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1.0

SWCARY

The preoperational integrated leak rate test of the reactor containment
building was conducted for Three Mile Island Muelear Station, Unit 2 from
January 1 through January 3, 1978.

The test was conducted at a pressure Pa = 56.2 psig and calculations were
nade using the mass point analysis technique and the absolute method of
leakage rate determination. The acceptance criteria were as follows:

1. Lgm shall be less than 0.75 La = 0.0975%/day
(La = 0.137 by weight per day)

2. The measured leakage rate at .the upper 957 confidence limic,
UCL, shall be less than 0.75 La = 0,0975%/day

The analysis of 27.5 hours of data resulted in the following:
1. lan = 0.08877 by weight per day
2. UCL = 0.0947% by weight per day

Thcsé figures demonstrate the accentadbility of the contairment's leakage
rate.

The leak rate test was followed by a supplementary test to confirm the

- adequacy of the instrumentation used. An additional controlled leakace

rate of 0.0953% by weight per day was superimposed with the acceptaace
eriterion as follovs: .

Results from the supplemental test are acceptable provided the diffasreonce
between the supplemental test and the Tyne A test data {s within 0.25 La.

The analysis of the data showed that the difference between the supple-
mental test and the Type A test data was 0.092 La, which is acceptable.

During the Type A test and the supplemantal test, additional data was gathered
using the deflecticn instrumentation previously installed for the Structural
Incegrity Test of the containment building. The purpose was to atteapt to
establish a correlation between the chanZe in volume of the containment buildiang
due to the diurnal cycle versus apnarent changes in the calculated nmass of
contained air due to the volume chanpes. The wecather cenditions during the

tine of the test were such that volume changes were not large enoush to
estahlish a sufficient degrce of correlation, dut were calculated anyway and

are as follows:

The Type A test data with volume correcticons inserted into the c:lsu
provided the followiny results:

ations

1. Llam = 0.08527 by weight per day

2. UCL = 0.0910% Sy weight por day



. and tor the supplementary test:

2.1
2.1.1

2.1.2

2.1.3

2.1.4

2.2

1. Llam = 0.14207 by weight per cay

2. UCL = 0,14337 by welght per day

TEST INSTRIMENTATION
Description
Reactor Building Pressure Instruments (Texas Instruments)

Two precision pressure gaunes

Accuracy: * 0157 of full scale
Repeatability: + .00037% of full scale
Range: 0-75 psia

Reactor Building Temperature Instruments (Rosenount)

Twenty-four RTD's and a digital readsut
Overall System Accuracy: + 0.2°F
Overall System Repeatability: + 0,17

Reactor Duilding Dewpoint Temperature Instruments (Fuxboro)

Ten dewcell RTD's and a digital readout
Overall Systen Accuracy: + 1.0°F
Overall Systen Repeatabilicy: + 0.5°fF

Superimposed Leakage Rate Flowmeters (Drooks)

Two flowvmeters in parallel
Accuracy: + 17 of full scale
Range: 0-5 scfn

Figure of l!erit

In conformance with the draft copy of AllS 274, Containment System Leakage
Testing Requirements, May 1976, Appendix G, the ligure of meric for the
instrumenzation system vas calculated in order to justify the instrumentation
sclection. '




2.2.3

2.2.4

2.3

Pressure

Number of sensors: 2
System repeatability: + 00037 of 75 psia = + .000225 psia

+ .,000225 ce

—————

ep = vz = +.020159 psia

Vater Vapor Pressure

MNlumber of seasors: 10
System repeatability: + 0.5°TF dewcell temperature .

At a dewcell temperature of 120°F, the corresponding de'rpoin: and
vapor pressure chanzes are:

+ 0.5°TF dewcell = + 0.35°T dewpoint = + .NN238 psia

¥ 0238
ey = VIh = + .00075 psia

Temperature

Yumber of sensors: 24
System repeatabilicy: + 0.1°F

20.1
e, = VZ& =+ .02041°

Fo:t

2&00 .09159 .nﬂ075 N2041
FOM -4 2z ‘n‘, ] 2x 70.9 ( 525

FOIt = + .0057% by weight per day

This lotr figure of merit indicates that the instrumentation selected
is of appropriate accuracy for the intended use.

Corrections for Instrunment Frror

Corrections were rade to the raw data based upon comparisons tn measutement
standards traceabhle to MRS. This corrected data was used in calculating the
final results for the Type A ::r:ss arn:d the supplencntal test in ozder to
obtain the calculated mass of contained air.



2.3.2

2.3.3

2.3.4

3.0

A

Full pressure of approximately 71.0 psia :

1/
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Pressure

Corrections to the pressurce dati was based on computer-senerated vendor—
supplied tables of instrument reading versus true pressure for each of
the two instruments. The corrections used were on the order of .003 psia
for onec and .0003 psia for the other. The corrected data wvas averaged to
obtain the total pressure value uscd in calculating the mass.

Tanperature

Corrections to the tenperature data was based on calibracion data obtained
on~-site for ecach RTD and the dtqt:al readout. Since the temperatures in

the containment varied only slishtly during the test, the corrections for
each RTD did not vary sianificantlv durinz the test and were therafere
averaged together, them added to the averaged uncorrected data. The
corrections for each RTD varied l-om =N.3°F to +0.5°F. The average of these
vas +.1354°F. .

later Vapor Pressure

Corrections to the dewcell temperature data was based on calilration data
obtained on-site for each IID and the digital readout. Thc dewcell
temperature corrections varied fron =2.4°F to +0.5°T and wvere applied to
each dewcell used during the test. The dewcell tenperatures vere averaged
and converted o dewpoint temneratures by meaus of the calibration curve
supplied by the manufacturer of the dewcells (Toxhoro). The dewpoint
temperaturas were converted to vajpor pressurc using a curve accurately
fitted to the table in Reenan and Keyes.

Superimposed Flow

Since the controlled flow for the supplementary test was maintained con-
stant for the duration of this test, the correction to the flow data was
2 single value. This correction tas determined by comparison of the
parallel flowmeters to a calibrated, hiphly accurate Volumetrics test
device. This corrected £flow value was used for the supplerentary test
calculations.

ALYSIS OF RISULTS

1/70. Tollowinz a stabilization peried
ta collection for the ILRT was hegun at
r possilile leaks was also begun at this
ring the time period from N300 to 1339,
rvice Air Svs:ﬁw containment isola:zion
elaced. Lc&%:"c ras also identified zhr
pactration P=5422, and wvas manually isol
€ the 10 dewee!]l tenmperaturve relouts
ctloa of daca from these sources was

ale



The time pericd from 1330, 1/1/78 to 1700, 1/2/78 coanstirutes the data

base from which the actual leakage rates were calculated. During this time,
the calculated leakage rate was continuously decrcasing. Although no
factual recason for this behavior was found, it was helieved that this effece
vas due to slow lecakage of air into enclosed spaces and/or concrete within
the confines of the leakage boundary established for the test, and did not
appear to be leakage past the tast boundary. .

The supplementary verification test was run from 1800, 1/2/73 to N4NO, 1/3/783.
Duec to the stecadily decreasing leak rate mentioned in the previous pacragraph,
the most accurate value of leakage rate for comparison with the supplementary
test would be the last sets of data from the Type A test. The last ten hours
of Type A test data vas used to calculate a leakage rate for comparison with
the data from the supplementary test. This data compared well, and success~
fully verified the accuracy of the Type A test. ~

Subsequent to performance of the above testing, post-repair nmeasurements of
leakage rate from the two identified leakage paths were made. The total
leakage rate was 180 scem, which is approximately 0.00000097 bv weight per
day. This was added to the previously measured leakage rate, but is insig-
nificant.

Additionally, calibration checks wvere made on the dewcell RTD's and the
flownmeters used for the supplemenrtary test. The comparison batween the
test instruments and the calibration instruments (traceable to NBS), along
with sinilar calibration clhiecks made on tha containment tamperature RTD's
and pressure instruments prior to the test, allowed an instrumeat error to
be determined and a corrcction applied to the data accumulated during the
test. The corrected values were used to calculate the final leakage rates
and upper confidence limits given in this report.

A table of mass values versus time was thaon determined for the Type A test
and for the supplementary test. The data rejection criterion deserihed in
the draft cony of ANS 274, Containment Svstem Lealkage Testing Neauirements,
May 1974, Appendix D was then anplied. Dlased on this criterion, none of the
data points were rejected.

By the above described processes, the final leakapge rate values were obtained
as listed in Section 1.7 of this report. These values demonstrate the
acceptability of the containmment's lealage rate in meeting the acceprance
criteria.
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Type A Test Data

1339; 1/1/78 to 1700, 1/2/70

Temnerature Vanor Press-ire
(°R) (psia)
522.16 .19301
" $22.13 10152
522.11 15144
522.10 19194
522.1n 19979
322.11 10177
322.12 .193%2
522.13 .19260
522.19 .12930
522.1n 17326
522.190 10177
522.11 107913
522.00 19177
522.09 J19079
522.n8 19218
522.97 19225
522.06 193868
522.04 «12326
522.107 10350
522.0 .19123
522.33 .19351
$22.43 192368
522.32 19374
332.3% 12350
522.49 19343
522.40 19476
§22.37 19434
522.39 19262
522.41 19463
322.43 19415
522.45 .1956Nn
522.45 .19513
522.49 19453
522 48 .19451
522.47 19619
522.52 196192
522.59 .12061
o 19451
22« 51 19513
522.53 + 19560
522.52 +1967°%
522.50 «19543

ol

Total Mressure

(ps}n)

70.998575
70.97135
79.99135
7N.89225
70.80535
70.89735
0.87285
N, 22584
70,8854
“IN.8°
7N.8834
79,8020
7.877°
7n.8781
70.87295
72.8754
71.27735
7N.85705
70.8C55
70.2675
70.91135
70.91825
n,.91735
70,90335
70.94715
70.920135
70.22835
70.89535
70.90235
70.90135
70.90435
70.90335
70.20735
70.9NA35
7N.91535
70,9288
79.90635
70.907135
70.90155
70.995%55
70. 09405
70.90035

N

[ S—
P

\

{

f e

0p

-

Ul

Mass of Adlr
(lbs. mass)

767632.6732
767617.514

767649.8933
767564.4966
767616.39°5
767619.01.59
767528.1358
767444 .4222
767571.2%45
767525.39237 .
767467.8185
767457.,9492
162420.4%0°
767442,2612
767382.5078
767420.2955
7G7364.2034
767363.71C7
7673%4.6277
767320.9347
767423.654

767349.9272
767235.7377
767234.2915
767792.8377
767129.5671
767216.2314
767173.2392
767190.9343
767161.0443
767135.3393
767135.1551
767123.724

767132.1342
7671256.1855
767020,2282
767978.1933
767100,
767029.
767035.
767930,
767025.7R2)
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TARLLE 3.0-1 (Cont'd.)
Type A Test Data
1330,.1/1/78 to 1700, 1/2/78

-7

Hour Tomperature Vanor Pressure Total Pressure Mass of Air
(decial) (*R) (psia) (Qgia) (lbs. mass)
21 522.50 19644 70.829285 7679103.99%
23:3 3$22.5) 19745 70.90235 767007.2932
22 522.51 19619 70.90185 767016.1966
y ¥ P 522.54 «1972n0 70.90235 766973.9485
23 322.53 19703 70.90035 766972.4334
- o B 3522.55 19518 70,8949 7663%96,69
24 522.56 «19804 70,90035 Y£5012.493
24.5 22.35 19245 70.90135 766942.0023
25 522.53 «19723 70.8908S 766573.9155
25:5 522.56 «19711 70.898A85 766900,2076
26 342.55 «19872 70.8935 766297.20838
206.5 522.70 19626 70.922325 767013.918%
27 522.89 .20013 71,9483 746926.4013
al.5 522.95 19830 70.9556S 766940.8533

Lam = 03877 by weight per day

UCL = .S2477 by uveight per day

Yor = az® 10 hours data: lam = 051307 b e¢r da

¥ [ Miumpe s 2, < lﬁ‘,' e {t .
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Supplementary Test Data

1200, 1/2/78 to 0400, 1/3/73

ablie

Total Pressure

Temnerature Vanor Pressure
(°R) (psia)
523.01 .19941
522.96 19869
522.91 .20035
$22.92 .19872
522.92 19821
522.91 20086
522.91 19975
522.91 <1989
522.92 20026
322.91 .20052
522.91 19847
522.72 .20035
522.92 19742
522.92 .19949
$22.93 .19881
522.95 19864
522.96 .19289
522.93 19932
522.95 .20052
522.95 »20078
522.95 .19283

(
(ol

(psia)

70.9457

70.93355
79.92625
70.92325
70.92325
70.91925
79.91225
70.9133

70.91725
70.9118

70.90935
70.2068

70.90885
70.90385
70.90285
70.90285
70.90225
7n.90285
70.9N185
70.89585
70.89585

Mass of Air

(lbs. mass)

766729.3743
766670.4252
766648.8624
766627 .8204
766633.3476
766567 .4047
766585.53A3
7646530, 3365
766546.1256
766496.4776
766436.0221
766719.Nn604
766462.0104
766403.1104
765381.343
766358.7625
766332.253%4
766375.8013
766327 .5386
766265.8402
766269.9499
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CONTATIRIENT VOLWRIE ClIANCES

Pasc observations of integrated lcak rate tests have revealed, in some cases,
an apparent cyclic variation in contaimment pressure with approximately a
24=hour period. Oue possible explanation of this phenonenon i{s an assumed
variation in containment volume (normally assumed coustant) due to external
concrete surface heating and cooling from the sunshine during the day and
lack of it at nigh:.

In accordance with !MC Purchase Order DR-77-24N5, Anmendment 1, addicional
data was taken using previously installed instrunentation to periodically
neasure the containment vertical and radial deflections. This informaticn
vas gathered in an attempt te corrclate small chanpes in the containment
volume with ILRT pressure variations, possibly due to cffocts of the diurnal

ceycle.

Tle instrumentation used was provided by Drewer Fngineering lahoratories

for use during the containment structural integrity test. Data was obtained
hourly during the Tyme A test and the supplementary test by DL parsonnel.
The thirteen radial measurements were made with eight elecctronie deflection
trarsducers and five optical devices. The four vertical measurements were
nade with invar tapes and electronic deflection transducers.



In order to simplify the use of these measurcments, the containment
wvas assumed to be a right-circular cylinder (shown below). The volwac

below the operating {loor was calculationally reduced ( to account for

concrete, equipment, etc.) by assuming a solid anmnulus within containmenc,

6
wvhich reduces the total free volume to 2.1 x 10 ecu. ft.

T4
— — 4 4 ' T 2 .
e I — 469.885 T1 T2 T3 A
R11,12,13 @ : L R e S o
» A&y .‘__Rl___! vl i
1)
LI
.-.L-- 367.333' _ _ _ WS ok &
. % 335" i »
8 - el
‘6.7|8)9 ;10 Rz ‘ % | .
i V2 ;ﬁj 310.5' & e . B
H.Z,B,&,S 8 y / ) 309¢%. - - -t
L 2 2805 -l o

VeV +Vy=21x 100 cutfe., R =65
v = 7 Ry2 By = 1,361,197 cu. f:.
Vy = V-V, = 738,803 cu.fr.R, = 52.0411"
In general:
AV = w(R+3R) 2(#+aH)- *R2H = =(R24 + R24H + 2RHAR + 2RARMH -+ HAR? +4 HAR2)-
7R2H
Retaining only the first-order factors:
AV = z(R24H + 2RHiR)

AV b AV <l 2 .+ R M. AP, + Ra All. & SRaM.A
= AoV ® AV, W (X9 iy, . Ry LN ERot
b 2 i ) & 40



For AV;: Ry = 65", OR) =RI1+ RI2 4RI , My = AdRAC
3

4H) = smzsnlz (AT1)+ SMCZ(HI! (aT2) 4° STH-C)(HI! (ATJ)'S'\*‘BHUI!

(T1) (P+C) (T2) (T+C) (T3) (L+C) (T4) (A+3)

4

For aVy: Ry = 52,0411 , ARy = RI+R24RIFRL+RS+REFDTHNS+RO4ER10
10

Hy = DVESF4C

AHy = (D+E) (H2) E+F) (112) . D) (12)
(T1) (o+g) “TL* (32) (vzer) (4T2)+ 33y 00y (AT

' 211 Hl,.,  El,. .H
So AV = x(65) él AT1 + ﬁmz -~ —3-:..3 - ?Z-A‘l‘lo‘

N 4 J
+27(65) (11) (11 + R12 + ®12)

X ! )

211)2(H2 B2 -y 4 H2 ..
+ 7(52.0411) (}lArl + 35872 + 73273
3

=

+27(52.0411) (#2) ( .1+?.2+.=.3+R4+a5+no+sz7+n3+a9+a10\
10 -/

Converting the deflaction to nils(.OOl”))entcring numarical values yields:

AV = 3
"V 5.540056 X 10~7 (3aR1) + 1.1267103X10°7(10aR2) + 1.6220507%X10~7(aT1)

+ 1.6052708xX10%7 (4T2) + 1.9560023:10-7(aT3) + 1.4083419%10~7 (474)

3]
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Based on :bis volume corrcction, cach hourly mass point was

corrected:

W'=(Q+4v.)w
i vy 4

and the leak rate L';n and upper confidence limiz UCL' calculated.

The results obtained in this manner do not show a correlation
any greater than thc normal Type A test results. The confidence
interval for the normal Type A test data vas 0.108% by weight per
day, vhile the confidence interval for the "correctcd mass" data
wvas 0.00387 by weight per dav.

During performance of the test, the weather was consisteatly
cold and cven the appearznce of the sun did not significancly
alter the external concrete surface temperature. Mo cycl{c
pressure variations were observed during this period of time.
Therefore, it appears that the environnental conditions were
such that the variations which this extra effort was attempting to

correlate simply were not present to a discernable degree.
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R13
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T4

eadings were taken in mils (t-ousandths of an inch)

TALLE 4.0 - )

BEL -Deflection Instrumeatation

Type
Radial
Radial
Radial
Radial
Radial
Radial
Radial
Radial
Radial
Radial
Radial
Radial
Radial
Vertical
Vertical
Vertical

Vertical

Elevation
293!
293
293’
23
293"
352"
352'
352'
352'
352"
436"
436'
436"

310" 6"
309
335!

374"

-]

Azimuth

0°
90°
180°
240°
300°
0°
60°
90°
180°
240°
0°
920°
3c0°
0°
90°
240°

Dome-Apex

BEL No.

) §
D2

D3

D5
06
D7
08

D10
011
012
013
D38

D39

D37



2000
2102
22C0

3C2

1-2-73
CaC3

0100
0200

0300

0589

TABLE 4.0 - 2

CONTAIMNMENT EXTERNAL

HOUR
TEMPERATURE (OF)

d 37.0
1 36.7
2 36.8
3 36.8
o 37.0
3 37.0
6 36.8
7 36.8
8 37.2
9 37.2
10 37.0
11 36.8
12 36.8
13 36.8
14 36.8
15 36.8
16 37.0
17 37.0
13 36.2
19 36.2
20 36.2
21 36.4
22 "
23 36.3
24 36.9

ENVIRONMENTAL CONDITIONS

CLOUD COVER

Overcast

Thick Overcast
Overcast

Overcast - Snowing
Snowing

Snowing

Snowing

Snowing

Snowing

Snowing

Snowing

Snowing
Snowing
Snowing
Cloudy
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clcar

Clear
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NATE/TIME

1-2-78
1400

1500
1600
1700
1800
1500
2000

2108

HOUR

25
26
27
28

10

(Cont'd)
TABLE 4.0 - 2

ENVIRONMENTAL CONDITIONS

CONTATNMENT EXTERNAL

CL.OUD COVER

TEMPERATURE (OF)

37.2
37.2
36.4
36.4
36.0
35.8
35.8
35.2
35.0

34.6

34.6
35.2
33.4
33.4
32.8

o

Some Clouds
Some Clouds
Clear
Clear
Clear
Clear
Clear
Clear
Clear

Clear

Clear
Clear
Clear
Clear

Clear
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