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1.0 Introduction

«

The first periodic Integrated Leak Rate Test (ILRT) for the Donald
C. Cook Nuclear Plant - Unit 2 reactor containment was successfully
completed on May 4, 1981 by personnel of Indiana & Michigan Electric
Company (I&M). .

The ILRT was performed as specified in surveillance test procedure
12 THP 4030 STP.202, Rev. 3 and in compliance with American National
Standard - ANSI N45.4 - 1972, 'Leakage Rate Testing of Containment Struc-
tures for Nuclear Reactors' and Code of Federal Regulations 10 CFR 50
Appendix J - 'Primary Reactor Containment Leakage Testing for Water
Cooled Power Reactors'. The absolute test method was used on the 3 com-
partment containment model developed for both the Unit 1 and Unit 2
Preoperational Integrated:Leak Rate Tests.

Data was collected at half hour intervals over a 24 hour test
period. This data was used to. calculate the normalized weight of the
initial dry air mass remaining in the containment at each half hour
interval. The measured Type A leakage rate, Lam, is the slope of a -
straight Tine determined for a linear least-squares fit of the calculated
normalized weight vs. time.

2.0 ILRT Acceptance Criteria

The Unit 2 Technical Specifications and Section 5 of the Final .
Safety Analysis Report (FSAR) define the containment allowable leakage,
La, as 0.25 percent by weight of the containment air per 24 hours at a
pressure, Pa, of 12.0 psig. The measured leakage rate, Lam, must be
demonstrated to be less than 0.75 La, (0.1875% wt/day) as required by 10
CFR 50 Appendix J. In addition, the accuracy of the leakage measurement
must be verified by performing a supplemental test, the results of which
are acceptable provided the difference between the supplemental test
results and the Type A results is within 0.25 La "(0.0625% wt/day).

As specified in Section 5.0 of D. C. Cook Plant Surveillance Test
Procedure 12 THP 4030 STP.202 and in accordance with 10 CFR 50 Appendix
J Section ITI-A, 'Leakage Test Requirements, Type A Tests', the test was
considered acceptable when the following criteria had been met:

2.1 The leak rate, as determined by the 95% upper confidence
limit of the least squares line, Lam/95% has converged to
an acceptable Tevel: ‘ .

Lam/95% (0.75 La - Type C Leakage Penalty)

2.2 The duration of the ILRT has exceeded the minimum of 12
hours and the difference between the 95% upper confidence
leakage 1imit and the Teakage rate itself does not exceed
,0.0625% wt/day in the most recent data set.
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than that specified in 10 CFR 50 Appendix J.

2.3 The upper confidence level leakage and the measured leakage
do not show a negative trend over the last four data runs.

The Supplemental Test was considered acceptable when the following
criteria were met: ’

2.4 The duration of the Supplemental.Test meets or exceeds the
minimum of 6 hours. - '

2.5 The sum of the imposed leak, L_, and the leakage measured
during the Type A test, s i€ within + 0.25 L_ of the

L
composite leakage, Lc’ med%ured in the supp]emeﬂta] test.

(L0 + Lam - 0.25 La) < Lc < (Lo + Lam + 0.25 La)

The criteria used for this Integrated Leak Rate Test is more stringent
These criteria incorporate

additional test commitments made by D. C. Cook to the Nuclear Regulatory
Commission. These additional commitments are embodied in a response to
Question 22.14 of Appendix Q of the D. C. Cook Nuclear Plant Unit 2

FSAR.

3.0 ILRT Results _

3.1 - Leakage Rate Summary:

Duration of Type A Test: 24 hours
Duration of Supplemental Test: 6 hours
Measured Leakage* Allowable Leakage*
'(% wt/24 hours) (% wt/24 hours
A. ILRT 'Type A’ ‘
Leak Rate, Ljp -0.05287. -0.1875%*
B. ILRT 'Type A' 95% :
Upper Confidence -0.05748 0.75 Ly - Type C Leakage
Limit Leak Rate, Lj/95% ‘ Penalty ++
= -0.1875 - (-0.015975)
= -0.17153 -
C. TypeC Léakage Penalty -0.015975 N/A
D.. Imposed Leak Raté, L, -0.2006 0.6 L, <Ly<ly ™
“ ' -0.125 < Ly < -0.25
E. Supp1emen£a1 Test-
Composite Leakage, LC -0.24631 N/A
F. Supplemental Test- *k
Correlation Lam = (ke - Lo) Lam = (L¢ = Lo) <.25 14
0.00716 Lam - (L¢ - Lo) <.0625
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Item A,

Item B, L

Item C,

* Item D, L

* The slope of the linear regression line computed for weight remaining -
in the containment as a function of time is negative since weight
remaining in the containment decreases as a function of time.

Heg$e Teakage out of the containment is shown as negative in the
-table.

**k 10 CFR 50 Apbendix Jd criterion
++ Test criterion specified by plant procedure 12 THP 4030 STP.202

+ Guideline proposed by ANS 274 Draft No. 1.

L__, is the measured containment leakage after 24 hours of
th1ng data in one-half hour intervals. It was calculated

using the 'Absolute Method® on a 'total time' basis as described
in American National Standard N45.4 - 1972.

m/95£, is the 95% upper confidence Timit of the leak rate.
is calculated from the variance of the slope of the least-
squares 1ine and the value of the t-distribution for a 95%
confidence that L /95£ is the upper limit of the actual Tleak
rate.

The type C penalty leakage is calculatd from the local leakage
test program conducted per plant procedure 12 THP 4030 STP.203,
'"Type B and C Leak Rate Test'. The Type C penalty leakage
represents the leakage of systems penetrating the containment
pressure boundary that is required to be drained and vented

for the Type A test, that due to existing piping, configurations
or plant conditions could not be drained or vented. The leakage
of isolation valves associated with these systems appears in
Table 3.2. The total on Table 3.2, expressed in weight percent
per day, is subtracted from the allowable leakage specified for
Item B in Section 3.1.

The use of the Type C penalty in lieu of draining the affectéd
system was part of commitments made to the NRC and appears
formally in Appendix Q, Question 22.14 of the Unit 2 FSAR.

» is the imposed leak used in the supplemental test to verify
the accuracy of the Type A test. In accordance with guidelines
of ANS 274 Draft No. 1 and the Unit 2 Technical Specifications
the rate of the air bleed, in weight %/day, was estab11shed at
.2006 wt %/day.
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Table 3.2

Type C Penalty Leakage For

Undrain Systems

Description ' CPN#

Isolation
Valves

RCDT to RCDT pps

RC System accumulator fill Tines

Refueling water line to Refueling Cavity

Cont. Sump Line to Waste Hold up Tanks

NESW to and from Containment

RCP Seal MWater Lines

CVCS Letdown and Excess Letdown Lines
Sample Lines from Accuﬁu]ators

Sample Lines from Pressurizer

CVCS Charging Line

Glycol Lines to.and From Ice Condenser
AHU's

40

68

36

41

81

66

35

86

DCR-205
DCR-206

ICM-256

SF-151
SF-153

DCR-600
DCR-601

CS-442-1
CS-442-2
€S-442-3
CS-442-4

QCR-300

QCM-250 & -350

ICR-5
ICR-6

NCR-109 & 110
NCR-107 & 108

CS-321

VCR-10 & 11
VCR-201

Leakage

(sceu)

748.6

6061.4

76.2

50.0

60.6

Total Type C Leakage

Penalty (SCCM) = 7046.4
Expressed in % La = 6.39
Expressed in % wt/day = .015975
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Item E, the composite leakage, LC, is the slope of the least squares Tine
determined from the data“taken during the supplemental test.
Ideally, Lc would be equal to the sum of Lam and Lo.

Ttem F, Supplemental Test Correlation. 10 CFR 50 Appendix J requires that the
agreement between L and (L__+ L) is within .25 L_. The
table shows that th& correl3Pion Between L_ and (L ; + L) is
.00716 % wt/day or 0.03 L. ¢ a 0

4.0 Conduct of Test

4.1 Organization of Test

The D. C. Cook Plant Performance Engineering Section was
responsibile for the Integrated Leak Rate Test. Functions
performed by persons involved in the test could be subdivided
between pre-test and test activities. Figure 4.1.1 and 4.1.2
illustrate the organization of pre-test and test activities,
respectively.

Pre-Test Responsibilities

Test Supervisor - Organized efforts required to ensure the readiness of

Unit 2 Containment Systems and test instrumentation for the conduct of

this test. This included arranging for instrument calibration, installation,
and system channel verification, and completing test prerequisites.

4

Instrument Technicians - Performed installation and channel verification

. of test instrument system.

Containment Inspection Group - Organized and conducted an inspection of
all accessible containment interior and exterior surfaces, penetrations
and associated systems. Evaluated and reported inspection results and
was responsible for initiating any ‘corrective action required.

Local Leak Test Program Group - Performed Type B and C Leak Rate Test as
per plant procedure 12 THP 4030 STP.203. Responsible for initiation.
corrective action as indicated by test results. Reported results to
Test Supervisor.

Department Interfaces - Contacted as required to help safisfy test
prerequisites.

Test Responsibilities

Test Supervisor - (1 per 12 hour shift) Responsible for maintenance of
test documentation, data inspection, and the general conduct of the
test.
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Timekeeper/Data Coordinator - (1 per 12 hour shift) Maintained control
over data collection intervals and transferred data to the computer
input format.

Data Dispatcher - (1 per 12 hour shift) Checked the transfer of data

from data acquisition system tapes and data takers' sheets to the computer
input format. Shuttled coding forms from test area to computer termminal,
loaded punched cards into card reader, and checked transfer of data from
coding forms to computer printout.

Data Takers - (3 per 12 hour shift) Responsible for the recording of
specific test instrument readings.

Keypunch Operator -"(1 per 8 hour shift) Responsible for punching data

onto cards from coding sheet. Assisted data dispatcher in checking
transfer of data from coding forms to computer printout.
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FIGURE 4.1.1 ~ PRE-TEST ORGANIZATION

TEST
SUPERVISOR
INSTRUMENT CONTAINMENT LOCAL DEPARTMENT
TECHNICIANS INSPECTION LEAK TEST INTERFACES
PROGRAM w/OPERATIONS,
TEST GROUP C&I, MAINT.
FIGURE 4.1.2 - TEST ORGANIZATION .
"TEST
SUPERVISOR
TIME KEEPER AEPSC COMPUTER] i DEPARTMENT
SEeameh INSTRUMENT “oata coriee- | | TECHNICAL INTERFACES
TION COOR SUPPORT -~ w/OPERATIONS,
* * CANTON C&I, MAINT.,
RAD PROTECTION
DATA DATA
DISPATCHERS TAKERS
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AEPSC Computer Technical Support - Canton - On call in case
of a failure of either the data ana]ya1s program or the
computer system,

Instrument Technicians - (2 per 12 hour shift) Responsible for

maintaining all test instrumentation 1n a proper operating
condition.

Department Interfaces - Contacted as required to complete test
requirements.

Log of Times and Events

Having satisfactorily completed the installation and checkout

of all test instrumentation, a successful containment inspection,
the valve line-up, initial conditions, and all other test pre-
requisites, pressurization-of the containment was initiated.

Pressurization of the Unit 2 reactor containment began at 0530
hours on May 1, 1981. Containment temperatures, pressures, and
vapor pressures, and ambient temperature and barometric pressure
were logged on an hourly basis. Each data set collected

were assigned a 'Run Number' starting with Run #1 at 0600

hours. .

At 0130 on May 2, 1981 pressurization was terminated at a pressure
of 12.4932 PSIG (Run 25 P). During the pressurization period two
separate entries were made into the containment instrument room

to work on dew point hygrometers. Rewiring of the hygrometer
readouts corrected the hygrometer problems on all hygrometers except
VPL-2. It was decided just prior to the end of the pressurization
period to run the test without this redundant hygrometer. Throughout
the remainder of the test VPL-1 was used alone for lower volume

dew point.

The stabilization period was initiated at 0200 on May 2. After

the minimum period of 4 hours, containment temperatures were monitored
closely to determine when the stabilization criteria had been

met. Stabilization criteria defined by procedure 12 THP 4030

STP.202 are:

a. The duration of the stabilization period has exceeded
the minimum 4 hours.

b. The containment has been maintained at a pressure of
12.0 (+ 0.5, - 0.0) psig for a minimum of 2 hours.

c. The weighed average temperaturé in the Upper, Lower,
and 'Ice Condenser compartments has not varied more
than 0.1 °F/hr over the last four (4) hour period.

d. No single Upper, Lower or Ice Condenser compartment

temperature reading has changed more than 0.5°F
during the last hour of the stabilization period.
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At approximately 0300 it was discovered that a heater was 7
energized on HV-CUV-2 which was running. This heater was secured
and all ventilating units in the containment were started to

try to circulate air to improve the temperature distribution.
Most of the fans tripped off due to thermal overload after about
one hour and were left off. All-fans were secured at about 0530.

After 15 hours all of the stabilization criteria were met and
the stabilization period was declared over at 1700 on May 2,
1981 (Run 31S).

The 'Type A' test was begun at 1730 on May 2, 1981 with a
containment pressure of 12.3799 psig. Preliminary leakage cal-
culations performed for the stabilization period had indicated that
the 'Type A' test criterion had already been satisfied. It was now
just a matter of continuing the half-hour data collection intervals
until the minimum 24 hour time requirement and other self imposed
criteria had been met. After 24 hours of data collection the

'Type A' test was declared successfully complete. (Run 49T).

After Radiation Protection drew a sample of the containment air
for analysis, air was bled from the containment through a cali-
brated rotameter. This leak rate was established at 3.1 scfm
(.2006 wt %/day) which is in accordance with the Unit 2 Technical
Specifications (quantity greater than 25% of total measured
leakage at Pa) and the guidelines of ANS 274 Draft 1 (.5 L_ <

L < L.). At the completion of the minimum 6 hours of dat
c811ec§10n the supplemental test and the ILRT was declared
successfully complete. The supplemental test showed a correlation
between the measured leak and the imposed leak of .03 L_, well
within the requirement of less than .25 L . The contaifiment

was subsequently depressurized and systemg were restored to
nomal as required by plant operations.
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Item

Pressure
Measurement

Temperature
Sensors/
Bridge

Dew Point
Temperature

Temperature
Recorder

Supplemental
Test
Flowmeter

Supplemental
Test
Pressure Gage

Manufacturer

Mensor ,

Texas Instr.

Hycal
Engineering

EG&G

Fluke

Brooks

Heise

5.0 Test Instrum

ion & Equipment

Table 5.1 TesE;nstrumentation

Type

Quartz

Manometer

1002 Platinum
RTD's/Matched
Modular Lin-
earizing Bridges

Mirror
Surface

Data Logger

Rotameter

Bourdon
Tube

Model
QM10100-001
145

RTS-4233-B
ESD-9050-A

992 (B)
660 (4)

22408

1110-08

CcM

Range

0-100 psig
0-75 psia*

0-50 psia

Upper Cont.,
Ice Cond. (0-100°F)

Lower Cont. (0-120°F)

0-100°F
-50 to +100°C

0 - 40 mV

0-4v
0.2 to 5.6 SCFM

0 - 3 psig

* 0 - 75 psia Quartz manometer used at test connection PU-2.
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Accuracy
* 0.015 reading

.0001 psi resolution

+,03% reading

.0001 psi resolution

+0.06°F

+0.5°F
+0.3°C

+0.01% reading
%0.005% span
* 1% FS

0.1% FS

Test ID
pu-1, PL-1, PL-2
PI-1, PI-2
PU-2*

Patm

ETR-101 thru
ETR-146,
Ambient

VPL-1, VPL-2
VPI-1, VPI-2,
VPU-1, VPU-2

ETR's
Dew Points

N/A

N/A




5.2 Instrument Specifications

The instrumentation used during the ILRT is shown in Table 5.1.

0 Each of the instruments shown here was supplied with calibration
performed within 6 months of the test and traceable to the
National Bureau of Standards. Calibration conversion fomulas |
and corrections were preprogrammed into the ILRT computer |
program to allow direct input of all pressure, temperature and
dew point instrument readings.

Two precision Mensor Quartz manometers were used for redundant
measurement of the pressure in each of the upper, lower, and
ice condenser compartments of the containment. A seventh was
used to monitor atmospheric pressure during the test.

The three containment compartments were instrumented with a
total of forty-six.(46) 100 platinum RTD sensors. The upper,
lower, and ice condenser compartments contained 16, 23 and 7
sensors respectively. Each sensor is located to represent

the temperature of a unique sub-volume within its compartment.
The sub-volumes collectively represent the total volume of their
respective compartment. Each RTD reading is converted in the
leak rate computer program to temperature in degrees Fahrenheit.
Each temperature is weighed by the fraction of the total compartment
volume contained in the sub-volume the RTD represents. The

sum of the weighed temperatures in each compartment is the
weighed average temperature of that compartment.
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Six Cambridge Dew Point Hygrometers were used for monitoring
compartment dew point temperatures for the detemmination of vapor
pressure in the leak rate computer program. They provided redundant
measurement of dew point in each of the lower containment, upper
containment and ice condenser.

The Unit 1 and Unit 2 preoperational tests used only 4 hygrometers,
2 in the lower volume and one in both the upper and ice condenser
volumes. For this test, two hygrometers were added for the upper
and ice condenser volumes. The original 4 hygrometers_are the
Model #992 dew point hygrometers used in the Unit 1 and Unit 2

~ preoperational tests. The new Model #660 hygrometers are improved

and more compact than the Model #992. They all operate on the
same principle. The air sample is drawn through instrument lines
across a mirrored surface of which the temperature is controlled
by an optical feedback circuit to precisely the point at which

a dew (or frost) appears. The mirror temperature is measured

by a platinum RTD imbedded in the body of the mirror. The sensor
and control units were located inside the lower containment
volume so that the samples would be maintained at the containmént
pressure. The error associated with each individual dew point
measurement is + 0.5 F. The addition of redundant measurements
did not significantly affect the error of the overall dew point
temperature measurement system.
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5.3

5.4

A Brooks rotameter was used in the supplemental test to measure
and maintain a constant flow rate for the imposed leak. It was
calibrated in the range of 0.6 to 6 scfm at 14.7 psia and 70 F
with an accuracy of + 1.0% of Full Scale. The actual inlet
temperature and pressure for the supplemental test were 63.7 and
18.8 psia. The temperature was measured using ETR-133 which is
in close proximity to the end of the rotameter inlet Tine inside
the lower containment. Pressure was measured at the inlet to the
rotameter itself using a 0-30 psia Heise gage. The temperature
and pressure readings were used to correct the indicated rotameter
readings to standard conditions using the following relationship:

i —y L
wCogr= 530 X PGage ¥ Patm
Wind X T

460 * “erp-133 14.7
Hcorr =  Corrected rotameter flow in path
Wind = Indicated rotameter flow in cfm
Tetp-133 = Rotameter inlet temperature, °F
Patm = Atmospheric pressure, psia

Sensor Locations

The Tocations of the sensors used for this test were identical
to the locations originally specified for the Unit 1 and Unit 2
preoperational ILRT's, Figure 5.2.1 (MSK-78C) shows the location
in section views of the containment. .

Error Analysis

The inaccuracies associated with the use of the test instrumentation
package used in the Unit 2 Preoperational ILRT in measurement

of the containment leakage rate was determined to be + 0.076 L.

A copy of the analysis calculation is contained in the Unit 2 .
Preoperational Integrated Leak Rate Test Report. In terms of
the impact on this error analysis only insignificant differences
exist between the instrumentation package used in the Unit 2
Preoperational-ILRT and the package used in this test. The error
analysis and the + 0.076 L_ result obtained for the Unit 2 Pre-
operational ILRT is considéred to be also representative of the
modified instrumentation package used in this test.
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5.5 Containment Pressurization Apparatus

As in the Unit 1 and Unit 2 Preoperational tests, the plant air
system, in conjunction with test pressurization filters and

driers, were used for pressurizing the containment. The air

enters the containment at approximately ambient temperature and

a dew point of approximately -20°F. The air enters the containment
through a spare penetration in the upper volume. A valve is
provided at the penetration outside the containment, where the air
line can be isolated and closed with a blank flange.

-~

Containment Model and Leak Rate Calculation

The containment leak are performed by the 'absolute' method on a
'total time' as described in ANS-N45.4-1972. The containment
design pressure is 12.0 psig and allowable leakage (0.75 La) is
0.1875% wt/day. The containment model and leakage calculations
used to perform this test-are essentially the same as the ones
used in the Unit 1 and Unit 2 preoperational tests.

A 3-compartment model is employed for the calculation of the
containment leak rate. It was developed to accommodate the distinct
and widely varied environmental conditions existing in each of the
Upper, Lower and Ice Condenser Volumes. The normalized fraction

of the initial containment dry air mass, W , is calculated on a
compartmental basis by ratioing the sum of"the product of each
compartment's dry air density and compartment volume fractions as
determined from data collected at time t , to the same value deter-
mined from the initial data collected at™time t.

Expressed in equation fonnﬁ

Py, - VP PLy - VP PIn - VP
v, [ 00}y gy (S R0 gy (IR0
u un - Ln : In ( 6-1)

- - VP Pio - VP
1| wiFy(Puo = YPuo\  \ue [PLo = YPLo\, \ur Io - VP10

b [

Page 14



Domemen tr o mmmeems




Hhere: W

normalized weight rema1n1ng in containment at time
=t (dimensionless)

ft-1bs
R = gas constant for dry air = 53.34 Tbm R (The tenns
cancel) .

VWF = Volume Weighing Factor (Each compartment volume is
ratioed to the Lower Compartment Vo]ume)
(dimensionless) -

P = Compartment Total Pressure (psia)
VP = Compartment Vapor Pressure (psi)
T = Compartment Weighed Average Temperature (degrees

Rankine)

Subscripts:

Upper Compartment

Lower Compartment

Ice Condenser

Initial Time

time at nth data collection

SO~ C
nunann

]

6.1 Volume Weighing Factors

Table 6.1.1 shows the compartment free volume distribution for
nomal operation:

Containment Free Volume

Compartment Free Volume (ft3)
Upper 687,819
Lower 365,614

Ice Condenser 210,723
Total 1,264,156

The volume distribution existiﬁg at the time of the test may
differ from the values indicated in Table 6.1.1 in two ways:

* Ref. AEPSC I&C Calculation 12-PI-OS 'Yolume Heighing ?actors'
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1. The total volume of the ice condenser in Table 6.1.1 does
not include the volume of ice resident in the ice basket.

2. The location of the moveable sections of the reactor missiﬁe
’ shield do not necessarily have to be in place during the
test.

The ice condenser volume was adjusted for the presense of the

volume of ice in the ice condenser as determined by the Ice Basket
Weighing Program, performed per plant procedure 12 THP 4030 STP.211
between Magch 16 and April 8, 1981. The total ice weight was ~
2.637 x 10" pounds. The standard density of ice, 5631bs/ft , is
assumed to calculate the volume displaced, 47,095 ft .3 This reduces
the net free volume in the Ice Condenser to 163,628 ft".

The location of the movable sections of the reactor missile shield
affects the volume distribution between the upper and lower volumes.
When the shield is removed from its normal operating position it
provides open access to the contgo] rod drives, and reactor head from
the upper volume. The 16,147 ft~ of free volume above the head normally
isolated from the upper volume by the shields, is then in direct
communications with the upper volume. When the shields are in place,
the volume is vented only to the lower containment and is therefore
considered part of the lower volume. Table 6.1 shows the volume
distribution of the’containment with a missile shield removed, which
is the position the shields were in for §he performance of this test.
Had the shields been in place, 16,147 ft~ would have been subtracted
from the upper volume total and added to the Tower volume.

The containment volumes used in the calculations of the leak rate
in this test are shown in Table 6.1.2.
Table 6.1.2

Containment Volume Adjusted For Conditions Existing
During Unit 2 ILRT-

Compartment ' Free Volume (ft3)
Upper ‘ 703,966 :
Lower 349,467

Ice Condenser 163,628
Total 1,217,061

Volume weighing factors were determined from the values in Table

6.1.2. The volume weighing factors express compartment volumes

in per-unit using the lower volume as 'base'. Table 6.1.3 shows

the volume weighing factors used for the calculation of the leak

rate in this, test.
l
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Table 6.1.3

Containment Volume Weighing Factors (derived from Table 6.1.2)

Compartment . Volume HWeighing Factor
v
Upper u 2.0144
v
Lover 'L 1.0000
v
Ice Condenser _!L ' 0.4682
Vv
L

6.2 Containment Pressure and Vapor Pressure

Equation 6-1 shows that the compartment pressures are compen-
sated for vapor pressure in the calculation of weight remain-
ing in the containment volume. The evaporation of water from
the exposed surfaces of water volumes in the containment would
result in an increase in containment vapor pressure as well

as total pressure. The condensation of water vapor onto
containment surfaces cooler than the dew point of the vapor
would cause a decrease in both the vapor pressure and total
pressure. If the total pressure were not compensated for vapor
pressure, vapor pressure increases due to evaporation would -
reflect an apparent increase of the containment air mass, which
when superimposed over a mass loss due to containment leakage
would result in a measured leak rate of a less magnitude than
the actual leak rate. Condensation would result in a measured
leakage greater than the actual leak rate if the corresponding
vapor pressure change were not accounted for.

\
The sensitivity of the leak rate calculations to vapor pressure
changes is especially great in an Ice Condenser Containment
since the energy absorbing ice bed reduces the design accident
pressure from 50-60 psig, typical of conventional containments,
to 12 psig. The vapor pressure therefore represents a large
fraction of the total pressure in the ice condenser containment.

6.3 Containment Temperatures

Containment temperatures are used to compensate the weight
remaining calculation for total pressure changes caused by

the thermal expansion or contraction of the containment atmosphere.
It is recognized that temperature gradients exist in the
containment and temperature changes will not necessarily be

uniform throughout the containment. Therefore the containment
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6.4

is instrumented with 46 temperature probes, located such that
each monitors a fraction of the total containment volume.
In the establishment of temperature sub-volume boundaries and

“temperature probe location, consideration was given to the

location of physical thermmal barriers and heat sources and
sinks. The sub-volumes are generally different in size as

well as shape, thus, in detemining average containment temp-
erature, temperature readings are weighed as a function of the
volume fraction they represent. The weighing of temperature
readings occurs on a compartmental basis. The weighted average
temperature in a compartment is given by the following -~

expression.
Nc ( )
T = I T 6.3.1
AVcn i=] Kcm'Kci
Tav = Weighed average compartment temperature (°F)
Ien for compartment c at time tn
TK = Temperature at sensor i in compartment c at
cn T time t
n
Kci = Temperature weighing factor associated with sensor
i in compartment c.
N = Total number of sensors in compartment c.

c

Temperature weighing factors, 1ike the volume weighing factors
discussed in Section 6.1 vary as a function of both ice
condenser load and reactor missile shield placement.

The Statistical Determination of the Leak Rate

There is inevitably a certian amount of random error associated
with the leak rate measurements and the containment leakage
itself that cause a variance in the calculated remaining weight,
Wn, and the leak rate, Lam. In order to determine the leak
rate from Wn after a test period of t_, a first order (linear)
least-squares fit of Nn Vs tn is peranned.

This method selects a function, ¥W(t)=bt+a, in which slope,

b2 and intercept, a, are detemined by minimizing the variance
o”, of W_with respect to W(t). The variance of W relative
to W(t) Vs: '
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(W; - (bt + a))?2 (6.4-1)

02 (W; - W% =

n~ -
—

n
z i

i=1

The values of a and b that establish the minimum variance 02 are given
b¥ the homogeneous simultaneous solution of the partial derivatives of
o with respect to a and b:

2 2 ~
éﬁ; 0 and §§§ = 0 (6.4-2)

The solution of the above yield:

n n n n
b= z witi - I wi z ti
i=1 i=1 i=1 (6.4-3)
> (3 t)?
n ¢ t. -{(z t,
i=1 ! i=] !
a = n o, n n
otss o MW~z otz Wit (6.4-4
i=1 i=1 i=1 i=1
n 2 n
"r Y - (5 ot)?
i=1 i=1

The slope of w(t), b, is the leak rate expressed as the change in normalized
containment weight per unit time. The unit of time used is hours, and
thus, Lam is given by . .

2400

Lam = % (b)  (%wt/day)

6.5 The Upper Confidence Limit

The 95% Upper Confidence Limit of the leak rate is determined
from the variance of the slope of the least-squares line,
W(t), and the value of the t-distribution for n-2 degrees
of freedom based on a one-sided 95% confidence interval.
The use of the one-sided interval in this test has replaced
the two-sided interval used in the Unit 1 and Unit 2
Preoperational tests. The two-sided 1imit placed upper

. and lower bounds about the measured leak rate within which
there was a 95% certainty of the 'actual' leak rate existing.
Since the interval determined by this method is symmetrical,
the 95% two-sided interval was actually imposing a 97.5%
confidence on the upper bound of the leak rate. The imposition
of a 95% confidence on the upper 1imit of the leak rate is
equiva1$nt to taking the upper bound of a 90% two-sided
interval.
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The t-distribution is used to estimate the interval about the
mean value of a finite set of v (nu) independent normally
distributed measurements within which the mean of the popu-
lation of infinite measurements from which the finite set
was taken, exists to a stated 1eve1‘of confidence.

Referring to Table 6.5.1, the value K of the t-distribution,
as determined from the point at which the cumulative dis-
tribution of the t-distribution has the normalized value

a/2, defines a two sided interval about the mean of v (nu)_
independent measurements the entire population of measurements
exist to a confidence of la. The t-distribution is normalized
such that its mean is zero and the standard deviation is one.
This allows K(v,o) to be applied directly to the mean, X,

and standard deviation s, of any sample v independent measure-
ments representing a normally distributed population. The
confidence Timits are expressed as x i_K(v,ag S.

In the application of this statistical method to the leak rate
test, the slope of the least-squares line, b, is the 'mean’
vaéue of the leak rate and the variance of the 'mean',

Sb » 1S given by:

2 _ % 2
Sb = " (wi - (bti +a))
i=]1
n 2
(n-2) =z (ti - t)
i= ‘
_ n
where, t = I t1
i=1
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TABLE '6.5.1

o1 I 03¢ DistristTion or K ] o
-K o K
m Probability & - °
’ 0.10 0.03 i 0.01 0.001 .
1 6314 12.706 63.637 636.619
2 2.920 4.303 9.925 31398
3 2383 3.182 3.541 12.941
4 2.132 2778 4,504 8.610 .
s 2.013 2571 4.032 6.859
é 1.943 2.447 3.707 5.939
7 1.395% 2.363 3499 3.405
3 1.860 . 2.308 3353 5.041
9 1.8333 2282 3.250 4.781
10 1.812 2223 3169 4.387
. 11 1.796 2201 3.106 4,437
12 1732 , 2179 3035 4318
13 .73 . »2.160 3.012° 4228 - -
14 1.761 2,145 2.977 4.340
18 1753 2.1 2.947 . 4,073 ’
. 16 © 1,746 2.3120° 2.922 4.015 . .
17 1.740 2110 2.898 N 3.963 .
18 1.734 2.101 2.878 3.922 *
19 . 1.729, 2093 : 2.361 » 3.883. .
20 1.725. 2.036 2345 + 3,830
2 1.7 2.080 - 2831 — 3.819
2 1.717 2.074 2.819 3792
23 1.714 2.069 2207 3.767 .
2¢ 1.711 2.064 2.797 3745 .
25 1.708 2.060 2.787 3725
26. 1.708 . 2.034. vy B B l.207
7 1.703 2.052 LN 3.6%90
23 1.701 2.048 2783 3.67¢
29 1.699 2.045 2756 . 3.659
’ b} 1.697 2042 ° 2.730 3.546
40 1.684 202 2,704 3.531 .
60 1.671 2.000 2.560 3.450 5
120 1.638 1.980" 2817 33D .
» ' 1.645 1.960 2376 3291

Tan 2able gives the values of ccotresponding to vanaus values of the prodability @ (leved of significance)
of a random variadle falling inside the shaded areas inthe figure, for 3 given number of degrees of free=
dnen ravailable for the estimation of error. For a ded 1e3 theennAid {imits are obtained for /2

This table is takea from Taoie 1M of Fisher & Yates: Samaucd Tables fer Bislegual, dgncaiterel, end
Mecioei Rrrearch wublished by Oliver & Boyd Lid., Esindburgit, by permission of the authors and publishers,

The above table is used to determine the appropriate
value of 'X' based on prevailing degrees of freéedom.
This table has been extracted from Basic Statistical
Methods For Zngineers znd Scientists.




6.6

0f the total of n measurements (Nit.) only n-2 are independent
since a and b, the slope and interc%pt of the least-squares
Tine, having been derived from n (W.t.), can predict any two
(witi) with the other n-2 measuremehtd. Hence, v=n-2.

The value of a used is that which corresponds to a 90%
two-sided confidence interval which is equivalent to a

1 - a/2 or 95% one-sided interval. The value of o is therefore
0.1. Now, the upper confidence 1limit of the leak rate, b,

is expressed as: =~

b-K(n-2, 0.1) = Sy,

The negative sign defines the upper Timit since the value of
b is negative.

The Leak Rate Computer Program, 'ILRTEST'

The leak rate computer program, 'ILRTEST', has replaced
earlier versions of the two programs used in the Unit 1 and
Unit 2 preoperational test, know as 'CCVDREP' and 'CCVREPT'.
'ILRTEST' incorporates the revised statistical analysis
discussed in Section 6.5 and an added degree of flexibility
that its predecessors lacked.

'ILRTEST' accommodates the operator input of certain 'fixed-
data': the calibration conversion and correction coefficients
of the present instrumentation system, and the volume and
temperature weighing factors., The fixed data represents

that which is fixed for the duration of one ILRT, but will
vary from one ILRT to the next. . :

"ILRTEST' receives test data from a card reader. The raw

test data collected for each test interval is coded onto input
data coding sheets and punched on to computer.cards. The

data includes the data run number, the elapsed decimal time
from run #1 in hours, the 46 containment temperatures in
millivolts, seven pressures (6 containment, 1 barometric) in
psia, and dew point temperatures in millivolts. The data cards
are accumulated in a deck in the order of the run numbers.

The program establishes a file for the raw data and computes
values expressed in the proper engineering units. The program
computes the average compartment and containment pressures,
the containment pressure relative to atmospheric, the weighed
average compartment temperatures, and the average compartment
dew point temperatures. From the average dew point, the vapor
pressure is calculated using the Goff-Gratch formulas for
saturation vapor pressure over water or over ice.
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For each run of the computer program, the raw input data and
the above computed values are summarized for the most recent
data run. This is a valuable aid to input data error checking
and analysis. Also, at the option of the program operator
this summary may be printed for an operator-specified range

of runs ending with the last data run.

A separate summary of average compartment pressures, temperatures
and vapor pressures is also printed for either all the runs
entered into the program, or for all the runs in a range

specified by the operator. The elapsed time printed for both

the individual run summaries and the overall summary is controlled
by the starting point of the range.

After three data runs have been made or three runs are
available in the user specified range, (a minimum of three
runs is required to ‘perform the least-squares and statistical
analysis) the program calculates the leak rate and 95%
upper confidence 1imit of the leak rate. In addition, the
program calculates the remaining weight of the containment,
and of each compartment. The remaining weights in a compartment
'c', is given by the following: -

Pen = PVen

wcn - Tcn

PCO PVCO

- T s
TCO

The individual compartment remaining weights are used only
as an aid to data interpretation.

A copy of 'ILRTEST' appears as Section 7.0 of this report.

The program outputs for this test can be found in Section
8.0 of this report.
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7.0 D. C. COOK NUCLEAR PLANT CONTAINMENT INTEGRATED

LEAK RATE TEST PROGRAM

" 'ILRTEST'
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HBR=ILRTEST 01/14/75 LIBSRXXXMXXK

LIBRARY.

FEB5 1961

RECETVE]

000100
000200
000300
000400
000500
000600
000700
000800
000900
001000
001100
001200
001300
001400
001500
001600
001700
001800
001900
002000
002100
002200
002300
002400
002500
002600
002700
002800
002500
003000
003100
003200
003300
003400
003500
003600
003700
003800
003900
004000
004100
004200
004300
004400
004500
004600
004700
004800
004900
005000
005100
005200
005300
005400
005500

N
AMERICAN ELECTRI R SERVICE CORPORATION

COMPUTER APPLICATIONS DIVISION
SOURCE LIBRARY OUTPUT

IMPLICIT REAL*8(A-H,P-Z)

REALXS K,LVP

DIMENSICN TEMPUC(16),TEMPLC(24),TEMPIC(7) - R

DIMENSION TEMPU(16), TEMPL(24), TEMPI(7)

DATA LUC,LLC,LIC/16,24,7/

DINENSION RTDL1(16),RTDL2(24),RTOL3(07)

DATA RTDL1/’ETR-101 ','ETR-102 ','ETR~103 ','ETR-104 '
- 'ETR-106 ','ETR-107 ','ETR-108 °','ETR-109 ",'ETR-110',
-'ETR-111 *,'ETR-112 ','ETR-114 ','ETR-128 *,'ETR-133 *','ETR-113 '/
DATA RTDL2/'ETR-122 ','ETR-123 *','ETR~-124 ','ETR-125 ','ETR-126 '
‘ETR-127 ','ETR~-129 ','ETR-130 ',°*ETR-131 ','ETR-132 °*
'ETR-134 *,'ETR-135 ','ETR-136 ','ETR-137 ','ETR-138 °*
'ETR-139 *,'ETR-140 ','ETR~141 ','ETR-142 ','ETR~143 °'
'ETR-14% ','ETR-145 ','ETR-146 ','ETR-113 '/

. DATA RTOL3/°ETR-115 *,'ETR-116 *,'ETR-117 ','ETR-118 ',

'ETR-120 ','ETR-121 '/

DIHENSION KUC(99),HLC(99),HIC(99),K(99),TIME(99),HRA(99),

= ATUC(99),APUC(99),AVFUC(99),ATLC(99),APLC(99),AVPLC(99),

-~ ATIC(99),APIC(99),AVPIC(99) < ==
DINENSION K(18),SR(70),DP(6),LVP(6), FRES(7),PRESC(7),VPR(6)
DIMENSION WTUP(16),HTLON(24),HTICE(7),TABLE(97)

DATA TABLE /6.314,2.920,2.353,2.132,2.015,1.943,1.895,1.860,1.833,

v v v -
v

-1.721,1.717,1.714,1.711,1.708,1.706,1.703,1.701,1.699,1.697,1.695,
-1.694,1.692,1.691,1.689,1.688,1.687,1.685,1.685,1.684,1.683,1.682,
~1.681,1.680,1.679,1.679,1.678,1.677,1.676,1.676,1.675,1.675,1.674,

=1.669,3%1.668,3%1.667,3%1.666,4%L.665,4%1.6664,5%1.663,5%1.662,
-5%1.661/

DATA KDUPR,KDLO,WDIC/*UPPER s ' LOKER 's'ICE 4

(2]

I=1
OLGIOO = DLOG10(1013.246D0)
DLGO = DLOG10(6.107100) .
. HOEM = 0.0 ch wme o mee o=
READ (5,300,ERR=22,END=12) Cl:CZ:CZ’C4,C59C6,IXS:IXE,IPR
300 FORMAT(6F6.3,6%X,13,7X,13,7X,I3)
I=z2
READ (5,301,ERR=22,END=12). K . e w o e ema s e
' 301 FORMAT(6F11. 6/6F11.6/6F11.6)
I=3
READ (5,302,ERR=22,END=12) SR~
302  FORMAT(10F8.5/10F8.5/10F8.5/10F8,5/10F8.5/10F8.5/10F8.5) —— -
I=4
READ (5,303,ERR=22,END=12) HTUP,HTLON,HTICE
303  FORMAT(10F6.5/6F6.5/11F6.5/13F6.5/7F6.5)

READ (5,304,ERR=22,END=12) VHF1,VWF2,VWF3
304  FORMAT(3F7.5)
HRITE (6,305) C1,C2,C3,C4,C5,C6,K(1),K(2),K(3),K(73,K(8),K(9),

****************************************************

- K(161),K(17),K(18),SR

%305  FORMAT(1H1,44X,'%%% THIS IS A CHECK OF THE INPUT DATA xx%'////1H ,
* ¥  'RTD MILLI-VOLT TO FAHRENHEIT COMVERSICH COEFFICIENTS'/1H ,6X,
* % 'UPPER',IZX,'LBEEE',13Xp‘ICE'/1H »F5.2,3X,F5.2,4X,F5.2,3%X, -- -~

Paae 25

01/28/81 -11.23.27

» "ETR=105°5.om - -

'ETR-119 .- .

=1.673,1.673,1.672,1.672,1.671,1.671,1.671,1.670,1.670,1.669,1.669mwr -

I=5 . s e - S

= K{13),K(14),K(15),K(4),K(5),K(63,K(10),K(11),K(12), .- i ms -

)

PAGE 0002 ——r—mm -

x* 01/27/78
X% 02/02/78
¥¥* 01/27/78 - - -
¥%x 01/27/78
¥% 01/27/78
%% 01/27/78
*% 01/27/78 ——— ~_ -
*% 01/27/78
¥¥ 01/27/78
*% 01/27/78
XX 01/27/78 - -
x% 01/27/78
** 01/27/78
% 01/27/78

s = ¥R 01/27/78 s nnn

*% 01/27/78
¥* 01/27/78
X% 01/27/78
%% 01/27/78 —-— -~ =~
X% 01/27/78
*% 05/23/78
®¥% 05/23/78

- =1.812,1.796,1.782,1.771,1.761,1.753,1.746,1.740,1.734,1.72951.725s -~ ——uX¥ 05/23/78—= —mm =me

% 05/23/78
¥* 05/23/78
%% 05/23/78
*% 05/23/78 - ~ -~
%% 05/23/78
#% 05/23/78
*% 01/27/78

|

START OF PROGRAM - - .- er e reerr amm e W QL/RT/TE s mmmmn

¥% 01/27/78
*% 01/27/78
%% 01/27/78

o a- ¥R 02/22/78 - memrm s

®¥% 01/27/78

02/22/78%% 02/22/78

#% 01/27/78

R L LIS ) Ve Vg o

¥% 01/27/78
¥% 01/27/78
X% 01/27/78

- ®% 20/26/77 - .- -

¥* 01/27/78
¥% 01/27/78
¥% 10/18/77
#%.01/27/78 s moome e
*% 02/02/78
*% 10/18/77
¥% 01/27/78
¥% 01/27/78-— ~ruee ™
¥% 01/27/78
¥% 10/18/77
¥% 10/18/77
¥% 10/18277 = cem



QFF’ILRTEST 01/14/75 LIBSXH¥HMxxk%

005600
005700
005800
l 005900

006000
006100
0056200
006300
006400
006500
006600
006700
006800
006500
007000
007100
007200
007300
007400
{ 007500

007600

007700

007800
( 007900

008000

008100

008200
( 008300

008400

008500

008600
{ 008700

008800

008900

009000
( 005100

009200

009300

009400
( 009500
009600
009700
009800
009500
010000
010100
010200
010300
010400
010500
010600
010700
010800
010900
011000
011100
011200
011300

*****é************************

(3]

KKK K XK KKK KKK KXKXKXNKKXXKXKXKEKXXNEKXXKZIX

306

701
702

901
32

703

705

200

707
101

102
103

- v ome s owew= w

01/28/81 11.23. 27

soun‘..;m oUTPUT )

* F5.2,4X,F5.2,3X,F5.2////718 ,'HYGROMETER MILLI-VOLY TO °*, %
= 'FAHRENHEIT CONVERSION COEFFICIENTS'/1H ,T15, 'UPPER~Y',TG8,y - commemomm - ¥¥
- 'LONER-1",T82, 'ICE-1'/1H ,9(F10.5,1X)//1H ,T15, 'UPPER~2',T48, *3%
- ‘LONER-2*,T82,'ICE~2'/1H ,9(F10.5,1X}////1H , "MANOMETER PRESSUR X%
-E CORRECTICH COEFFICIENTS'/T40,'PU-1°'/10(1X,F7.4)//1H ,38%, X%
* 'PU-2'/1H »9(F7.6,1%),F7.4//71H ,38X, 'PL-1"/1H ,9(F7.4,1X), - I L
¥ F7.4//1H ,38X,'PL~2'/1H ,9(F7.4,1X),F7.4//71H ,38%,'PI-1'/ 3
¥ 1H ,9(F7.4,1X),F7.4//718 ,38%,'PI-2'/1H ,9(F7.4,1X),F7.4// ¥
¥ 1IH ,38X,'P=-ATH*/1H ,9(F7.4,1X),F7.4) ¥
HRITE (6,306) WTUP,HTLOWSHTICE,VHFL,VRF2,VHF3 « o = scom e remmcsmmmms v — K
FORHAT(1H=-, 'RTD HEIGHTING FACTO&S'/IH 927X, "UPPER'/1H ,9(F5.4,1X), *%
¥ F5.4/1H ,5(F5.4,1X),F5.4//1H" ,27X, 'LOYER'/1H ,10(F5.4,1X), *%
¥ F5.4/1H ,12(F5.4,1X),F5.4//1H ,28%X,'ICE*/IH ,6(F5.4,1X),F5.4// %%
¥ //1H ,'VOLUNE WEIGHTING FACTORS'/1H ,1X,°'UPPER',2X, 'LOWER',3X, - X%
* 'ICE'/1H ,2(F6.4,1X),F6.4) - %
IF (IXS.LE.0)} IXS = 1 %3
IF (IXE.LE.O0) IXE = 999 02/22/78%%

- -.IF (KHTUP(16).LE.0.0) GO TO 701 .. . . o e v . sem s asmameems %%
LLC = ¥
GO TO 702 X%
e = 15 3%
NR = - o - - - %%
LICPl S LIC + 1 Lig
LUCP1 = LUC + 1 *x
KR IS STORAGE INDEX,PROGRAM DATA ACCESS LOOP STARTS HERE. *3%
DO 20 IR = 1,99 e - %K%
IBYP = 0 ¥
READ (5,100,ERR=42,END=32) NRD,TIMER *%
FORHMAT(I3,1X,F5.2) 02/22/78%%
INPUT SEQUENCE CHECK . e - X%
IF (HR.EQ.0.0R.NRD.GT.NRO) GO TO 703 x%
WRITE (10,901) IR,NRD *#3
FCRMAT (1HO,2X,'ILROOSI D INCORRECT DATA SEQUENCE',ZX,IZ,ZX,IS) 02/264/78%%
60 T0 23 . - L X%
IF (IPR.NE.O) GO TO 40 ¥
IPR = 99 ¥
GO TO 55 . x¥
HRO = HRD N - B Rt .
IF (HNRO.GT.IXE) GO TO 32 *
IF (NRO. GE IXS) GO TO 705 ¥
IBYP = %
GO TO 707 - = v e - X
IF (NRO.EQ.IXS) TIMEST TIMER %
NR =NR +1 *%
TIME(KR) = TIMER - TIMEST £33
HRA(HR) = NRD %%
FORMAT(1H1, 'RUN KUMBER',4X,I3/1H ,*ELAPSED TIME',2X,F5. 2///1“ ’ 02/22/78**
* *CONTAINMENT TEMPERATURES DATA CHECK'//1H ,7X,'UPPER VOLUNE', X3
* 21X, 'LONER VOLUME'®,19X,"'ICE CONDEHSER'/1IH ,3X,*RTD',2X, ¥
* . '"MILLI-VOLTS',2X,'DEG. F.',7X,'RTD',2X, '"MILLI-VOLYS',2X, - —e = %%
* 'DEG. F.',7X,'RTD",2X, "MILLI~VOLTS',2X,'DEG. F.') X%
READ (5,101,ERR=42,END=62) TENFUC . X
FORMAT(10(F5.2,1X)/76(F5.2,1X)) . *3%
READ (5,102,ERR=42,END=62) TEMPLC B §
FORMAT(11(F5.2,1X)/13(F5.2,1X)) %%
READ (5,103,ERR=42,END=62) TEMPIC £33
FORMAT(7(F5.2,1%)) *3
%%

IF (IBYP.EQ.1l) GO IQ 45
Vi)
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003

10/18/77
01/27/78 ——memmm—n
01/27/78
01/27/78
02/02/78
10/24/77
16/24/77
10724777
10/24/77
01/27/78 ~ = = romm
01/27/78
10/18/77
10/18/77
10/18/77 - — - -
10/18/77
01/27/78
02/22/78
01/27/78 ———em= ==
01/27/78
01/27/78
01/27/78
02/02/78 -~
01/27/78
01/27/78
01/27/78
01/27/78 ~———r=vnme
01/27/78
01/27/78
02/22/78
01/27/78
02/09/78
01/27/78
02/24/78
01/27/78 = = -mmrmmeu
01/27/78

01/27/78

01/27/78

01/27/78 —- — -~
01/27/78

01/27/78

01/27/78
01/27/78 = ~—semx =
01/27/78

02/02/78

01/27/78

01/27/78 -
02/22/78

10/18/77
10/24/177
10/18/77 == = e
10/18/77
0x/27/78
10/18/77
01/27/78 -- -
10/24/77
01/27/78
10/18/77
01/27278 -
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BR=ILRTEST 01/14/75

| Re:E1 333311

017200
017300
017400
017500
017600
017700
017800
017900
018000
018100
018200
018300
018400
018500
018500
018700
018800
018990
019000
019100
015200
019300
019400
019500
019600
019700
0195800
019500
020000
020100

020200 -

020300
020400
020500
020600
020700
020800
020900
021000
021100
021200
021300
021400
021500
021600
021700
021800
021900
022000
022100
022200
022300
022400
022500
022600
022700
022800
022900

Ve
SOU‘BRARY QUTPUT

505 FORMAT (1H ,32X,A8,2X,F6.2,5X,F6.2) 3
HRITE (6,507) THMSHMUC,THSMLC, TMSMIC, TMSMUR,THSMLR)TMSMIR - - . & - vmo oo cocee KK
507 FORMAT (1H=-,17X, *SUMMARY OF WEIGHTED AVERAGE TEMPERATURES'//1H , 3%
=-'UPPER VOLUME (DEG. F.) '»F5.2,4X, 'LCUER VOLUME (DEG. F.) 'y xK

- F6.2,4X,'ICE CONDENSER (DEG. F.) 'sF5.2/714 , *R

- 'UPPER VOLUME (DEG. R.) 'yF6.2,4X, ' LONER VOLUME (DEG. R.)- 'y.- - -~ ¥

- F7.2,4X,'ICE CONDENSER (DEG. R.) '»F7.2) x¥

IF (IFR.EQ.99) GO TO 35 3

45 READ (5,509,ERR=42,END=62} VPRI,VPRZ,VPRB,VPR4,VPR5,VPR6 PRES %%
509 FORMAT (6F6.3/7F8.5) - e i e K
IF (IBYP.EQ.1) GO TO 20 *%
DP(1) = K(L)*¥VPRIXVPR1 + K(2)%VFR1 + K(3) ¥
DP(2) = K(4)%VPR2XVPR2 + K(B)XVFRZ + K(6) L1
DP(3) = K(7)XVFR3%VFR3 + K(8)XVFR3 + K(9) s s B i ..
DP(4) =K(10)*VPR4%VFRSG + K(11)%VPR4 + K(12) x¥
DP(5) =K(13)XVPRSXVPR5 + K(14)%VPR5 + K(15) **
DP(6) =K(16)I%VPR6XVFR6 + K(17)%VPR6 + K(18) ¥k

-« -DO 403 Js1,4 . . . R — e e s ww e ooe oo W
IF (DP(J).LE.0.0) GO TO 403 1733
CICOC = 373.16/((DP(J)-32.1/1.8 + 273.16) *%
LVP(J) = -7.90298%(CI00C -~ 1.0) + 5.02808*DLOGLO(CIOOC) + DLGIOO ¥

- -1.3816X%(10%¥(=7.0))%(10%%(11,.344%(1,0-1.0/CICOC)) ~ 1.) - = - X#

- +8.1328%(10%¥(=3.0) I%(10%%(~3,49149%(CI00C ~ 1.0)) ~ 1.) *%
403 CONTINUE ¥%
DO 50 J=5,6 X%

--.- IF (DP(J).LE.0.0) GO TO 50 - R 1]
COC = 273.16/((DP(J)-32.0)/1.8 + 273.16) ¥
LVP(J) = -9.09718%(C0OC-1.0) - 3. 56654%DLOG1O(COC) %3

- +0.876793%(1.0 - 1.0/C0C) + DLGO % %%

50 CONTINUE : e ©im e e s - WH
DO 404 KAY =1,6 £33

IF (DP(KAY).LE.0.0) GO TO 404 3%
VPR(KAY) = 0.0145038%10%xLVP(KAY) X%
404 CONTINUE S e
CHECK FOR MISSING VAPOR PRESSURE AND CALCULATE AVERAGE. *%

IF (BP(1).LE.0.0) GO TO 713 %3

IF (DP(2).GT.0.0) GO TO 715 . Lig
VPAUC = VPR(1) T £
VFR(2) = %%

GO TO 717 E 33
713 VPAUC = VPR(2)} ¥¥*
VPR(1) = 0.0 - - = P e e RN

GO TO 717 %
715 VPAUC = 0.5%(VPR(1) + VPR(2)) #%
717 IF (DP(3).LE.0.0) GO TO 719 *¥%
IF (DP(4).GT.0.0) GO TO 721 e v X
VPALC = VPR(3) Lig
VPR(4) = 0.0 %

GO TO 723 X%
719 VPALC = VPR(4) — - S '§
VFR(3) = ¥t

GO TO 723 %%

721 VPALC = 0,.5%(VPR(3) + VPR(4)) £33
723 IF (DP(5).LE.0.0) GO TO 725 - - e ——— . ¥N
IF (DP(6).6Y.0.0) GO TO 727 %3
VPAIC = VPR(5) %%
VFR(6) = 3%

60 TO 729 . . IO 34

N\
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SOUR‘R\ARY OUTPUT

% 725 VPAIC = VPR(6)

*. . VPR(5) = . . P - .=
* GO TO 729

¥ 727 VPAIC = 0.5%(VFR(5) + VPR(6))

xC LINEAR INTERPOLATION FOR PRESSURES.

¥ 729 DO 405 M=1,70,10 - - s e =
* N1=M+1
* H2=11+9
* MY=((H-1)/10)+1
* - --PRDG = FRES(MY) -= B e
* IF (FRDG.EQ.0.0) GO TO 408
* BO 406 H=H1,H2,2
* IF (FRDG.LT.SR(N)) GO TO 406
* IF (FRDG.EQ.SR(H)) GO TO 731 - =
* IF (H.EQ.N1) GO TO 444
* PRESC(IMY)=SR(H-1)+ (FRDG~SR(N))I*¥{SR(N-3)-SR(N=-1))/(SR(N-2)~SR(N))
* GOTO 405
#406 _ . CONTINUE N e s mr -
% 444 WRITE (10,407) hQD;MY,PRDG
% 407 FORMAT(T2, '%%xMANOMETER READING OFF CALIBRATION®%%',2X,I3,2X,
* = 12,F9.4)
* 408 PRESC(HMY) = 0.0 -
* GO TO 405
¥ 731 PRESC(IMY) = SR(N-1)
%405  CONTINUE
*C AVERAGING PRESSURES ALLONING FOR ZERO ENTRY., - - . .- - .
PRESCU = 0.5%(PRESC(1) + PRESC(2))
FRESCL = 0.5%(PRESC(3) + PRESC(4)}
PRESCI = 0.5%(PRESC(5) + FRESC(6))
IF (PRESC(1).LE.0.0.0R.FRESC(2).LE.0.0) PRESCU = 2.0%PRESCU ..
IF (PRESC(3).LE.0.0.CR.PRESC{4).LE.0.0) FRESCL = 2.0%PRESCL
IF (PRESC(5).LE.0.0.0R.PRESC(6).LE.0.0) PRESCI = 2.0%PRESCI

ACPA=(PRESCU+PRESCL+PRESCI)/3

IF (IPR.EQ.0.0R.IPR.GT.NBD) GO TO 747
35 KRITE (6,508) VPR1,DP(1),VPR(1),PRES(1),FPRESC(1),
VPR2,DP(2),VPR(2),PRES(2),PRESC(2),
VPR3,DP(3),VPR(3),PRES(3),PRESC(3), e s
VFR4,DP(4),VPR(4),PRES(4),PRESCL4),
VPR5,DP(5),VPR(5),PRES(5),PRESC(5),
VPR6,DP(6),VPR(6),PRES(6),PRESC(6),PRES(7),PRESC(7)
VPAUC,VPALC, FRESCU,VPAIC, FRESCL,PRESCI,ACPA,ACFG - -
508 FORMAT (1H-,11X,‘CONHTAINNMENT VAPOR PRESSURE DATA CHECK',T83,
'CONTAINMENT PRESSURES DATA CHECK'//1H ,19X, 'MILLI-',8X,
'DEN POINT',4X,'VAPOR FRESSURE',30X, *UNCORRECTED®,7X,
'CORRECTED'/1H ,2X, "HYGRCHETER®,8X,'VOLTS',8X, ' (DEG. F.)',7X,
'(PSIA)’,23X, '"MANOMETER" »2X, 'READING (PSIA)',2X, 'READING °*,
'(PSIA)'/1H ,5X,'VFU-1',10X,F5.2,10X,F5.2,9%,F7.4,25%, 'FU-1",
2(8X,F7.4)/T7,'VPU-2",2({10X,F5.2),9X,F7.4,T83, "PU-2",2(8%X,F7.4)/
T7,°VPL-1",2(10XsF5.2),9%X,F7.64,T83, 'PL-1",2(8X,F7.4)/. - -
T7,'VPL-2",2(10X,F5.2),9X,F7.4,T83,"PL-2",2(8X,F7.4)/
T7,'VPI-1',2(10X,F5.2),9%X,F7.4,T83, 'PI-1",2(8X,F7.4)/
T7,'VPI-2',2(10%X,F5.2),9X,F7.4,T83, 'PI-2",2(8X,F7.4)/

T86, 'SUMMARY OF CORRECTED AVERAGE PRESSURES'/

1H ,T17,'UPPER CONTAIHMENT (PSIA)',T47,F7.4/

1H »T17,*LOMER CONTAINMENT (PSIA)',T47,F7.4,T81,
..*AVERAGE UPPER P¢§§$URE (PSIA)',T120,F7.4/1H ,T17,

XK K K K K K K K K K K K K K K K K K KK KKK KK KKKKKXX

t 1 1ttt X XXXX
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SREILRTEST 01/714/75  LIBSadw i

028800
028500
025000
029100
029200
029300
025400
029500
029600
029700
029800
029900
030000
030100
030200
030300
030400
030500
030600
030700
030800
030900
031000
031100
031200
031300
031400
031500
031600
031700
031800
031500
032000
032100
032200
032300
032400
032500
032600
032700
032800
032900
033000
033100
033200
033300
033400
033500
033600
033700
033800
033900
034000
034100
034200
034300
034400
034500

SOUR‘R‘\ARY OUTPUT

TIMECLI®M()) + TIME(2)xH(2) - e s
/"\
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* -'ICE CONDEHSER (PSIA)',T47,F7.4,T81, 'AVERAGE LONER PRESSURE (P %K
%* -SIA)',T120,F7.4/T81, "AVERAGE ICE CONMDENSER PRESSURE (PSIA)',;T120;-cmmm—— %%
* «F7.4/781,'AVERAGE CONTAINHENT FRESSURE  (PSIA)',T120,F7.4/T81, 3
* - YAVERAGE COMTAIMMENT PRESSURE  (PSIG)',T120,F7.4) *
»* IF (IFR.EQ.99) GO TO 40 3
*C CALCULATE HORMALIZED WEIGHT FRACTIONS; STCRE WITH PRESSURES. - - =~ .- - . ¥
*® 747 WUCNUM = (FRESCU - VPAUC)/THMSMUR *¥%
* HLCHUM = (PRESCL - VPALC)/TMSMLR *%
% WICHNUM = (PRESCI - VPAIC)/TMSMIR *%*
¥ KHNUM = VHFIXUCNUM + VHF2XULCNUM + VHF3XHICNUM SNSRI
* IF (KDEM.GT.0.0) GO TO 749 %%
* HUCDENM = WUCNUM *%
¥* HLCDEM = WLCHUM *3%
* HICDEM = NICHUM *%
* WDEM = UM %%
¥ 749 HUC(HR) = $IUCHUM/KUCDEM *x%
¥* HLCCNR )=HLCHUM/HLCDEM 130
* HIC(HR)=HICHUM/MICOEN .. . .. - .- N 1
* HCNR )=HNUM/HDEM %%
* ATUCC(NR) = THSMUC %%
#* ATLC(NR) = THSHLC %%
* ATIC(NR) = THSHIC . — e — . e X
* APUC(NR) = PRESCU ¥
* APLC(NR) = PRESCL ¥
* APIC(HR) = PRESCI %%
% _ . _AVPUC(NR) = VPAUC ._.Y U 1
* AVPLC(NR) = VPALC %%
* AVPIC(NR) = VPAIC %
¥ 20 CONTIMUE %%
* WRITE (10,903) . . s e e 3
% 903 FORMAT (1HO,2X,'ILR0O06I D ¥¥*DATA SPACE EXCEEDEDX*¥') 02/24/78%x
* GO TO 23 *%
*C END OF FILE AND OTHER ERROR MESSAGES ¥
*® 12 WRITE (10,904) I .. o X%
¥ 904 FORMAT (1HO,2X,'ILROO2I D *XEND OF DATA IN SYSTEM GROUP ', 02/26/78%x
* = I2,2%, %%} 02/24/78%%
*® 23 WRITE (10,905) , 3
¥ 905 FORMAT (1H-,2X,"'ILRO0OSI D **XABNORMAL RUN TERMINATIONXMX') ... — 02/2G/78%%._
* GO TO 24 *3%
% 22 WRITE (10,906) I *%
% 906 FORMAT (1HO0,2X,'ILRO0O1I D %*READ ERROR IN SYSTEM DATA GROUP ', 02726/ 78%%
* - I2,2X,'%%') . - e - - e r e 02726/ 78,
* GO TO 23 %%
¥ 42 WRITE (10,907) NRD *3
* 907 FORMAT (1HO0,2X,'ILROO3I D **READ ERROR IN TEST GROUP ',IB.ZX,'**')02/24/78**
* GO TO 23 . - . XX
% 62 HRITE (10,908) NRD f %
# 908 FORMAT (1HO,2X,'ILRO04I D ¥XEND OF DATA IN TEST GROUP ',I3,' x¥')02/2G/78%%
* GO TO 23 *%
*C . RESULT PORTION OF PROGRAM . . _ « i oo o o e e v e o WK
¥ 60 IF (NR.GE.3) GO TO 41 *%
* WRITE (10,509) %%
% 909 FORMAT (1HO0,2X,'ILROO7I D **LESS THAN 3 TEST POINTS - MORE DATA NE02/24/78%%
*® ~EDED¥*%') 02/26/78%x
* GO TO 23 *
¥ 41 TSS = TIME(LI®TIME(1) + TIME(2)%TIME(2) *%
¥* TS = TIME(1l) + TIME(2) *%
* .. T2SH = e e e KR
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(2]

(2]

*******é************************************************

soua‘nmv- OUTPUT

= H(Y) + H(2) *%

NRITE (9,201} IR 1
201 FO«HAT(IHI;ﬁSX.'SUHMARY OF AVERAGES'///1H ,2X,'RUN #',zx,'ELAPSED *%
~*,2X,3(34HAVG TEMP AVG PRESS AVG V FRESS )/1H ,10%,°'TIME';6X,'U £33
~PPER"',6X, "UPPER"' »7X, '"UPPER ' ,6X, ' LOMER " y6X, "LONER " » 7X, ' LONER "', 7X, *I *%
~CE",8X,"ICE*,9X,'ICE'/) ~ — s . XX

DO 43 I=1,KNR ®¥

43 KRITE (9,202) NRA(I), TIME(I), ATUC(X),AFUC(I),AVPUC(I),ATLC(X), ¥
~APLC(X),AVPLC(I),ATIC(I),APIC(I),AVPIC(I) %
202 FORMAT (1H ,2X, I3,4X,F6.2)2X,3(F9.6452XsF9.4s3XsF9.4,2X)) .. . . . . __ %%
KRITE (9,205) X¥
205 FORMAT(1H1,34X, 'RESULTS OF THE LINEAR REGRESSION ANALYSIS'/// *%*
-1H ,2X, 'RUN #',8X, 'H',11X, 'LEAXAGE RATE',9X,'LEAKAGE',9%, * %

- 'H UPPER',7X, "H LOWER',9X,'H ICE'/1H ,10X,'EXPERIMENTAL', . . X%
=6X, '"UPPER LIMIT',11X, 'RATE',8¥, *CONTAINMENT*, 3X, *%
='CONTAINMENT' ,5X, "CONDENSER"'/) %
REGRESSION LOOP i ¥*x

DO 44 I=3,HR . _ . I (3
TSS = TSS + TIME(I)*TIHE(I) x%

TS =TS ¢+ TIME(I) %%

HS = WS + W(I) %%
T2SW = T2SH + TIME(II*W(I). . . - = e = e s b33
ANUM = TSS*NS - TSXT2SH %
XHRR = %%
ADEH = XhQR*TSS - TS*TS 3%

= ANUNM/ADEY P . U §

HUM XHNRR#T2SH ~ TS*WS ¥x

B = BNUM/ADEN *3

1Y =1 *%
HSUM = 0.0 ca s e e ewmea s e = - XK
SUM OF SQUARED DIFFERENCES %%

DO 46 L=1,1X X%
HLR = A + B*TIME(L) %%

IF (DABS(H(L)~HLR).LE.1.0D-39) GO TO 46 . .- - e e e el %R
WSUM = WSUM + (KIL)-KHLRI*(W(L)-HLR) x¥

46 CONTINUE %%
AT = TS/XNRR . *3¥
TOT = ATHAT . . . - e v s e XX

DO 48 M=2,1X *3

48 TOT = TOT + (TIME(M)-AT)I*(TIME(M)I-AT) ¥*%
B = 2400.0%B : *%
_EKK = TABLE(II-2) . __. .o i e amam smmeeemern e come
SIGMAB = DSQRT(NSUM/(TOT*(XNRR -2.0))) X%
DEL = EKKX*SIGMAB%2400.0 #%

BU = B - DEL ®%*
RRITE (9,206) NRA(II),H(IX),BU,B,KUC(II),HLCIII),NIC(II) _ I 3 3

206 FORMAT (T4,X3,5X5F9.5,2(9X,F9.5),7X,F9.5,5X,F9.5,6X,F9.5) *3
44 CONTINUE *%
END OF REGRESSION LOOP *x

WRITE (9,203) B,A B e e e e e e v e KH
203 FORMAT(1H0,21X, 'FINAL LEAKAGE RATE (/ PER DAY) ,F9 5,5X, "INTERCE *%
-P7=',F9.5) ¥
KRITE (9,204) BU F'3
204 FORMAT (1H0,21X,'UPPER CONFIDENCE LIMIT FOR THE RATE IS ',F9.5) . .. .. %%
24 CALL EXIT *%
END £33
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8.0 Data Analysis and Summaries

This section of the report contains graphical analysis of data
obtained during the conduct of the ILRT. The 'ILRTEST' program
summaries of average containment temperatures, pressures, and
vapor pressures, and leak rate calculations appear in Section 8.2
of this report.

Past test experience has shown that the instrumentation package
used for this test is quite capable of measuring the leak rate
accurately, as evidenced by the rapid convergence of the 95%
upper confidence limit of the leak rate and the excellent
correlation of results between the 'Type A' and the Supplemental
Test. The error analysis for the instrumentation system
predicts + 0.019% wt/day, and this test correlates well within
that interval.

8.1 Graphical Analysis

Figure 8.1.1 is a plot of containment weight remaining
vs. time for the Type A Test, the slope of the least-squares
line is the calculated leak rate. A second line is drawn
using the vertical intercept of the least-squares line
and a slope corresponding to the 95% upper confidence Timit
leakage. A line corresponding to the allowable leak rate
(0.75 L_) is also shown to illustrate the relatively wide
margin By which the leakage criterion was met.

¥

Figure 8.1.2 is a plot of the containment weight remaining
vs. time for the Supplemental Test. The slope of the least-
squares line is the composite leakage rate (Lc). Using the
vertical intercept of this least-squares line; two additional
Tines are drawn corresponding to the Supplemental Test
correlation Tlimits

[(Lam + Lo + .25 La) > L, > (L, + L, - -25 La0].

am
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8.2 'ILRTEST' Program Summaries

D. C. Cook Unit 2, Integrated Leak Rate
Test April 30 - May 4, 1981

8.4.1 Fixed Program Information

8.4.2 Pressurization Runs 1P-25P
Summary of Averages

8.4.3 Stabilization Runs 1S - 31A
Summary of Averages
Preliminary Leak Rate Analysis

8.4.4 'Type A' Test Runs 1T - 49T
Summary of Averages
Type A Leak Rate Analysis

8.4.5 Supplemental Test Runs 1Su -~ 13Su
Summary of Averages
Supplemental Leak Rate Analysis
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#88 THIS (S A CHECK OF THF IuPUT DATA ses

PTD MILLI-VOLT TO FAHVF&HELT COMVERSION COEFFICIENIS
UFPER LOWER ICt
2.00 - 0.0 2.00 0.0 2.00 0.0

HYGROBETER NILLTI=-VOLT TO FAHRFNHE T CONVERSION COEFFIGCIENTS

VP =) LOWER=-]

n,0 1%, 00000 32.00000 0.0008% 1.9568] 0.040)2 ¢.0
UOkEIr=p LOnkEN=2

0.0 14, 06000 32.00000 0.0 0.0 0.0 0.0

AAMOMETER BRESSURE CORIFECTION COEFFICIENTS
. py-1
A0.0000 30,1730 27,0000 27,1560 26.5000 26.6400 26,0000 26,1530 25,0000

=7
30,0000 39.4k60 27,0000 35,5630 26.5000 34 BY10 26,0000 34.23%0 25,0000

PL-1
W, 0000 ZI.K0T0 27,0000 26,8260 26.5000 26.3300 26,0000 25.8330 25,0000

PI_=-2
30,0000 29,9620 27,0000 26,9700 26.5000 26.4700 26.0000 25.976QA25.0000

Pi-1
30,0000 30.5610 27,0000 27,4920 26¢.5000 26,9700 26.0000 26,4700 2S.0000

. PL-2
PO.6RA0 29,6670 2T7.001) 27.0030 264850 26,4950 26.0030 26.0020 25.0010

P=ATM .
272.3000 44,6500 19,8200 39,9060 14,6600 29,2760 12.4900 24,9390 9,9R00

PIND vEIGHTING FACTORS

uPkg R
06PR L1161 JURBE L 083) L0040 L096C L0950 JOVA0 L0296 L2906
«029A U296 0160 ,010% ,N167 .0D13

LOwE
0415 L0415 L0615 L0615 (0102 h2ds 05RO .O0HL 066 0SRA L1027
037 L1037 L1037 L0500 0092 0244 ,0)aYS 01716 L0209 0219 0240 06213

. ICH
JOT3N VT30 LOT0A L0706 2231 2796 L2096

VOLUME WEIGHT [Hiu FACTORS
VUPRPFL | GLFS 1cn
2.0160 1.0000 D,06080
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25.1490

72,9250

PhH.04620

P64 ,9750

25.4490

28,0030

19,8840

.0

ICt-1
1H.00000

1CE-2
18.00000

32.00000

37.00000

[



6 SUMMARY oﬁuses a .

RUN #  ELAPSED AVG TEMP  AVG PRESS AVG V PRESS AVG TEMP AVG PRESS AVG V PRESS AVG TEMP  AVG PRESS AVG V PRESS

TiMt . - UPPER UPPER UPPER LUKWER LOWER LOWER ICE 1Ct 1CE

1 0.9 68,9845 2649463 0.1057 710.8930 26.9162 0.0809 17.3049 26,9462 0.0357 .
4 0.50 68.1887 26.9446 0.1049 70.8492 26.91%2 0.0797 17.3a87 26.9452 < 0.0354
3 1.00 68,5289 26.9412 0.1042 10.8101 26.9122 0.0790 17.3529 26,9417 01.0369
4 1.50 68.7654 26.93R6 0.1034 10.7744 26.9071 0.0786 17,4967 26.9416 0.0348
> 2.00 68.5077 26.9278 0.)023 11.2822 26.8981 0.0829 17.4032 26,9284 0.0343
6 2.50 68.1160 26.9239 0.1023 11.36%91 26.894] 0.0838 1/.4082 26,9244 0.0329
/ 3.00 68.1199 26.9167 0.1012 71.4725 26.8891 0.0839 17.3129 26.9194 0.0339
H 3.50 67.7060 26.9115 0.1005 1144913 26.8841 - 0.0860 17,2448 26.9124 0.0337
9 4.00 67.8249 26.9016 - G.1009 70.9852 26.8740 0.0816 17.2103 26.9030 0.0333
10 4,50 67.8274 26.8956 0.1009 70.8401 26.8675 0.0805  17.1687 26,8961 0.0327
11 $.00 67.7156 26.8905 0.1005 70.7948 26.8640 0.0792 17.1263 26,8967 0.0328
12 S.50 67.6623 26.8859 0.0994 70:6814 26,8574 0,0784 17.0988 26.8856 0.032%
13 6.00 67.5987 26.58832 0.0987 70.6384 26.8534 0.0775 17.0752 26.8811 0.0330
la 6.50 67.5646 26.8835 0.0980 70.5913 26.8574 0.076S 17.1103 26.8802 0.03648
1> 7.00 67.4856 ¢ 26.8783 0.0973 70.5408 26.8464 0.0761 17.1847 26,8732 0.0320
16 7.50 67.4403 26.8769 0.0963 710.5102 26.8449 0.,0754 17.1387 26.8717 0.0337
17 8.00 67,4099 26.8748 0.0956 70,6629 26,8419 0.0729 17,2289 26,8703 0.0321
18 8.50 67.3518 26.87139 0.V946 T0e4342 26.R4)4 0.0728 17.21171 26.8688 0.0321
19 9,00 67.2783 26.8696 0.0932 70.4104 26.8394 0.0727 17.1849 26.8663 0.0319
20 9.50 67.2562 26,8679 0.0922 10.3791 26.8369 0.072% 17.2020 26,8623 0.0317
21 10,00 67.2321 26.8657 0.0919 70.3509 26.A559 0.0724 17.1930 26,8593 0.0318
22 10.50 67.1276 26.8635 0.0912 70.3286 26,8534 0.0719 17.2140 26.8579 0.0318
23 11.00 67.1053 26,8589 0.,0909 70.3380 26.8484 0.0721 17.1731 26.8519 0.031S
24 11.50 67.0480 26.8575 0.0899 10,2134 26.8459 0.0717 17.1361 26,8509 0.0322
> 12.00 67.0235 26.854] 0.0892 10.2526 26,8419 0.0715 17.1708 20,8479 0.0342
26 12.50 - 66,9882 26.8531 0.0886 70.2190 26.8429 . 0.0711 17.1431 26.8469 0.0336 .
21 13.00 66,9404 26.8505 0.0880 T0.216Y ~ 26.83R9 0.0710 17.1705 26,8430 0.0304
s 13.50 66.9130 26,8505 0.0873 710.2131 26.8384 0.0708 17.3090 26,7984 0.0307
29 14.00 66.8858 | 26,8466 0.0873 T0.1762 ° 26.8363 0.0710 17.1936 26,8395 0.0332
30 164.50 66,8549 26.8470 0.0u51 7041403 26,8343 0.0706 17.2635 26.8385 0.0317 .
31 15.00 *66.8321 26.8440 0.0873 10.1512 26.8328 - 0.,0707 17.2359 26.8371 0.0320
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RUN &

RESULTS OF THE LINEAR RaION AMALYSIS

LEARAGE

w LEAKAGE RATE
EXPERINENTAL UPPER LIMIT
1.00008 -0.70726
1.00003 =0.26726
0.99965 ~0.92300
0.99948 -0.62003
0.99963 -0.57978
0.99991 -0.43868
0.99971 -0.38287
0.99958 -0.3/062
0.99961 -0.33833
0.99954 =0.3194]
099954 ~0.29810
099960 ‘0027!52
0.99951 ~0.25652

0.999%6 -0.23717 -
0.9995% ~0.21993
0.99963 -0.20026
0.99962 -0,18296
0.99901 -0.16815
0.99980 -0.14814
0.9998% -0.12826
0.99971 " =0.11590
0.999/8 -0.10265
0.99968 ~0.09474
0.99975 -0,08532
0.99970 -0.07845
0.99946 -0008120
099965 -0,07639
0.99972 -0.07005
0.999061 =0.06727

FINAL LEAKAGE RATE (% PER

UPPER CONFIDENCE LIMIT FOR THE RATE IS

W UPPER
RATE CONTAITNMENT
v.18712 1.00016
0,04091 1.00021
=0.35991 1.00044
-0,26698 1.00093
~0.33200 1.00070
-0.22206 1.00132
-0,21919 1.00071
-0.24045 1.00048
~0.,23332 1.00051
-0.23303 1.00048
'0'24530 1'00053
-0,20680 1.00062
-1.,20044 1.00061
-0, 14634 1.00069
-0,17343 1.00069
=0,15519 1.00001
-0.13997 1.00084
-0,1¢770 1.0004%
-0.10539 1.00083
-0,08406 1.00097
-0,0745> 1.0008%5
-000b320 1000095
-0.05818 1.00089
'000508, l.0009h
-0,04629 1.00096
~0.0>5]102 1.00104
-0,04820 * 1.00094
-0,04334 1.00110
-0009230 1000095
DAY) = -¥,04230

-0.06727
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[y

W LOWER
CONTAINMENT

1.00008
0.999917
0.998%2
0.99817
0.99779
0.997%6
0.99823
0,99830
0.99830
0,99830
0.99827
0.99836
0.99824
*0.99827
0.99834
0.,998238
0.99835
0.99832
0.99909
0.99906
0.99885
0.99889
0.99879
0,99890
0.99876
0.99875
0.99874
0.,9987%
0,99867

INTERCEPT= 0.99984

¥ ICt
CONDENSER

0.996¢76
0.99946
0.99919
0.99908
0.99906
0.998Y95
0.99869
0.998%4
0.998064
0.99830
0.99817
099799
0.99764
0.99766
0.997467
0.99744
0.99735
0.99727
0.99715
0.99705
0.99693
0.99694
0,99669
0.,99673
0.99664
0,99469
0.99636
0.99626
0.99623
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RUN # ELAPSEL  AVG TEMP AVG PRESS AVG V PRESS AVG TEMP AVG PRESS AVG V PRESS AVG TEMP AVG PRESS AVG V PRESS L!
TIME UPPER. . _UPPER... ...UPPER . .. LOWER.......LOWER.._...... LOWER __ .. _ _.I1CE .. . ICE . ICce :ﬁ
1 0.0 69.1417 0.0 601.6130 71.9935 0.0 0.1216 16,8504 0.0 0.5266 7)
2 1.00 69.6250 0.0 590.5125 . 72.0897 .__. 0.0 . 0.1265_.. 16.8627., 0.0 0.5330 ?
3 2.00 69.7087 0.0 523.0715 72.1841 0.0 0.1294 16.8522 0.0 , 468.3261 i“
4 2.50 69.7494 0.0 S77.6485 72.1833 0.0 0.1303 16.8584 0.0 511.1095 A
S 3.00 69.7495 . 0.0 . . . 610.7735._....72.1569 0.0 0.1310.~-.16.9793....... 0.0 - 537.8050 fﬂ
6 4,00 69.7869 0.0 $90.9403 72.2169 0.0 0.1320 17.0197 0.0 505.7419 s
7 S5.00 69.R168 0.0 603.2279 72.1790 0.0 0.1344 16.9073 0.0 $42.9652 "
8 6.00 69.8557 0.0 609.1247 , 72,1753 . 0.0 . . ... 0.1334 16.9747 0.0 516.2228 ';
9 7.00 69.8588 0.0 670.8578 72.1192 0.0 0.1304 17.0934 0.0 420.0645 iﬁ
10 8.00 69,8956 0.0 659.2614 72.0877 0.0 0.1264 17.0955 0.0 372.0063 y
11 9.00 69.9198 040 . L 63601914 . T1.9969. .. 0.0 ... ...0.,1216 ...16.9156 . .. 0.0 364.2604 te
12 10.00 69.9078 0.0 608,3686 71.9208 0.0 0.1170 16.8032 0.0 314.8742 o
13 11.00 69.9333 0.0 111.9387 71.6806 0.0 0.1129 16.6725 0.0 264.0879 "
14 12.00 69.9612 0.0 - 0,133 . 71.8281 . .0,.0 -0.1090 16.7524 0.0 0.0321 v
15 13.00 69.9278 0.0 0.1580 71.7335 0.0 0.1046 16.7894 0.0 0.1600 ey
16 14.00 69.9736 0.0 0.1530 71.6629 0.0 0.1010 16.9264 0.0 0.1549 e
17 15.00 69.9950 0.0 0.1020,.. 71.5913 _. 0.0. _.....0.,0967 .. 16.9594_.._.0.0_ - =-0.1508 2T
18 16.00 70.0228 25.4803 0.1122 71.4495 25.4663 0.0944 17,1786 25,4932 0.0345 Ta
19 17.00 70.0340 26.1857 0.1103 71.4489 26.1586 0.0898 17.1752 26,1833 0.0345 !
20 17.50 70.0658 26.5290 0.1095.. . 71.3925_ .. 26.5045 . .. 0.0887 17.2175, 26,5321 0.0321 P
2l 18.00 69.8084 26.7918 0.1072 71.2694 26.7611 0.0874 17.6705 26.7914 0.0334 tae
22 18.50 69.2748 26.7733 0.1072 71.1176 26.7435 0.0857 17.2442 26.7741 0.0345 r1
23 19.00 69.2124 . 26.8254 = . _0.1072. ._T1+0603...._2647962 ... 0.0847 ... 17.2955. ..26.8271 . . .. 0.0342 o
24 19.50 69.0284 26.8167 0.1068 70.9698 26,7862 0.0827 17.2903 26.8152 0.0336 i
25 20.00 69.1597 26.9550 0.1064 70.9595 0.0819 17.3240 26,9556 0.0348 :‘
H

+E wmes o ma e i mmms aam_wS Sy

B T
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SUMMPAKY QF 8VEVAGES

L ) N T AVGO BE22 PV FLESR AVG Y PRESY  AVG T el AVG DRESK AV U PEERS AYG THEP AV BEELSS AVG V PLESS

o

' ow

o a———
/

111 LU (L Herg | L Lo LIk R ¢4 168, ICE.

1 0.0 TG AR T 2h,RhbLY NI T(e],50:0 P i3 DL 0706 V7,309 2 360 - 0.01370
’ n, Sy Wy, L 3Tk zhotnt | .03 v.1013 7H.H3R D070 V1,3006% 2E L8380 0.0314

¢ J.en OG0, 71722 Pl L 04 B, N9 M. 1037 P YA L] 0,0704 17,6373 2, n3/1 n.0317
f 1.5 B N Tan 2t 537] 03,0030 U PROHPAK 1,071 17.00%} PO V- L 0.03720
N p.an ity i AR AL ART 0,006 30 1IN 061 PhoINe 0,0704 17,3700 26,8016 0.01h
" Pl Rh R0 PRl .kl .0 /al PhHat sk 0.0704 17.440% 2t JUHALG 0.01%2
7 .60 (AL A S 26 B3P0 .Uk, Toete7]es ALY Y 0,0703 170307 6. 82716 0,03%4
» U 0 Ry & PhHoHICH G.ORLY honale Ph /AT G.070% V1 aarngYy 2Hh 8261 0.01471
- by nhn T FE P ) KN n.o]a H.4891 2h.9211 nN.070n 17.05%10 F.B27) 0.N3313
12 (% Ly LA TSR Vo | 2H.0277 0, unl2 Tu.05730 ch. 103 (1, N6 1/7.06%] 26,8242 0.,0337
1 .0 LEPLITAN P2h.orTa 0.8 Tu. )28 6. 1493 N, 0614 17,660 2662382 0.032%
172 S50 H6H=NPR Photlbh N, 0720 10,062 PH.H1T73 0,067 | IR R Vg e 8212 0.0327
13 LA L] hG,n%n03 FUP P n,niyl Iengl? PhoRLAR Q. 0610 17.4613 2n. 8212 n.03131
Yo [T Bh 080y Prb263 (.07°3] 6996 26,5143 a,067y 17,6902 St 8197 0.0334
% 7.u0 4] 3] Rh.b217 G.07921] 69,9926 Ch.R1ZN 0.0679 17.4744 2. 8177 0.0334
1A 7.2 66,4 IS0 Ph.B19n 0.02385 AY,4994] 26,1097 0.0A80 11.0416 2h. k)4l 0,033
14 L (L] ho6, RGP 2h.b217 0.0/8% TV.0262 PHAHYOT 0.n681 17.5067 26,8197 0.0339
1= P Lo A0 30 7H.b191 0.0782 C9.9601 26.8102 0,06P2 17.5760 26,8141 0.,0619
v o, 60,390 7h.82040 00,0779 6Y. 9514 26,8067 0.0679 17.0157 26,8152 n.n340
/N 6,50 AP TS B P6H.5204 0.07717 69.9601 26.80%7 D06k 17.6625 26,6167 0.034])
?) 10,60 Ay, JNan PR.B1TR 0.07717 6Y.49509 2h.BN0K2 0.0684 17.5624 26.81217 0.03%4
27 | L1 6, 3=23 P6H.B151 D076 6Y%.96%4 26 . RDS2 00,0686 17.4649 2h. 8098 0.033%
r 11,00 ¥ AY] PLYS {0 0.076% h9.9362 P26.B062 0,066 17,434] 26,108 0.03230
A 11.5n 60, P%%60 2H.8160 0.,07%7 AY.91Y4 PhRNLD n.,N6HG 17,4119 2h. 8104 0.0332
2% 12.00 7 66, R9 26,8143 n.0757 6Y7.9083 2h. 8027 N.06R6 17.3618 26.809H 0.0331
oh 12,50 GbH, RN 26,5139 0,0787 69,8942  TR6.H027 0.0692 17,4531 26,8088 0.0330
~t J2.0n 16,2969 26,8126 0.07%7 69.88840 2h.8007 0.06H8 17,3927 26,8064 0.0324
Fda) 13.%0 66H.2ATR PH.806H n.071857 AY WG90 26,7987 0.069¢ 17.3603 26,8023 0.0310
2?2 14.00 6,292 PA.H113 0D.01517 69.5858Y 26.7997 0,068y 17.2%4¢ 26.8028 0.0318%
RN la.50 66,7704 26,8003 0.0754 62.8%35 26.7912 ). 0689 17.3431 2. 8003 0.0340
31 14,00 i, 2378 ?H.B0R73 0.07%4 AY 8570 26,7717 0.0693 17.3160 26,8008 0.0362
kP 15.50 [P h.816]) 0.0751 69,8292 26.7912 0.0692 17,3225 2R 7919 0,0321
14 16.00 &0, PNYR 268074 0. 01317 AT 18307 2h 7947 0,06%4%7 17.3970 2h. 79846 0.033%
Ju 1A.50 66,2057 PhENGS 0.0740 6Y.8299 26,7927 N.066] 17.27%6 26,7959 0.0331
L) 17.0v0 66,7999 266057 0.0740 HhI. 6760 26h.7942 0.0643 17.3158 ¢6.796% 0.0327
g J7.00 66,7150 2h,5027 0.,0732 AY. LU 26,7917 N.0649 17,3017 26,7764 0.0331
17 ) a0 LTS Ph.8N040 0.071% A9, 7956 26.7942 0.06406 17.383% <6, 79714 0.0327
- 19,50 ) WRY9 Phovohls 0.073% 691904 26,7922 N.0b4Y 17.3ka4 26,7964 0.030%
KA 19,00 L KT PR.B020 0.073% HY . T8O 26.7937 .06467 17.446])5- 26.7964 0.0311
an 177.50 6hH,1N760 ZeBONDY 0.073% 6. 7929 26,7317 N,06404y F7.30494 26,7904 N.0318
4] 0,41 A0, 1A93 26,7993 N.0713% hY.771% 26,7877 0.0660 17.4702 2H, 192346 0.0322
He 21,.%0 661030 Ph, 1954 0n.0732 Y1124 26,7844k N, 06463 17,4246 26, TY04 0,03233
&1 Z1.00 AHL L)LY PheTyril 0.0732 Y. 763 26,7872 N.0646 17.64h1 26,7904 0.0333
“lb 2) it (O 010 Ph,7uhu N.0729 hY . Ta6R PE.INTP N, 066Y Y1.07 3¢ 26,7910 0.0.322
as P00 6hH 03] 4 Phei9h0 b.ulln XY RYL ] 2b. 1580] N.nRay 17.4961 Ch, Ty N.,0340
LA 27,00 LU PhTUPY 0.072] A9, 131 2h, 1476 0.0644 17.4a0lb 26,1810 0.0329
n? 200 AGL. 010 Ph, G606 n.u/}l A 1374 26,7846k 0. 0639 17.471% 26, 1¢30 0.0327
(3 2,50 6Gh, 0820 26 T9Pn [OXLFA LS nY, 7231 P FIXTS n,0ha} 1743658 2hTres 0.01321
a4 Zh 00 hh,H173 ?h. 1424 0710 AT 2¢.1176 N,0064¢ 17 .42k 26. 7865 0.0311
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TIME UPPER UPPER - UPPER. ... _LOWER..—... LOWER ..... LOWER..--  ICE - - 1CE ICE h,
1 0.0 65,9482 26.7813 0.0705 69.6664 26,7726 0.0639 17.5456 26.7781 0.0327 iy
2 0.50 65.9211 26.7817 0.0708 . 69.6478B . 26.7766 .. 0.064}~ _ 17,5942 26,7781 0.0331 !
3 1.00 65,8956 26.7778 0.0708 69.6518 2647691 0.0616 17,4517 26,7746 0.0335 v
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9.0 Local Leak Test Program

9.1 Past Test Results Summary

Local leak tests have been conducted periodically on Unit

2 in accordance with guidelines specified in 10 CFR 50
Appendix J, the FSAR, and the Plant Technical Specifications.
Testing is performed under plant procedure 12 THP 4030 STP.203,
'Type B and C Leak Rate Test'. The program consists of

‘Type B' tests designed to determine leakage through the
containment electrical and pipe penetrations, air lock door
seals and overall air lock leakage, and 'Type C' tests
designed to determine leakage through containment isolation
valves. Table 9.1.1 summarizes the test results for Type B
and C testing performmed since the Unit 2 Preoperational test.

The leakage detection instrumentation used in the conduct

of the 'Type B and C' tests is certified, traceable to NBS,
and calibrated prior-to the tests. The instruments consist
of 4 calibrated flow meters, of different ranges, connected
in parallel. A test is performed by isolating a test volume
bound by the containment isolation barriers under examination.
The test volume is pressurized to 12.0 psig. A regulator

in the air supply line to the leak rate monitor maintains

the test volume pressure at 12.0 psig while the flowmeters
measure the air flow required to maintain this pressure. This
flow is equivalent to the leakage out of the test volume.
Exact test pressure and temperature is recorded and used

to convert the measured leakage to standard conditions.

{
Table 9.1.1

Type B and C Test Results Summary
(Leakage Expressed as Fraction of La)

Test Date Type B Type c Type B & C
Allowable 0.147 0.443 0.6
May 1979 0.0033 0.1261 0.129
Dec. 1979 0.0041 0.2090 0.213
May 1981 0.0116 0.1633 0.175

Table 9.1.2 shows the valves which were found to leak in
excess of the guideline leakage during the two previous
surveillance tests, May - June 1979 and October - December
1979. The valves marked with an asterisk (*) were also
found to exhibit excessive leakage during the most recent
surveillance, May 1981. (See, also Table 9.1.3). Table
9.1.4 lists those valves which were repaired, during the
May 1981 surveillance, and also gives a short synopsis

of the repair.
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It should be noted that the guideline leakage is not an
acceptance criteria. It is strictly a guide for the Test
Engineer to use in detemining whether repairs should be
made.

Seventeen of the thirty-eight valves which failed the Type

C test were found in the Non-Essential Service Water System
(NSW). Three of these valves (check valves NSW-415-1, <
NSW-417-1, NSKH-244-1) have failed the two previous surveillance
tests, while 9 other check valves failed the last test.

Three of the seven air operated valve failures were repeats
from the previous test. ‘

The check valves were repaired by cleaning the seating surfaces
and replacing the gaskets. If the check valve had a neoprene
seat, the entire valve was replaced. The air operated valves
were repaired by cleaning and lapping the seating surfaces.

The other group of valves found leaking above guideline values
the Containment Purge valves. The valves in this group
which failed were:

VCR-101 & VCR-201  Instr. Rm. Supply
VCR-102 & VCR-202 Instr. Rm. Exhaust
VCR-104 & VCR-204 Lower Cont. Exhaust

The Instrument Room Supply and the Lower Containment Exhaust
Purge Valves have failed the previous two tests while the
Instrument Room Exhaust Purge Valves failed for the first time
in 1981. All1 of these valves were repaired by cleaning the
neoprene seal, and then lubricating with Dow-Corning Silicone
ITI. When VCR-104 and VCR-204 were tested after the above
mentioned repair, the leakage was still excessive (27,000 SCCM).
A bead was then welded to the edge of the valve flapper to
increase the tightness of the neoprene seal when the valve was
closed. This repair reduced the leakage in VCR-104 and VCR-204
to 50 SCCM.
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Table 9.1.2

May-Jdune 1979 Leakage

Oct.-Dec. 1979 Leakage

Valves As Found | As Left As Found | As Left
(sccm) (sccm) (scem) (sccm)
* NSW-415-1 5000 4 39,900 125
* NSW-415-3 . Passed - 14,000 0
NSW-415-4 5000 | 681 46,000 718
* NSW-419-2 Passed 24,000 0
* NSW-419-3 Tested Against WCR-930 47,000 62
* NSW-419-4 Tested Against WCR-934 47,000 150
* NSW-244-1 5000 | .0 5,000 764
* NSW-244-2 Passed 37,000 220
NSW-244-3 Passed 14,000 0
NSW-244-4 5000 0 37,000 : - 219
* NSW-417-3 Passed 8,000 100
* NSW-417-4 2000 0 40,000 1000
WCR-930 5000 0 Passed
WCR-934 5000 0 Tested Against NSW-419-4
WCR-967 2000 8 Passed
WCR-901 Passed ) 7,400 0
* WCR-909 Passed 8,000 5618
WCR-921 5000 | 4 17,000 0
WCR-933 Passed 5,000 125
* WCR-951 Passed 24,000 137
* WCR-952 Passed 14,000 0
WCR-954 Passed 24,000 400
* WCR-958 Passed Tested Against WCR-954
WCR-961 Passed 10,000 | 0
* VCR-101 Passed Tested Against VCR-201
* VCR-201 2000 | 4 25,000 | 325
VCR-103 Tested Against VCR-203 Passed
VCR-203 6000 | 44 Passed
* VCR-104 ‘Tested Against VCR-204 | Tested Against VCR-204
* VCR-204 6000 | 301 41,000 - | 3000
VCR-105 Tested Against VCR-205 Passed
VCR-205 2000 I 2472 Passed
ECR-18 Passed Tested Against ECR-28
ECR-28 * Passed 75 /2
CS-442-1 5000 | 105 4,000 0
* SI-189 Passed 838 - 838
* SM-1 j 5000 | 360 Passed
N-102 Passed 500 | 500
VCR-10 Tested Against VCR-11 Passed .
VCR-11 4959 | 975 Passed
VCR-20 Tested Against VCR-21 Passed
VCR-21 29 | 0 Passed
* N-160 .Passed 1300 ] 520
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Table 9.1.2 Continued

May-June 1979 Leakage

Oct.-Dec. 1979 Leakage

Valves As Found | As Left As Found | As Left
scem (sccm) (scem) (sccm)
* DCR-620 Tested Against DCR-620 Passed
* DCR-621 2000 | 3 Passed
DCR-205 Passed Tested Against DCR-206
DCR-206 Passed 3500 | 0
* DCR-600 Passed Tested Against DCR-601
* DCR-601 Passed 4000 150
QCM-250 Passed . 1800 1000
* ECR-33 2000 | 51 100 100
* ECR-31 Tested Against ECR-32 Tested Against ECR-32
* ECR-32 2000 | 213 2092 2092
*- GCR-301 Passed 130 . 130
* XCR-102 Tested Against XCR-103 Passed
* XCR-103 551 | 551 Passed
CCR-457 Tested Against CCW-135 Passed
CCW-135 363 363 Passed
PPP-303 251 251 Passed
PPA-310 Tested Against PPA-311 Passed
PPA-311 171 | 171 Passed
PPA-312 Tested Against PPA-313 Passed
PPA-313 50 50 Passed
ICM-250 5000 0 Passed
I1CM-251 5000 0 Passed
* CCW-243-25 Passed 160 160
CCW-243-72 Passed 165 165
* CCW-244-72 Passed 450 450
CCM-430 Passed 18000 77
* CCM-431 Passed 550 550
CCR-440 Passed 125 125
CCR-441 Passed 1200 101
R-156 1305 | 160 Passed
R-159 Tested Against R-156 Passed
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Q Table 9.1.3 - Type C Failures - May 1981

~ © JAHLE NU, &1 VALVLY S LFARAGE IN EXCESS
Y eecdemmmas of Tk L _IHE LEAKAGE
o
VUL UML LEAKAGE LEARAGE LEAKAGE
DESCIHIPTION GUIDEL LK AS Founb AS LEFI
{5CCH) (sCCM) (SCCH)

CLV ) NSW=415-] AND WCR-903 CPN=1T.2) ’ 120,00 29943.6% 0.0
CU¥ ) NSH=419-1 AND WCR=922 CPH=20 . . e L. as0.00... . . 1502.84 . . 35.10
CUV 4 NSW-419-4 AU WCR-934 CPN-B4 480,00 > 2000,00 2090.16
RCE § NSH-2aa-1 AND MCR-94%5 CPn-26 0 T 3ke.00 7T 75 zooo,00 0.0
RCP ) WCR=951 AND WCH=955 . (CPHZ26 . creie s = vine v« s mvmmrmeem JO0000 i e 2, 2000,00. ., . . . 10.0%
RCP 4 NSW=244-4 AND WCR=948 CPN=-U34 360,00 > 2000.00 ' O.Q
RCE 4 WCR-956 AND WCR=958 ‘Cpu-04 7 7YY Tape.00 "5 2000,00 219,22
CLV.2 NSW=415=2 AN . HCRzD06. CPN=22 .. oo o crcrenmcmreems evmeme semne £ 200 00 e 2..2000, 00, - 0.0
CLY 3 NSW-4)5-3 AND WCR-91] CPn-23 " 720,00 > 2000.00 0.0
CLV 3 WCK-909 AND WCR-910  Cpn-23 T T T ue.00 T T 2000.00 . 651,23

CUY 2. NSH=4192 AND HCK=926.CPN=27.. .. . « . ¢ o amcicemrs = 480000, e o2 2000.00, .. . ... 1996.24

CUV 3 NSW~419-3 AND HCR=-930 CPN-8S 480,00 > 2000,00 b4y 08
CUV 3 WCR=929 AMD WCR-93)  CPN-LS ' LT s T T 200000 0.0
RCP 2 NSH-244-2 AND WCR=946 CPn=21 .. ... .. parax s o e 300,00, ooe .. 2.2000.00 .. . 0.0
RCP 2 WCR=952 AND WCR=956  CPn-27 360,00 > 2000.00 0.0
INSTK. RH. LAS| HSW-417-4 WCH-963 CPN-T3 LU " 240,00 73 zoso.o0 ) 0.0
INSTR. M. WEST NSH=H17520WCR-967 CPNSTY oo feneiwn e s 260,00 ..eo - 2. 2000.00. .. . . 0.0
INSTR. M. FUNGE SUPPLY VCR-101,201 1680.00 4470.57 2444
INSTR. KM. EANAUST YCR=102.202 tpupeEr 77 7 Yewsu,ue T >40000.00 " 204,61
LOVER PUKGE EAIl. VCR=104+204  CPN=63 e e e e 23600,00 - .. 260000.00. . . 49.77
RELICF VLVE. nOR, 10 pPRT S1-149 Cen-}s 120,00 ) 40}.67 . hU1,67
Alit PART/IAD GAS BOUTYOR Sh=1 CPN-3Y YT T seaae” T T paaclow  2340.08
. N=2 AND VEHT NOR FOK RCOT N1OOWOCH=201 « . - weo o’ eve e o §20.00 ooeve .~ 200000, . . 0.0
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Table 9.1.3 Continued
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TAULL NU. 2% VALVES SHOWING LEAKAGE IN EXCESS

:

uf

THE GUIDEL INE LEAKAGE

o LEAKAGE .,
AS FOUND
{1SCCH)

.« LEAKAGE
GUIDEL INE
(sCCu)

A e € %

CLV AND Cuv ORAIN MDR DCR-62U,62) CPN-31 77 " ee.eo” T 129,10
CONT -SUMP TO WUT*S DCR-600,601 CFN-4) e - 360,00 .oei . wae . T48.59 .,
IR RECIRG 1€+ 1CM-205 CPN-45 1080.00 1390.00
REVUELING CAV. DRAIN SF-159:160 CPN-a2 " 3g0 00 T 2000000
RCUT SAMPLE RCR-100,10) CiN-01 e o m e e e o 160000 weeene . .. 119389 .
AIR PARVZRAD GAS MUNITOR ECR-3) CPN-31 60.00 1401,32
ALK PARVZRAD GAS MON ECR-31,32 cPN=32° ~ — © T T apeee T T Tasesai2”
CON AIR TU CONT. ACH=1025103 CPN=29 .. = . . .evosmorecroe —. 120000 oo oo - . 399.25 .,

N~2 TO FRT GCR=-30} CPN-T4

BORON INJ. 1CH=250 CPN=44
LCH 10 CI'N COILS 2.5 CCW-243-25 CPH-25
CC¥ 10 CPN COILS 2,5 CCH-244-25 CPN-25

CCH T0 CPN CUOILS 344 CCH=244=12 CPN-T2

CCY FROM CED-) CCM=-41) CPN-25
CCw 10 CL0=-2 CCH~4)2 CPN-T2
CCHY FROM CEQ~2 CCH-4]33 CPN-T2

45,00 119.717

;A meas smrme 8 e m——

>40000.00

" 260,00

= 60,00, ... ... - 1009.57
60.00 807.66
T e e
. © vees 0 90,00 . . ..>. 2000.00
Y0.00 124,76
T 1 Y T TS
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Valve

NSW-415-1

NSW-419-1
NSW-419-4
NSW-244-1
WCR-951
WCR-948
WCR-958
NSW-415-2
NSW-415-3
WCR-909
NSW-419-2
NSW-419-3
WCR-929
NSW-244-2
WCR-952
NSW-417-4

NSW-417-3

Table 9.1.4

Leak Rates of Containment Isolation
Valves, and Corrective Actions Taken

M scon).
30,000.0
1,500.0
2,000.0
2,000.0
2,000.0
"2,000.0
2,000.0
2,000.0
2,000.0
2,000.0
2,000.0
2,000.0
2;,000.0
2,000.0
2,000.0

2,000.0

2,000.0

As Left-
(sccM) Corrective Action
0.0 Replaced disc, replaced gaskets
(SJO - 07592-4)
35.0 Cleaned seating surface
(sJ0 - 07592~1§
2100.0 Cleaned valve, replaced gaskets
(SJ0 - 07592-12)
0.0 Clean seat, replace gaskets
(530 - 07592-13)
10.0 Lap seats, replaced gaskets
(SJ0 - 07592-14)
0.0 Lapped seat, replaced gaskets
(SJO - 07592-16)
240.0 Lapped seat
(SJO - 07592-17, 39)
0.0 Lapped seats, replaced gaskets,
disc  (SJ0 - 07592-9, 45)
0.0 Replaced valve
(S30 - 07592-3, 40)
650.0 Cleaned & replaced gaskets
(SJ0 - 07592-2)
2000.0 Replaced valve
(SJo - 07592-5, 41)
65.0 Replaced valve
(SJ0 - 07592-6)
0.0 Lap seats, replaced gaskets
(SJ0 - 07592-7)
0.0 Replaced valve
(5J0 - 07592-10)
" 0.0 Cleaned valve
(SJ0 - 07592-11)
0.0 Lapped, replaced gaskets
(SJ0 - 07592-33, 48)
0.0 Lapped seat, replaced gaskets

(SJ0 - 07592-32)
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Table 9.1.4 Continued
As Found As Left

Valve QSCCM} §SCCM2 Corrective Action
VCR-101, 201 4,500.0 25.0" Cleaned internals, tubed with

Silicone 111
(SJ0 - 07592-42)

VCR-102, 202 40,000.0 205.0 Cleaned, lubed seal with
. Silicone 11 -
(SJ0 - 07592-49)

VCR-104, 204 40,000.0 50.0 Welded S.S. to valve so it
would seat against the neoprene
seal (SJ0 - 07592-43)

SM-1 2,340.1 2340.0 Cancelled -
. (S90 - 07592-31)

N-160 2,000.0 0.0 Lapped seat and cleaned
(SJ0 - 07592-46
DCR-620 -1,300.0 Tested Against Cleaned, blued seat
DCR-621 (SJ0 - 07592-24)
DCR-621 1,300.0 0.0 Cleaned and blued seat
(SJ0 - 07592-25, 50)
SF-159 2,000.0 0.0 Replaced diaphragm
4 (SJ0 - 07592-27)
ECR-33 1,400.0 1400.0 Cancelled
; (SJ0 - 07592-28)
ECR-31, 33 3,300.0 3300.0 Cancelled
(SJ0 - 07592-29)
CCW-243-25 1,000.0 0.0 Replaced seats
(SJ0 - 07592-22)
CCW-244-25 800.0 0.0 Replaced seats
(SJ0 - 08592-23)
CCW-244-72 1,800.0 250.0 Installed new disc, lapped seat
(SJ0 - 08592-21)
CCM-431 2,000.0 0.0 Lapped seat, cleaned
(SJ0 - 08592-18)
CCM-432 125.0 , 0.0 Lapped seat, cleaned
(SJ0 - 08592-19)
. CCM-433 180.0 0.0 Lapped seat, cleaned
(SJ0 - 07592-20)
NSW-244-4 2,000.0 0.0 Replaced valve

(SJ0 - 08592-15)
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Table 9.1.4 Continued

. As Found
Valve QSCCM)
CTS-131-W 15.491 CCM
‘CTS-131-E 3.853 CCM
I1CM-250 40,000.0

As

Left

(sccm)
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0.0 CCM

0.861 CCM

0.0

Corrective Action

Cleaned, blued seat
(SJ0 - 07592-34)

Cleaned, blued seat
(SJ0 - 07592-36)

Lapped seat
(SJ0 - 07592-51)






Q ’ 9.2 May 1981 L eak Test Resylgs . 7 6

sosnansves O, C. COUK NUCCEAR PLANT. UNIT NO. 2 #woocoooece
] TYPE "B" AND "C" LEAK RATE TEST OF CONTAINMENT ISOLATION VALVES DURING APRL 1981 OUTAGE

TYPE "B DATA INFORMATION

COMPLETED TEST VOLUMES

TEST VOLUME DESCRIPTION GUIDEL INE CORRECTED TRIAL NO WHEN ~
LEAKAGE LEAKAGE VOLUME PASSED
1 PERSONNEL AIRLOCKS 612! EL. CPN-N/A . . . . S511.0 s 58.0 . - 1
2 PERSONNEL AJRLOCKS 650' EL. CPN~N/A 5511.0 1.0 1
3 ZONE 3 PENETRATIONS(ELECTRICAL) CPN-N/A 1173.0 0.0 1
o ZONE 4 PENETRATIOMS (MECHANICAL) CPN-N/A 1173.0 . . 171.7 <1
5 BLIND FLANGE-FUEL TRANSEER CPN-1 1200.0 850,0 1
6 BLIND FLANGE-PLAMT AIR TO CONT CPN=29 1200.0 0.0 1
7 BLIND FLANGE-ICE LOADING . CPN-S7? 480.0 - 0.0 .. -1
8 BLIND FLANGE-ICE LOADING CPN-80. 720.0 120.1 1
9 BLIND FLANGE-FLUX THMBLL HANDLE CPN-76 960.0 74.9 1
10 BLIND FLANGE-SPARE(UNIT 2 ONLY) CPN-67 240.0 0.0 1
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TYPE “8" AND “C% LEAK RAIE 1ES1

TEST VOLUME

”

cLv
CcLv
cLv
cLv
cuy
cuv
cuv
cuv
RCP
RCP
RCP
RCP
cLv
cLv
CLv
cLv
cuv
cuv
cuv
cuv
RCP
fce
RCP
RCP
INSTR.
INSTR.
INSTR.
INSTR.
JINSTR.
INSTR.

WWANNWWNNNWWNN D O D rsms DD e

PRESS.

HYD. RETURN
HYD. SAMPLE
HYD. SAMPLE
HYD. SAMPLE
HYD. SAMPLE
HYD. SAMPLE
HYD. SAMPLE
HYD. SAMPLE

OESCRIPTION GUIDEL INE
LEAKAGE

NSW~415-1 AND WCR=903 CPN-17.21 720.0
WCR901 AND WCR-90Z CPN=-17,21 720.0
MSW-415=4 AND WCR-91% CPN=20+24 720.0
WCR-913 AND WCR-914 & CPN-20+24. . . 720.0
NSW-419~1 AND WCR-922 CPN-26 480.0
WCR-921 AND WCR-923  CPN-26 480.0
NSW-419-6 AND WCR=936 CPN-84 . .. 480.0
WCR=933 AND WCR-035 CPN-34 48040
NSW=-244~1 AND WCKR=-945 CPN-26 360.0
HCR-95]1 AND WCR-9YS5  CPN-~26 « e - 360.0
NSW-244-4 AND WCH~948 CPN-84 360.0
WCR-954 AMI) WCR-J58  CPN-84 360.0
NSW=-415-2 AND WCR=906 CPN-22 e e 72040
WCR-90S AND WCR-QU7  CPN=-22 720.0
NSW=615=3 AND WCH=91} CPN-23 720.0
WCR-909 AND WCR-910  CPN-23 720.0
NSW-419~2 AND WCR=926 CPN=-27 480.0
WCR-925 AND WCR-927  CPN-27 480.0
NSW-419-3 AND WCR-930 CPM-85 - - 480,0
WCR-929 AND WCR-931  CPN-85 480,0
NSW=~244-2 AND WCR=946 CPN~27 36040
WCR-952 AND WCR-9%6  CPN=27 . 360.0
NSW~264-3 AND WCR=947 CPN-8S 360.0
WCR-953 AND WCR~Y57  CPN=-485 360.0
RM. EAST NSW-417-4.WCR-963 CPN-73. . .240.0
RM, EAST WCR=-961sWCR=962 CPN-T73 260.0
PM. WEST NSW=417-3,WCR=967 CPN-73 26040
RM, WEST WCR-Y651WCKR=966  CPN-73 260.0
PM. PURGE SUPPLY VCR=101,201 1680.0
RM. EXHAUST VCR-102+202 (PURGE) 1680.0
LOWER PURGE SUPPLY VCH-103,203 CPN-64 < - 2880.0
LOWER PURGE EXH., VCR-104,204  CPN-63 3600.0
UPPER PURGE SUPPLY VCR-105+205 CPN~59 3600.0
UPPER PURGE EXH, VCR-106,206  CPN-60 2880.0
RELIEF PUFGE VCR=107+207 CPN=-6S 1640.0
LINE ECR-10+20 CPN-Y5 60.0
ECR-11.21  CPN=95 60.0
ECR-12+22  CPN=Y5 60.0
ECR=13.23  CPN-95 60.0
ECR-14424  CPN-93 60.0
ECR-15425  CPN-9S 60.0
ECR-16+26  CPN-93 60.0
ECR-17,27  CPN=93 60.0

sousssoons D, C. COUK NUCLEAR PLANT, UNIT NO. 2 snesscsose

TYPE "C'" DATA INFORMATION

COMPLETED TEST VOLHUMES
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OF CONTAINMENT ISOLATION VALVES DURING APRL 1981 OUTAGE
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TEST VOLUME

44
4S
46
47
48
49
S0
Sl
se
S3
54
55
56
S7
58
59
60
61
62
63
64
65
66
67
68
69
70

72
73
76
75

77
78

80
81
82
83
8a
85
86

wve v PR

sssnsssoon O, C. CUOUK NUCLEAR PLANT« UNIT NO, 2 vtvovsccss
TYPE "B" AND "C" LEAK RATE TESI OF CONTAINMENT ISOLATION VALVES DURING APRL 1981 OUTAGE

TYPE "C'" DATA INFORMATION

-

COMPLETED TEST VOLUMES

- - = o 0 o8 > =y oy

DESCRIPTION

HYD. SAMPLE ECR-18+28  CPN-93

HYD. SAMPLE ECR-19429  CPN-93

RCP-1 SEAL WATER €S5-442-1 CPN-1}

RCP-4 SEAL WATER (S-6442-6 CPN-14
RCP-2 SEAL WATER CS-442-2 CPN-12
RCP-3 SEAL WATER CS-442-3 CPN-13
RELIEF VLVE. HDR. TO PRT.SI-1389 CPN-15
AIR PART/RAD GAS MONITOR SM-1 CPN-31
N-2 TO ACCUMULATORS N10Z CPN-32
N-2 TO PRT  NI1S9 CPN-T74
PRIMARY WATER TO PRT PW=275 CPN-33
CHG TO REGEN HEAT EX. C$-321 CPN-35
DEAD WEIGHT CALIB. NPX~151-V1 CPN-30
GLYCOL SUPPLY VCR-10+11 CPN-86
GLYCOL RETURN VCR-20,2i CPN=56
N-2 AND VENT HDR FOR RCOT UCR-203,207
N-2 AND VENT HDR FOR RCUT N160+0CR-201
ICE COND AHU DRAIN HUR UCR-610+611

CLV AND CUV DRAIN HDR DLR=620+621 CPN-31]

RCOT URAIN HDR DCR-205+206 CPN=40
CONT SUMP TO HUT'S DCR=600+601 CPN-41
RCS LETDOWN QCR-300 CPN=-34

RCP SEAL WATER RLIURN QCM=250,3%0 CPN-37

RHR RECIRC '€' 1CM=305 CPN-4S
RHR RECIRC *W' ICM~306 CPN-46
PW FOR RX CAV SCR DWZ209(212),210(211)

REFUELING H20 RX CAV SF151(152),153(154)

REFUELING CAV. DRAIN SF=1591160 CPN-42
HOT LEG SAMPLES MCR-105»106 CPN-66
PRESS LIQ SAMPLE NCR=-107,+108 CPN-66

STEAM SAMPLE MCR-109.110 CPN=-66
RCOT SAMPLE RCR-100.101 CPN-81
PRT SAMPLE DCR=-2V2.:204 CPN-81
ACCUM SAMPLES ICP=S5.6 CPN-81

AIR PART/RAD GAS MONITOR ECR=33 (CPN=-31
*N' SI PP DISCH. 1CM~26V0 CPN~431(68)
1S SI PP DISCH. 1CM=265 CPN-681(43)
AIR PART/RAD GAS “ON ECR=31.32 CPN-32
CON AIR TO CONT. XCR=100+101 CPN-74
CON AIR TO CONT. XCR=-10Z+103 CPN-29
N-2 TO PRT GCR-30] CPN=T74

N-2 TO ACCUMULATORS SV=-101+.GCR-314

SI TEST LINME SI-1/71¢1729194 CPN-32
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- = = -

TYPE "C" DATA INFORMATION

TEST VOLUME DESCRIPTION
87 - PW TO PRT NCR=-252 . CPN-33 - .
88 CCW FOR RCP 01L CLRS CCM=452,454,458
89 CCW FUR RCP OIL CLRS CCM=451,453,459
90 LCVW FOR EXCESS LU HX CCR=4604462 CPN-75
9] CCWw FOR RX SUPPORIS CCR=457+CCW-135
92 CCW FUR RX SUPPORTS CCR-4554456 CPN-82
93 GRAB SAMPLE SM=4,6 CPN=-92. .
. 94 CONT PRESS A+B ISUL PPP-300 CPN-94
95 CONT PRESS As8 1SUL PPP-301 "gN-92
96 COMT PRESS A+B ISOL PPP-302 CPN-91
97 CONT PRESS A+B ISOL PPP~303 CPN-96
98 CONT PFESS ALARM PPA-31U.311 CPN-97
99 CONT PRESS ALARM PPA-3124313 CPN-98
100 BORON INJ. ICM-250 CPN=-44
101 BORON INJ. ICM=251 CPN-44
102 WELD CHANMEL PRESS CA~181S CPN-83
103 WELD CHANNEL PRESS CA-18IN CPN-83
104 GRAB SAMPLE SM~B.+10 CPN-89
105 CCW TO CPN COILS 245 CCW=243-25 CPN=-25
106 CCW TO CPN COILS 2+5 CCW-244-25 CPN-25
107 CCW TO CPN COILS 3¢4 CCW~243-72 CPN-T2
108 CCW TO CPN COILS 3¢4 CCW=2644-72 CPN-72
109 CCW TO CEOQ-1 CCm-430 CPN-25
110 CCWw FROM CEQ-1 CCM=-43] CPN=-25
11 CCW FROM CPN COILS 2+5 CCR=-440 CPN-25
112 CCw TO CEO-2 CCM-432 CPN=-T2
113 CCw FROM CE0D-2 CCM-433 CPN=-T2
114 CCH FROM CPN COILS 3+4 CCR-441 CPN-72
115 GLYCOL SUPPLY EXP. R=~15641%9 CPN-86
116 GLYCOL RETURN EXP. R=157/,158 CPN-56
117 POST ACCIDENT SAMPLING RETURN CPN-67
. 118 POST ACCIDENT SAMPLING SUPPLY CPN-67
119 POST ACCIDENT SAMPLING K-11/12 CPN-32
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GUIDELINE
LEAKAGE

P

socosassess D, C. COUK NUCLEAR PLANT, UNIT NO. 2 ®oncososse
TYPE "B" AND "C" LEAK RATE TEST OF CONTAINMENT ISOLATION VALVES OURING APRL 1981 OUTAGE

CORRECTED

LEAKAGE
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CTS-127¢
C1S-127w
CTS-131E
C1S-131¢
CTS-131wW
CTS-131w

= oot s - - - = -—

sososuvsass D, C. COUK NUCLEAR PLANTs UNIT NO. 2 ®oocvssoos
TYPE "B" AND "'C" LEAK RAIE TEST OF CONTAINMENT ISOLATION VALVES DURING APRL 1981 OUTAGE

CONTAINMENT SPRAY CHECK VALVES

START FINISH START FINISH LEAK RATE LEAK RATE DATE
TIME TIME ELEVATION ELEVATION 10 PASS ACTUAL TESTED
12:11 . l6:1) 634,000 634.000 21.210 . - - =0.0- - 3-27
12311 16:11 634.000 - 633,990 22.550 0.237 3-27
12¢11 16:11 640.000 639.906 3.000 3.853 3-27
t 0 13: 0 640,000 660.000 . 3.000 . 0.0 ows 4=20
12:11 16:11 640.000 639,622 3.730 15.491 =27
t 0 13: o 640.000 639.979 3.730 0.861 4=-20

- = e .- P . L Swrw  we mESoR v o e oo

X A o= o Hrer-in wammam - eewwa 8 R g
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#ssoesvaes ), C. COUK NUCLEAR PLANTs UNIT NO. 2 eseosszose
TYPE "B" AND "C" LEAK RAITE TEST OF CONTAINMENT ISOLATION VALVES DURING APRL 1981 OUTAGE

LEAK RATE SUMMARY

SCCM .. LA e . e . .
TYPE vg" 1275.65 .. . 0.0116 .. .
TYPE "C" 19423.07 0.1762
TOTAL 20698.71 S 0.1878 ..

COMPLETION RATE .SUMMARY

TOTAL TESTED INITIALLY- 129 T TOTAL RETESTED~ 30 77
, FAILED- 30 ; , FAILED- 0
~
PASSED- 99 PASSED- 30

= A s meeom B

OUT OF 129 VOLUMES TO TEST, 0 STILL HAVE TO BE TESTED
OVERALL COMPLETION RATE 1S 100.00%
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10.6 Donald C.-Cook Plant Surveillance Test Procedures N
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10.6.2 12 THP 4030 STP.203, 'Type B and C Leak Rate Test'
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- Attachment No. 1 to AEP:NRC:00500E

Additional Information on Hydrogen Mitigation and Control

Donald C.- Cook Nuciear Plant Unit Nos.' 1 and 2

'D . Supplement to AEP:NRC:00500C




1.0

1.1

1.2

2.0

Distributed Ignition System (DIS)

- 70090F

Instrument Room Isolation

Our review of the communication paths between the instrument
room and the Tower volume subcompartments has revealed that Timited
communication exists through several small openings and a number of
pipe sleeves which are not sealed. Therefore, the DIS design-
described in Attachment No. 2 to our AEP:NRC:00500A letter has been
modified to include two'additional igniters (one per train) in the
instrument room. These two additional igniters will be installed

.yn Unit 1 during the_ current refueling outage and in Unit 2 during

the next ice weighing survéillance shutdown (late 1981) (See Section
3.0 below for a discussion of Clasix results). Thus, the Cook Plant
0IS will employ a total of seventy (70) igniters per Unit.

DIS Technical Spec1f1cat1ons

Proposed Techn1ca1 Spec1f1cat1on Table 3.6-1A, submitted by our
AEP:NRC:00500C letter dated May 29, 1981, has been modified to reflect
the addition-of two igniters .(one per tra1n) in the instrument room.
Revised pages ref]ect1ng this change for each Unit of _the Cook
Plant are contained in Attachment No. 4.

Ice Condenser Insu]ation o

"The 1ice condensers in .Cook Units 1 and 2 are very similar to those
in McGuire and Sequoyah . However, instead of po1yurethane foam, fiber-
glass encapsulated in po]yethy1ene bags is’employed in the Cook Units
for insulation purposes. The insulation is located between the con-
tainment wall and the crane wall and the air handling ducts, and is
covered by galvanized steel sheets w1th joints between pane1s sealed
to prevent vapor penetrat1on .

Fiberglass exhibits very stable material character1st1c§ even at -
high temperatures. -Existing data indicate that fiberglass beg1ns to

‘soften{1) at about 13500F, and that significant decompos1t1on is not

expected except at much h1gher temperatures.

The other component which makes up the insulation assemblies is
polyethylene sheets. The thickness of these sheets is about 6 mils.
Review of existing Titerature on the thermophysical properties of

polyethylene shows that-significant degradation (greater than a few

ercepg per hour) has been observed at temperatures in excess of
). The energx content of polyethylene is reported to be
about 1.3x10% B _






3.0

Recent analysis performed for the Cook Units using the modified
CLASIX code predicts upper plenum temperatures of approx1mate1y
11009F for short durations (see Attachment No. 2). Burns in the
upper plenum exist for no more than 10 seconds. The shortest
interval between burns is approximately 60 seconds. The Cook
temperature profile of the upper plenum generated by CLASIX is
similar to that of Sequoyah. Using the CLASIX results at the upper
plenum as temperature inputs, TVA has calculated the heat-up rate

.of equipment, such as igniter assembly box and cable within conduits,

in the region and found that the inside surface temperature of the

metal casing does not exceed 2709F. Therefore, it is reasonable to
believe that, due to the similarity between the transient temperature
input data for Cook and Sequoyah, the results obtained by TVA can

be used as a good approximation for the inside surface temperature

of the galvanized steel cover on the insulation. Given these conditions
at the upper plenum, the insulation behind the steel covers is not
expected to be exposed to temperatures which might lead to sub-

stantial amount of polyethylene degradation.

Calculation of the energy content for all the polyethy]ene in
the upper plenum reveals that there would be about 7x106 BTU re-
leased into the containment even in the un]1ke1y event of its
complete decomposition. This amount of energy is.less than forty
percent of the energy calculated by Duke Power for the' intermediate
deck doors and is less than ten percent of the energy generated from
hydrogen combustion for a typical CLASIX analysis.

Moreover, based on the heat transfer calculations performed on
insulation heat-up in the ice-bed region by Duke Power for the
McGuire Plant, the temperature of the surface adjacent to the
insulation is estimated to be about 3700F. Due to the similar
configuration of the Cook and McGuire ice condensers, the heat
transfer results reported by Duke are app]icab]e to Cook. Hence,
the po]yethy]ene in the ice-bed region of the ice condenser is not
likely to experience substantial degradat1on under these predicted
conditions. -

Therefore, desp1te the fact that a different type of insulation
is used at the Cook ice condensers, it appears that the potential
impact of insulation degradation on the containment is similar to
that of McGuire and Sequoyah. .

CLASIX Code Results

Attachment No. 2 to this submittal contains the pre11m1nary
results of a_Cook-specific CLASIX analysis utilizing passive heat
sinks, a fan flow/head curve and a separate nodal volume representat1on

)






of-the ice condenser upper plenum. This analysis indicates that
the peak pressure due to hydriogen combustion remains below the
containment design pressure. As expected, no combustion occurred.
in the upper volume, the fan/accumulator rooms, or' the dead-ended
volume. A total of thirty seven (37) burns are predicted; seven
in the Tower volume and thirty in the upper plenum. Slightly
less than one million pounds of 1ce remain at the completion of
the transient.

Containment Air Recirculation/Hydrogen Skimmer (HYS) Fans

The resu]ts of the CLASIX ana]ys1s mentioned in Section 3.0
indicate that maximum differential pressure between the fan/
accumulator room and upper volume of 2.5 psi; with the higher
pressure existing in the upper volume.

In the course of our 1nvest1gat1on of the fan survivability,
we have identified a potential failure mechanism due to the possible
development of a differential pressure across the fan housing when
the upper compartment pressure is greater than the fan/accumulator
room pressure. In such case the fan housing could collapse. We are
~investigating various modifications to the HYS fans which would
] eliminate this concern and will report to you on the schedule for
‘b’ the completion of the selected modifications in a later submittal.
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Attachment No. 2 to AEP:NRC:00500E

Additional Information on Hydrogen Mitigation and Contro]ﬂ

Donald C. Cook Nuclear Plant Unit Nos. 1 and 2

“ . ' CLASIX Code Analysis







Time

(seconds)

0.0
2172
2478
3180
3804
4428
4752
5700
6012
6960
7062
7206

TABLE 1

Cook CLASIX Input

MARCH Reactor Coolant Mass and Energy Release Rates

S2D Sequence

"H20 Mass Release Rate
(1bm/sec)
197.2
190.5

44,85
53.53
34.82
21.40
48.42
19.42
14.07
5.253
4.718
4,060

Hzo Energy Release Rate
(Btu/sec)
1.167 x 10°
1.097 x 10°
5.230 x 10%
6.547 x 104
4.262 % 10°
2.842 x 10°
5.558 x 10°
2.182 x 10°
1.583 x 104
5.989 x 107
5.388 x 10°
4.693 x 10°






MARCH Hydrogen Generation Rates and Temperatures

Time

(seconds)

0.0

3480
3804
4116
4428
4752
5700
6330
6648
6960
8070

TABLE 2

. Cook CLASIX Input

S2D Sequence

H2 Mass Release Rate

(1bm/sec)

0.0
0.0
0.0413
0.260
0.740
1.07
0.430
0.223
0.160
0.117
0.0367

H2 Temperature

(F)

61

61
67
1582
795
771
612
555
535
519
519







TABLE 3

Cook CLASIX Input

MARCH Fission Product Energy Release Rates

Time

(seconds)

0.0

3810
4116
4428
4752
5376
7080

52D Sequence

Energy Release Rate
(Btu/sec)

0.0
0.0
1803
4800
6708
7000

7135







Hydrogen yF for Ignition
Hydrogen yF for Propagation
Hydrogen Fraction Burned
Minimum Oxygen yF for Ignition

Minimum Oxygen yF to Support
Combustion

Burn Time (sec)*

Lower
Compartment

0.08
0.08
0.85

0.05

*Based on a flame speed of 6 ft/sec.

TABLE 4

Cook CLASIX Input

Burn Parameters

Ice Condenser
Lower Plenum

0.08
0.08
0.85

0.05

Ice Condenser
Upper Plenum

0.08
0.08
0.85

0.05

Upper

Compartment

0.08
0.08
0.85

0.05

0.0
13

Dead Ended

Region
- 0.08
0.08
0.85

0.05

0.0

4

FAN/ACC
Rooms

0.08
0.08
0.85

0.05



Volume (ft3)

Temperature (F)
0,
N2 Pressure (psia)

Pressure (psia)

H20 Pressure (psia)

’.
Y
» = w
~
- -

TABLE 5

Cook CLASIX Input

Compartment Initial Conditions

Lower Ice Condenser Ice Condenser Upper Dead Ended FAN/ACC

Compartment Lower Plenum Upper Plenum Compartment Region Rooms
249!@81 24700 47010 681283 61105 54828
110 32 32 75 98 110
3.14 3.18 3.18 3.17 3.16 3.14
11.67 11.81 11.81 11.77 11.71 11.67

0.19

0.19 0. 0.
\

1 ;




“IID’ TABLE 6

Cook CLASIX Input

Flow Path Parameters

LC-LP LP-UP UP-UP

Minimum Flow Area (ftz) . k% *% k%

Flow Loss Coefficient 2.05 3.04 1.45
Burn Propagation Delay Time 9 6 1

(sec)*

*Based on a flame speed of 6 ft/sec.
‘ **Function of door opening.

UCc-LC

2.2

1.5

DE-LC

40

4.2

F/a-LC

308

4.2



' 0 TABLE 7
| Cook CLASIX Input

- Ice Bed Parameters

Parameter Value I
Initial Ice Mass 2.37 x 10° 1bm 1
Initial Ice Heat Transfer Area 2.93 x 10° f£t?

Heat of Fusion of Ice 248 Btu/lbm*

Flow Loss Coefficient 0.42

Initial Net Free Gas Volume 86780 £t

*Includes 150 Btu/ltm actual heat of fusion plus 98 Btu/lbm to raise ice
condenser drain temperature from 32 F to 130 F.



TABLE 8

Cook CLASIX Input

Ice Condenser Door Parameters

Lower Inlet Doors

Maximum Opening Angle ]
Minimum Differential Pressure for Maximum Opening 0.0069

Maximum Flow Area 990
Bypass Flow Area '

Intermediate Deck Doors

Maximum Opening Angle

Minimum Differential Pressure for Maximum Opening 5.5
Maximum Flow Area 1326
Bypass Flow Area : 20

Top Deck Doors

Maximum Opening Angle

Minimum Differential Pressure for Maximum Opening 1.15
Maximum Flow area 2040
Bypass Flow Area 20
Minimum Differential Pressure to Initiate Door Opening 0.005

psi
ft

psi



. 0 . TABLE 9
‘ Cook CLASIX Input

Air Return Fan/Hydrogen Skimmer System Parameters

-

Parameter Value
Number of Trains 2

Initiation Time *
Flow Fractions per Train

Uc-£/a 0.9569
LC-E/A 0.0359
DE-F/A 0.0024

Flow Rate Head Flow Rate Per Train
(in H20) (cfm)

5.30
5.05
4.75
4.45
4.15

. * .

AN UVBBWNNO
L] *
VOUOUOOUOO OO O
w
*
Y)
=2
HRHXHARXARKRX AKX XX
=
oo
LNCNON

0 *Initiated 10 minutes after the containment reaches 3.0 psig pressure.



TABLE 10

Cook CLASIX Input

Spray System Parameters

Parameter

Drop Diameter (in)
Drop Fall Time
Floy Rate gpm
Temperature (F)

Drop Film Coefficient (Btu/hr £t F)

Initiation Time sec

uc
0.0276
10.66
4000
125
20

*

LC
0.0276
5.75
1800

125

20

*

F/Aa
0.0276
1.68

528

125

20

*

*Initiated 30 seconds after the containment reaches 3.0 psig pressure.






Compartment Dependent Passive Heat Sink Parameters

TABLE 11

Cook CLASIX Input

Parameter

Temperature |

Radiant Heat Transfer
Beam Length

0 *See Table 15,

Compartment
. Lower Compartment

Ice Condenser Lower Plenum

Ice Condenser Upper Plenum

Upper Compartment

- Dead Ended Region

Fan/Accumulator Rooms

Lower Compartment
Ice Condenser Lower Plenum
Ice Condenser Upper Plenum
Upper Compartment

Dead Ended Region

" Fan/Accumulator Rooms

Value

110 F

IS F
75 F
98 F
110 F

25.0 £t
8.5 ft
8.5 £t
59.0 ft
8.5 ft
8.5 ft




TABLE 12

Cook CLASIX Input

Material Dependent Passive Heat Sink Parameters

. Parameter

Bmmissivity*

Thermal Conductivity*
(Btu/hr ft F)

Volumetric Heat Capacity*
(Btu/tt> F)

Exit Heat Transfer Coefficient*
(Btu/hr ££2 F)

Material

Concrete

Carbon Steel
Paint

Stainless Steel

Paint on Steel (UG~

Paint on Steel (LC, DE, F/A})U?)
Paint on Concrete

Concrete

Carbon Steel

Stainless Steei

Paint on eo nc\‘aﬁ-e.**

Paint on Steel (UC)

Paint on Steel (LC, DE, F/A#,Uf)
Paint on Concrete

Concrete

Carbon Steel

Stainless Steel

Do

Value

0.9
0.9
0.9
0.4

0.21
0.22
0.087
0.84

- 27.3

9.87

0.3%F
29.8
14.7
29.8
30.2
59.2
59.2

jo |
L ALY

Paint to Steel or Concrete
Concrete to Concrete
Conerete to Steel
Steel to Concrete

* Steel to Steel
Last Layer 2Adiabatic Wall

= er

Steel to Papel _ __—  —{3ater)

*See individual lower plenum wall data in Table 15.

bl Wall 19 - ‘INPU"' evrrer , censidered I‘m:'guiﬁ:‘can‘f) bot wi/l be
corrected on o bseg vENE RUNS






TABLE 13
Cook CLASIX Input

Upper Compartment Passive Heat Sinks

CLASIX Initial Wall ,
Wall Temperature  Surface Layer Number Layer Layer
Number *~ Description (F) Area (£ft”) Number of Nodes Material Thickngss (£t)
1 “ 75 26086 1 o2 Paint 0.001
2 15 Carbon steel 0.03
3 12 Concrete 1
4 10 Concrete 1.89
0
2 75 ‘S&O‘ 1 2 Paint 0.001
2 15 Carbon steel 0.03
33— —20 Panel—— 0320
3 75 5284 1 2 paint 0.001
2 25 Carbon steel 0.05
3 12 Concrete 1
4 6 Concrete 1
5 3 Concrete 1.5
4 75 595 1 2 Paint 0.001
2 30 Carbon steel 0.06
3 10 Concrete 0.83
5 75 350 1 3 Concrete 0.15
2 15 Carbon steel 0.03
3 8 Concrete 0.63
6 75 25433 1 12 Concrete 1
’ 2 3 Concrete —e".—'%e
7 75 4381 1l 12 Concrete 1
2 8 Concrete 1.53




— i e e o e
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CLASIX
Wall
Number

8

10

11

12

Description

TABLE 14

Cook CLASIX Input

Lower Compartment Passive Heat Sinks

Initial Wall

Temperature  Surface 5 Layer Number
(F) Area (ft“) Number of Nodes
110 540 1 2
2 15
110 595 1 2
2 30
3 10
110 3224 1 2
2 15
3 12
4 6
oo 5 4
28300
110 37972 1 2
2 12
3 3
337D
110 10600, 1 2
2 12
3 6
4 3

Layer
Material

Paint
S. steel

Paint

S. steel
onetrete
Paint

S. steel
Concrete
Concrete
Concrete

Paint
Concrete
Concrete

Paint

Concrete
Concrete
Concrete

Layer ]
Thickness (ft)

0.001
0.03

0.001
0.06
& 83
0.001
0.03






CLASIX
Wall
Number

13

14

15

Initial wWall
Temperature

(F)

80

80

15

Surface 5
Area (ft")

19100

TABLE 15

Cook CLASIX Input

Ice Condenser Lower Plenum Passive Heat Sinks

Layer
Number

1
2

N

Number
of Nodes

Layer
Material

insulation
steel

insulation
concrete

paint
concrete

Layer
Thickness
(ft)

1
0.0625

.000833
.33

Layer
Conductivity
(Btu/hr ft F)

0.15
26.0

Layer Heat
Capacitg
(Btu/ft™ F)

2.75
56.4

Layer Heat
Heat TransSer
(Btu/hr £t™ F)



e i v



CLASIX
Wall
Number Description

16

TABLE 16

Cook CLASIX Input

Ice Condenser Upper Plenum Passive Heat Sinks

Initial Wall
Temperature Surface 5
(F) Area (ft“)

15 . 9453

Layer Number Layer Layer

Number of Nodes Material -Thickness (ft)
1 2 paint 0.001
2 36~/p carbon steel 806~ 0.0

3
Y

10 canbon steel 0.083
10 coroon kel 0. b0b







_ TABLE 17

Cook CLASIX Input “

Dead Ended Region Passive Heat Sinks

CLASIX Initial Wall

Wall Temperature  Surface 2 Layer Number Layer Layer
Number Description (F) Area (ft”) Number of Nodes Material Thickness (ft)
17 . 98 6590 1 2 paint 0.001
2 25 carbon steel 0.05
3 12 concrete 1
4 6 concrete 1l
5 3 " concrete 1.5
‘ 18 : .98 16789 1 2 paint 0.001
| 2 12 concrete 1
| 3 3 concrete 475 6.43
‘ .



CLASIX
Wall
Number

19

20

Description

Cook CLASIX Input

TABLE 18

Fan/Accumulator Rooms Passive Heat Sinks

Initial Wall
Temperature
(F)

110

110

Surface 5
Area (£t™)

5640

10134

Layer
Number

N WN =

W N -~

. Number

of Nodes

2
25
12

Layer
Material

paint
carbon steel
concrete
concrete
concrete

paint
concrete
concrete

Layer
Thickness (ft)

0.001
0005
1

1
1.5
0.001

1
0.54






TABLE 19
Cook CLASIX Analysis

Summary of Results

Lower Ice Condenser Ice Condenser Upﬁer Dead Ended Fan/Acc

Compartment Lower Plenum Upper Plenum Compartment Region Rooms
Number of Burns . 7 0 30 0 ] 0 0
Magnitude of Burns (1bm) 62-73 - 15-40 - - -
Total H, Burned (1bm) 481 - 595 - - -
Hyp Remaining (1bm) 88 47 26 256 24 21
Peak Temperature (F) 828 383 1155 168 216 205*

Peak Pressure (psig) 10.9 10.8 10.8 10.5 10.9 10.8

5

Ice Remaining in Ice Bed at 7080 sec. 9.9 x 10° 1bm.

*Occurs before burn period.
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PAXIAUN TENPEAATURE ~ TIRE

e
- 0.0 7 ®
2.4 7 S20
2.5 7 5219
2.8 7 5218
3 7 5638
<1 7 E21)

(F) (83C)

%s.0 7 908
12.9 7 5218

1184.8 7 s3I

163.1 7 5038
R16.1 7 5828
208.8 7 T07

PAXIRUN PRESIURE 7 TING

(PSIA)  (£XC)

285.8 7 S04

28,8 7 5034

25.8 7 64
25.2 7 5038
25.8 7 S04
2%5.8 7 5034

RAXINUR DIFFERENTIAL PRESSURE 7/ TIRE(S$IC)

oW

9 7 108
0.0/ [
2.1 7 F18
2.8 7 5318

8 7 5810

9 7 SR8

ue
1.4 7 5208
1.1 7 4710
00/ ]
3 7 4344
1.8 7 S208
1.4 7 sae8

uc

1.8 7 382
1.8 7 $030
1.4 7 50
®
1.8 7 4700
1.6 7 S9s2

0.0/

MAXIUN PRESSURE ~ TING
(PSIQ)  (9EC)

3
«4 7 5038
2.4 7 N2
2.% 7 S219
2.8 7 5219
0.0 / o
4 7 5088

10.9 / 5034
10.8 7 5634
10.8 7 5804
10.5 7 $e38
10.9 7 5834
10.8 7 5834

FA

2 7 5530
‘R4 7 S2D0
2.8 7 5319
2.8 7 S219
& 7 08

0.0/
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Attachment No.. 3 to AEP:NRC:00500E
Additional Information on Hydrogen Mitigation and Control

Donald C. Cook Nuclear Plant Unit Nos. 1 and 2

SHMA Report on Containment Ultimate Strength






