-V3 packing

2) Purge supply interspace.
3) Persomnel airlock

4) Purge exhaust interspace

5) OTSG A

At 2230 on April 17, pressurization of the secondary side

of OTSG A was uvegun to determine if a change in the indicated
reactor containment building leakage could be detected. With
the OTSG A at 16 psig, it was decided to depressurize O0TSG A
since the data prior to 2230 had indicated an upward trend

in the mass points. At 0210 on April 18, 1977, OTSG A was
depressurized and it was decided tc collect and evaluate a

full 24 hours of data.

At 1030 on April 18, 1977, it was noted that approximately
5 psig pressure had built-up between the seals of the
emergency airlock aud the percennel airlock. Vents were
opened, the pressure was bled off and the vents were left

open to allow a leakage path to exist.

The containment leakage rate measured from 0300 to 1130 on
April 18, 1977 was 0.097 percent by weight per day with an
upper bound 95 percent confidence of 0.0l7 percent by

weight per day.

et | Commoneamth
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0. At 2320 on April 18, 1977, the concrete shield for the

equ’rment hatch was put in place.

p. The measured containment leakage r'te from 0300 to 1600 on
April 18, 1977 was 0.103 percent by weight per day with an
upper bound 95 percent confidence of 0.009 percent by weight

per day.

q. Subsequent to 1600 on April 18, 1977 a shift in the trend of

the containment mass points occurred.

T An acceptable leakage rate of 0.042 percent by weight per day
was obtained from 0500 on April 18, 1977 to 0500 on

April 19, 1977.

Due to the lack of any local leakage rate determinations p1ior
to the adjustments mentioned in Section 5.3.2.k., the initial
unsatisfactory leakage rate indications must be assumed to

constitute a failed test.

Nevertheless, since an extensive search failed to identify any
significant sources of leakage, it is unlikely that the initial
measured leakage rate values, which were in excess of 0.10
percent by weight per day, were true measurements of leakage
from the reactor containment building to the ocutside atmosphere.

Two possible explanations for the initial results are:

a. There was leakage into volumes internal to the containment
building. The internal volumes may have been (1) the
reactor coolant system, since a slow steady decrease in

the pressurizer level was noted throughout the test with

Subert | Commonmweaith
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no corresponding increase in reactor building sump level,

and/or (2) the volume between isolation barriers. Additionally,
there may have been air entrainment into the concrete and
insulacion material inside the containment. However, the
length of time that the excessive leakage rate was present

and the abrupt rather than gradual change in the leakage

ite do not tend to support this explanation entirely.

b. The apparent leakage was the result of a diurnal effect.
The heating of the containment during the day and the
cooling of the containment during the nigh: would cause
a change in the containment internal pressure due to the
expansion/ccatraction of the contaimment without n_corrcaponding
detectable change in the containment internal temperature.
However, the data, as presented in Appendix B3, Exhibits 1 and
2, does not appear to totally support an explanation based on

diurnal effects.

Supplemental Leakage Rate Test Phase

After the 24 hour integrated leak rate test data was obtained and
evaluated, and the leakage rate found to be acceptable, and a
release permit had been obtained, a known leak rate was imposed on
the reactor containment building through a calibrated flowmeter for

a period of 8 hours.

~J

1412 17
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5.3.4

Cepressurization Phase

After all required data was obtained and evaluated, and the
supplemental test results were found to be acceptable, and
permission from the health physics department and unit superintendent
was obtained, depressurization of the reactor containment building
was started. A post test inspection of the building revealed no

unusual findings.

412 178




6.0
6.

1

METHODS OF ANALYSIS

GENERAL DISCUSSION

The absclute method of leakage rate determination was employed
during testing at the 30.6 psig pressure level. The Gilbert
Associates, Inc. CLERCAL computer code calculates the percent per
day leakage rate using the mass point method of data analysis. The

results presented are based on the mass point method.

The mass point method of computing leakage rates uses the following
ideal gas law equation to calculate the weight of air inside

containment for each half hour:

. T T

where,

W = mass of air inside containment, lbm

o 2
144 V/R = 5.3983 x 10° 1Bm -1b§ = ia. .

partial pressure of air, psia

K

4

o
T = average internal containment temperature, R

6 .3

Ve2.0x10 ft

The partial pressure of air, P, is calculated as follows:

| P S

Tl T2

Pe -P

wv
wiere,
?Il = true corrected total pressure from PI-390, psia
PTZ = true corrected total pressure from PI-39]1, psia
E’“v = partial pressure of water vapor determined by averaging
the nine dewpoint temperatures and converting to vapor

pressure with the use of steam tables, psia
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The average internal containment temperature, T is calculated as

follows:

sum of 24 RTD's

o
% + 459.69°R

T=

The weight of air is plotted versus time for the 24 hour test and
for the 8 hour supplemental test. The Gilbert Associates, Inc.

CLERCAL computer code fits the locus of these points to a straight
line using a linear least squares fit. The equation of the linear
least squares fit line is of the form W = wo - wlt where wl is the

slope in 1lbm per hour and wo is the weight at time zero.

The least squares parameters are calculated as follows:

t. - "
Jo i is i - Y |
& NZ ti w1 - I ti z wi
i S
xx
where,

2 2
= N I -
S N ci (Z :i)

The weight percent leakage per day can then be determined from the
following 2quation:
-2400 W

1
W
o

wt. %/day =

where the negative sigr is used since Hl is a negative slcpe to

express the leakage rate as a positive quantity.
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6.2

STATISTICAL EVALUATION
After performing the least squares fit, the CLERCAL computer code

calculates the following statistical paraneters:
a. Standard error of confidence for the curve fit (S‘).
b. Limits of the 95 percent confidence interval for the curve fit.

¢ Limits of the 95 perceant confidence interval for the leakage

rate (CL)‘

The significance of the mea. ired leakage rate can then be evaluated
in view of the number of data points exceeding the limits of the
95 percent confidence interval and by the magnitude of the upper bound

of the 95 percent confidence interval for the leakage rate.

Standard error of confidence is defined as follows:

B
0 L [wi - W, W ‘1)]

) N=2

where,
ui = observed mass of air
(wa + Wl ti) = least squares calculated mass of air

N = number of data points

This parameter is an expression of the difference between an
observed and a calculated (least squares) mass point. The 95

percent confidence interval of the fit is twice the standard error

of confidence (25‘). The "degree-of-fit" is evaluated by determining
the number of data points, Hi. not falling in the interval

(W, + W) £25.. ]412 !8'




The 95 percent confidence limit for the mass leakage rate is

calculated as roilows:

where,

tgs = Student's t distribution with N-2 degrees of freedom

This parameter is an expression of the uncertainty in the measured

leakage rate.
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7,

7.

1

DISCUSSION OF RESULTS

RESULTS AT P,
Data obtained during the integrated leak rate test at Pa indicated
the f..lowing maximum changes (highest reading to lowest reading)

during the 24 hour test period:

Variable Maximum Change
PT 0.026 psia
Pwv 0.011 psia
T 0.47°F

The method used in calculating the mass point leakage rate is defined
in Section 6.0. The result of this calculation is a mass point

leakage rate of 0,042 %/day.

The 95 percent confidence limit associated with this leakage rate is
0.010 percent per day. Thus, the leakage rate at the upper bound of

the 95 percent confidence interval becomes

L. = 0.042 + 0.010
am

LG = 0,052 %/day

The measured leakage rate and the measured leakage rate at the upper
bound of the 95 percent confidence level are well below the acceptance
criteria of 0.075 percent per day (0.75 L‘). A comparison of each of
the observed weights with the weights calculated using the least
squares line reveals only one of the forty-nine data points does not
lie within the 95 percent confidence interval. Therefore, reactor
contaimment building leakage at the calculated design basis accident

pressure (Pa) of 50.5 psig is considered to be acceptable.

ubert  Commonwasrth
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1.2

SUPPLEMENTAL TEST RESULTS

After conclusion of the 24 hour test at 50.6 psig, flowmeter FI-1lll
was placed in service and a flow rate of 207 SCFH was established.
This flow rate is equivalent to a leakage rate of 0.056 percent

per day. After the flow was established, it was not al.ered for

the duration of the supplemental test.

The measured leakage rate (Lc) during the supplemental test was
calculated to be 0.099 percent per day using the mass point method
of analysis. The 95 percent confidence interval associated

with this leakage rate is 0.020 percent per day. None of the

25 data point- is out of confidence.

The building leakage rate during the supplemental test is then

determined as follows:

I‘v' 3 Lc ¥ Lo

2

- 0.099%/day - 0.056 %/day

i

g * 0.043%/day

Comparing this leakage rate with the building leakage rate measured

during the 24 hour test yields the following:

L =Lyl o [(0.082) - 0.043)] = 0.01

L. 0.10

The building leakage rates agree within 1.0 percent of La which is
well belsw the acceptance criteria of 25 percent of L‘. Therefore,

the acceptability of the test instrumentation is comsidered to have

been verified.
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8.0

TYPE 3 AND C LEAKAGE RATE HISTORIES

Refer to Appendicies C, D and E for the report on Type B and C

testing performed since the previocus Type A test.

eibert / Commonwesih
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APPENDIX A

REDUCED LEAKAGE DATA
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4/18/11

A8

68 |

.
&

0500
0530
0600
0630
0700
0. 30
0800
0630
0900
0930
1000
1030
1100
11306
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1900

APPENDIX A

REDUCED TEST DATA

Average Partial Pressure Partlal Pressure Average Welight of
Containment of Containment of Containment Containment Containment
Pressure Water Vapor Air Temperature Alr
(psia) (psla) (psia) (OR) ____(1bm)
65.340 0.294 65.046 531.42 660,753.87
65.338 0.293 65.045 531.42 660,743.71
65.335 0.294 65.041 531.41 660,715.51
65.336 0.295 65.041 531.43 660,690.65
65.336 0.293 65.043 531.44 660,698.53
65.337 0.295 65.042 531.44 660,688.37
65.338 0.297 65.041 531.49 660,616.06
65.340 0.294 65.046 $31.52 660,629.56
65.342 0.294 65.048 531.54 660,625.01
65.344 0.295 65.049 531.957 660,597.88
65.346 0.294 65.052 531.60 660,591.07
65.348 0.295 65.053 531.64 660,551.52
65.350 0.293 65.057 531.68 660,502.44
65.354 0.294 65.060 531.70 660, 548.05
65.356 0.292 65.064 - 531,75 660,526.55
65.354 0.291 65.063 531.76 660,503.97
65.356 0.294 65.062 531.78 660,468.98
65.361 0.298 65.063 531.81 660,441.87
65.358 0.292 65.066 531.81 660,472.33
65.358 0.292 65.066 531.81 660,472.33
65.358 0.293 65.065 531.83 660,437.34
65.357 0.294 65.063 531.84 660,404 .62
65.356 0.291 65.065 531.84 660,424.92
65.355 0.292 65.063 531.82 660,429.46
65.353 0.294 65.059 531.81 660,401.27
65.354 0.293 65.061 531.83 660,396.74
65.356 0.291 65.065 531.84 660,424 .92
65.358 0.295 65.063 531.87 660,367.37
65.360 0.292 65.068 531.87 660,418.12




w0

4/19/11

Time

1930
2000
2030
2100
2130
2200
2230
2300
2130
2410
0030
0100
0130
0200
0230
0300
0330
0400
0430
0500

0700
0800
0830
0900
0930
1000
1030

APPENDIX A (Cont'd)

REDUCED TEST DATA

Average Partial Pressure Partial Pressure
Containment of Containment of Containment
Pressure Water Vapor Air
{paia) {psia) (psia)
65.356 0.292 65.004
65.359 0.294 65.065
65.358 0.294 65.064
65.360 0.294 65.066
65.361 0.293 65.068
65.360 0.290 65.070
65.357 0.29 65.063
65.353 0.294 65.059
65.352 0.294 65.058
65.349 0.294 65.055
65.350 0.293 65.057
65.346 0.292 65.054
65.348 0.292 65.056
65.346 0.291 65.055
65.346 0.291 65.055
65.346 0.292 65.054
65.348 0.294 65.054
65.348 0.292 65.056
65.344 0.292 65.052
65.342 0.287 65.055
SUPERIMPOSED TEST

65.330 0.294 65.036
65.333 0.289 65.044
65.334 0.291 65.043
65.333 0.292 65.041
65.330 0.288 65.042
65.328 0.291 65.037
65.327 0.291 65.036

Average
Containment
Temperature

O

531.85
531.86
531.86
531.88
531.88
531.87
531.84
531.82
531.79
531.77
531.74
531.73
531.73
531.72
531.74
531.73
531.75
531.77
531.71
531.70

531.68
531.73
531.76
531.76
531.73
531.73
531.72

Weight of
Containment
Alr

(1bm)

660,402.35
660,400.09
660, 389.94
660,385.40
660,405.70
660,438.42
660,404 .62
669, 388.85
660,415.96
660,410.34
660,467.90
660,449 .87
660,470.17
660,472.44
660,447.60
660,449.87
660,425.03
660,420.49
660,454 .40
660,497.29

660,329.22
660,348 .34
660,300.94
660,280.63
660,328.04
660,277.28
660,279.54
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citl
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Time

1100
1130
1200
1230
1300
1330
1400
1430
1500
1530

APPENDIX A (Cont'd)

REDUCED TES™ DATA

Average Partial Pressire lartial Pressure
Containment of Containment of Containment
Pressure Water Vapor Alr
(psla) (psia) (psia)
65.327 0.291 65.036
65.330 0.290 65.040
65.331 0.292 65.039
65.327 0.289 65.038
65.322 0.294 65.028
65.320 0.293 65.027
65.324 0.291 65.033
65.328 0.293 65.035
65.332 0.290 £65.042
65.332 0.291 65.041

Average
Containment
Temperature

(°Rr)

531.73
531.74
531.77
531.77
531.71
531.70
531.77
531.84
531.88
531.90

Weight of
Containment
Air

__(bm)

660,267.13
660,295.32
660,247.91
660,237.76
660,210.74
660,213.00
660,187.01
660,120.41
660,141.82
660,106.84




APPENDIX B
WEIGHT OF CONTAINMENT AIR AND

AVERAGE CONTAINMENT TEMPERATURE
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EXHIBIT 1:
EXHIBIT 2:

EXHIBIT 3:

TABLE OF CONTENTS

1000-0230 HOURS
0300-0430 HOURS

0500-0500 HOURS
0730~-1530 HOURS

(4/16/77 = &4/17/77)
(6/17/77 - 4/18/77)

(4/18/77 = 4/19/77)
(4/19/77)




APPENDIX B - EXMIBIT )
WEIGHT OF CONTAINMENT AIR AND

AYERAGE CONTAINMENT TEMPERATURE VERSUS TiMt
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