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1.0 INTRODUCTION

The periodic Integrated Leak Rate Test (ILRT) of the (conee Nuclear
Station Unit 3 Reactor Building was satisfactorily completed on
July 3, 1978. The testing was conducted in accordance with the re-
quirements of FSAR Section 5.6.2.1, Technical Specification 4.4,
BN-TOP-1 (Bechtel Testing Criteria for ILR Testing), ANSI N&45.4-
1972 and 10 CFR Part 50, Appendix J. The absolute method of
testing was employed with containment temperatures measured at 24
locations and containment dewpoint temperatures at two locations.
Leakage was measured at half the design basis accident pressure of
~ 29.5 psig. A measured induced leak was used to verify the
results. Internretation and final analysis of the test data show
resulis well within the specified limits for this containment,
which has a maximum allowable leak rate of .176% per day. The

* leakage rate for Oconee Unit 3 Containment Building was found to

be .1029% per day. The mean of the leakage rate over the 2% hour
test period was .06381% per day.

1.0-1
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2.0

SY

MARY AND CONCLUSIONS

. |

Synopsis

The successful ILRT was performed in accordance with periodic
test procedure PT/0/A/150/03 as approved for use on July 8,
1977. This procedure is similar to that used for the pre-~
operational ILRT.

Pressurization for the ILRT began at 1435 hours on 6/30/78
with both air compressors. Pressurization was stopped at
10 psig and the building was entered and inspected for indi-
cations ‘of leakage. No indications were found and the com-
pressors were restarted. The compressors were secured at
0840 on 7/1/78 with the containment at approximately 30
psig. It was noted at 1715 hours that the emergency
personnel hatch was at the containment pressure (The hatch
bad equalized with the containment). It is believed the
inner door leaked past its seal and equalized the inner
lock of this penetration. This was acceptable since credit
is taken for the outer door only.

The 24 hour test period started at 1240 hours on 7/1/78. At
1425 hours on 7/2/78, inspection of data and calculations
indicated that the test was satisfactory and data aquisition
was teminated. The approximate 2 hour delay was due to bad
data at the start of test due to the leaking inner door on
tke emergency personnel hatch.

At 2055 hours on 7/2/72 a knuwn leak rate of approximately
.176% was induced for purposes of verifying tie capability

to measure a leakage rate. This iznduced leal rate test
ressurization of the contain-
- - - n

oo~

20 on 3/78 and completed at

gave favorahle results. Dep
ment building was begun pt 1
0400 on 7/~/78.

Instrumentation consisted of one (1) precision pressure sensor,
weanty four (24) temper: €

sensors which were used t

conditions during the I

sensors and two (2) dewpoint

measure containment atmospheric

The emergency personnel hatch was locally tested on 7/6/78

with satisfactory results.

iest Organization

The Performance secti at oconee Nuclear Station had overall
responsibility for ELLS pe:;cd1( ILRT. The testing activities




he test coordi or. See Figure
a et 21 weE LBUrE

chart. he t personnel were as fol

Test coordinator R.
Responsible for all ILRT Activities

Data Engineers (one shift) . G. Davenport

Responsible for 1T 1g Activities on - G. B. Beam

their assigned shifts , M. Beck

Data Takers (one per sl .., Heddon
Responsible for r ding rece ng - ). W. DeNard
11 test data G. F. Long

Computer Operators (op hi '. E. Evans

Uwens

Thompson

Test Criteria
Pressure:

Leak Rate

r
A

emperature
Volume:

'If." st I“‘-',‘.' su
As showr

of this

the measured

leakage rate limit
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For reporting purposes, a leak rate of .1029% shall be used

for this test. This leak rate was obtained by using a least
squares linear fii of the 15 min. leak rate data taken during the
ILRT. These calculations are bas~>d on the total time method as
described in ANSI N45.4-1972.

The verification test consisted of imposing a known leak rate on
the containment at the end of the ILRT. Results from this
supplemental test are acceptable provided the difference between
the supplemental test data and the type A test data is within
¥ L‘. A summary of the verification test data is given below.

29.5 psig ILRT %/day
Leak Rate calc. during ILRT, Ltm .1029
Imposed verification leak rate, Lt .1760
Total ' .2789
Upper verification limit = .2789 + .25 Lt + 323
Leak rate calc. during verification test .267
Lower verification limit = .2789 - .25 Lt . 235

Error Analysis ~ i

The leakage rate in weight percent per day is computed using the
absolute method by the formula:

_ 26400 [1~-To P
stk § [ TT] o

Where:

Po = Initial Reactor Building absolute pressure corrected for
water vapor pressure.

P = Final reactor Building absolute pressure corrected for water
vapor pressure.

To = Initial Reactor Building mean alisolute temperature.
T = Final Reactor Building mean absolute temperature.
H = Number of hcurs held at test pressure.

The change or uncertainty interval {u LR due to uncertainties in
the measured variables is given by:

2.0-3



P AR - B AR - BEARRT - BEA R &
= 1\dp dPo » dTo aT

Where O is the standard error for each variable.

The error in LR after differentiating is:

2 2 N2 Y
2400] [-To . e *rTe P, . ® * (=P . e +Tg P . E f]
elR = H (‘I’Po f) (r Bo P) (’I‘Po . ) (rgpo T) "
Where: ep = OP €po = opo

10 * Y70 & * %

The analysis technique, based on equation (3) above, was verified
by K. Horoschek and E. Weipport in "Tight.ness Investigations on
Reactor Safety Pressure Vessels," Vol, 13, No. 3, March 1961.

For small values of LR:
T~ To, P~ Po and

, B = @

T To

Therefore, the equation then simplifies to:

2600[f-eP Y2 + fer \2 + f-eT\2 +/eT) 2%
emz_}l.—[(-l’) (P) (:r) \r) ]

or
_ 2600 2(er)2 + 2feT\2T% (5)
an= 55 (2)7 * 2(4)°]

Wher: e = error in pressure which accounts for the errc; in the
absolute pressure measurement instrument (ePT) and the water vapor
measurement system (epv) an! where e = error in temperature.

3
2 271%
0 [t ¥+ (ep)’] )
epr = Absolute Pressure Instrument Accuracy Error

€py = Dew Point Sensor Accuracy Error de
(Number of Sensurs) % dTD

= RTD Accuracy Error
(Number of RTi:'s) %

°T
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To develop a numerical value for e _ it will be assumed that:

LR

H = 10 hours
RB mean absolute pressure = 29.5 ps1§
RB mean absolute temperature = 529.7 R (70°F)

RB mean dewpoint temp~ . ature = 68°F

Substituting the instrument accuvacy values given in Section 3.2.1
inr> the above equations yields:

EPT = + 0.0005 perceat full scale*

*Value of full scale repeatability used. This number is more
significant for the error analysis than the absolute accuracy.

ep, = * 0.5°F = + 0.353°F

From the ASME Steam Tables at 68°F:

ey = 0.00414 psi .
ep = JfB.ooos psi)® + (0.00414 psi)®
ep = 2t 0.00417 psi
ep = + 0.07°F *
(24) %

* Value of full scale repeatability used. This number is more
significant for the error analysis than the absolute accuracy.

e, = + 0.0143

T
Substitution into equation (4) yields:
2 29%
elR = 1[2 0.00417\“ + 2 f0.0143 ] fad
44,645 530.00 10

= + 0.0330% per day

2.0-5
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3.0 DESIGN INFORMATION

. 3.1 Reactor Building

The reactor building is a reinforced and post-tensioned concrete
structure designed to contain any accidental release of radio-
activity from the reactor coolant system as defined in the Final
Safety Analysis Report (Reference 1).

The structure consists of a post-tensioned reinforced concrete
cylinder and dome connected to and supported by a massive reip-
forrced concrete foundation slab as shown in Figure 3.1-1. The
entire interior surface of the structure is lined with a 1/4
inch thick welded ASTM A36 steel plate to assure a high degree
of leak tightness. Numerous mechanical and electrical systems
penetrate the reactor building wall through welded steel
penetrations.

Principal dimeusions are as follows:

Inside Diameter 116 ft.
Inside Height (Including Dome) 208-1/2 ft.
Vertical Wall Thickness 3-3/4 £t.
Dome Thickness . 3P-1/4 ft.
& i
Foundation Slab Thickness 8~-1/2 ft.
Linear Plate Thickness ' 1/4 inch
Internal Free Volume 1,910,000 Cu. Ft.

3.2 Measurement Systems‘

Instrumentation used for the Oconee Unit 2 ILRT is similar te hat
used on previous tests conducted by Bechtel. The leak rate te: .
measurement system is shown schematically in Figure 3.2~-1.

Reactor Building pressure was measured by a Texas Instrument
precision pressure gage. The unit was calibrated at the Duke
Power Standards Lab before the test.

Reactor Building temperature was measured by twenty-four (24)
calibrated RTD's and read on a Leeds and Northrup Numatron digital
readout device. Each RTD was assumed to be representative of a
fraction of the total containment volume. In addition to the
twenty-four (24) RTD's used for the calculation of reactor
Building temperature, four (&) additional RTD's were used to
measure the linear plate temperature.

3,0~1



3.3

Reactor Building dewpoint temperature was measured by tvo (2)
Cambridge Dewpoint Hygrometers. The relative location of the
himidity sensors is shown in Figure 3.4-1. A 0-10.45 scfm Brooks
rotometer was used in establishing a known leak rate.

3.2.1 Instrument List

Specifications for the instrumentation used for the
Oconee Unit 2 ILRT are listed in Table 3.2-1.

3.3.2 Temperature Sensor Locations

The locations of temperature sensors within the Reactor
Building are shown in Figures 3.2~2 through 3.2-6.

3:2:3 RTD and Dewpoint Volum# Fractions

Volume fractiyns were used for calculating the average
temperature and the average dewpoint tewperature in the
containment. These fractions were determined using an
equivalent volume for each sensor. The free volume of
the containment was divided into '"cells" with a sensor
center in each. Volume fracticns are given in Table
3.2-2.

Pressurization System

Reactor Building pressurization was accomplished by two (2)
electric motur driven air compressors operating in parallel.
These compressors, purchased for pressurization of the Oconee
Reactor Building, also include aftercoolers as integral equip-
ment. The discharge from the compressors passes through a single
air dryer which reduces the moisture content in the air priocr

to its entry into the Reactor Building. The specifications for
these components are as follows:

A. Two (2) electric driven Joy Turbo~Air (20V2) centyifigual
type air compressors with a capacity of 2300 scfm @ 80 psig.

B. Two (2) Basco size 22048 aftercoolers (Integral to Compressors),
type “"ES'" Fixed Tubesheet, with a capacity of 2100 scfm @
14.4 psia and with a design pressure of 150 psig.

+ One [1) Hankison (Model H-15) refrigerator type ai: dryer with

inergial impigement separator, and a capacity of 3750 scfm
(100°F Sat. inlet) @ psig.

3-0‘2



3.4

3.8

Thre«.valves, 3LRT-15, 3LRT-16, and 3LRT~17 are used to control
pressurization and depressurization of the Reactor Building.

The controls for these valves are located in the test panel. The
pressurization system is shown schematically in Figure 3.3-1.

Recirculation System

The Reactor Building Air Recirculation System consists of four
(4) auxiliary fans and three (3) Reactor Building cooling fans.
The auxiliary fans take suction through ducts in the upper region
of the Reactor Building and circulate it downward. The Reactor
Building cooling fans take air from midheight in the Reactor
Building and exhaust it through duct work down to the lower
levels of the Reactor Building. This is shown schematically in
Figure 3.4-1.

Computer Programs

All calculations, summaries, and reports were performed using the
Duke Power Company ILRT computer program.

3.3.1 Duke Computer Program

The Integrated Leak Rate Program calcu)ates the icak rate
for a nuclear reactor containment vessel. The program
computes the leak rate at a given time from input values
of pressure, temperature and vapor pressure. The leak
rate, as a function of time, is determined by elementary
linear least-square methods.

The Integrated Leak Rate Program is designed to a.low the

user to evaluate containment leak rate test results at the

jobsite during containment leak rate testing. Interim
leak rate test reports may be obtained at any time during
the testing period. Each interim report consists of two
printouts. The first printout, called the total-time
computation, uses the initial and latest input data to

compute leak rate. Each computed leak rate is statistically

averaged using a linear least-squares fit. Early in the
test this method of computation give~ indication as to
whether or not the leak rate is acceptable.

A second printout, called the point-to-point computation,
is also provided. The point-to-point method uses the

data at a given hour and the data from the previous reading

to compute leak rate. Each individually computed leak
rate is then statistically averaged using a linear least-
squares fit.

3.0-3



The results of the two methods used indicate that either
method is a satisfactory method for computing contain-
ment integrated leak rates. Both methods of computing

the containment leak rate are presented in ANSI N45.4-1972.
However, the total-time method is recommended by Appendix

J to 10 CFR 50.

3.5.1.1 Explapation of Program

3.5.1.1.1 Purpose

5 Proces:s raw data for use in leak rate
calculation.

b. Calculate leak rate on a point-tc-point
or total time basis.

P Calculate a statistical point-to-point
or total time leax rate by a linear least
squares fit of the data.

d. Qutput data.

3.5.1.1.2 Process Raw Data

B Temperature

(a.l1)
(a.2)

(a.3)

(a.4)

300"4

Uni: =~ °F.

Number - 28 (Includes 4 on
linear plrte).

Input to computer will be in °F,
The computer will apply necossary
calibration corrections to the
temperature.

Each temperature (28) will be
weighted by a volume fraction.
The calculation for the average
building temperature is:

T=23T .V
n n

Where: T = Average buildéng
temperature, I

T, = Temp. at 8ach point,
n+ 1-28 'F



Vn = Volume fraction
for each point.
The volume represented
divided by the total
volume. Volume fractions
must add to 1.

The Average Tgnperacure must be
converted to R by adding 459.7.

{a.5) The temperature on the linear plate
will be available for output.

Pressure
(b.1) Unit - psia.
(b.2) Number -~ 1.
(b.3) Ioput is in psia. The computer
will apply necessary calibration
; correction to the pressure.
(b.4) The pressure will be weighted by

a volume fraction. The calculation
for the average building pressure
is: ‘

Where: P = Average Building
Pressure, psia.

P = Pressure by texas
instrument, psia.

W, = Volume fractiou
(must equal 1).

Barometer
(c.1) Ungt = Inches of Hg @
32°F.
(c.2) Number - 1.
{c.3) Input is not used by calculations,

but will be available for output.
Dewpoint Temperature

(d.1) Unit - °F.

3.0-5



(d.2)

' (d.3)

(d.4)

(d.5)

Number - 2.

Input to computer will be

in F. A calibration curve will
be associated with each sensor
and the input will be corrected.

Each Dewpoint Temperature is
weighted by a volume fraction.

The calculation for the average is:

Tv = W3Tv

Where: Tv = Dewpoint Temperature,

1 * ¥

T . = First Sensor Dewpoint
vl

temperature, F.
T , = Second Sensor Dewpoint
v2

temperature, F.
W = Volume Fraction

(w3 +w‘= 1)

From the Dewpoint Temperature
(Saturction Temperature) the
Vapor Pressure (Saturation
Pressure) is determined from
the steam tables. The range
required is 40 to 120°F from
the steam tables.

P, = £ (T)

3.5.1.1.3 Leak Rate Calculations

Leak Rate on Hourly Basis

Leak rate will be calculated on a point~-

to=point
previous
and data
readings

(a.1)

3.0-6

basis from data obtained at the
point readings (data subscript 1)
obtained at the present point
(data subscript 2).

Absolute Hethod

. 11 (P2 - Pvz)
Tz (P1 -Pv)

La = 2400

Wt 1

“y.



Where in (a.1) above

1 =

Tl =

Pl =

P2 =

Pvi=

At =

Peréent leak rate per hour
(La or Lx)

Average zbsolute temperature
of Reactor Building air at
starz of each test period, F.

Average absolute temperature of
Reactor Building agr at end of
each test period, F.

Absolute pressure of Reactor
Building at start of each test
period, psia.

Absolute pressure of Reactour
Building at end of each test

" period, puia.

Vapor pressure of Reactor
Building at start of each test
period, psia.

Vapor Pressure of Reactor
Building at end of each rest
period, psia.

Time interval between start
and end of test period, hours.

Statistical Point-to-Point Leak Rate

Linear least square fitting is used
to calculate a statistical point~to~-
point leak rate for the Absolute

Method.
Li = a + bti
Where: a = 384 3(ti%) - Sti Ifiti
N Z(ti%) - (Zti)”
b= Nifiti - 28i Jti _
NI (ti") ~ (2 ti)”
Li = Statistical leak rate
£i = Calculated leak rate
ti = Time between data sets

3.0-7



N = Number of points to be
fit (oumber of data sets)

Leak Rate From Initial Data Set

Leuk rate from the initial data set
to each successive data set is
calculated by the following equation:

{e.1) Absolute Method

Laa = 2400 |1 - Ti (Pt - Pvt)
TI Tt (Pi - Pvi)

Indicates data from
initial set

|3

Where: i

t = Indicates data from each
successive set

TI

Time from initial data set.

Statistical Leak Rate From Initial
Data Set

The leak rate is calculated by a
linear least squares fit over a

period from the initial data set
to each succesuive data set.

(d.1) The equations are the same
as in 3.5.2.1.3(b).

(d.Z) The data used is obtained
from 3.5.2.1.3(c).

95 Percent Confidence Limits

CLi = Li + T oi

"

Where: CLi Confidence limits at

time ti

Li = Statistical leak rate
at time ti

0i = Standard deviation

T = Tabulated constant

3- 0-8



T = 1.95996 + 2.37226 + 2.8225.
(N=2) (N=2)°

Where: N = Number of data points

Variance |1 + 1 + (Lo - t%
Z(tl t)

Where: to =

t =13¢d

N

Variance = [?(21 - a = bti)z]+[N~ﬂ

3.0-9



TN CTDTIME N
INSTRUMENT

<040

Instrument

< ) 1 v
oLabllity
Repeatability

Resolution

Accuracy f reading

Pressure Gauge
.":fy’

Range
A‘(grafy
kt';,t"_ﬂ. ability

Temperature Elements

Mfz.
Model

Tvpe

i
Range
3

Repeatability and

Accuracy

Temperature 1 ations - Temperature E

P - —h

Mfg
Model
Range
Reproduc
Accurac

Dewpoint




cfm

instantaneous

- : | i
b \ / , §
0an 1L/ 984 01

-

readir

=¥ r11
o

SCI ne




VOLUME FRACTIONS

- Volume Fractions for RTD's

RTD # Volume Fraction
1 .03
2 .02
3 .02
4 .05
5 .02
6 .03
7 .01
8 .08
El ) .05
10 25
11 .02
12 .02
i3 .01
14 .02
15 .02
16 .01
17 .05
18 .09
19 & |
20 01
21 .01
22 .09
23 .11
24 .07
TOTAL 1.00

Dew Point Sensors Volume Fraction

Dew Point Sensor # Volume Fraction
1 (Azimuth 100° Elevation 850') 0.4
2 (Aziouth 260° Elevaticn 850') 0.6
TOTAL 1.0

Table 3.2-2
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REACTOR BUILDING PRESSURIZATION SYSTEM
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4.0 CONDUCT OF TEST PROGRAM

4.

1

Local Leak Rate Test

The purpose of the Local Leak testing program was to systematically
check the integrity of valves (seats and packing), flanges, pipe
and electrical penetration welds, seals and compression fittings
that are part of the boundaries of the containment system. These
tests, specified by Section 4.4.1.2 of the Technical Specifications,
have a combined Acceptance Criteria of less than or equal to 0.125%
of the reactor building atmosphere per 24 hovrs. Final analysis of
all penetration leakage rates shows that the total penetration
leakage rate was approximately 46 percent of the allowable.

6.1:3 Test Method

All electrical and mechanical penetration, including
locks and hatches, were tested by pressurizing to

~ 59 psig. The pressure, temperature and barometric
pressure were recorded before and after the leak test
(duration of test determined by penetration volume)
and the leak rate determined by the mass difference
method.

4.1.2 Penetration Test Results

Per Technical Specification 4.4.1.2.3, the total
leakage from all penetrations and isolation valves
shall not exceed .125% of the Reactor Buildiug atmos-
phere in 24 hours. The total measured leak rate from
all penetrations prior to this test was .0576% per

24 hours. Results of all local penetration tests
dcae since the last type A test are given in Tables
4.1-1 through 4.1-2.

4.1~-1



4.2 Computer Calculations and Results

. 4.2.1 29.5 psig ILRT

The curves for the 29.5 psig ILRT are shown in ,
Figure 4.2~1 through 4.2~4. Supporting summary data is
given in Table 4.2~1.

4.2.2 29.5 psig Verification Test
The curves for the 29.5 psig verification test are

shown in Figure 4.2-5 through ¢.2-8. Supporting
summary data is given in Table 4.2-2.



Penetration

Elec. Penetrati;ns
Type A

Fuel Trans. Tubes

Equipment Hatch

Personnel Hatch

Emerg. Personnel Hatch

NOTE:

Date

4/18/75
3/26/76
9/21/76
10/26/77
6/29/78

8/8/74

10/8/175
9/21/76
11/1/77
6/27/78

8/16/74
8/31/74
4/17/75
4/16/76
71/5/76
10/26/76
11/23/77
6/29/78

11/15/74

2/21/75
7/2/175
1/11/75
3/16/76
8/23/76
11/23/76
3/1/17
8/5/77
10/19/77
11/23/77
3/28/17
6/29/78

11,15/74
11/22/74
8/7/75
12/8/75
4/20/76
8/17/76
12/6/76
4/6/11
8/30/77
12/5/77
4/4178
6/22/18
7/6/18

All Leskage Less Than 107>

- N

21

21
33

Is Co sidered To Be Zero.

Table 4.1~1

.3972
.8830
.6868
.6201

0

.03275
.02751
.022139

0

H X XX

0

.336 x

0

492 x

0

.1895 x
.965 x
.9001 x

0
0
0

.2267
.8046
.050435
.881
.1395
.3176
.064

0
0

.2321

0

58248
.358

0
0

2.882
1.5%523
4.0213
5.8157
-
1
6
6

4588

.6309
.0987
.1933

TYPE B LOCAL LEAK RATE TEST KESULTS

LR SCF/Hr.
.033798

LR Da

w &

.25 x 10~

.12 x 10_
.46 x 10_

2.78 x 10

OO0 O0OO0o0O

OO “"NONON=-OCO —OoOprpoOoUnMOoOoOoO

- WO oOoON=O

NN WwL;

.41
.29
.34
e 19
97
.68
15

.58 x 10

.99 > 10~
.96 x 10

.62
.93

.05
.09
.05
.66
.78

.65 x 10
.49 x 10

.13 x 10

KoM MM MK X
—
o

x %
—
o O

X X X X X
=
o



Penetration

. Mechanical Pepetration

TYPZ C LOCAL LEAK RATE TEST RESULTS

Date LR SCF/Hr.
4/23/75 1.8159 ~
1/21/76 1.494 x 10
11/1/77 : 27.73357
6/27/78 35.197735

Tavle 4.1~2

1
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Figure 4-2-1
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ONS UNIT 3 I.L.R T.
TIME vs. CALCULA{ED LEAK RATL
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