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1.0 Introduction

The second periodic Integrated Leak -Rate Test (ILRT) for the Donald
C. Cook Nuclear Plant - Unit 1 reactor containment was successfully
completed on July 30, 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 nomalized 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 line determined for a linear least-squares fit of the calculated
normalized weight vs. time. . .

2.0 ILRT Acceptance Criteria

The Unit 1 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 III-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 55% upper confidence
Timit of the least squares line, Lam/95% has converged to
an acceptable level: . c e e e e

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 limit and the leakage rate itself does not exceed
0.0625% wt/day in the most recent data set.
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2.3 The upper confidence level Teakage 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, L__, i§ within + 0.25 L, of the
composite leakage, Lc, medSured in the supp1emeﬁta1 test.

(L, + Lyy - 0.25 L) Lo (L, + L, +0.25 La)

The criteria used for this Integrated Leak Rate Test is more stringent
than that specified in 10 CFR- 50 Appendix J. 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 Nuciear Plant FSAR.

3.0 ILRT Results

3.1 Leakage Rate Summéry:
Duration of Typ?,f_T?EEE. 24 hours

o - —nasm o Cm Omm——

Duration- of Supplemental Test: 6 hours

Measured Leakage* Allowable Leakage*
% wt/24 hoursg (% wt/24 hours)

A. ILRT 'Type A’ ]

Leak Rate, Lam _ -0.04862 -0.1875%*
B. ILRT 'Type A' 95% 0.75 Ly -~ Type C Leakage

Upper Confidence ;8'%25{8 La Pena1t§ ++

Limit Leak Rate, Lyp/95% ) = -0.1875 - (-0.02994)

. . . = -0.15756

C. Type C Leakage Penalty - -0.02994 N/A
D. Imposed Leak Rate, Lg -0.19268 0.5 L3 <Lg <L,

-0.125 < Ly < =0.25

E. Supplemental Test

Composite Leakage, L¢ -0.27151 ‘ N/A

F. Supplemental Test Lam - (L¢ - Lo) Lam = (Le - Lo) <.
0.03027 “Lam - (L¢ - Lo) <«

Correlation







* 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.

Hence leakage out of the containment is shown as negative in the
table.

** 10 CFR 50 Appendix J criterion
++ Test criterion specified by plant procedure 12 THP 4030 STP.202
+ Guideline proposed by ANS 274 Draft No. 1.

Jtem A, L, is the measured containment leakage after 24 hours of
t3ing 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.

> aiae - : -
Item B, L__/95%, is the 95% upper confidence 1imit of the leak rate.
1¥4s calculated from the variance of the slope of the least-
squares line and the value of the t-distribution for a 95%
“mw'confidence that™t  /95% is the upper Timit of the actual leak
rate. .

Item C, 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 affected
system was part of commitments made to the NRC and appears
formally in Appendix Q, Question 22.14 of the Unit 1 FSAR.

Item D, L_, 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. -l and the Unit 1 Technical Specifications
.the rate of the air bleed, in weight %/day, was established at
.19268 wt %/day.
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Table 3.2

Type C Penalty Leakage For

Undrain Systems

Description

RCDT to RCDT pps

RC System accumulator fill lines

Refueling water line to Refueling Cavity
Cont. Sump Line to Waste Hold up Tanks

NESH to and from Containment

RCP Seal Hater Lines

CVCS Letdown and Excess Letdown Lines
Sample Lines from Accumulators
Sample Lines frcm Pressurizer

CVCS Charging Line

L

Glycol Lines to and From Ice Condenser
AHU's "

¢

CPN# -
40

68.

41

11
12
13

34
37

81

66

35

86
56

Isolation Leakage

Valves ﬂwgsccnl

DCR-205 47.7

DCR-206

ICM-256 0.0

SF-151

SF-153 502.5

DCR-600 0.0
. DCR-601

- 12630.4

CS-442-1 0.0

CS-442-2

CS-442-3

CS-442-4

QCR-300 19.8

QCM-250 & -350

ICR-5 0.0

ICR-6

{CR-139 & 110 0.0
NCR-107 & 108

Cs-321 0.0
VCR-10 & 11 0.0
VCR-20 & 21 0.0

Total Type C Leakage

Penalty (SCCM) = 13200.4
Expressed in % La = 0.12
Expressed in % wt/day = 0.02994
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Item E, the composite leakage, L

. is the slope of the least squares line
determined from the data“taken during the supplemental test.
Ideally, Lc would be equal to the sum of Lam and LO.

Item 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& correl@®ion Between L_and (L@ + L) is
.03027% wt/day or 0.12 L _. - C am -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,
raspectively.

Pre-Test Responsibilities

Test Supervisor - Organized efforts required to ensure the readiness of
Unit 1 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.

Instrunent 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 Respansibilities

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 co]]ection‘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,
Toaded 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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y  FIGURE 4.1.1 - PRE-TEST ORGAINZATION
i

TEST
SUPERVISOR
. LOCAL DEPARTMENT
INSTRUMENT CONTAINMEN
TECHNICIANS INSPECT?ONT LEAK TEST INTERFACES
PROGRAM w/OPERATIONS,
TEST GROUP &I, MAINT.
FIGURE 4.1.2 - TEST ORGANIZATION e
TEST
SUPERVISOR

DEPARTMENT
INTERFACES
w/OPERATIONS,
C&l, MAINT.,
RAD PROTECTION"

KEYPUNCH INSTRUMENT TIME_KEEPER __1 | Agpsc cOMPUTER
OPERATOR DATA COLLEC- TECHNICAL -
TION COOR. SUPPORT
CANTON
DATA DATA
DISPATCHERS TAKERS
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AEPSC Computer Technical Support - Canton - On call in case
of a failure of either the data analysis program or the
computer system.

Instrument Technicians - (2 per 12 hour shift) Responsible for
maintaining all test instrumentation in a proper operating

condition.

Deﬁartment Interfaces - Contacted as required to complete test
requirements.

Log of Times and Events

* 4030 STP.202 are:.. |

Having satisfactorily completed the installation and checkout of
all test instrumentation, a successful Containment inspection,
the valve lineup, initial conditions, and all other test pre-
requisites, pressurization of the Containment vas initiated.

Pressurization of the Unit 1 Reactor Containmment began at 2033 hours
on July 15, 1981. Containment temperatures, pressures, vapor
pressures, ambient temperatures, and barometric pressure were

logged on an hourly basis. Each data set collected was assigned

a 'Run Number' starting with Run #1 at 2000 hours on July 15, 1981.

At 1300 hours a tour outside of containment was made in a search
to find leaks. Three valves were found to be leaking. ECR-33,

an isolation valve to the containment radiation monitors was found
Teaking at the flange connecting the valve to the pipe, the flange
was then tightened down. GCR-314 noticed to have a small packing
leak, this was tightened down. CA-181N was noticed as having air
blowing out the vent. It was isolated and repaired under Supple-
mental Job Order #21. By 1630 the above was completed.

At approximately 1800 hours the Containment was entered to change
a 992 Hygrometer with a 660 spare. Also a sample valve to the
hygrometer for the Ice Condenser was found closed. The valve was
opened.

At 1900 the Containment was then pressurized to nullify the effects
caused by the Contaimment entrances and exits. Pressurization was
ended at 1920 hours with Containment pressure at 12.47 psig.

The stabilization period was initiated at 1930 hours on July 16.
After a minimum period of 4 hours, Containment temperatures were
monitored closely to detemine when the stabilization criteria
had been met. Stabilization criteria defined by procedure 12 THP




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

b. The Containment has been maintained at a pressure of 12
- (+ 0,5, -0.0) psig for a minimum of 2 hours.

c. The weighed average temperature in the upper, lower, and Ice
Condenser compartments has not varied more than 0.1°F/hr over
the last Tour 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. .

At 1930 a check was made of all valves outside of Containment in
prescribed ILRT valve lineup list. This was completed after
discovering lineups on other primary systems could have effected
the ILRT lineup. Al1 subsequent lineups on primary systems were
stopped during the remaining duration of the ILRT.

At 2000 the Containment was then entered again to check on the
abnomally high Ice Condenser dew point of approximately 31°F. The
local inspection and measurement verified the high dew point was
correct. Exit from the Contaimment was at 2345 hours.

At 0000 hours on 7-17-81, the stabilization period vas re-initiated
to nullify the effects of the Containment entry and exits. Therefore,
Run Number 10 starts the beginning of the stabilization period.

At 1720 hours on 7-17-81 the Techncial Department was notified of
being cited due to repairing the 3 valves mentioned earlier without
measuring their leakrates first. The NRC inspectors stated the
test would be considered a failure. After being informed of the
citation the NRC inspectors were asked and gave the permission to
continue the current test.

At 2000 hours on 7-17-81 all stabilization criteria had been met

and the Type 'A' ILRT was started, Preliminary calculations indicated
that the Type 'A' test criterion has been satisfied. After 24

hours of data collection the Type 'A' test was declared success-

fully complete.

After Radiation Protection drew a sample of the Containment air for
analysis, air was bled from the Containment through a calibrated
rotameter. This leak rate was established.at 3.00 scfm, which is in
accordance with the Unit One Technical Specifications (quantity
greater than 25% of total measured leakage at Pa) and the guidelines
of ANS 274 Draft 1 (.5 La < L0 < La)' .

" At 2200 on 7-18-8% the first supplemental test run was conducted.

At 0230 on 7-19-81 Operations inadvertently put approximately

210 gallons into the RCS thru the charging line when testing the
Centrifugal Charging Pump. This required restart of the supplemental
test at 0230 on 7-19-81.

~
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At 0900 hours on 7-19-81, the supplemental test and the ILRT

was declared successfully complete. The supplemental test showed
a correlation between the measured leak and the imposed leak
within the requirement of less than .25 L_. The Containment was
subsequently depressurized and systems wefe restored to normal

by plant operations.



Resolution of 'Failed' ILRT

Following pressurization, routine inspection of the valve lineups
outside the containment building was performed. During this in-
spection, three leakage paths were identified and repaired as noted

in Section 4.2. There was no attempt to measure the leakage on

these three leakage paths as the engineers responsible for the

ILRT believed that the requirement noted in 10 CFR 50, Appendix J,
Section III.A.1 (a) did not apply during this period. It was be-
lieved that this requirement applied only after the start of the
stabilization period and prior to the actual overall leak rate measure-
ments. The interpretation of the appropriate sections of Appendix J
at the time of the test and its specification in the testing pro-
cedure was that the 'official’ start of the test was the beginning

of the stabilization period rather than after containment inspection.
This interpretation is supported by the fact that in the test pro-
cedure all valve lineups,-instrument and tank venting operations,
system draining, test instrument setup, etc. as well as the contain-
ment inspection and containment pressurization were listed as part

of the 'Initial Conditions' that had to be completed prior to carrying

- out the procedure. As the test procedure had been utilized and

approved in four previous ILRTs at the Cook Plant site, it was con-
sidered acceptable by the engineers responsible for the test. As -
such, it was believed by these test personnel that it was acceptable
to make 'equipment repairs or adjustments' prior to beginning the
Type A test while completing.the required 'Initial Conditions'.

This understanding was partly based on the interpretation of Appendix
J, Section III.A.1 (b) which reads in part that 'Repairs of mal-
operating or leaking valves shall be made as necessary’.

In the future, to avoid confusion in the interpretation of 10 CFR

50, Appendix J, the ILRT procedure has been revised to specify that
no repairs or adjustments are to be made once the containment in-
spection has commenced. The procedure also indicates that if during
the period between the initiation of the containment inspection,
through and including the performance of a Type A test, potentially
excessive leakage paths are identified as stipulated in Appendix J,
that the test shall be terminated and the leakage through these paths
will be measured utilizing local leakage testing methods.

Indiana & Michigan Electric Company proposes to schedule subsequent
Type A tests at the existing 40 + 10 month intervals specified in
Appendix J. We do not feel that a more frequent test schedule is
warranted for the following reasons. First, this was the only single
periodic test-of the three ILRTs performed on Unit 1 which could
possibly be considered a failure; second, there is some possibility
that the acceptance criteria would have been met if the adjustments
had not been made; and, third, the final measured leakage rate was
less than the maximum allowable by 10 CFR 50, Appendix J. MWe
therefore propose to conduct the fourth ILRT on Unit 1 during the
1985 Refueling Outage within the 10 year Plant Inservice Inspection
Program.
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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 Instrumentation & Equipment

~ Type

Quartz

Manometer

* 1000 Platinum
.RTD's/Matched

Modular Lin-

Table 5.1 Test Instrumentation -

Model
QM10100-01

145 .

RTS-4233-B -
ESD-9050-A

earizing Bridges

Mirror
Surface

Data Logger

Rotameter

H

Bourdon

992 (B)
660 (4)

22408

1110-08;

CCM

A
i

Range

0-100 psia
75 psia*

50 psia

Upper Cont.,

Ice Cond. (0-100°F)
Lower Cont. (0-120°F)

0-100°F
~-50 to +100°C

0-40mV
0-4v

0.2 to 5.6 SCFM

0 - 3 psig

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

- -

" 40.5°F -

;+,03% readiﬁg _
-.0001 psi resolution

] N
]
M

10.5°F

$0.3°C
10.01% reading

+0.005% span

+ 1% FS

0.1% FS

Accuracy °

. 0.015 reaaind
.0001 psi resolution

®»

-

Test ID

PU-1, PL-1, Pl
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




Instrument Specifications

The instrumentation used during the ILRT is shown in Table 5.1.
Each of the instruments shown here was supplied with calibration
performed within 6 months of the test and traceable to the
MNational Bureau of Standards. Calibration conversion formulas
and corrections were preprogrammed into the ILRT computer
program to allow direct input of all pressure, tenperature 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) 100a 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. E€ach 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.

Six Cambridge Dew Point Hygrometers were used for monitoring
compartment dew point temperatures for the determination 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 hygrcmeters,
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
Hodel #7992 dew point hygrcmeters 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 containment
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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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 707F

with an accuracy of / 1.0% of Full Scale. The actual inlet temperature
and pressure for the supplemental test started at 80.4 F and 8.51
psig. The final temperature and pressure for the supplemental test
was 80.1 F, and 8.55 psig. The temperature was obtained from the
lower volume temperature - the volume where the rotameter inlet line
originates. Pressure was measured at the inlet to the rotamteer
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:

530 ¥ PGage * Patm
[} g
CORR= Wind X 460 + TLouER 14.7
wCORR' = Corrected rotameter flow in path
Wind = Indicated rotameter flow in cfm
TLOWER =  Rotameter inlet temperature, ?7F
Patm = Atmospheric pressure, psia

5.3 Sensor Locations

The locations of the sensors used for this test were identical
to the Tocations 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.
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o , 5.4 Error Analysis

SUBJECT:

ILRT INSTRUMENT ERROR ANALYSIS

1.0 ILRT INSTRUMENTATION SPECIFICATIONS AND ASSOCIATED ERROR

> v c - Su W AGH Mt M mmcialn B 3

1.1 Containment Pressure

Manufacturer: Mensor

Quartz Manometer Model 10100-001
Maximum Reading 26.8 psia

Accuracy: = 0.015% of reading

Type:

Thus error for pressure = Ep = + 0.004 PSI

1.2 Containment Temperature

Manufacturer: Hy-Cal Engineering

100@ Platinum RTD w/Linearized Bridge
Model RTS-4233-8  ESD-9050-A

Type:

Range:

0 - 100°F

Accuracy: * 0.1°F

Manufacturer: Fluke

- ————

— Range:

_Type: Linear Readout/Printer; Model 2240
0 - 400 mV

Calibrated Span:. 0 - 50 mV
Accuracy: = 0.01% reading + 0.005% span*

Worst Case = = 0.025 mV = * 0.05°F
*Full range used for worst case calculation

Overall Temperature Monitoring System Error

v (0.1 )2 + (0.05)2

£ 0.11°F or 20.11°R |
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1.3 CONTAINMENT VAPOR PRESSURE (DEW POINT)

Manufacturer: Cambridge (EG&G)
Type: Mirror Surface; Model 992
Range: -100 to +100°F Dew Point
Accuracy: +0.5°F ‘

Manufacturer: Fluke
Type: Linear Readout/Printer; Model 2240
Accuracy: 0.05°F

Overall Dew Point System Error

“Error =\/:(0.5)2 + (0.05)2 . et Sy

AICERPCTE
.

Error = £0.50°F (In Dew Point) niﬂL‘

.
=T,

Overall error in dew point to vapor pressure conversioni.i

UPPER VOLUME

*Expeﬁienced dew points between

44 to 51°F VPU-1
44 to 50°F VPU-2

For VPU-1; Average A Vapor Press/°F = 0.0061
Thus error in lower VYol #1 is

(0.50°F)(0.0061 psia/°F)
20.0030 psia

VPU-1
VPU-1

0.0060

For VPU-2§ Average A Vapor Press/°F
VPU-2 = (0.50°F)(0.0060 psia/°F)
VPU-2 = =0.0030 psia

An  average value for Upper Volume Vapor Pressure is used in
the leak rate calculations; thus:

EVPU = J/(E VPU-1)2 + (E VYPU-2)2
2

Eypy = 0.003 PSIA
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LOWER VOLUME

*Exper{enced dew points between:

46 to 50°F  VPL-1
48 to 53°F  VPL-2

*See Appendix 'A’' of this calculation.

For VPL-1; Average A Vapor Press./°F =0.0062 PSIA/°F

Thus error in Lower Volume #1 js:

VPL-1 = (0.50°F)(0.0062 PSIA/°F)
VPL-1 = %0.0031: PSIA
) - For VPL-Z; Average A Vapor Press./°F = 0.0067 §§IA/°F

Thus error in Lower Volume #2 is:

VPL-2 = (+0.50°F)(0.0067 PSIA/°F)
VPL-2 = £0.0034 PSIA

#"

But an average value for Lower Volume Vapor Pressure is used
in the leak rate claculation; thus:

Eyp, = 0.003 PSIA

ICE CONDENSER VOLUME

*Experienced dew points between:

18 to 28°F VPI-1
20 to 27°F VP12

For VPI-1 Average A Vapor Press./°F is 0.0032
Thus error in Ice Condenser Vol Vapor Pressurs is:

VPI-1 = (0.50°F)(0.0032 PSIA/°F)
VIP-1 = x0.0016°F

For VPI-2 Average A Vapor Press./°F is 0.0032

VP1-2 = (0.50)(0.0032 PSIA/°F)
VIP-2 = +0.0016°F
Eypy = 0-002°F

*See Appendix 'A' of this calculation.
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K 2.0 AFFECT OF INSTRUMENT ERROR ON ILRT CALCULATIONS

2.1 ERROR FOR P-VP
If: A =B-C -

. 2_ 2 2
Then: EA _.EB + EC
Where: EA = Error in A

EB = Error in B

Ec. Error in C

Substituting:

2 - 2 2
E%.vp £ Bp° *+ Eyp

where; EP2 Error in Pressure Measurement

Eﬁb = Error in Vapor Pressure Measurement

2.1.1 E%p_yp for Upper Volume
Ezp-vp = (0.004)2 f-(0.003)2

= -5
(E*p.ypluppeg = 2.5 x 10

2.1.2 E*p_yp for Lower Volume
Ezp-vp = (0.004)2 + (0.003)2

2 - -
(E%p_yp)Lower = 2-5 % 107°

2.1.3 E p_yp for Ice Condenser Volume
E%p_yp = (0.004)2 + (0.002)2

(E%p_yp)qcg = 2.0 x 1078
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2.2 ERROR FOR E§13_"
If: A =B/C
. 2 2 2 e 2 2 2
Then: E,2 _Eg2 , E2 .. Ep ___[EL+EC] a2
Az~ B2 2 B2~ €7

Where: EA Error in A

EB Error in B

Ec Error in C

Substituting:

E2 E2, . . E.2
Epoyp = [ETpoyp 4 "B | /P VP
T [(P=VP)? - T2

= Error for V-VP calculated in Section 2.1

=
b=
M
-3
]
e
m m
O
<
0
] 1

T Error in Temperature (°R) Measurement

NOTE: The following error analysis shall use actual values
from the Unit No. 2 Pre-operational ILRT for Pressure
(P), Vapor Pressure (VP), and Temperature (T). Run
. 40 has been used with associated data Tisted in
Appendix 'B’'.

2.2.1 Ep_yg for Upper Volume

——————

=
E2p.yp = | 2.5 x 1075 , “(0.11)2 |, /26.5193
R [@siﬁgs)z * 1539.90)2|* | 539.90 )

E2 »
P-VP =]186.x 10710 = E2

T ' UPPER
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2.202

202.3

2.2.4

E

EP-VP for Lower Volume

T

1.86 x 1070

|

- 2
= E*Lower

—%—- for Ice Condenser Volume

E2 ' ) i
P-VP = 12.0 x 10”5 + (0.11)2 X 26.5958\2
T . (26.5958)2 (480.09)2 480.09

Ez
P;VP =| 2.47.x 1072° = E

2
ICE

Calculation Summary for Section 2.2

Containment Compartment Error (E2). | _
Upper Volume ’ 1.86 x 10°1°
Lower Volume 1.86 x 1010
Ice Condenser 2.47 x 10710

Page 20
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P-VP _ 12.5x 105 - éO.ll!z X 26.4814)2 .
T (26.4814)2 539.82)2 539.82



2.3 ERROR FOR Wj

If: A=B+C+D
And: B = k]_b y C = sz > D= kad
Then: EB2 ky,2b2, EC2 = k,lc?, ED2= k32d?

Thus: EA2 = k32b2 + kj2¢? + k3242
Where: EA = Error for N.
. is the total fractional weight of air
15 the Containment at Run "i",
ky = Volume Weighting Factor - Upper Volume (VWFU)
b% = Error EzUPPER from Section 2.2.4
k2 = Volume Weighting Factor - Lower Volume (VWFL)

¢? = Error EzLONER from Section 2.2.4

w
"

Volume Weighting Factor - Ice Condenser (VWFI)
d® = Error EzICE from Section 2.2.4

Substituting:
E%, E‘_’“FU)Z(EZUPPER)_—J * EV”F‘-)Z(EZLONERZI'
+[ (vwFI)z(EZICJ

: E2,. = E2.0144)2(1.86 x 10-19)] + E_l.0000)2(1.86 % 10’“{_’
; . 1
+ l_(__o.3571)2(2.47 X 10‘1°z,
2
E%; = 1.03 x 107







2.4 ERROR FOR Wy

If: = B/C
Then: I: 2+ EC]
Where: EA = Error in A; A = the normalized weight of

containment air; wn

m
]

8 Error in B; B = the weight of air within
the containment ar Run "i"; W;

m
]

= Error in C; C = the original weight of air
within the conta1nment w

Substiéuting:
Nn = Wi /M,

2 2 2 Y )
Ba =B, Elugf o fwp)2
i o ?ﬂ;)
It can be assumed that Wi/W, is essentially = / thus:

E? E?

2
E W
Wiz

W

n Wy

1
.2
w'l

+

Ez

L]}
m
n

Wn

The ILRT Leak Rate Computer Program calculates W; from:

Wy = (wru) BRRy o qwrL) (BRE)

+ (1) (5528)

Wy = (2.0144) [26.6717 - 0.1524 26.6481 - 0.1667
1 [ 539.90 ]“ (1°°°°)[ 539.82 ]

+ (0.3671) [26.6513 - 0.0555
: 480.09

W, = 0.1683 and Wiz 0.0283 = 2.83 x 1072

E W: =1.03 x 1072 as | :r Section 2.3

- -






E2 1.03 x 10~3
‘ W, = 2|35 '
- ‘
n 2.83 x 10
.
E - -8
Wn = 7.28 x 10
’ " ' )
. .
‘ .
.
.
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2.5 ERROR IN LEAKAGE RATE

If the leakage rate is given by:

. 2800 [7 .
IR = £ [1 wn] i

LR = Leakage Rate; % wt./24 hrs.
t = Test Duration; hrs.

Hn = Normalized weight of containment air at time t.

If t =24 hrs. then:
LR = 100 - 100 w‘n

Where:

The error in LR may be expressed as:

2 = 2 2

ELR = 100, Ezwn

Where: ELR = Error in leakage rate; % wt./24 hrs.

Ezw = Error? in normalized weight of containment
n  air from Section 2.4

Substituting:

= / -8

ELR = +0.027% wt./24 hrs.

- Since 1Lp = 0.25% wt./24 hrs.
E g = 0.108 L,
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" APPENDIX A

UPPER VOLUME - A DEW POINT TO a PSIA

VPU-1 DEW POINT PRESSURE PSIA
High 51 0.18473
Low 44 0.14194
* A PSIA/°F 0.0061

VPU-2 A

High 50 0.17799
Low 44 0.14194

A PSIA/°F 0.0060

LOWER VOLUME - A DEW POINT TO A PSIA

VPL-1 | DEW POINT PRESSURE PSIA
" High 50 0.17799

Low 46 0.15317 )
A PSIA/°F . 0.0062

VPL-2

High 53 0.19880

Low 48 0.16517
A PSIA/°F 0.0067

ICE CONDENSER -~ A DEW POINT TO a PSIA

VPI-1 & VPI-2 DEW POINT PRESSURE PSIA
High - 30 0.08168
. Low 18 0.04363
A PSIA/°F 0.0032




APPENDIX B

Data From Pre-Operational ILRT -

Unit No. 2 Run

*Values are averages
of redundant pressure
sensors/volume

**Yalues are weighted
averages/volume

Containment Pressure* PSIA
UPPER VOLUME 26.6717
LOWER VOLUME 26.6481
ICE CONDENSER 26.6513
Containment Temperature** ~ °R
. UPPER VOLUME 539.90
LOWER VOLUME 539.82
ICE CONDENSER 480.09
Containment Vapor Pressure PSIA
UPPER VOLUME 0.1524
LOWER VOLUME 0.1667
ICE CONDENSER 0.0555
Containment Volume
Weighting Factors VWF
UPPER VOLUME 2.0144
LOWER VOLUME 1.0000
ICE CONDENSER 0.3671







6.0

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
providea outside the containment where the air Tine can be

1solated and vented.

Containment Model and Leak Rate Calculation

Wn

The containment leak calculations are performed by the ‘'absolute’
method on a 'total time' as described in ANS-N45.4-1972. The con-
tainment design pressure is 12.0 psig and allowable leakage (0.75 La)
is 0.1875% wt/ddy. 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 nommalized 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 atMtime £y

Expressed in equation form:

=~ P - VP P, - VP P, - VP
VUWF un Un + VWF Ln Ln + VWF In In
u ( Tun L Ttn I TIn ( 6-1)

0]

p

VWFy /Pyo - VPUo) + VW?L Plo - VPLo + VWF; Pro = VP10
T
Uo

0]+

TLo TIo

=
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Where: H = nomalized weight remaining in containment at time
n t (dimensionless)

ft-1bs
R = gas constant for dry air = 53.34 1bm-°R (The terms
cancel)

VUF = Volume Weighing Factor (Each ccmpartment volume is
ratioed to the Lower Compartment Volume)
(dimensionless)

P = Compartment Total Pressure (psia)

VP = Compartment Vapor Pressure (psi)

T = Combartment Weighed Average Temperature (degrees

Rankine)

Subscriots:

U = Upper Compartment

L = Lower Compartment

I = Ice Condenser

o = Initial Time
‘n = time at nth data collection

6.1 VYolume lWeighing Factors

Table 6.1.1 shows the compartment free volume distribution for

normal operation:
Table 6.1.1*

Containment Free Volume

Compartment

Upper
Lower
Ice Condenser

Total

13

Free Volume (ft3)

687,819
365,614
210,723

1,264,156

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

*Ref. AEPSC I&C Calculation 12-PI-05 'Volume Weighing Factors'




J

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 missile
shield do not necessarily have to be in place during the
test.

The Ice Condenser volume was adjusted for the presence of the volume

of ice in the Ice Condenser as detemined by the Ice Basket Weighing
Program and the ice loading procedure between June 1, 1981 and July 8,
1981. The total ice weight was 2.612 x 10° pounds. The standard
density o; ice, 56 1bs/ft® is assumed to calculate the volume displaced,
46,620 ft”. This reduces the net free volume in the Ice Condenser to
128,285.5 ft3.

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 nommal operating position it
provides open access to the contgol 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

————commt €attons~with~the-upper—~vyetume. lhen 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 ‘th& position the shields were in for the 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 lower volume.

The contéinment 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 1 [LRT

Compartment - Free Volume (ft3)
Upper 703,966
Lower 349,467

Ice Condenser 128,285.5

" Total _ 1,181,718.5

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.
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Table 6.1.3

Containment Volume Weighing Factors (derived from Table 6.1.2)

6.3

Compartment Volume lleighing Factor
Upper }L. 2.0144
b
Lower 'L 1.0000
L
Ice Condenser 'I 0.3671
VL .
6.2 Containment Pressure and Yapor Pressure

Equation 6-1 shows that the compartment pressures are ¢ompen-
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.

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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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 themal 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

.6.4

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 (6.3.1)
T = I T ‘ 6.3.1
aV9en i=1 ' KcniKci .
Tﬁv = Weighed average compartment temperature (°F)
Ien for ccmpartment ¢ at time tn
TK = Temperature at sensor i in compartment c at
cn time tn
Kci = Temperature weidhing factor associated with sensor
i in compartment c. '
Nc = Total number of sensors in compartment c.

Temperature weighing factors, like 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 randem 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 detemmine the leak

rate from Wn after a test period of t_, a first order (linear)
least-squares fit of W_vs t is perf8rmed.

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) ¥s: ~ n




Oy = W(e)? = [0 - oty + ) (6.4-1)

The values of a and b that establish the minimum variance o 2 are given
by the homogeneous simultaneous solution of the partial derivatives of
o~ with respect to a and b:

: ‘ , ag? _ 3g® -
| ¥ =0 and -0 (6.4-2)
11‘; :
The solution of the above yield:
n n n
i=1 - i=1 i=1
n n’ ) )
. =1 _ i=1
a = n o N n n
i=1 i=1 i=1 i=1
n
n g t12 -(z t )2
. j=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 =t (b) swt/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 Treedom-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 limit of the leak rate‘is .
equivalent 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 (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 level of confidence.

Referring to Table 6.5.1, the value K of the t-distribution,
as determmined from the point at which the cumulative dis-
tribution of the t-distribution has the nomalized 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 lq. The t-distribution is normalized
such that its mean is zero and the standard deviation is one.
This allows K(v,a) to be applied directly to the mean, x,

and standard deviation s, of any sample v independent. measure-
ments representing a nomally distributed population. The
confidence limits are expressed as x + K(y.,a) S.

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

Sb » is given by: .

2 n 2
S, = 151 (wi (bt1 + a))
n 2
(n-2) ¢ (t, - t)
j=1 !
_n
vhere, t = = t,

j=1 !
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Of the total of n measurements (W.t.) only n-2 are independent
since a and b, the slope and intefcdpt of the least-squares
line, having been derived from n (W.t.), can predict any two
(Niti) with the other n-2 measuremeAtd. Hence,v =n-2.

The value of « 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 @« is therefore
0.1. HNow, the upper confidence limit of the leak rate, b,

is expressed as:

b-K(n-2, 0.1) Sb

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

6.6 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. Frcm the average dew point, the vapor
pressure is calculated using the Goff-Gratch formulas for
saturation vapor-pressure over water or over ice.



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, (2 minimum of three

runs is required to perform the least-squares and statistical
analysis) the program calculates the leak rate and 95%

upper confidence limit 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:

Pep - PVcn

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.



7.0 D. C. COOK NUCLEAR PLANT CONTAINMENT INTEGRATED

LEAK RATE TEST PROGRAM

'ILRTEST'

.

Danmo ‘{7_ V.




HON=ILRIESTY 01/14/75 LID=HwMuNuxH

.-

LIBRARY
FEBS 1941
REGRIVIE)

000100
000200
000300
000400
000500
000600
000700
000000
000900
001000
001100
00l12v0
001300
001400
Qol500

‘001600

001700
001800
001900

02000
002100
002200
002300
002400

02500
002600
002700
002800
002900
003000
003100
003200
003300
0035u0
003500
003000
003700
003800
003900
004000
009100
004200
004300
004900
004500
0044600
004700
004800
004900
005000
005100

05200
005300
005400
005500

ANERICAN ELECTRIC POHER SERVICE CORPORATION
CONPUTER APPLECATIONS DIVISION

ZXTEXTYXFETXFLIETEZZTEXIXFXXTEXEXITITERXXXFXTXXZETXXZIEX

c

o0

301

X X X X¥F¥2XrXITXXXXIXEXXEXXXZIX

SOURCE LIDRARY QUTPUT e

INPLICIT REALMOCA-IL,P-Z)

REALNB K,LVP

DINEUILION TEUPUC(L16 ), TENPLC(24), TEHPICLT)

DINEUSION

TEHPULLG), TEHPLLR24)s TEMPI(T)
« DATA LUC,LLC,LIC/16,24,77

OINENSION RIDLI(!6).RlDLZ(20).RIDL3(07)

DATA RIOLY/'ETR-101
‘ETR-106
'EIR 111 *,tEmNR-112
DAYA ﬂlDLZ/ EIN-122
‘EYR-127
*EIN-134
‘EIR-139
*EIR-144
OATA RIOLI/ZEIR-11S
*ETR-120

*y'ETNR-102 *,*ETR-103
*'EIR-107 *,'ETINR-108
2 'EIN-114 *,'EIN-120
*'ETR-123 *,‘EIR-124
‘2 'ETR-129 *,*EIR-130
Yo'ETN-135,°,*ETR-136
**CEIR-140 *,*ETR-141
*H°ETR-145 ¢, 'EIR-146
'L CEIR-116 Y, CETIR-117
Yo 'EIR-121 */

¢y 'ETN-104
*+'ETR-109
‘L tETN-133
'3 'EIN-125
¢ EIR-131
‘4 'ETR-137
¢y *EIN-142
'y 'EIR-113
¢»*EIR-116

01/26701 11,23.27

¢, *CIR-105°,
*,*EIR-110°,

2 'EM-113
‘o CETR-126
LCETR-182
*»*ETN-138
*»'EIR-143
4

¢+ *ETIR-119

DIH(NSIOU RUCT99),1LCE 99),HICL 99),1099), TINEL99) NRAL99),
= ATUC{99),APUCI99) s AVPUCE 991, ATLCI99), APLC(99), AVPLC(99),
- ATICL99),APIC(99),AVPIC(99)
DINCHSION K(10),SRU70),0P(6),LVPL6),FRES(T7),FRESCLT},VPRIS)

DINENSTON HIUPCY6) HTLONIZ4) JMTICECT7),TADLE(97)

DATA TABLE /6.31%,2,920,2.353,2.132,2.015,1.943,1.095,1.860,1.833,
-1,812,1.796,1.702,1.771,1.762,1.753:2.746,1.74041.734,1.72%,1.725,
-1.721,1.717,1.714,1.721,1.700,2.705,1.703,1.702,1.699,1.697,1.495,
~1.694,1.692,1.691,1.609,1.603,1.607,2.606,1.605,1.604,1.603,1.662,
~1.6061,1.600,1.679,1.679,1.678,1.677,1.676,1.676,1.675,1.675,1.674,
“1.673,1.673,1.672,1.672,1.67),1.671,1.671,1.670,1.670,1.669,1.669,
=1.669,3%2.660,311.667,3%1.666,4M).665,41).664,5%1.663,541.662+

-5n1.6861/

DATA ROUP.HDLO,HOIC/ *UPPER

START OF PROGRAN
1=1

ULGI00 = DLOGO(1013.24600)

0LGO
1L =

0.0

DL0G10(6.107100)

‘»°LOMER  °,

'ICE ‘7

READ (5,300,ERR=22,END=12) Cl.CZ.CS.CQ.CS.C6.IXS.IXE IPR
FORUATIOFE.3,4X01307X0 1347X013)

I=2

READ (5,30),ERNR=22,E0110=12) K
FORIIAT(6F1).6/6F12.6/6F11.6)

I=3

READ (5,302,ERR=22,EH0=12) SR
FORIAT(10FB.5/108.5/20F8.5/10F8.5/10F8.5/10F8.5/10F8.5)

I=4

READ (5,303,EAN=22,CH0=12) HIUPATLOW, UTICE
FOMUIAT(Y0F6.5/6F6.5/13F6.5/13F6.5/77F6.5)

1=5
READ (5
FORLAT(3FT7.5)

+304,CRR=22,ENND=12) VUFL.VIIF2,VIIF3

MPTIE (6,305) C1,C2,C3,.C4,C5,C6,K(1),K(2),K(3),K(7),KI0),K(9},
= KUI31,K(161,K015),K(4),K(5),K(6),K(10),K{11),K(12),
= K(16),K117),K(13},57
#305 ° FORNATCXINL, 44X, rw% THIS 1S A CHECK OF THE INPUT DATA wuu*////7111
% 'RID BILLY-VOLT TO FANRCHMEIT CONVERSION COEFFICICUTS® /1N +6X,
K CUPPER® W 324, *LORIR 13X, *TCE 71N 2 F5.243X0F5.204%0F5.2, 3K,
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PAGE 0002

01/27/78
02/02/70
01/21/78
01727778
01/27770
01/27/78
01727778
01/27/18
01/27/78
017272770
01/22778
01/27/770
01/27/78
01/27/70
01/27/70
01/27/20
01/27/78
01,27/78
01/27/70
01/27/76
05/23/73
0523770
05/23/70
05/23/70 !
05/23/23
05/23/18
05/23/73
05/23/78
05/23/70
01/27/70
01/22/78
01/27/70
o1/2777¢
01,2778
02/22/73
01/27/70
02/22/73
01/21/78
0Y/L7/70
01/27/273
01/27/70
01/27/70
10724777
0y/21/10
01727773
10718777
01721770
02/02770
10/18/77
01/27/70
01/27/78
01,2777
10718727
10/18/77
10710777
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HONXLNTEST  01/14/75  LIDSwsmuamnnn

v

005400
005700

© 005000

005900
006000
006100
006200
006300
006400
006500
006600
006700
006800
006900
007000
007100
007200
007300
007400
007500
007630
007790
007830
007900
008000
008100
Qag200
0006300
008400
000500
000600
003700
000800
006900
009000
009100
007200
009300
009400
009500
009600
007700
0078600
002900
010000
010300
010200
010300
010400
010500
010600
010700
0100800
010400
011000
0l1100
011200
oll3o0

LT XXX XTEXZXTETXEXXEEXTXTXXXIXXEXITIXEXXKX

2P XX XX X X XTXXXT XTI XZXTEXEXELXTEXTITETXFXXXXEXIXXZX

-

SOUNCE LIL“ARY OUTPUT . . 0)/20/81 11,23.27  PAGE 0003

“ F5.2,4%.F5.2,3%:5.2/7/7110 , *UYGRONETER UILLI-VOLY TQ °*, uu 10718777

- YFALREIRIEYY CONVERSION COEFFICIEHTS*ZIN ,T15,° UPI'ER-1°,148, n% 01/27/73

- LONER=1°,T02,°ICE-1*/U1 ,91F10.5,1X)//7118 T15, 'UPPCR-2°,T48, “n 01727770

- CLOMER=2°,Y02,°ICE-2°/351 ,9UF10.5,1X)///7/7311 , *HAUDUETER PRESSUN we 01727770

-E CORPECTION COEFFICIEMIS/TA0, ' PU-1°/10(1X,F7.43/7011 436X, u¥ 02702770

N PU=2°/7000 s UFT.40 1K) FT.077000 430X, *PL-1'/111 ,9(F7.4,1X]), we 10726727

M F7.47210 38R PL-20 701 J9UF7.4,1X),F7.4/7110 430X, PL-1*/ s 10/24777
MO0 G FT. A R0,FT7.477000 33K, PI-2° 71 +9(FT.4,1X) FT.4// e 10/260777
WU W30X, CP-ATH /1 WIF7.4,2X),F7.4) N4 10720777
MRITE (6.306) MIUP,UTLON,HTICE.VHFY,VIIF2,VHF3 ne 01722770

306 FORMATLMI-, *RYD MEIGUTING FACTC{S*Z1N 427X, "UPPER*/IN ,9(F5.4,1X), un 01/27/70
% F5.47110 ,5(F5.4,1X),F5.47/7111 ,27%, *LOVER' /11l ,10(FS.4,1%), i 1018777

N F5.47100 ,120F5.4,1%X)4F5.4/7011 220X, *ICE /M +6(F5.4,1X),65.4// ne 1010777

¥ /701 ,*VOLUNE HEXIGHTHIG FACYORS*/1N 41X, 'UPPER®,2X, * LOULR® ,3X, u% 10710727

Mo OCXCE/ME L2UF6.441X),Fb.4) K% 10710777

IF (IXS.LE.O) IXS = 1 g ¥ 01727770

IF (IXE.LE.0) IXE = 999 02/22/764% 02722710

IF (MUP(16).LE.0.0) GO YO 701 . uR 01/27/70

ue = 23 nK 01/27778

G0 T0 702 % 01/27/70

701 WUC = 15 Y N 01/27/70
702 IR = 0 w% 02/02/70
LICPL = LIC ¢ ) us 01727770
LucPl = LUC + 1 ux 01/27/79

17 IS STORAGE I1NHDEX,PROGRAM DATA ACCESS LOOP STARTS-HERE. % 01/27/78

D0 20 IR = 1,99 u% 01/27/78
Ye = ¢ an 01/27/70

READ (5,100,ERR=42,END=32) HRO,YIIER K4 01727770
100 FORMAYLL3,1X,F5.2) . 02/22/776%% 02/22/19
INPUT SERUENCE CHECK N4 0)/27/78

IF (1N.€£Q.0.0R.HRO.GY. IR0} GO YO 703 wK 02/09/78
HRITE (10,901) IR,HRD ¥ Q1/27/78

901 FORMNAT (1110,2X,*ILRO0SY D INCORRECY DAYA SEQUEMCE®,2X,12,2X»I3)  02/24/776%% 02/24/79
G0 Y0 23 ¥4 01/27779

32 1F (IPR.HE.0) GO YO 40 e 01/57/770
IPR = 99 . % 01/27/78

GO 10 S5 KK 01727778

703 1170 = HRD KX 01/27/78
IF (HRO.GY.IXE) GO YO 32 4 AR 01727770

IF (MRO.GE.IXS) GO YO 705 wd 0L/27770
1yp =1 aM 01/27/78

GO Y0 707 - uM 01/27770
705 IF (HRO.EQ.IXS) TINEST = TINER uK 01/27/78
o= u s} N4 Q2702778
TINELHR) = TINER ~ VIMESY un 01/27/73
HRALHRY = 1an n% 01727778

200 FORMATOIMY, *RUN UUHDER®,4X. I3/7111 o 'ELAPSED YINE®,2X.F5.2///310 ,  02/22/705% 02/22/70
% "COMTATIGIENT TEIFPERATURES DATA CNECK*/Z1H ,7X, *UPPER VOLULE®, s 10/18/77

M7 21X, *LOHER VOLUIE® 19X, *ICE CORDENSER*/MN 43X, *RID* 42X, ne 10725777

W O MIILLY-VOLYS® 42X, *DEG. F.*, 7%, *RID',2X, *NILLI-VOLTS® ,2X, s 10710777

N CDEG. F.*,7X,'R1D* 2%, *NILLI-VOLYS® 42X+ *DEG, F.*) un Y0/)8/77
707 READ (5,101,ER=42,E110362) TCIPUC Kn 01/27/70
10) FORBATLIO0(FS5.2,1X)/6(F5,2,1X)) ns 10/10/77
READ (5,102,ERAR=42,EHD=62) TENPLE xe 01727770

102 FORDATE1M(KS.2,1X)/13(F5.2.1%)) s 10724777
" READ (5,103;ERN=42,END=62) TENPIC ¥N 01/27/70
103 FORMATUL2{F5.2,1%)) . un 10710777
IF (10YP.EQ.1) GO Y0 45 x4 01727770

Paar 20




| MLR=ILRTEST 01714775  LIDZKMNNKKKN SOURCE LILAARY.QUIPUY 0x/28/61 11.23.27 PAGE Ln0% ¢ v

Thsuuc

011400 « z 0.0 e 01/27/70
. 011500 VIt = 1.0 W 01/27/70
011600 ¥ 00 400 JAI1=),LUC N4 01727778 -
011700 A = VEUPUCEJANL) as 01727770
011000 % IF (A.1E.0.0) GO TO 801 an 01727770
011900 A= Cl4A ¢+ C2 - X% 01/27/70
012000 W TSHUC = THSHUC ¢ ANNTUP(JANL) WA 01/27/78
012100 % GO YO 400 XM 01727770
012200 % 801 VIHAC = VHAC ~ MIUPIJANL) Xu 01727770
012300 o $INIVE (10,902) NRD,HDUP, JALIL xu 01/27/70
. 012600 ¥ 902 FCENAT 11110,5X, *TENPERATURE NISSING® 42X,X3,2X,A8,12) 02/22/761% 02/22/73
012500 % 400 TEMPU(JIAMLY = A X% 01/27/79
012600 *C ADJUSTHENY FOR MISSING TEHPERATURE nn 01727778
012700 IF (VHAC.€0Q.1.0) GO TO 709 . KK 01/27/76
012000 & THSHUC = THISHUC/VIAC K4 01/27/70
012900 » VIAC = 1,0 wn 01/22/70
S ) 013000 # 709 1MSHLC = 0.0 . wn 01/27/73
. 013100 M PO 401 JAUZ=1,LLC ) Kn 01/27/70
: . 013200 A s TEUPLCCJAUR) ne 01/27/70
e 013300 IF (A,LE.0.0) GO TO 803 un 01727770
O 013400 u A= CIYA + C4 w4 01/22/79
. . 014500 ® TGILC = TUSHLC ¢ AMITLONE JAM2) K% 01/22/78
. 013500 ™ GO 10 401 X% 01727770
- 013700 ¥ 803 VIHAC = VHAC - §ITLONI JAMR) *e 01727770
013800 ¥ RRITE 110,902) HRO,HDLO,JAN2 -~ un 01727723
013900 ® 401 TCUPLCJAN2Y = A ne 01/727/70
016000 ¥ IF (VIIAC.€Q.1.0) GO TO 711 e OL/22/773 ‘
- 014100 « TUSHLE = THSHLC/VIIAC . Kn 01722770
) 014200 % VHAG = 1,0 ) wK 01727779
. 014300 ® 711 THSNIC = 0.0 X% 01/27/73
.. 014400 % PO 402 JAU3=1,LIC e 01727773 "
3 : 014500 o A = TENPICCJANS) ue 01/22/78
. 014400 IF (A.LE.0.0) GO 10 605 nn 01,722/10
:os 014700 % A = C5NA ¢ Cb n4 01/27/70
e 014000 w TUSHIC = THSHIC ¢ AMITICE(JANY) nx 01/22/70
017900 » GO 10 402 e 01727770
v g 015000 % 805 VIAC = VHAC - WUICE(JAU3) we 01/27/70
1 015300 » WRITE €10,902) LRD,10DIC, JANS ®a Q1727770
. 015200 ¥ 402 TEUPI(JANZ) = A »u 01/22/70
T 015300 ™ IF (VUAC.HE.1.0) TNSHIC = YHSHIC/VHAC »N 01/22/70
T 015400 MC CONVERT 10 ADSOLUTE wa 01/27/78
» 015500 » msHeR = TSHUC ¢ 459.7 ] e 01/27/78
S 015600 ® TSR = TNSULE ¢ 459.7 k¥ 01/27/78
- 015700 » WS = WSHIC ¢ 459.7 un 01/27/78
& 015800 #C PRINT COMIROL IPR  OSLAST OHLY, 11=H YHIRU LAST Uk 01/27/78
V- 015900 » 1F (IFR.EQ.0.0R.IPR.GY.IAD) GO TO 45 MK 01727770
o 016000 ¥ S5 HMIYE (6,200) HRD,TINER r4 017272779
B 016100 % PO 500 IEIT=1,LIC ut 01727770
3n 016200 ¥ 500 KRITE (6,501) RIDLICILRT),YENPUCEIURT), TENPUL TIRT), a4 01/27/70
o 016300 » - S RIOL20TNNY )Y, TENPLCE THRT ), TEUPLEJURT ), . % 01/27/70
s 01600 ¥ - RIBLICIERT Y, TCHPICL IURT Y, YENUPLLIIRT) we 01727770
L 016500 % SO01 FOPHAT (X ,AB,2X+2UF6.245%),A0,2Ke2(F6.2:5X),A0,2XF6.2,5%.F6.2) “% 01/23/70
< 016600 00 502 JRY=LICI,LUC : ¥ 01727770
P 016700 % 502 URITE (6,503) RIDLYLTURT), TENPUCITURTY L, TENPULTERT), %A 0Y/27/70
i 016000 - RIDL2CTLRT Y, TENPLCE XHRY ), YEHUPLE IIMT) 44 01722770
e 006900 % 503 FOPHAY (1 WA, 2, 20F6.2,5X),A8,2%,F6.2,5X.F6.2) u% 01/27/70
e 017000 DO 504 ILMY=LUCPY,LLC . Ha 01727779
Nl 017100 % 504 {IRITE (6,505) RIOL2(INNT), TENPLCIIRRY) . TENPLLINRT) uw 01/27°70
. Page 40 .
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. HOR=EIRYESY 01714775 LIBZMNMMNANN

017200
017300
017400
017500
017600
017700
017600
017900
018000
018100
018200
016300
B 018400
C 018500
010600
010700
016800
S 018920
sl . 019000
<l 019100
019200

. 019300
. . 029400
. : 019730

! 019600
3 : 01900
1 019600
. 019900
. 020000
- 020100
020200
20300
- 020400
. 020500
. 020600
020700
N 020000
. 029900
021000

021100

o 021200
’ 021300
021400

021500

021600

- 021700
21600

021900

022000

: 022100
022200

022300

. 022400
- 022500
- 022400
022700

e 22000
022900

SGURCE LIDIARY OUT

T

505 FORMAT (311 ,32X,AB,TX:F6.2,5X,F6.2) .
HRITE 16,507 TNSHUC, THSHLC, THSHIC, THSHUR, THSHILR, THSHIR
507 FORNAT (IN-,17X, *SUNIARY OF MEIGHIED AVERAGE TEMPERATURES'//118 ,

=*UrPLR, VOLULE (DEG. F.)

=  F6.2.4X.'ICE COHDENSER (DEG. F.)

- ‘UPPER VOLUNE (DEG. R.)

= F7.2,4X,*ICE CONDLNSER (DEG. R.)

IF (1PR.EQ.99) €O TO 35

*9F5.2,4%, *LOUER VOLUNE tDEG. F.)
'oF5.2711

*yFo.2,4X, *LOIER VOLUNE (DEG. R.}
*4F7.2)

45 READ (5,509,ERR=42,E11D=62) VI'RL,VPRZVPR3,VPR4,VPR5,VPIIS,RES

509 FORMAY (4F6.3/77F0.5)
IF (10BYP.EQ.1) CO YO 20
DR(1) = K{1 )P VPRINVMY
DPE2) = KismvpRzsvpne
DIE3Y = KETINVEIIIYWIRS

+ K
4
L4
DPC4) =K(10INVPRARVIRG +
¢
+

K
K

" oun

DPM(S) =K(13)aVPRSNVINS
DP(6) =K(16)I%VPRENVIRE
L0 403 J=1,4

Ki

K11 nvpRsg

KE17)uVPNRe

(2mverl
(SmveRe

{B)InVIRY

Ki3)
Kié}
Ki9)
K(12)
K(15)
K(10)

14 )nVPRS

> > >

IF tOP(J).LE.0.0) GO TO 403

c1o0c =
Lety)

403 CONTIIE
DO 50 J=5,6
IF (OP(J).LE.0.0) GO YO 50
coc =
LVptJ) = ~9.097184(C0OC-1.0)
- +0.076793%(1.0 - 1.
50 COnVINUE
00 404 KAY =1,%

373.16/70LD8(2)-32.)/1.8 4 273.16)
2 =7.90290%(CIO0C ~ 1.0) ¢ 5.02800MDLCGROICINNC) o
- =1.3916M(30a%1=7.0))%C10xn{11.244%11.0~1.0/CIQO0C)H)Y - 1.
- 4+8,1320#(20%%{~-3,.0))%(104x{-3.49249%(CI00C ~ 1.0)) - 1.}

[

273.16/((DP(J)-32.0)/1.8 ¢+ 273.16)

- 3.56654+01L0G10(C0C)
OICOC) + 0DLGOD A

IF (DPIKAY).LE.0.0) 60 T0 404
VIPRIKAY) = 0.024503802042LVP(IIAY)

404 COITIIVE

CHECK FOR HISSINHG VAPOR PRESSURE AND CALCULAYE AVERAGE.

If (DIEY).LE.0.0) GO 10 713
IF (DP(2).6T.0.0) GO YO 715
YPAUC = VPRIL)
veRiz) = 0.0 ”
60 10 N7
713 VIPAUC = VPRI2)
vIrtl) = 0.0
GO T0 717
718 VPAUC = 0.SWIVPRIL)Y ¢ VPRL2
nz

)

IF (OPM(3).LE.0.0) GO TO 719

IF (hbPL4).GT.0.0) GO TO 721

YPALC = VPR(3) :
VPRL4) = 0.0 !
o0 10 723 .
719 VPALC = VPR(4) .
VIR(3) = 0.0 i
GO 10 723
721 VPAIC = 0.50(VPRL3) o VPRIG
723 IF (DPLS).LE.0.0) GD 10 725
IF (LPL6).61.0.0) GO TO 727
*VPAIC = VPRIY)
vPRE6) = 0.0 .
GO YO 729

»n

o610

01l/28/€1 11.23.27
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i
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023000

023100

023200

023300

023400

023500

023500

23700

023800

023900

* 024000
024100

024200

024300

024400

024500

024600

024700

" 024500

0249200

025000

. 025100
‘ 025200
' 025300
025400

0255900

025600

025700

025800

025900

26000

026100

026200

026300

026400

026500

026600

1 026700
g 026000
026900

027000

0e7100

027200

027300

027400

027500

027600

027700

027000

027900

020000

020100

0T8200

028300

023400

029500

023400

0cn70Q

¥xxx

C

XX XEXEXXEXXXZXX

725

727

729

SOURCE LIGRAQRY-QUTPUY .. olszas/ol 1

VPAIC = Vi Rl6)

vrRis) =
GO YO 729
VPAIC = 0.5%(VPRIST ¢ VPRIG))

LINEAR IHTERPOLAYION FOR PRESSURES.
DO 408 14=1,70,10
Hizl

- U239

w406

1 4
"
»
L]
"
L]

49%
407

408
731

HY=((n-11/101+1
PRDOG = PRES(IY)
IF (FRDG.EQ.0.0) GO TO 400
00 406 t1=tN1.02,2
IF (FRDG.LT.SN(N)) GO TO 406
IF (PRDG.EQ.SR(UI)) GO TO 731
IF (H.EQ.N1) GO TO 444
PRESCINY ISSRIN-1 ¥+ LPRDG-SRUNIDIIN{SRIN-3)-SREH-1) W/{SRI-2)-5R(}N))
GOY0 405
conritve

BRITE (10,407) HRB,HY.PROG
FORDAY(T2, * xuwHAHONEYER READING OFF CALIDRATIONIUN‘.Zl.IloEXo
= 12,§9.4)
PRESC(NY) = 0.0
GO 10 405
PRESC(11Y)Y = SRNH-1)
conrxnue

405

C

XXT X¥XTXX XTI ZXITXTZXTXLXZTEXXTEZTXEXIEXXXEIXIXRXEXTEX

35 HRITE (6.500) VPRL,OP(Y).VPRIL),PRESLL).PRESC(LY,

508

1t 1 xxx XX

AVERAGINHG PRESSUNES ALLOHING FOR ZERO EHIRY.
PRESCU = 0.5%(PRESC(1) ¢ PRESC(2))
PRESCL = 0.SY(FRESC(3) ¢ PRESCr4))
PRESCI = O0.54(PRESCIS) ¢ PRESC(6))

IF PRESCI1).LE.O0.0.0R.FRESC(2).LE.0.0) PRESCYU = 2.0%PRESCU
IF (PRESC(3).LE.0.0.0R. PRESCL4I.LE.0.0) PRESCL = 2.0%PRESCL
IF {PRESC(5).LE.0.0.0R.PRESCI6).LE.0.0) PRESCY = 2.0%PRESCI

ACPA=(PRESCUSPRESCLYPRESCIY/3
ACPGZACFA-I'RESCL 7) .
IF (IPR.EQ.0.0R.IPR.GT.IHD) GO YO 747

VIR OPE2),VIRIZ ) PRESL2) ,PRESC(2),
VIR3,0083),vPR(3),PRES(3),PRESC(3),
VIRG,DPL4) VRS ) IPRESL4 ) s PRESCL4G ),
VIS, DM S ), VRIS 1L PRESIS ), PRECCLS),
VIRE,DPMU6) VIRI6 Y PRES(O ) JFIRESCLL ) PRES(T ), PRESCLT Y,
VPAUC,VPALC, , FIRESCU . VPALC . PRESCL, I'RESCE , ACPALACPG
FORDAT (311-, 22X, *CONTATHUENT VAPOR FRESTUNRE DATA CHECK*,T703,
‘COUTAINNENT PRESSURES DATA CHECK*//10F ,19X, *NILLY-*,8X,
‘DEH POTNT® 4%, *VAPOR FRESSURE’ 30X, *UHCORRECTED , 7X,
‘CORRECTED* /111 ,2X. *MYGRCIHLEYER® , 8K, *VOLYS® ,8X, *(DEG. F.)*,7X,
CUPSIAD 23X, *HANORETER® ,2X, *READRIG (PPSTA)®,2X, *REAODING *,
CUBPSTAN /1 ,5X,°VPU~1*,10X,F5.2,10X,F5.2,9X,F7.4,25X,°*I'U-1"*,
200X, F7.4V/707,'VPU-2* ,2010%,F5.21,94,F7.4,783,*PU- 2‘.‘KOY.F7 4y
T7,°VPL-2°,2000X,F5.20,74.F7.4.183,*PL-1",2(08X.F7.4)/
Y7,°VPL=2°,2010X,F5.2),9X:F7.4,183,°*PL-2",2(0%,F7.4)/
T7,°VPI=1* 210X F5.2) 0 DX FT7.64 103, °PI=1°, 206X, 5 7.4V
Y7, °VBI-2' 20204, F5.2),92,F7.4,703, ' PI-2°,218X,F7.4)/
TO3. *AUBIENT , T95,F7.4,8X,F7.47111 ,T24, *AVERAGE VAPOR PRESSURES®/
106, *SUIMARY OF CURRECTEN AVECRAGE PRESSURES'/

= 1 L T12,UPPER COMTATIRIENT (PSIA)®,Y47,F7.47

I, T27,"LONER CONTARRUENT (PSTA)®*,T47,F7.4,181,
CAVERAGE UPPER PRSSTUPE LIMSTA),T120,F7.4701 LT17,
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ot/s22/70
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01/27/14
01/27/78
01/27/713
01/27/78
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01714775 LIDSHNAMRUKY

026600
020900

029000

029100

029200

029300

029400

029500

029600

029700

. 29800
029900

030000

030100

030200

030300

030400

030500

030600

030700

030800

030900

p 031000
: 031100
* 031200
031300

031400

051500

031400

031700

031800

031900

032000

. 032100
032200

032300

. 032400
032500

032600

032700

032000

032900

033000

033100

033200

033300

033400

033500

- 033300

033700

033600

033900

034000

034100

034200

034300

034400

034500

£
(g)

.

E X ZETXXZTXIXIXXXZXTXXFXFEXXTEXITXXXTFXEXCTX!

x
(]

FXXEXEXTIXILXXXXXXXIEXXZX

x
(2]

FXEXXZXT XXX

SOURCE LIBRARY OUTPUY 01/20/01 11.23.27
=*ICE CGUOENSER (PSIA) ,Y47,F7.4.,70), *AVERAGE LONHER PRESSURE (P 3]
~SIA)*,T120,F7.4/7701, *AVERAGE YCE COMDENSER PMESSURE (PSIA)® 41120, L2
~F7.471081, *AVERAGE CONTATIMENT PRESSURE  (PSIA)*,T120,F7.4/701, L
~ *AVERAGE CONTAIHNENY PRESSURE  (PSIG)*,T220,F7.4) i
If (IFg.€9.99) GO Y0 40 1]
CALCULATE HMORMALIZED HEIGUT FRACTIONS; STORE HITIE PRESSURES. L1
747 Hucuull = {FRESCY -~ VPAUC)/ZTHSHUR 1]
HLCIRHY = (PRESCL -~ VPALC)/TUHSHLR Y]
HICIUIS = (PRESCI - VPAIC)/ZTHSHIR et
it = VHFI®HUCHUN + VIF2AHLCUUIL + VHF3sHICHUM LD
IF (KDEN.GY.0.0) GO TO 749 s
SIVCHEN = HUCIRG) . wn
HLCOEM = HLcuun . T
HICNEW = RICIUN A
HIDEN = il . LT
749 tuCin) = HUCHUIIZHUCDEN .
HLCOHR) =RLCHUIZHLCOEN Y]
HICHHR)=NICHUNIZHTICDEN (1]
SO SNV HDEN it
ATuc(un) = TusuuC 3
ATLCUIm) = 1nsuLc Lo
ATICWHR) = THSNIC T
APUCIIR) = PRRESCU "y
ADPLCULHRY = PRESCL ]
APICIER) = PRESCI .- N
AVPUCINNY = VPAUC [} |
AVIRLC(NIRY = ViALC "X
AVPICIHR) = VPAXIC * n
20 COMTIWNE Y
MRITE (10,903) KN
903 FORDAY (2H0,2X,'ILRO0SY D MuxDATA SPACE EXCEEDEDWXN®) 02/24/76x 4
50 10 23 1]
END OF FILE AHD OTHER ERRON NESSAGES na
12 URITE €10,904) X T
904 FORNAT (1110,2X,*ILRO02I D wMEHD OF DAYA Itl SYSVEH GROUP ¢, 02/24/76x%+4
- 12,2X,*un’) . 02/24/7704m
23 URITE (10,905) 't
905 FORIIAY (111-,2X, *YLROOOI D ¥¥NABHORMAL RUII TERHINATIONMNKS ) 02/24/78%x
GD TO 24 . nu
22 BRIYE (10,906) X “n
906 FORMAY (1UH0,2X,*YILROOLIY O %«ANEAD ERAON IH SYSYEL DATA GROUP *, 02/724/764%u
- [Q,2K, 4%%) 02/24/7044
GO 10 23 "
42 HRITE (10,9073 HARD %]
907 FORIIAT (110,2X, *ILROO3X D XxREAD ERROR Xl TEST GROUP °*,I3,2X,°Mn*}02/24/78un
60 10 23 . A
62 LRI(E (10,308) RO ‘ (1]
908 FORMAT (110,24, *ILROOAT O 1D OF DATA IIf YEST GROUP ¢,13,* Mn*)02/24/7Cvx
G0 710 23 Y]
RESULT PORTION OF PROGRAN . %
40 IF (HIR.GE.3) GO TO 41 ) N
HRIYE (10,909) T}
909 FCPHAT (1M0,2X,*ILR0O07I D ¥NLESS THAN 3 YEST fOINTS = LIONE DAYA HE02/24/78Mn
~ENEDUn* ) 02/24/78nn
GO YO 23 (1
Q1" TS5 = TINECL)TINECLY ¢ VIUE(2INYINE(2) L)
1S = TINE(Y) ¢ TINE(2) . ]
TESH = TINE(LIIxLS ) » TINE(QINN(2) “x
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027027178
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02/02/738
o2/02/70
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02702770
02/02/78
0Y/27770
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02/24/76
01/27/70
01727776
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/247706
o0l/e1/78
02/20/78
01727770
01/27/78
02/84770
02/24/78
01/27/79
01/27/70
0z/24/173
01/27/70
0Y/27/70
02/24/79
01727770
o1/27/770
0t/27/¢0
01/87/79

/247170
02/24/70
01/27/70
01/27/70
01/27/70
01/t7.78
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HURSYIRTEST OV/3A/75 LID=NRRXRRHN

034600

034700

034800

034900

035000

035100

035200

035500

035400

035500

- 035600
035200

035000

035900

036000

036100

036200

036300

‘036400

036500

036800

. 036700
036000
036900
037000
037100
037200
037300
037400
037500
037600
037700
037800
037900
038000
033100
033200
038300
038400
030500
030600
038700
030300
* 039700
059000
039100
039200
03192300
039400
039500
039600
039700
0379000
039900
040000
040100

SOURCE LIBRARY:OUTPUY

n HS = HIY) » HE2)
] HRITE (9.201)
% 201 FORMAT(MNL,46X, *SUILIARY OF AVERAGES®///1H 424, *RUN §°,2X, *ELAPSED
" =24, MU IMIAVG YENP AVG FRESS AVG V PRESS )71 ,10X,'TINE®,6X, ‘U
» ~PPERN® ,6¥ *UPPER® s 7Ky *UPPER® 56Xy * LOHER* 46X, * LOHER® , 7X, *LOMER® L TX,* I
u -CE* 48X, *1CE* ,9X, *ICE*/)
" N0 43 I=1,10
%43 PRITE (9,202) HRALL), TINE(T), ATUCLI),AFUCII),AVPUC(I),ATLCIY),
" ~ABLEC LY, AVOLCCT ), ATICC I}, APIC( X3, AVRIC(T)
N 202 FORMAY (X1 42X, I3,4XsF6.2,2X030F9.412X:F9.943X.F9.4,2X 1)
% KRITE (9,205)
% 205 FORNAT(1NL,34X, *RESULTS OF THE LIMEAR REGRESSION ANALYSIS®///
" ~1 ,2X, 'RUIL ©8°,0%, *}* , 11X, *LEAKAGE RATE® ,9X, *LEAKAGE®, 9%,
“ - YHOUPPER® 47X, *H LOUER® 494, 'H ICE*' /U 10X, *EXPERTIHTALY,
" =6X, 'UPPER LINIT' 11X, *RATE®,OX, SCONYATMILYT® , 3X,
" ~*CONTATNNENT® ,5X, 'CONDENSER® /)
“C REGRESSION LOOP
" 00 44 I=3,MR ’ .
* 7SS = 155 + VINECTINTIME(I)
u IS = YS ¢ VINE(I) -
" HS = M3 ¢ HLY)
" T2SIE = Y2SH ¢+ TINECI)HH(Y)
u ‘AL = TSSKNS - T5MT2SH
" XuRR = 1
» ADEIl = XUNRWTSS ~ TSHTS :
» A = AIUIZADER :
N G = YIRRNT2SH - TSHHS
" B = BUUIZAUEN
N 11 = 1
[ WS = 0.0 .
ng Sutt OF SQUARED DIFFEREHICES
00 46 L=1,1I

HLR = A ¢ DHTINE(L)

IF tDABSIN(L)-NLR).LE.1.0D-39) GO TO 46

HSUIE = HSUIE ¢ (L) -HLRIAEHIL)-HLR)
46 CONTINUE L

AT = TS/XURR

10T = AT®AY

vhH 48 3=2,1X
48 YOI = 101 ¢ (TIHECHN-AYIM(YINE()=AY S

8 = 2400.0"D

EKK = TADLE(XI-2)

SIGHAD = DSAINTIUSUNZLTOTN{XNAR~2.0)))

0EL = EKK«SIGUABN2400.0

B8Y = 0 - DEL

ERITE (9,206) LRACII)M(IX),BU,B8,HUCIII),NLC(IT),HIC(IT)
2056 FOPUAT (V4,X3,5%0F9.5:20 9K F9.5)07X.F9.5,5X¢F9.5,6X:F9.5)
44 COUTINUE *

c END OF REGRESSION LOOP

HRITE (9,203) D,A .

203 FORIATII00,21X, *FINAL LEAKAGE RAYE (Z PER DAY) 3*,F9.5,5X, ' INTERCE
~-0Y=2*,F9.5)

LRITE (9,204) BU .
204 FORMAT (110,21X, *UPPER COMFIDENCE LIHIT FOR THE RAYE IS *,F9.5)
24 CALL EXIT

* £HD

¥F X X %X £ X X ¥ XX XXX XX¥XZX XXX X XXX
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Data Analysis and Summaries

This section of the report contains graphical analysis of data
obtained during the conduct of the ILRT. .The 'IL