DONALD C. COOK
NUCLEAR PLANT
UNIT 2

INDIANA & MICHIGAN
POWER COMPANY

REACTOR CONTAINMENT BUILDING
INTEGRATED LEAK RATE TEST
(PRE-OPERATIONAL)
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1.0 ZNTRODUCTION

The Fre-Operational Integrated Leakage Rate Test (ILRT) for the
Donald ¢. Cook Nuclear Flarnt - Unit 2 Reactor Containment was
successfully completed cn Octcober 2, 1977 by members of the
Indiana and Michigan Fower Company and the aAmerican Electric Fover

Service Corporation.

As per FSaR and Technical Specifications the containment allowable

leakage rate L_ is limited to 0.25 percent by weignht of the

a
containment air per twenty-four hours at a pressures ;a cf 12.C

FSIG. In conformance with the criteria specified ir aprtendiz 'J'
of 10CFR 50 this allowable leakage is reduced to C.7Z 1L_ which Is

equivalent tc =C.1t75 percent by weight per day.

Overaticornal Test Frocedure 2 FO0-C33-334 written by ~2rSC. The
american Naticnal Standard - Al3I li45,4-1G72-Leakage “ate
of Containment Structures fcr huclear Reactors and 1CCrm 20

appendix 'J' were used as guidelines for the procedure as well as

for the asscciated leak rate calculaticns.
method was used to calculate the leakage rate using data taken
every thirty minutes for thirty-cne and cne-half hours. The

normalized weight of original air remairning in the ccntainment

S :
IL.8T vilie &0C a

’h

determined from these calculations was plcited aga
statistically averaged leakage rate irn per cent by w2ignt rfsr car
vas obtained by a linear least-squares fit tc the resultiing grach.

Following the thirty-one and one-half hour test, & Suprlezental

7
"“9:’ was e“’o“-“:': = imeagd » ‘!‘:""” lsa} OF. *ra pror*adivmars *a
-STo v < p - b Ve wT - uy &m‘lws-a.g a .0%s. 488K O L8 CLrd.llent 3

verify the validity of the origiral measuremernts.

-1=
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as spec.fied in Seciioxn coor huclear Flant
Fre-Operational Test Frocedure 2 FC-C33-334 and in
accordance with 10CFR 50; Appendix 'J' requirements for
Type 'A' leak tests, the test was considered acceptable
when the following had been verified:

2.1.1 The measured leakage rate (LaM), as determined oy
a linear least-squares fit tc a grarn of
calculated pcints, proves to be less than 0.75L-

as specified in the D. C. Cook Nuclear Flar: =

e T m $ 4 s T 2 A= &
Cnit ho. 2 Technical Specificatiors.

o T B - & e - - 5 e .3 -~ 2 S e

2¢2.2 The accuracy cf this test nas veen verified &3

performance of the Supplemental Test. The

e

measured leakage rate (Lak, is validated when the

e
)
L)
L)
(]
)

ernce cetlween the leakage rate L

< o~ 3 =20 ™ - -
determired {rom the Suprlemerntal Test, and the
1 T )\ ~ - < < o 3 % < 1 - -
ieakage rate LaX, determired from the linear lezst-



3.0 JIIRZ (TVFE '4') TES™ 3. __ S

3.1 Leakage Rate Summary

Jeasurec Leakage®

(J‘;‘ :ﬁ't:/Mﬁ.:

A. ILRT Type 'A'
Leak Rate LaM

sllovable lLeakage
(o wt. /2% hrs.

-0.00428

-OQ 1675

B. Supplemental Test

Composite Leak

K/A

C. Impcsed Leak -0.1779 N/a
o« Leak Rate L':M l
(Item B-C) -0,C1238 N on

E. Supplemental Test

-Co CCEI

= C.0€25

—re

3.2 Discussicn of Typ

ctles leakage ocut of

~ 7Test nesulz:s

cf-v-’ e -
Vaeew

e L

As indicated in the Leakage Rate Summary abcve, the ILRT

3
n

-
-

mental

Jor acceptance established in the D.

~ Nt
e wiv i

leak rate LaM and the results of the Supple-

3 = . ad - 3 < B b -9 9 < -
est are well within the meximum sll wvaple 1lZ1%S

suciear

,

Flant FSar and Technical Specificaticrns.

The containment

was determined

tegrated leakage rate repcrted nere

T data recorded during the September 3¢



3.2

Discussion of Type 'A' Test Results (Cont'd)

tarough Octcber 2, 1977 performance of I&M FPre-Operational
Test Frocedure 2 FO=-C33-334%, A discussior of thne
mathematical and statistical treatment of this data to
yield the containment leakage rate may be found in

Section 6.0 of this report.

Item 'A' of the Leakage Rate Summary is the measured
containment lcakage determined after thir:iy-one and one-
half (31.,) hours of data taking, reccrdeé at thirty
mirute intervals. The measured contairnment leakage rate
was calculated usirg the "absclute Methcd" ¢cn a "Tctal
Time" basis as described ir. american Natioral Stardari

N“Sok - 1972.

In accordance with 10CFR 5C; sppendix 'J' the accuracy

of the Type 'aA' leak test was verified ty the perfcrmance
of a Supplemental Test. The Suprlemental Test was
concucted for eight (&, heurs wnile a metered leakage cf
2.77 SCF¥ (C4l77% % wt./2% nrs. equivalent, was imposed
on the containmert. Thus, Item 'B' of the Leakage Rate
Summary represents the composite leakage measured for the
containment, that is, containmert leakage plus the

impesed leak.

wner. the known value c¢f the imposed leak is deducted fronm
the measured composite leak the resultant is the centain-

ment leak rate L'al measured during the Suprlemental Tesz.

sl
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Discussicr of Type '»' Test Results (Clont'd)
This is represerted as Iter 'D' on the lLeakage Rate

Summary.

The results of the Supplemental Test, that is, the

correlation between ILRT Type 'A' leak rate (LaM) and the

resultant containment leak rate (L'aM) is indicated as

Item 'E' on the Leakage Rate Summary. Here the differerce

between the containment leak rate measured during the

Type 'aA' test and during the Supplemental Test is shown
to be -C.0081 5 wt./2% hre., As stated in Section 2.0

ria", the maximum alliovatle

(9]
O
Y
ot
14

ptance cri

.1

difference detweer these Reasuremerts shall te wiztnl:n
= C.25 L, which is equivalent tc = C.C625 » wt./2% hrs.
As car be seen frcm the lLeakage Rate Sumrary, ercellern:

correlation nas besen achieved.

draining and vernting cf adiiticnal s
of systems not specified in tne test procedure. In the
event this could not be implemented, the results of ihe

4 1 - - l"".. Y.y N | - - - -
isolation valive lccal vpe 'C') leak tests fcr these

U

systems "wCuld nave TC 2¢& acdel TC 1n2 DeasursC <ol o kBt

A review ¢f the affected services revealed that it vas

. - 9 e - - »s 4 4 gn Ha -
not pracsicel, due o0 the existing priping cenfiguraticns,
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Discussion of Tyre 'C' Leak Rate reraltiy (Cont g,
5 . Sl 1] " radi
1o comrly with this prerequisite for all cases. .Lere
e

possible, the test procedure was revised <o izplezent
the afcrementiored prereguisite. For the remainin
services, the associated containment isclation valve
local leak rate test data was taken from Fre-Operational

Test Frocedure 2 FPO-C33-332.

: . -

i5 a result of the measuremernts made durirng tne lccal

- t A

valve leak rate tests, the total Type 'C’' lesk rate

penalty was calculated tc te =-C.C2%% : wt./2k hrs.

-

-nus, the totla&. Trepoer.ac.e cont

W

.,‘
)

1
1y
|
!

irereased tc (=C.C0Cx2z) + (=C.

v
24 hrs. (O.1% L_ ) whizh is still well telcv the acceptanc

= W

criteria of =0.1875 ;7 wt./24% hrs. (C.75 L,..



.l oUrganization ¢f Test
The D. C. Codok Flant rerformance Ingireerirg Secticr was

responsible for the In

tegrated Leak Rate Test, Th

functions perfocrmed by persons invelved in the test

could be subdivided between pre-test activi

activities. 7

ties and test

igures 4.1 and 4.2 illustrate the organiza-

tion of pre-test and test activitlies, respectively.

Test Supervisor

Crganiz

COonL ba‘.-:ro or.t

-

condu of this test

documentation

S -~ % 3 < P T, 2 N
ed efforts o ensure the regdirness ¢f the U:it 2

systems ani test instrumentaticn Ior tie
Respcnsible for tne proper

of the test, and instrument calibration.

Operaticns Interface

Arranged for operaticons manpower te perfcrm containzernt
< Ta~inar - Rl T obte rE = o sray v e = wmamitmaA
isciatior. valve line~up and systex venting as reguired

Startup Interface
Coordinated constructicn work required to place the
cor.tainpent in the final state of readiness fcr tne

test, and ¢¢

construction

Inetruneatation

ccrdina<ed tne test schedule wisth =k

gcheduls,

Coordin Group
ance eorngireers, eacn sponssdle o> o



ro=eTso redihnd)§+y Cart'a’
proper operation and set-up of some portiorn c¢f the

test instrumertation required feor this tes:,

Techrnicians
Performed work required to place test instrumentation

in proper operation for the test.

Containment Inspection Coordinator
Coordinated Containment Inspection Group. Responsible
for evaluating the containment inspectior results an
cocrdinating efforts for resolvirg any discrepancies
in the containment systems that wculd

success cf the ILRT.

Containment Inspection Group
Four two-man teams dispatched tc inspect tne contain-

ment, containmert electrical and

l(‘

irg penetratic:s,

and containment system piping for any cdeficiercies,

J - Tasw T

Reported tc Inspection Coordinaczer.
4.1 Organization of Test
i ngd 14 ¢4

Test Superviscr
(1 per 12 hour shift)

4l

acoulern

Responsible fcr maintenance cf tes

ot

ation,

cata inspecticn, and the general conduct c¢f the test.
Computer Operator/aEFSC Cognizant EIngireer and Suppor:
(1 per 12 hour shift;

Responsible for the on-site processing of raw cata a-zd

- 5=



results analysis.

Time Keeper/Data Coordinator
(1 per 12 hour shift)

Coordinated data collection and transfer of data to
the computer input format.

Data Takers
(4 per 12 hour shift)

Responsible for the recording of specific test
instrument readings.

Technical Support Ccoordinator

(1 per 12 heur shift)
Responsible for dispatching of marpower for support in
the area of test instrument maintenance, repair work,
installation and removal of the pressurization line
spool piece and flanges, and tae emergency support cf
the regular test crew.

Techriclans

(2 per 12 heur shift;
Responsible for maintaining all test instrumentation

in a proper operating condition.

Startup and Maintenance (Cn Call)

Responsible tc assist and coordinate any repalr werk

" N

that may be required 4Quring tne test.
Coztainmernt Inspection and Genersl Support Group (Cn Call,

Provide manpover f{rom the pre-test Contalrment

i s v - -a



.2

inspection Group for troubleshooting contaiiment

leakage and support to the regular test crew.

Log of Times ard Events

Frior to the commencement of this test, an inspection of
all accessible interior and exterior surfaces of the
containment structure, containment electrical penetrations,
piping penetrations, associated piping, vent valves, and

penetration and weld channel pressurization piping was

[
1]
&)
£
(1))
(e 8
ot
(9]

performed. This was a visual inspecticn
uncover any evidence of deterioration or systen de-
ficiencies that woculd violate the integrity of tne
containment pressure bcundary. The inspection d4ié not
ncover any adverse conditions. Therefore, after having
verified the completicn of the valve lire=upr ancé all zf

- - P < < 5 < - 4 <
the cther test prerequisites and initial CONGiRione

!

rressurizaticrn of the Unit 2 reacicr ccniainxen: begen

at Cllk nours on September 30, 1977. ta ccllection for
this period consisted of an hourly log ¢f contairmert
average temperatures, pressures, vapcr pressures, ané
ambient temperature and pressure. at 12CC cn Septezber
3C, a pressure cf 12.5 rSIC was achieved ané pressuriza-

tion was terminated.

z&>ked the Deginring ol the stabilizaticr periad.



L.2

Log of Times and Zvents (Cont'ad)

all test parameters were reccrded ir half hour intervals
for a preliminary determiration of the corntainment leak
rate and the establishment of stability criteria. The
stabilization period was terminated at 0600 or Cctober 1
when stability criteria had been demonstrated. The
pressurization spocl piece was removed, a blank flange

installed and bubble tested for leak tightness.

The Integrated Leak Rate Test data collection began at

06C0 on October 1. Data wvas collected in half hour

hours in exzcess ¢f <he

intervals fcr 31.5 hours, 7.

\J

1

”» 3 s R
% hcur reguirere

- t - 1 T~ - - - - - <
e at 1330, Cctober 2, the test peri:

it

was declared over and a leakage of 2.77 scfm wvas

established as the "imposed leakage" for the Supprlemenzal

Test period.

The "imposed lzakage" was allcowed to stabilize for e
half hour and data collection fcor the Supplemertal Test

-

began at 1+4CC cx Cctober 2. <The tes: data was collected
in half hour intervals for & hours, 2 hours in excess of
the € hour reguirement. The test was declared complete

at 220C on Ccteber 2. The containment was subsequently

depressurized and systems were restored to nermal as

raquirec dy riant Cperatiions.

durirg the perlormance of ILAT, repeatec problems wizh

~
~

the ca=sitle methed of pr

O

[

8s

nE raw data proved to be



Leg of Times ard Zvents (cont
too overvhelming, due to the large vclume of cata, %o
calculate up to the minute leakage rates. crecover,
pecause of the ever increasing backlcg of data, the
contirued use of the on-site programmable calculators
was eventually abandoned. The collection of data
continued, however, based upon the trend of leak rate
calculations perfcrmed early in the test which indicated
a leak-tight contairment. Thus, the final hcurs of data
)

collection for the Type 'a' Test and all eight hours for

the Supprlemertal Test were ccnducted withcout the benellt

» - - 1 -9 N - - b & ) He2 “ e . S 1 k! -
0i Cn=~8.Te Krow.eCge 21 e i.n5&l Measured _.sanage TE &,
T - . ? - = - - - o sy -~
4T WS IOT Thegce reasorns natl Thie .Jre a .Le8C ara

Supplemental Test were extended beycné tne crigiral
twventy=-four hour anc six hour test periods, respectiivsly,

to provide additionel daza for subseguernt analysis,

-
-

» _—

lations to the NRC inspector fcr nis revievw. .n place
of the programmable calculators, the crigiral compucter

- -

programs used for the Unit 1 rre-Operational IiRT vere

accessed from the ~nmerican Eleciric Fower Service
Corpcration's computer Cisc storsge. A computer punsh
card cdeck was assemtied frexm the Unit 2 I.57 cdata axs
transzitted to the New York compulter fazility via z=icro-

semr A T - e d ’ © YWare Vani -~ - -
.8.9. & \,On.p‘eue -?--e‘:. C. pes ¢ -C_V. \.C:...‘\...er

- 12-
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- & S Fo~ -
Log ¢f Times ard Zvernte (lcnt'ad,

| 3

revealed thac he data format aré tre contairment mese

e acc

M
.(‘
ct

c!
(8

= a- S y < semss Y A
represented in the eristlirg pregram woulid o

0
»
O
3
'
w0
ct
o
(o
D
m
w
L%

able for this test and ir effe ate

calculations were nct possible.

Or. September 21 and 22, 1977 members of the american

Electric Fower Service Corporaticrn, Indiana and Michigan

3!
n
n
§ore
O
e
il
ot

Fcuer Company and the lNuclear Regulatcry Cormm

38 - 19 3 4 2 Py y =
to discuss &)l urnresclvel Ltems concerr.n “il@® iDL &

- < . .. ~ 3 * - 2 W -
presenzation was made tc the NRC inspecter descr_bing the

: - - - .

~ 24 2t - - = -~ 4 a - P bt sl = Rt R~ D o T o

s 8VL83058 O Wi v -s--. - o — - CV..._..-Ave- - ..g- To ieha  welaT
o : & -l - - E Y U

~a h s B o bl & Nevrs ~ ~> - - - - -~ [ s - o™ -~

oasls 1332 i@ DEVisSed CClita.TIllen' TCued 3 T M- es8s.€4

therein. after the pressntation was ccncluded, @ thercugh

reviev of the data and firal leaxage calculations vas

v Shws &) Vo wena ~w MTra wmaoeslee Ad =& Yon
Lace oy whoe Ludv """k-c Cae i€ TeS8ULw8 0L L€ ity
.‘..s...,_._,\-.:.\ S S e ame AP pmamaAamn -~ A
D MT e Ve ere ves@ v  ea - wTaie S o adwaee ...,--E....... ~ -

.d < - & 3 ] 3 3 ) e -~
geviaiiong were i1aentosieC ang that e ul.T < rreée-

.

r A . & et T - i '
Operaticrnal Containment lnlegratel Leak =

1!
"

8 ettt was

-13-



PRETEST ACTIVITIES

T Test '
. Supervisor

1

. , _ i :
Operations Start-up [Instrumentation Containment
Interface Interfacel Coordiration Inspection

Scoup
Ifrstrument ontainment
echnicians] Inspection
Group |
Fig. 4.1
TEST ACTIVITIES
1 Test }
| Supervisor
omouter Uperator ! {T7me Keeper 1 recnnical |

----------------- : jmmemmmm——a- } Support |

AEPSC Cognizant | |Data Collection Coordinaton

Engineer and | (Coordinator |

Support l

lData Takersl
instrument | 1dtartup ] Tonteinmers
Technicians| !and | | Inspectior
iMaintenance ! land Generz’
(On Call) | !Support Group

{{On Call)

e
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TERTRATHITTMAS_TAY

est Instrumentatioc: Specificaticrs

The btest state of the art pressure, temperature, and
vapor pressure instrumentation was employed during the
ILRT test. The ice cordernser reactor containment is
unique in the fact that containmert design pressure is
limited tc 12 PSIG. This low pressure requires more
accurate instrumentation to detect leakage to the same
degree as for conventional contairmerts with design

pressures cf 5C-6C FSIG.

Six precision Menscr Quartz Mancmetlers were used te
measure contairment absclute pressure. .wC sensed lcower
volume pressure, twc upper volume, and two ice condenser
pressure. a seventh Manocmeter measured ambient pressure

during the test. Each instrument was supplied with an
I'BS certified standard calibraticrn ccrrection chart.
These instrument correctiocns were pre-prograzmed Into

i

3

1@ leak rate computer program t¢ allcw direct input cf

the manometer readings. When the aforementicned instrumen:
corrections are applied the manometer accuracy is

specified as = 0.01% full scale with manometer resoluticn

specified as C.0CCl FSIa.

The three containment compartxents were instrumented wiilz
a total) of forty-six (46) precisicn ITD senscrs. The
number cf sensors for the Upper, Lower and Ice Cordenser

ccmpariments was sixteen (16), twenty-three (23) and



5.1

est Instrumentatior. Specifications (Cent'd)

Urlike the Unit 1 Fre-Operational ILRT, platinum RTD's
with stainless steel probe bodies were selected. Tne
sensors temperature coefficient was specified as 0.00385
ohms/ohm/°C with a resistance of 100 S\ = 0.2% at 0°C.
The 100 S platinum RTD's were found to be much more
durable and as accurate as the 2330 & copper senscrs
used during the Unit 1 ILRT., Eacn platinum sensor was
calibrated with a linearized bridge amplifier as a
matched set. Both the sersor and its asscciated ridge
amplifier carried the same serial rumber sc that matched
caliobraticn would be maintained. 4ll RTD sensor/bridge
calibrations are certified traceable to KBS. The 0-5C
mV bridge output was conrected to a digital printout

.

device prcgrammed tc accept a lirear C=5C =% outpus

by

)
3

an output of 0-10C°F, Overall temperature moritorin

system accuracy is = C.C78¢F,

Four Cambridge Devw Foint Hydrometers were used tc sense
containment humidity during the test. Two urnits sensed
lower volume dew point, one Ice Condenser ard cne ir the
pper volume. Each unit is complete with ites own samrle
pump wiich dravs the sample through the mirrer surface
sensor. The sensor is coclec uniil vapor is formed on
the mirrer surface and electro:;c circuitry is used

maintalin an eguilibrium condéiticn on the sersor. The



wm

Test Instrumentaticn Specificaticns (Cont'd)
sensor tempera-ure is measured by tre use cf a platinum
ATD. Zach RTD had certification tc I'BS. The cverall

dew-pointi temperature sensing accuracy is = ,5°F.

A rotameter was used during the Supplemental Test to
measure and maintair a constant flow rate for the imposed
leak. The rotameter has a calibrated range of 0.58 to
5,86 SCFM air at one atmocsphere and 70°F and an accuracy
of = 1.0» of full scale. 4s all test Iinstrumentation
asscciated with the leak rate test, the rctameter has

- -~

its calibratiocn traceable t¢ II.E.S.

The char: snown in Table 5.1.1 lists the specifications
of test instrumentation used during the test irn tarular

form.



Item Manufacturer Type Model Range Accuracy

Pressure Mensor Quartz 10100-001 | 0-30 PSIA +0.01 % f.s.

Manometer .0001 PSIG Resolution
Temperature Hy-Cal Eng'g. | 100 Platinum |RTS-4233-B | 0-100°F +0.06 °F
Sensors/Bridge Linearized ESD-9050-A

Bridge
Temperature Fluke Linear Rendout/| 2240 0-50 MV_ | +0.05 °F
Readout Printer (0-100 "F)
Temperature Fluke, Bridge - e 0-100°F + 0.078 °F
(Overall System) & Sensors e
Dew Point Cambridge Mirror Surface |992-C1 -100 - + .5°F

0

Temperature +200
Supplemental Brooks Instr. Ho tome Ler R-8M-25-4 0.58-5.86 + 1% f.s.
Leak SCFM
Preasure Gage Helse lordon Tube CCM 0-30 PSIG 0.1% f.s.

o3

L.

SN




S«2 Senicr locatio:r
The Test ‘rstrumentation, vhich included forty=-six RTD's,
six absdlute presesure readirng quariz Manometers, and six
vapor pressure Sensing points, was located throughout <the
containment to give an accurate accounting of the con-
tainmer.t environmental conditions dur.:ug the test. The
actual location of each sensor can be seen on the
elevatior and plan views of the contairment fcund on

Figure 5.1 of this report.

The breakdowvn of seasor locaticns as per ccntainment

volume are as ftllows:

f.2.1 UZFFZR VOSUE

a, Sixteen Res.stance Temperature detectors

i¢ ETR-1C1 ¢. ETx-10°
2 EER~.O2 10, EIR-=11C
2o, BIR-1C03 il. ETR-111
&, 3STR-10L 12. ZEIR=112
So Eix=d 5 130 Zia=ll«

2. ETR~106 14, ETR-126
7. ETR-107 15. ZETR-133
8.  3IUR-1CE 16. ETR~113"
t) Tuwo absclute pressure reading Juars:z
4

viaroreters,

¢) One'vapor pressure sensing pcint (cne

* With the reactor missile shield removed, this &
tc be in the Upper Vclume.
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5.2 Sersor Locations (Cont'é,

5.2.2 LCWER VCLU.Z
a. Tweniy-ihres resistance texperature deteztors

l. ETa-1c2 12. Z£I8-135
2. ETR-123 13. ETR-136
3. ETR-124 14, ETR-137
4, ETR-125 15. ETR-138
5. ETR-126 16. ETR-139
6. ETR=127 17. ETR-1&C
7. ETR=-1eS 1€. ETR-1k1

€. ETR-13C 19. ETR=142
9. EZf=131 €Cs. SIR=1N3
iC. ZEIR-132 2ls ETRA=14™
11, EIR-13% 22, IZTR~-1u45

ny
PN
-
1
=
w
'
'J
-
(o 8

3 ™ 3 Yoo w 3 & ;
e, -WO 8CSC.ule Pressule TealllE «kartz
A.aoacme te- -
- < <
C/ 2OUT VaLCYT pressure sernsing LC.LlEs (T

5«2.3 ICE CONDENSZR VOLUZE
a, Seven resistanc perasure detecters

lo ETR".L:-i . ...si\" l“

\n

(88

¢ aan=leC

2+ ETR-116€

AL

3

4

-

~3

-J
.

Bid=12d

-20-



5«23 ICE CCIIDELSEX VOLUME (Cont'd,
b) 7Two absclute pressure reading uar:
Manometers.
¢, One vapcr pressure sensing peoint (on

Hygrometer).
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5.3 Pressurization Apparatus (Cont'd)

The valve was used to isolate the containment
volume from the pressurization system after

pressurization to the test pressure was complete.

The spool piece was removed after stabilization
of the containment had be achieved. A blank
flange was installed and leak tested to prevent
out leakage from the penetration. See Figure 5.2

for sketch of pressurization apparatus.
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6.0 CONTAINMENT MODEL AND LEAK RATE CALCULATIOLS
6.1 Discussion of Containment Free Volume

The reactor containment is designed to insure that
acceptable limits for leakage to the environment of
radiocactive materials are not exceeded under conditions
resulting from the Design Basis Accident for doses
dictated by the 1OCFR 100 criteria. The steel-lined,
reinforced concrete containment structure, including
foundations, access hatches, -nd penetrations is designed
and constructed to maintain full containment integrity
when subjected to accident forces. The containment

design pressure is twelve (12) PSIG.

The reactor containment is divided into three compart-
ments; a lower compartment which houses the reactor and
Reactor Coolant System, an intermediate compartment
housing the energy absorbing ice bed and an upper
compartment which accommodates the air displaced from
the cther two volumes during the unlikely event of a

loss-of-coolant accident.

A detailed tabularization of the individual free volumes
which comprise the three containment compartments is
listed on Table Q.F.1l-1 of the D. C. Cook Nuclear Flant
FSAR. The free volume study was originally compiled in
response to Question Q.P.-l concerning the input para-
meters used in the ECCS evaluation model and may be

found in FSAR Appendix 'P' (Amendment 60).



€.1 Discussion of Containment Free Volume (Cornt'd)
The following is a summary of FSAR Table Y.F.l-1l on a

compartmental basis:

~JABLE ©.1.1
COMEARTMENT EREE VOLUME (§7.3)
Upper Volume 734,829
Lower Volume 365,614
Ice Condenser 163,713
Total Free Volume 1,264,156

AS was previously mentioned, the free volume study was
originated for ECCS model evaluation and therefore,
while the total free volume figure is correct, the
compartment breakdown does not reflect the true contain-

ment configuration during the Integrated Leak Rate Tast.

tructural barriers within the containment result in a
normal operating containment configuration with the

following free volume distribution:

—LABLE ©.1.2
COMPARTMENT EREE VOLUME (FT,3)
Upper Volume 687,819
Lower Volume 365,614
Ice Condenser 210,723
Total Free Volume 1,264,156

The differences between Table 6.1.1 and Table 6.1.2 lie



6.1

Discussion of Contairment Free Volume

in the fact that in Table 6.1.1 the upper volume includes
the free volume (47,010 Ft.3) of the ice condenser upper
plenum which, under normal circumstances, is physically
separated from the upper volume. It is also important

to note at this time that the ice condenser free volume
in both Table 6.1.1 and Table €.1.2 include the free
volume that would normally be displaced after ice basket
loading. Thus, to obtain the actual free volume for this
compartment the volume of ice resident in the ice baskets

must be deducted.

Frior to the performance of the Unit 2 Pre-Operational
ILRT, ice basket weighing data was collected from which
the average weight pe. basket and the total volume of ice
was calculated. These values were found to be 1481 1lbs./
basket and 51,412 Ft.3 total ice volume based upon an

ice density of 56 lbs./Ft.B.

During the performance of the Unit 2 Fre-Operational ILRT,
the missile shield normally located directly above the

reactor cavity was removed. The reactoer cavity, which is

identified as Volume XIV in FSAR Table Q.F.l-1l, has a free
volume of 16,147 Ft.3 ard is normally associated as part
6T the lover veclume, %Hith the missile shield removed,
hovever, direct communication with the upper volume is

estab}ished.

When Table €.1.2 is adjusted to reflect the reducticrn in
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6.1

6.2

Discussion of Containment Free Volume (Cont'd)
ice condenser free volume due tc the displacement of ice
and the re-distribution of Volume No. XIV, the following

free volume distribution thus represents the actual ILRT

values:
—2ABLE ©.1.3
COMP ARTMENT EREE VOLUME (FT,3)
Upper Volume 703,966
Lower Volume 349,467
Ice Condenser 159,311
Total Free Volume 1,212,744

Volume Veighting Factors

Volume weighting factors (VWF) are used in the compart-
mental calculation of the containment air fraction. The
definition of a veclume weighting factor is the ratio of
the free veclume for a given containment compariment, ie,
Upper Volume, Lower Volume or Ice Condenser, with respect

to a "Base Volume".

For purposes of the Unit 2 Pre-Operational ILRT the

Lower Volume was selected as the "base volume". Thus,
for the containment free volume distribution of Table
6.1.3 the free volume ratio for each containment compart-
ment using the Lower Volume as a "base volume" results

in the following volume weighting factors:



6.2 Volume Weighting Factors (Cont'd,

6.3

TABLE 6.2.1
' 2 MENT MF
Upper Volume 2,014k
Lower Voliume 1.0000
Ice Condenser 0.4559

A discussion of how the volume weighting factors (VV/F)
are applied in the leak rate calculations is presented

in Section 6.4 of this report.

Temperature Sensor (RTD) Weignting Factors

A parameter of importance concerring the determinaticn
of containment leak rate is the containment air tempera-
ture. assuming an isovolumic relation exists within the
containment pressure boundary, by definition of the
perfect gas law the pressure of a gas varies directly
with temperature. Therefore, it is necessary to
temperature compensate the pressure measurement(s) made
for each compartment with its associated average air

temperature.

Due to large free volumes of air under consideration, it
would require an infinite number of sensors per compart-
ment to determine the average air temperature by the
simple arithmetic average of all asscciated measurements.
Being a finite number of sensors must be used, a

"weighted average" is computed for each of the three



6.3 Temperature Sensor (RTD) Weighting Factors (Cont'd)

containment compartments.

The weighted average temperature for each compartment is
computed by summing the products of sensor reading and
its associated temperature sensor (RTD) weighting factor
for all sensors located in that particular containment

compartment. This may be expressed mathematically by:

-
"
e

M

Tavg. = T

[ S
"
—

VWhere: T, = the measured texperature
* for sensor 1.

Ki = the associated sensor
weighting factor.

The temperature sensor (RTD) weighting factors are
derived by a volumetric analysis of each compartiment to
determine each sensor's 'representative volume'".
Representative volumes are constructed by imaginary
and/or physical boundaries separating the various
temperature sensors within a particular containment
compartment. The volume contained within these boundaries
is calculated using approved scale drawings for the

D. C. Cook Nuclear Flant. Once all the representative
volumes have been determined, the individual temperature
sensor (RTD) weighting factors are computed on a

compartmental basis using the formula:
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6.3 Temperature Senscor (RTD) Weighting Factors (Cont'd)

Representative Volume (Ft.3)

Weighting Factor =
S Representative Volumes (Ft.3)

The total of all temperature sensor (RTD) weighting

factors for each containment compartment is equal to one.

6.4 Containment Leak Rate Equations
As indicated earlier in this report, the American
National Standard - ANSI N45.4 - 1972; Leakage Rate
Testing of Containment Structures for Nuclear Reactors

was used as a guideline for leak rate calculaticns.

The following is the deriviation of the equations used

in the calculation of containment leak rate.
From the ideal gas law:

FOV = WORTO and Piv = WiﬂTi

Where: P_ = total absolute pressure in contairment
at the first test interval.

P1 = total absolute pressure in containment
at the end of test interval i.

T, = weighted average absclute temperature
at start of test (°F + 459.7).

Ti = weighted average absolute temperature
at the end of the test interval 1.

V = internal volume of ccntainment assumed
to remain constant.

- W. = original weight of air in containment
at first test interval.



6.4 Containment Leak Rate Equations (Cont'd)
wi = weight of air in containmert at the end
of test interval 1.

R = gas constant for a perfect gas; applicable
to air for ILRT test conditions.

Therefore,
S Sl
RT, R T,

If wn is the normalized weight of air remaining in the

containment at the end of test interval i, Then:

W = U
n
%
Substituting,
W, = P,V x EEQ
R T1 Fov

Compensating for condensation or evaporation of moisture

within the air,
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6.4 Contairment Leak Rate Equations (Cont'd)
‘-‘mel‘e y
VF_ = wvater vapor pressure at the
start of the test.
VPi = water vapor pressure at the
end of test interval 1.
Thus, equation 6.4.1 may be used to compute the normalized
weight of air within a containment, of total volume V,

at the end of any time interval (i) auring the test.

Due to the physical separations between containment
compartments and the distinct differences in their
associated environmental conditions, inherent in an ice
ccndenser containment, the calculation for the normalized
weight of air is best determined on a compartmental
basis. Thus it is assumed the total mass of air in the
entire containment is equal to the sum of the individual

air masses for the three containment compartments.

On this basis equation 6.4.1 is revised as,

wr (B + Jr (R + Jovwr (E.I-.-"lf-‘)
Ui L4 14
W o= — k. -
wr (ELE) + |vur (ESNE, + fnr (B
Ueo - Lo " Io



6.4

6.5

Contairment Leak Rate Squations (Cont'd)
Where: VWF = Volume Veightirg Factor

U = In subscript indicates Upper Veclume
parameters.

L = In subscript indicates Lower Volume
parameters.

I = In subscript indicates Ice Condenser
parameters.

0 = In subscript indicates parameters at
start of test.

i = In subscript indicates parameters at
end of test interval i.

AS can be seen above, equation 6.4.2 is sctually the
rormalized weight equation 6.k.1 calculated three times,
once for each containment compartment. The fractioral
amount of air for the three compartments are proportion-
ately combined by the volume weighting factors (ViFr.
which are computed as described in Section 6.2 of this

report.

Statistical Treatment of Data

The resulting values of the normalized weight of air

W,y calculated as described in Section 6.4 of this report,
are plotted on a graph whcse axis are wn versus time. A
least-squares analysis cf the resulting graph yields a
straight line.

The slope of the regression line represents the change in
the normalized weight of air per unit of time, thus it

is the frlctionil leakage per hour. This is converted to



6.5 Statistical Treatment of Data (Cont'd)
leakage rate expressed in per cent per day by multiplying

by 2400.

The slope (b) of the regression line is computed by,

p = (261 Bt - B, Bt
t+1) B2 - (B’

Where t is the time in hours.

In order to determine the confidence limits on the leak

rate analysis, the following calculations are performed:

The vertical intercept (a) of the regression line is

given by,

S22y -St St
bol pel

(2t + 1Pt - (o)

o =

The mean square deviation or variance of wn is given by,

5,2 = S (i, - a - bt)?
- (2t = 1)

The variance of the slope (b) is given by,

2
T (t-1)°

Where t is the average value of time t.




6.5 Statistical Treatment of Data (Cont'd)
From the above prerequisite calculations, the confidence
limits on leakage rate (slope b) are expressed as
B = xsb, vhere the value of 'K' is dependent upon the
desired level of significance and the appropriate number
of degrees of freedom. The value of 'K' is taken from
Table 6.5.1 of this report showing the distribution of
'K' with respect to the level of significance and the

number of degrees of freedom.

The level of significance (%) is the term used to
describe degree of possible error associated with all
pcints on the regression line. For a ninety-five (95)

per cent confidence level the level of significance is
five (5) per cent. Thus, those values of 'K' listed
under a level of significance (@) of 0.05 are applicable,

depending upon the existing degree of freedom.

Two constraints determine the regression line; the
centroidal point (T, W ) and either the slope (b) or
intercept (a). Therefore, if n is the number of readings

for Vi, , the number of degrees of freedom (V) is given by,
\) & n~-2

During the ILRT, readings are taken at time intervals of
one half hour with time t equal to zeroc for the first
reading. Thus, the number of degrees of freedom (0) is

also given by,
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Tabies 309
TABLE 6.5,1

0% DistrisuTion or
Probability @

005 001 0.001
12.706 63.657 636 0619
4303 9925 31.59%

Jjie2 584 12941
2.7 4.604 8610
257N 4032 6.859
2447 3707 5.959
2.365 3498 5.405

2.306 3.355 5.041

2.262 32% 478
2.228 3169 4.587
2.201 3.106 4437
2179 1055 e

2.160 3o 42
2.145 297 4 140
2.1 2947 4073

2.120 P& >3] «05

17 1.740 2110 2.898 , 3.965
18 1.7% .10 2878 3o
19 1.729 2.093 2.8 RN ')
20 1.725 2.086 2,845 18%
21 1.721 2.080 PR 31 38
2 .M 2.074 26819 3™
pi 1.714 2069 2807 3767
24 .M 2.064 2.7 3745
2 1.708 2.060 2787 3728
26 1.706 2.05¢ 27 307
F 44 1.703 2.052 am 3.6%
28 1.701 2.048 2.76)3 3674
29 1699 2.045 275% 3659
% 1697 2042 2.750 3646
40 1 684 202 2704 3.551
60 1671 2.000 2.660 3 &0
120 1.658 1.980 2617 i
. 1645 1.960 2.5% 39

Thus tabie gnves the vaiues of | corresponding 10 vanous values of the probability a (level of ngnificance )
of a random variabie falling inside the shaded areas in th: figure. lor & given rumber of degrees of [ree-
nm ¢ available for the of error  For a one-siaea tes. the convdence limus are obtained for a/2

Thus tabie s taken from Table [1] of Fusher & Yates _uc. ol Tabo  Jor Busloguel. Agnosiiural, and
\ledical Reseaven oubiished by Oliver & Bovd Lid . Eainburgii. by permis  on of the authors and publishers.

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




6.5

6.6

Statistical Treatment of Data (Cent'd)

{) = (2t - 1)

The text "Basic Statistical Methods for Engineers and
Scientists" by A. M. Neville and J. B. Kennedy was used

as a reference for the statistical analysis.

Discussion of Computer Program
The computer calculations performed for the containment
leak rate analysis is implemented by two separate

programs.

The first program creates a data file from which the
second program for linear regression and confidence
limits draws its information. The data file is
established by first constructing & deck of computer
punch cards containing the run number, elapsed time,
and the corresponding temperatures, pressures and dew
points as recorded at the end of each time interval
during the test. All calculations and printout formats
for each of the measured parameters are executed on a

compartmental basis.

The data file program takes the millivolt values
representing air temperature and, from the instrument
calibration data, converts them to the corresponding °F
temperature. Each °F air temperature is then multiplied
by its corresponding RTD weighting factor and summed to
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6.6 Discussion of Computer Program (Cont'd)
provide the weighted average temperature in °F. To
express the weighted average temperature in absoclute
units, 459.7 is added. Finally the data file program
prints out the individual millivolt input values, the
corresponding unweighted temperatures and a "Summary of

Weighted Average Temperatures" expressed in both °F and °R.

The data file program determines the dew point, and

hence vapor pressure, by taking the hygrometer millivolt
output and, from the instrument calibration data, converts
this initially tc dew point expressed in °F. The re-
sulting dew point is then converted tc vapor pressure
(FSIA) based on the Goff-Gratch formulas for saturation
Vapor pressure over water or over ice. The data file
program prints out the individual millivolt input values,
the corresponding dew point, resultant vapor pressure and

summarizes these parameters for each compartment.

The portion of the data file program dedicated tc con-
tainment pressure reads a total of seven input values of
uncorrected absolute pressure, twc per containment
compartment and one for the prevailing ambient condition.
The program corrects che input values from instrument
ca’ibration data and averages the two associated pressures
for each compartment. An average of all three containment
ggupartments iz taken thus representing the mean contain-

ment absclute pressure. The ambient reading is subtracted



6.6 Discussion of Computer Frogram (Cont'd)
from the mean containment absolute pressure to yield the
mean containment gage pressure. The program then prints
each uncorrected and corrected pressure as well as a

"Summary of Corrected iAverage Pressures'.

The establishment of a data file serves several useful
functions. As mentioned before, its primary function is
to provide weighted and/or corrected informatior to the
linear regression and confidence limits program for
ultimate leak rate computations. As can be seen in the
accompanying Table 6.6.1 it also provides a comprehensive
and highly organized hard copy cf measured parameters for
documentation purposes, from which test personnel may
easily perform aninput error check of the data. Moreover,
through the convenience of the parameter summaries, on
the spot confirmatory calculations may be easily per-
formed by the site NRC Inspector as well as the test

supervisor.

Once the data file is complete and verified to be free
of input error, the second program for linear regression

and confidence limits is executed.

The program calculates the amount of air in each
compartment, using the equations presented in Section 6.4
of this report, as based on the original amount of air

in each compartment at the start of the test



6.6 Discussion of Computer Frogram (Cont'd)
(Computer Rurn #l1). The fractional amounts of air in
each compartment are then combined to yield the
fractional amount of air for the entire reactor ccntain-
ment. The program computes the leak rate at a given time
from input values of pressure, temperature and vaper
pressure stored in the data file. The leak rate, on a
per cent per 24 hour basis, is determined by the least-
squares method a: described in Section 6.5 of this

report.

The program is designed to allow evaluation of test
results every half hour after the first 3 sets of data.

A print out for all sets of data up to and including the
data just submitted is provided in the form of a tabulated
summary. Included are fractional air reports for each
compartmer.t, for the containment as a whole, as well as
the 2% hour leak rate at the time the last set of datla

wvas taken. In addition, the upper and lover leakage
bounds associated with the $5k confidence limits are

printed out.

Reproductions of the aforementioned tabulated summary for
the Integrated Leak Rate Test and Supplemental Test may

be found in Secticn 8.0 of this report.



::nu 153 ;:.so TABLE 6.6.)

CONTAINMENT TEMPERATURES DATA CHECK

UPPER VOLUME LOMER VOLUME ICE CONDEMSER
RTD MILLI-VOLTS DEG. F. RID MILLI-VOLYS DEG. F. RTD MILLI-VOLTS DEG. F.
ETR-101 37.19 7%.38 ETR-122 45.9 91.92 ETR-115 11.28 22.56
EIR-102 37.14 7%.2 ETR-123 45.35 %0.70 ETR-116 10.48 20.96
ETR-103 37.14 74.28 ETR-124 45.56 91.12 ETR-117 13.7¢ 27.48
ETR-104 37.45 74.90 EIR-125 45.59 91.18 ETR-118 12.67 25.34
EIR-105 76.68 73.36 ETR-126 3%.87 79.74 ETR-119 10.26 20.52
ETR-106 37.09 74.18 ETR-127 3a.¢0 77.%0 ETR-120 10.47 20.94
ETR-107 36.95 7.9 EIR-129 37.63 .36 ETR-121 11.44 22.80
ETR-108 37.10 764.20 ETR-130 39.97 79.94
ETR-109 37.41 74 .82 ETR-131 38.67 77.34
ETR-110 37.43 74.86 -ETR-132 37.20 74.40
ETR-111 37.%2 74.64 ETR-134 38.76 77.52
£IR-112 37.78 75.56 ETR-135 3%.00 78.00
ETR-114 37.20 74.40 ETR-136 37.65 75.3%0
ETR-120 35.72 71.64 ETR-137 39.26 76.52
ETR-133 36.70 73.40 EIR-138 38.2¢ 76.48
ETR-113 38.48 76.9 ETR-139 37.32 74.64
ETR-140 33.77 67.54
ETR-141 36.79 73.58
ETR-142 35.45 72.90
ETR-143 34.69 69.38
ETR-144 37.19 76.38
ETR-145 38.26 76 .52
ETR-146 36.46 72.88

SUMMARY OF WEIGHTED AVERAGE TEMPERATURES

UPPER VOLUME (DEG. F.) 74.38 LOKER VOLUME (DEG. F.) 78.48 ' ICE COMDENSER (DEG. F.) 22.16
UPPER VOLUME (DEG. R.) 534.08 LOMER VOLUME (DEG. R.) 538.18 ICE COMDENSER (DEG. P.) 431.86
CONTAINMENT VAPOR PRESSURE DATA CMECK CONTAINMENT PRESSURES DATA CHECK
MILLI- DEW POINT VAPOR PRESSURE UHCORIECTED COPRECTED
HYGROMETER VoLTS (DES. F.) (PSIA) MANOMETER READING (FSIA) READING (PSIA)
vru-1 33.00 3o.9 0.0048 PU-1 26.6110 26.6327
VPL-1 35.00 43.09 0.1371 PU-2 26.0910 26.6247
wPL-2 39.55 57.33 0.2328 PL-1 26.4804 26.6373
wPI-1 29.13 15.38 0.0403 PL-2 26.7292 26 6498
PI-1 26.6323 26.6294
PI-2 25.9153 26.6366
SUMMARY OF VAPCR PRESSURES AMBIENT 14.1760 14.4953
UPPER CONTAINMENT (PSIA) 0.0848
AVERAGE LOUER COMTAIMMENT (PSIA) 0.1849 SUMMARY OF CORRFCVED AVERAGE PRESSUTES
ICE COMDENSER (PSIA) 0.0403
AVERAGE UPFER FRESSURE (PSIA) 26.6287
AVERAGE LOUER PRESSURE (PSIA) 26.6385

AVERAGE ICE COIDENSER PRESSURE (PSIA) 26.63%0
AVERAGE TONTAINNENT PRESSURE (PSIA) 16.63%
AVERAGE CONTAMILIENT PRESSURE (PST3) 12,1421
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::m TInE :.so TABLE 6.6.1

CONTAINMENT TIMPERATURES DATA CHECK

UPPER VOLUME LOMER VOLUME ICE CONDENSER
RTD MILLI-VOLTS DEG. F. RTD MILLI-VOLYS DEG. F. RTD MILLI-VOLTS DEG. F.
ETR-101 37.19% 7%.38 ETR-122 5.9 91.92 ETR-115 11.2%8 22.56
Em-102 37.14 74.28 ETR-123 45.35 9c.70 ETR-116 10.48 0.9
EIR-103 37.14 74.28 ETR-124 45.56 91.12 ETR-117 13.7¢ 27.48
EiR-104 37.45 74.90 ETR-125 45.59 S1.18 ETR-118 12.67 25.34
EIR-108 36.68 73.36 EIR-126 39.87 79.74 ETR-119 10.25 20.52
ETR-106 37.09 74.18 ETR-127 3a.¢0 77.20 ETR-120 10.47 20.9¢
ETR-107 36.95 73.% EIR-129 17.63 75.26 ETR-121 11.44 22.80
CTR-108 37.10 74.20 ETR-130 39.97 79.94
ETR-109 37.41 74.82 ETR-131 38.67 77.34
ETR-110 37.43 76.06 -ETR-132 37.20 74.40
ETR-111 37.3%2 74.64 ETR-1364 38.76 77.52
ETR-112 37.78 75.56 ETR-135 3%.00 78.00
<IR-114 37.20 74.40 ETR-136 37.65 75.%0
ETR-120 35.72 T71.46 ETR-137 39.26 708.52
ETR-133 36.70 75.40 EIR-138 38.2¢ 76.48
ETR-113 38.48 76.9 ETR-139 37.3%2 76.64
ETR-140 3.7 67.54
ETR-141 36.79 73.58
EIR-142 35.45 72.90
ETR-143 34.e° 69.38
ETR-144 37.19 76.38
ETR-145 38.26 76.52
ETR-146 35 .48 72.88

SUMHMARY OF WEIGHMTED AVERAGE TEMPERATURES

UPPER VOLUME (DEG. F.) 74.38 LOKER VOLUME (DEG. F.) 78.48 °  ICE CONDEWSER (DEG. F.) 22.16
UPPER VOLUME 'DEG. R.) 534.08 LONER VOLUME (DEG. R.) 538.18 ICE COMNDENSER (DEG. P.) 431.86

CONTAINMENT VAPOR PRESSURE DATA CHECK CONTAINMENT PRESSURES DATA CHECK
HILLI- VEW POINT VAPOR PRESSURE NCORKECTED COPRECTED
HYGROMETER VoLTS (DES. F.) (PSIA) MANOILTCR  READING (FSIA) READING (PSIA)
vru-1 3r. 00 Jo." 0.0048 PU-1 26.6110 26.6327
VPL-1 ¥5.00 43.09 0.1371 PU-2 26.0910 26.6247
vPL-2 39.55 57.33 0.2328 PL-1 26 .4804 26.6073%
VPI-1 29.13 15.38 0.0403 PL-2 26.7292 26 .6498
PI-1 26.6323 26.6294
PI-2 25.9153 26.6366
SUIMTIARY OF VAPOR PRESSURES AMBIENT 16,1760 14,4953
UPPER CONTAINMENT (PSIA) 0.0848
AVERAGE LOUNER COMTAIMMENT (PSIA) 0.1849 SUMMARY OF CORRECTED AVERAGE PRESSUTES
ICE CONDENSER (PSIA) 0.0403
AVERAGE UPFER FRESSURE (PSIA) 26.6287
AVERAGE LOUER PRESSURE (PSIA) 26.6385

AVERAGE ICE COIDENSER PRESSURE (PSIA) 26.633%0
AVERAGE CONTAINMENT PRESSURE (PSIA) 26.63%
AVIRAGE CONTAINIENT PRESSURE (PSI3) 12.1471



D. C. COOK NUCLEAR PLANT - UNIT NO. 2
CONTAINMENT INTEGRATED LEAK RATE TEST
(PRE-OPERATIONAL)

COMPUTER PROGRAM 'CCVDREP"



MBR=CCVOREP 01/14/75 LIB:=wsasswes
000100
000204
000300
000400
000500
000 00
000700
0dc8o0
0c0%00
001000
001100
001200

' 001300

. 001400
001500
001600
on1700
001200
co1%00
go020cCo
0020
oe2200
€oZ300
002400
en2500
002500
0c2700
002300
002%¢.
003000
003100
0031200
003300
003400
003500
003400
003700
003800
00170
004000
004100
004200
G2 %00
004400
004500
004c30
Q04700
004800
004900
005000
005100
005200
005330
005400
00°500

MFRICAN ELECTRIC POL4i® SLIVICE CLOMPORPATION
co L 3 ATIC wvi1s :

SOURCE LIDRARY OUTPUT

|

11/04/77 ©5.53.52 PACE 0002

sC T T RN wnnan 'S
«C - - «w
-C . ClLux COMYATHMENT VESSEL DATA PROURAM . D)
-C - - -r
-C . THIS rwDGRAM ENTITLED CCVWHRER- % G
«C - el .
«C - 1.READS PAMW INPUT DATA FOR THI LINEaR - -
wC - REGPESSION AMALYSIS PROGRAM:CCVILAT . -
«C - 2.PITLS THIS DATA AS A MEANS OF - ..
«C - ERPOR CHECKING - e
»C - 3.CALCULATES THE AVERAGE TEMPERATLRT - -
«C - PEESSUPE AND VAPOR PPLSSURE 7OR EACH = -
-C - CHAMDER AMD OUTPUTS THESE RESULTS - L]
“C - AS A CUMJLATIVE Surmnany, - -
~C - &.CALCULATES 2 W FOR EACH CHAMBER AS - -
*C - MELL A7 A TOTAL M. THISE CALCULATIONS = -
«C . ARE SAVED O A DISK DATA SEV TO BE - -
oC - USED AS TIHIE DATA FOR THE REGRESSION = L
“C - ANALYSIS PROGRAM - -
oC - S.THE OUTPUT OF THIS PPOGPAI SERWES - ..
«C - AS THE FIMAL FORMAT FOR PRESCNTATION = -
»C - id THE H.R.C. - -
. - - e
ac FEREEREN RN CHENN NN AR RN R LSRG N -
L REAL*B TEMPUCI16 ), TEMILCI24) e
- REAL»3 TEMPICI7),VPPEL4) e
- REALSS YEMPUIIG ), TEMPLE Y ), TEMPIIT7) -
- INTEGER®2 MR, HRR , H2T -
- INTEGER®G PTOL1C(32) RTDL2(43),RTDL3I(14) -
. REALSS KUCDEM, MLCOE! ,HICDEN, WOEM,HUCI99) ,NLCI99) WICT( 71,899} LEd
- REAL*8 TIME(98),PRES 7' FPESCLT) e
- PEAL®E VRFri3)1,C161,K712),5P(70) -
- wOAL RS WU UM, HLCHUN, MICHUM, WNUM, WTUPE 16 ) JHTLON( 24 ) ,WTICE(7) -
- REAL®S TI.EMUC, THSMLE, THSMIC,VPLAVG .
- REA' #8 DPI&), THSIUD VPRI G) , THSHLR , THSMIR ,LVP(4 ) ,PRESCU, PRESCL . -
- - ORESCY,ACPA,ACPG -
- DATA RTYDLI(1),RTDLLI(2),RTOLYC3),RIDLL(4),RTDLI(S),RTDLLLE), e
- - RIDLIE7),RYDLICL ), RIDLLII 9, RTDLI(10),RTOLLIC1Y), e
- - RIODLICA2N,PIGLICIZ),RTDLYIC14),PTULLICLS),RTOLLILED, L)
. - RIOLYC17),R DLICIO),RTDLILESI,RTDLIC(Z0),RTDILYI(21), L
- - RIDLIC22 ), RTOLICZ3),RTDLLI 24 ), PTOLII2S) ., KTDLLI(26), e
- - RTIDLI(Z27),RIDLI(28),RTDLYII(Z9),RTDLLIL30),RTDLY(3L), "o
. - PTOLLE32)/°ETR=-","101 ", "ETR-',"'102 'L,'ETR-",*103 *,'EWR-", ..
- ® *106 *,'ETR-*,"'145 *'ETR-"."106 ','ETR~*,°197 ','ETR-*,"108 *, -
- ® CETR-','109 *,'ETR-","110 *,'Ei?-', 11} *","EVR-","112 *,"ETR-", -
- & *114 '.'ETR-*,*128 " ,'ETR-"_"133 *,"ETR-',"113 '/ .
- CATA RYALI 1), PTOL3C2 ), RTOL L 3),PTOL3(&4),RTDLS(S),RTOLIMG Y, -
- - RILLIC7),RTIOL3IE),RTOL3I9),PTOLI(10),3TDOL3(11), L
- - RTOL3(12),RTDLI13), R (14 )/"ETR-","115 ', "'ETR-","'116 *, i
- - YETR-", 137 "L 'ETR-",'217 *,'ETR-',"119 ','ETR-',"120 ', L
- - ‘ETR-*,"121 /7 -
- DATA RTYDL2(1),PTDLZiZ)RINL2I Y}, RTOL2(4),RTDL2(5),TOL2(S), -
- - RTOLZ( 7)1, RTDL2(8),RTOL219),RTOLZ(10),RTDL2711),RTDL2(]12)Y, L
- L] RTOLZ(13),RIDL2C264),RTDLI(15),RTDL2(16),RTDL2(1T7), L
- - Ilcl?l!3!.?!"‘gil?’.lfblZ(EQD.Q'OLICZID.RYDLtlzzl. -

10/18/77

10/18/77

10/¢7/777
10/21/717
10/23/77

10720 77

1025777
10/720/77
10725777
10725777
10720777
10/20/77
10/20/77
1020777
10/20/77
10720777
10/20/77
Yo/27. 17
10/20/77
10720777
L0/20/77
10723777
10720777
10/20/77
10720777
10/20/77
10/20/77
10720/77
16/20/77
10/20/77
102077

¢ ® ¢ ¢ ¢ ¢ o o 5 O o & o ¢ &




o10700
010300
01¢%00
o1lo00
el1100
011200
LABSI

SO . LIBR DU e IT.  3.88...

RTDL2123),ATOL2(24),RTDL2(2S),RTDL2(26),RTDL2I 27},
RTOL2(28),RTDL2(29),RTDL2( 30),RTDL2( 31 ),RTOL2( 32),
RTDL2(3I3),RTOL2(34),RTDL2(35) ., ARTDL2(36 ) ,ATDL2(37),
RISL2138,,RTOL2(39),RTOL2140),RTDL2(4L ), RTOL2L4 3,
FoUL2043),RTDL2(44 ), RTDL2(45),RTDL2(46 ), RTDL24GT),
HITt20eN:/ ETR=-",°122 ", 'FTR-*,"123 *,'EIR-" 124 *,‘ETR-*,
‘125 LCETR-",'126 ‘L, CETR-',127 *L,'ETR-*,'12¢9 *,'CTR-*,°130 °,
TETR-, 131 CLCETR-C, 0132 CL,CETR-", 134 CL,'ETR-',%135 ¢, ETR-¢,
I35 CLTETR-C,C137 CLCETR-C,C138 CLCETR-',V139 Y, a0 ,0140 °,
TETR=', 161 ","ETR~-*,"142 *,"ETP-*,"143 *,"ETR-*,"144 *,"ETR-*,
‘145 CLCETR-*,'146 ',ETR-","113 '/
DEFINE FILE 4199,146,L,1D)
READ(S,300,END=12)C

=300 FORMATIEFS.3)

READIS,201,END=12 K

=301 FORMATISF11 . 6/6F11.6)

READ(5,302,END=12)SR

302 FORMAT(10F8.5/10F3.5/10F8.5/10F8.5/10F8.5,10F8.5/10F8.5)

READ(S,303,END=12 JUTUP ,HTLOM,NTICE

303 FORMATILOFS .5/6F6.5/1176,.5/13F6.5/7F6.5)

READ(S, 304,EMD=12 IVWF

304 FORMATI3F7.5)

WRITENS.205)C.%,SR

«305 FORMATIOIND 44X, ‘sew THIS IS A CHECK OF THE INPUT CATA wsu'////1IN ,

- - "RTD MILLI-VOLY YO FAHRENMEIT CONVERSICN COEFFICIENTS'/IM ,6X,
. - "UPPER " , 12X, "LOWER " ,13X, *ICE /1N ,F5.2,3X,F5.2,4X,FS5.2,3X,

- - FS5.2,4%,F5.2,3%.,F5.2///711 , "HYGROMETER MILLI-VCLY TO °*,

- - “FAMNEMHELT CCMVERSION COEFFICIENTS'/IH ,14X, "USPER',27X,

- - 'LOKER-1'/1H ,5(F10.5,1X),F10.5//7H ,13X, 'LOWER-2*,238%, 'ICE"

- - /1M ,SUF10.5,1%),F10.5///7/1H , "MANOMETER PRESSUSE CCRRECTION °*,
- L "COEFFICIENTS /IH , 38X, 'PU-1'/1H ,9(F7.4,1X),F7.4//1H ,38X,

- - PU-2°/IN GMF7.4,1X),F7.4//71H 33X, "PL-1"/1H ,3(F7.64,1X),

- - FT.4/70M 230X, *PL=2"/1H ,9(F7.4,1X),F7.4//1H ,28¢,'PI-1"/

. . IH WSIFT.Q,IXN,FT. 07710 38X, PI-2 /1N F7.64,24),F7.4/7

. b IN 30X, "P-ATH /1IN ,91F7.4,1%),F7.4)

. WRITE(6, 306 )WTUP , WTILON,NTICE , VHF

®306 FORMATI1INL, 'RTD WEICHTING FACTORS'/IM ,27X, 'UPPER'/IH ,9(F5.4,1X),

®  FS.4/7IN ,S5(FS5.4,1X),F5.4//1M ,27%, " LOWER' /1IN ,101F5.4,1X),
*®  FS5.4/1H LI20F5.4,1X),F5.4/71H 28X, ' ICE*/1H ,60F5.4,1X),F5.4//
®  //7IH ,'VOLUME MEIGHTING FAL JPS'/IN ,1X, 'UPPER',2X,'LONER',3X,
- "ICE' /1IN ,21F6.4,14),F6.4)
13 READ(S5,100,END=12 )NR, TIME(NR )
100 FORMATII2,1X,F5.2)
HRITE(S,200)MR,TIME(NR)

200 FORMAT(IN], "RUN MUNBER ' ,4X,12/1N ,"ELAPSED TIME',2X,FS5.2///1H ,
- "CONTAINMINTY TEMPERATURES DATA CHECK'//1H ,7X,'UFPER VOLUME®,
® 21X, "LOWER VOLWRIE',19X, " ICE COMDENSER'/IN ,3X,'PTD',2X,
L] 'RILLI-VOLTS',2X,'DEG. F.*,7X, 'RTD*,2X, ‘MILLI-VOLTS",2X,
L ‘DEG. F.',7X,"RTD",2X, "MILLI-VOLYS',2X, 'DEG. F.")

READIS,101 MTEMPUCII),1=1,16)
101 FORMAT(10(FS5.2,1X)/6(F5.2,1X))
READ(S,102 M TEMPLCIT),1=1,2¢4)
102 FOPMAT(IL(FS.2,1X)/713(F5.2,1X))
READIS, 102 M TEMPIC(I), I=1,7)

103 FOPMAT(ZIFS.2,1X))

DO 400 JAHL=1,16
IFETENPUCE JAML) . EQ. 0. ITEMPU( JAK] )=0.
IFCTEMPUCT JAKL ). EN .0, 1COTO 400

»

u’. -:P‘

LR

..

1072077 .
10720777
10/20/77
1072077
10720777
10/29/,77
10720777
1072077
10720777
les20777
10720777

10713777
10718777
1c/18777
10718777
10215777
1072477
10718777
10718777
10718/77
10718777
10/18.77
1071877
10/18/77
10718777
10718777
10718777
10/18/77
10-1e/77
10/26/77
10/35/7,77
10/24«777
1072¢/77
10724772
1071777
137218.°77
10/18/77
1018777
1071777
1018777

10726777
10718777
10724777
10718777
lo0/18/77
10.18/77
10/718/77
10725777
107264777
1018777
10/18/77
10720777
10725777
10/24777

o



-
WRETTVEP YTV Tzaarcvese

011400
011500
011600
011700
011800
011900
012000
012100
012200
912300
012400
912500
012600
012700
012800
012900
013000
013100
013200
013300
013400
013500
013600
013700
013000
013900
014000
014100
014200
014300
014400
014500
014600
214700
014800
014900
015000
015100
015200
©15300
015400
015500
015600
015700
015200
015900
016000
016100
016200
016200
016400
016500
016600
016700
016600
016500
017000
017100

=400
-

401

5 .

.
-

‘llﬂl.l‘.ll..‘:...lt.'
$

%403

i
?

"444
#4807
405
"
-

. T
SNEE -t Y e /00y QF = 58
TEMPUL JANL )= (CI L1 ISTEMPUCT JAN1 ) )¢CIL2)

CONTINUE
00 401 JAN2=1,264

IFITEMPLCIJAMZ ) . EQ. 0. ITEMPLI JANZ )=0.
IF(TEMPLCLJIANZ ) .EQ.0.1GOTD 401

TEMPLIJANZ IS(CISISTEMPLCI JAMHZ ) 1+T1 &)
CONTINUE
DO 402 JAM3=1,7
TEMPIIJASCISICIS INTEMPICI JANS ) ) V0L S)
THEMUC=D.
DO 1 =i,

THEMUCSTHSIUCH I TE v ur 2 1oWTUP( J))

THSMUR=THSMUC+457.7

THEMLC=0.
00 3 L=1,2¢

THSMLC=THSHLC( TEMPLIL )I®WTL ML)

THSMLR=THSMLC+459.7
THSMIC=0.
CO 6 17=1,7

THSHIC=THSHMIC+{ YCMPI(IT IoMNTICE(IT))
THSHIR=THSHIC+459.7
READ(S.509)VPRE,ITES

FORMATY Fé6.3/7F8.5)
DPELISINCL ISVPRE(LIWVPRE! L))o (KI{2 )=VPRE(]1))4K(3)
DPIZISIKIG)IWVPREIZ2ISVPREIZ ) )+ iKISI®VPRE(2 ) )eK(6)
DPIIIZ(KI7)I*VPRE( 3ISVPRE( 3! )+ (KIB)I=VPRE(3))+K(9)
DPIG)ISIKII0 )SVPRE(G ISVPRE(G ) Je(XI 11 )%VPRE(G ) IeKI12)
DO 403 J=1.,3

LVPIJ )= <T7.90290«( (373 . 16/10(5. . %0P(J)-32.)00/9.)1+4273.16)1)-1) )¢
(5.02803%DLOGI0(373. 670 1(S.(DPILI)-32.0)1/79.14273.16) 1))
(=1.3806%(10. ww(~7 "Ju(10, (1] 3 ¥%(1-(((1S. . ®(DP(J)-32.))/9,)¢
273.16)/373.160)0)0=1 0 000 13205110, #% ~J3 ) IS 10.%4( -5 49149
(3730670015 %IDPIJI)=32.)01/9.1+273.16))-1))1=1) )¢
DLOG1IG(1013.24600)
CONT INUE

LVP(G)IZ( -9 . 09718401273, 16/(01S . %(V"P(4)-32.)0/9.1+273.16))~1) )¢
% (-3 .56656%DL0GI01273, 0670015 % (DPV(4)=-32.))0/9.)4273.16)) )¢
L0 B7673%(1-(ILIS . %(DPIGQ)-32.)01/9.04273.16)/27%.16)) )¢
& DILCGlOt6.107100)

DO 404 KAY=1.4

VFRIFAY)=(10. . #sLVPIKAY ) )% 0145038

VPLAVG={VPRIZ 1+ VPRI3))/2

DO 405 nM=1,70,10

N1=Msl

N2I=Me9

MY=(IM-1)/10)+]1

DO 406 N=MHl,N2,2

IFIFRESINY ). LT.SRIN))IGOTD 406

IFIN.EQ . NL . ALD  PRESIMY ) . GY.SR"N)IGOTD 446
PRESCINY)IZ((PRLSIMY )=SRIN) JS({SRIN-3)-SRIN-1))/ISRIN-2)-SRIN)I))
#aSRIN-1)

GOTO 405

CONTINUE

HWPITE(G,407)

FORMAT(1M~-, "wxx MANOMETER READING OFF SCALE waw')
COUTINUE

PRESCU-(PRESCLL J+PRESC(2)) /2

PRESCL=(PRESCI3I)eri "S5CIG)) /2

he
-.“ ..\'

LA
-
-
-
-

10726/
10724777
10724777
1072477
10724777
1072477
1025777
10/20/77
1029777
wrze ™y
102077
072077
les20777
1072077
10724777
1072077
1es2¢/77
1020777
10/20/77
102077
1072072+
10720777
1021777
10720777
10720, 47
10/20/77
10726527
1020777
0re’??
10/20/77
10/24/77
10/24/77
10720777
10/26/777
10720777
10730777
10/°077%
10/8%/7,°
1072472
13724/,77
a8 Mm
0750227
10./20/77
10750777
10720777
19/20/77
10720777
10729077
1, 2w/77
10738772
1072877
10720777
19720777
10724777
10720777
1020777
10720/77
10720 77
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MENCLLVOREY 04714775 LIBEwsscsnen

017200
017300
017400
017500
017600
e17700
ol17800
017%00
01€000
018100
ol18200
018300
018400
018500
018600
018700
018800
018900
019000
019109
019200
019300
019400
0195¢C0
019600
019730
019800
019900
020000
ocolo00
0z0200
029300
029400
020z00
020600
020700
020800
020900
oz1000
021100
0l1200
021300
021400
021500
021600
021700
021800
021900
022000
022100
022200

22300
022400
022500
022600

22700
g2ceoc
022700

501

*503
*504
«502

LR B

“507

'E R R EEE R EEERNEEREISEEEEE:EIERE;

SOURL e iBRAN, JTPU

PRESCI={PRESCIS5)+PRESC(6))/2
ACPA=(PRESCUPRESCL+PRESCI /3
ACPG=ACPA-PRESCL 7))

DO S00 IWRT=1,7

ME=(2%IKAT)-1

MO=ME+]

WRITE(6,501 RTDLY(ME ) ,RTDLL(MO), TEMPUC( IMRT ), TEMPUL INRT ),
- RTDLZ2(ME ), RTDL2(MO ), TEMPLC( IWRT ), TEMPLIUINRT ),
- RTYDLI(ME ) ,RTDL3(MO) , TEMPIC( IWRT ), TEMPI(INRT)

FORMATI 1IN .ZAQ.IX.PG.t.Sx.'b.!.sx.tlh.zx.fb.z.SK.FC.Z.Si.’AO-
L4 2X,F6.2,5%X,F6.2)
CONTINUE
DO 502 IWRTZ2=8,16
MEZ=(2WIWRT2)~-1
HO2=MEZ+1
IF(INRT2.EQ.16 . AND . TEMPUCI INRT2) .EQ.0. INRITEL6,5064)
- RTOLZ(ME2 ) ,RTDL2IMO2 ), TEMPLCT INRT2 ), TENPLI INRT2)
WRITE(6,503IRTOLIIMES ), RTNLLI(MOZ ), TENPUCIINART2 ) JTEMPULTHRT2),
- RYDL2(MEZ ) ,RTDL2(MO2 ), TENPLCCIKNRY2 ), TEMPLLINRT2)
FORMAT(1IH .2!6.2!.'&.2.5X.F6.2,SX.'AG.ZX.FO.!.SX.fG.Zl
FORMAY(IN ,32X,2A4,2X,F6.2,5%,F6.2)
CONTINUE
DO 505 IWRT3=17,264
MEI=(2LURT3)-1
FO3=ME3+]
IF(TIUNT3 . EQ.26. . AND . TEMPLC( TWRT3) . EQ.O. J60TO S0S5
HWRITE(6,506 IRTOLZIMES ), RTDL2(MOT ), TEMPLCIINRTS ), TEMPLIIHRTS)
FORMATIIH ,32X,2A4,2X,F6.2,5X,F6.2)
CONTINUE
WRITEL6,507 YTMSMUC , TMSMLC , THSHMIC , THSIUR , THSMLR , THSMIR
FOPMAT( 1H-,17X, 'SUMITARY OF WEIGHTED AVERAGE TEMPERATURES'//1IW ,
#'UPPER VOLUNE (DEG. F.) *,FS5.2,4X, " LOMER VOIUME (DEG. F.) ‘s
- F6.2,6X,'ICE CONDENSLR (DEG. F.) ‘3F5.2/71H0 ,
- ‘UPPER VOLUME (DIG. R.) ', F6.2,4X, ' LOKER VOLUME (DEG. R.) *,
- F7.2,4%X, ICE CONDENSER (DEG. R.) WF7.2)
WRITELS,508)
VPPEH!.oﬂll.vm(lhﬂltﬂl).NtSC(U.mtﬂ).”i!v.“’l(t)o
Pﬂ!S!ZD.PR[SC(:l.VTRE!!l.DP(ll.VFﬂ(SI.F!ESISS.FRGSC(!).VFQIQQI-
obltl.VPﬂlﬁI.rRtS(Ql.VQ!SClSl.PR(SIS).PﬂiSC&Sl.?!tSlb).Flt!tlb)
.FQESl7l.PltSCl7I.VPR(lD.VPLAVG.VPR(QD.FltSCU.PEEﬁCL.F‘!SC!-
ACPA,ACPG
FORMAT(1H1,11X, 'CONTATHMENT VAPOR PRESSURE DATA CMECX",25X,
‘COMTAINMENT PRESSURES DATA CHECK'//1M 19X, "MILLI-",8X,
‘DEM POINT® ,4X, 'VAFOR FRESTURE',20X, "UNCORRECTED" . 7X,
*CORRECTED'/1H $2X, "HYGPOHETER ' ,0X, *VOLYS® , 8%, ' (DES. F. 1.7,
*(PSIA)’ 23X, "MANOMETER ' , 2X, "READING (FSIA)* 2%, "READING ',
"(PSIA)'/1IH .su.'VrU'x'.l'xu’s-z01‘X.'5-2..X.f7.ﬁ.25!."U-l'.
10X,F7.4,8X,F7.4/1H W5X,VOL-1",0X,F5.2,10X,F5.2,9%,F7.4,
255, "PU-2"' ,10X,F7.4,8X,F7.4/1H ,5X, 'VPL-2",10X,F5.2,10X,F5.2,
OX,F7.6,254, ' PL-1",10X%,F7.4,08Y,F7.4/1H +5X, *VPI-1",10%,F5.2,
IOX.FS.z.CX.F1.6.ZSX.'PL-!'.lox.f7.6.0X.F7.Q/lN 281X, ‘PI-1",
10X,F7.4,8%,F7.4/71H 81X, 'PI-2",10X,F7.4,.8X,.F7.4/1H A7,
*SUMIMARY OF VAPOR PRESSURES ' , 38X, "AMBIENT ', 7X,F7.6,8X,F7.4//
IH L15%, 'UFPER CONTATNMENT (PSIA)' ,6X,F7.471H 15X, "AVERAGE *,
SLOMER COMTAIMMENT (PSIA)',5X,F7.64,28X, ' SUMHARY OF CURRECTED *,
‘AVERAGE PRESSUTES*/ZINM 15X, ' ICE COMDENSER (ESIA) SX,F7.4/1N ,
BOX, "AVERAGE UFPER PRLESUIE (PSTA)' 10X, F7.64/1H ,
80X, 'AVERAGE 1OU'F PRESSURE (PSIA)' 10X, F7.4/1H

o

1. /77 ._.53.5.
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20/20/77
10/20/77
10720777
10720777
1072077
102077
1072077
10/¢0/77
10720777
10/26/77
10/20/77
10/:0/77
10723777
13720777
1029717
1e/24777
10/264/77
1072587277
10/20/77
10727717
102w/
10720777
1020777
1020777
10/20/77
10724777
1072077
10/272/77
10/20/77
10720777
102177
o727
10/27/77
10724777
10/05«4/777
1072177
10721737
10721777
10723/17
1072Y777
1/20/777
10/21/77
10/21,77
10/240/77
10/21/77
10721777
10/264/777
10724777
10721777
10724777
10/26/77
10726777
10726777
10724777
10/24777
10/26/77
10/21/7?
10721777

o



775’

"

023000
023100
023200
023300
023400
023500
025009
0237¢0
023800
023500
024000
024100
024200
024302
024400
024500
024600
024700
024000
04500
025000
025100
025200
025300
025400
o25f00
025600
025700
025800
025900
020000
026100
n26200

26300
026400
026500
026600

S XXX E E XA E XA E A F A AR A ST AR R ERNEREREEEE RN RS

- BY TNy ey

®  BOX,'AVERAGE ICE COMDENSER PRESSURE (PSIA)',.2X.F7.4/1M ,

® 80X, AVERACE CONTAINMENT PRESSURE (PSIA)',4X,F7.4/1H ,

® 80X, AVERAGE CONTAINMENT PRESSURE (PSIG)',4X,F7.4)

IF(NR-118,8,9

KUCDEM=( PPESCU-VIR(1 ) )/ THSMUR

WLCOEM={ PRESCL-VFLAVG I/ THIMLR
WICDIM=IFRECSCI-VERIG ) )/THSMIR

HOEM=VIIF ( 1 ) *LUCDEM+ VINF [ 2 ) sLLCDEMe VIIF { 3 )»WHICDEN
N2R=NR

WRITE(S" ] IN2x, TIME(NZR ) ,WUCOEN WLCDEM, WICDEN, NDEN
HER-HR

HWEITELS 99 1NPR

9 READ(S'1INZR, TIMEINZR ) ,WUCDEM, WLCDEN , WICDEM, WOEM

10

11

14

12

WUCHUM=I PRESCU-VPRI 1 ) I/THS™MUR

RUC MR ) =40 ™M/HUCDEN

HWLCHUM=( PRESCL-VPLAVG )/ THIHLR

WLCOH? ) =HLCNURY/WLCDENM

HICHUM=(PRESCI-VPRIG ) I/THEMIR

NICIH?2 1=RICNUM/HICDEN

WM EVRE (L )8R O VAF ( 2 ) «WLCNUMe VIF ( 3)RICNUM

WEHR ) = IMUM/WO

IFIN2-1110,10,11

HIN =N

WRITEL4 1 INCP , TTHE(H2R ), HUCDEM, WLCDFM, WICDF M, HDEM, THSMUR , PRESCU,
L YPR(1 ), THSHLF ,PRESCL, VPLAVG, THSHIR . PRESCI,VPRIG),
WHUCEN2R ) HLCIHZR ) WLICENZP ) HEE2R)

GO 70 13

WRITE(G HR MR, TIME(NR ), THTHUR , PRESCU, VPR( 1), THSHLR, PRESCL, VPLAVE,
- THSMIR,PRESCI ,VFR(4),
SHUCIHR ) ,HLCINR ) ,MICIHR ) ,HINR)

READIG'I9N™MR

IFIVRP-IRARILS, 13,14

NOR -1

WRITLLG' 99 INRR

GO 70 13
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D. C. COOK NUCLEAR PLANT - UNIT NO. 2
CONTAINMENT INTEGRATED LEAK RATE TEST

(PRE-OPERATIONAL)

COIPUTCR PROGRAM "CCVREPT"
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MOBR=CCVREPT

01/22/75 LIB=weuwsnuw

000100
000200
000300
000409
000=00
00C. GO
0Jo0700
020£00
000%00
or1000
00110vw
eecl200
001300
001400
001500
€91¢co00
001700
001£00
001300
002000
00Z100
002200
0023co
002400
002500
002400
002700
002800
002°90
00T000
003100
003200
003300
003400
003500
00500
003700
003200
003%00
0C«000
004100
004200
004320
004400
004500
004600
004700
004200
004c00
005000
005100
005200
005300
005400
005500

\ S S S S ES N R N S N E TR
e e e N N e N e N e N e N e N s N e N e N N e N s s Ns sl s

AMERICAN ELECTRIC POMER SCPVICE CORPORATION
COMPUTER APPLICATIONS DIVISION

SOURCE LIPRARY OUTPUT

L T T T
COOK CONTAINMEMT VESSEL REGRESSION PROGRAM
THIS PROGRAN ENTITLED CCVREPT:

1.READS THE DISK DATA SET THAT
HAS CREATED Bf HE CCVDEEP PIOSRAM
2.FERFOPNS A LINEAR REGRESSICN
AUALYSIS TEST 0! THESE DATA POINTS
S.THE AMELYSIS IS PERFORMED OM THE
CUNRERT HAXINMUA MUIICFR OF DATA POINTS.
G.THE W EXPERIMINTAL,THE W REGRESSION,
THE LEAKACE RATE.COMFIGENCE LIMITS
FOR THE PATE.AS WELL AS THE INTERCEPT
APE ALL OUTPUTED.
S.THE CUTPUT OF THIS PROCRAN SERVES AS
THE FINAL FORPMAT TO BE FRESENTED TO
THE H.R.C.

-n-----------u--u-n-~n-u---oao-.cu.u-no....u.m
REAL®B ATUC,APUC, A% PUC,ATLC ,APLT ,AVPLC,ATIC,APIC,AVPIC
PEAL®] HUCI99),1ILCI99),HICI99),H(99), TINE(98)
PLALSE KR(99),NLRI99) ,HIN(99) ,ATAB( 99)
INTEGER+2 HR,LPR,N2
DINENSION T2OLE(SS)
PEAL«3 A,B,DL,BH
PTAL#8 LUCDEM,WLCDEM,WICDEM, WDEM
DEFINE FILE 4(99,146,L,10!
REAL*D TS5,TS, WS, TS2W, ANIM, ADEM, CHUM, EX ,NSUM, SIGMAB , XNRR , SIGMA
PEAL*8 AT SATTNLEKK, TOT,F2 +FL1.F,FF
RPEADISG 99 MR
IF(NPR-3)1,2,2
1 WPITE(6,200)

200 FORMAT(IM1,10X, ' INSUFFICTENT NUMGER OF DATA FOINTS FOR A MEANINGFU

®¥L AMALYSIS TO BE RUN. MORE DATA POINTS ARE NEEDED.')
G0 70 3
2 HaR1=2

847 LFR1=IGRLe]

¥55=0.0
75=0.0
CO & I=2,NRP)
READ(G T IN? , TIME(I),ATUC,APUC ., AVPUC ,ATLC ,APLC ,AVPLC ,ATIC,APIC ., AVPI
SCLHUCHT ), KLCIT ) ,WICII),HNLY)
TSS=TSSeTIMC(Y wu2
@ TS=TS+TIME(Y)
READ(G"1 IN2R, TIME(NZR) yWUCDEM, WLCDEM, HICDEM, NOEM, ATUC , APUC , AVPUC , A
-uc.A?lC.AWLC.AtIC.APIC.AVPIC.M(M).H&C!MI.NIClmD.muzln
HWS=WIN2R)
0O § J=2,4RP1
READ(4' JINR,TIME(J),ATUC,APUC, AVPUC ,ATLC ,APLC ,AVPLC ,ATIC, APIC,AVPI
SCLRUCEI )L HLCLI )L HICI ) N
5 MWS=HS+N( D)
TS2wW=0.0
DO & K=2,NRR1

1073 /77 15.59.11
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MBR=CCVREPT 01/22/75 LIB=wsssnsus

SOURCE LIPFARY OUTPUT

005600 » PEADIG'K mn.vmmi.Anx.wuc.Avnx.nl.c.Anc.lwu:.hnc.nxc.lvn
005700 » SCWUCIK ) JWLCIK ) HICIK ) HIK)

005000 » 6 TSIUSTSIH+TIME(K )»W(K)

005500 = ANUM=TSSWS-TSHTS2W

006000 » Xpe=pnp)

006100 = ADEN=X1PPTSS-TSuu2

006200 = A=ANU, LDEM

0061300 » BRUH=Y R »TS2W-TS*MS

006400 » B=CHUM/ADEN

006500 = DATA TLBLE/II.7“.‘.301.3.102.2.776-2.571.2.4'07.2.365-2.306.2.262.
006600 » -z.:zo.z.zox.z.179.2.uo.z.x«s.z.1n.z.lzo.z.uo.z.lox.z.on.z.ou.
006700 = '2.080-2.076.2.069.2.0&‘0.2.0';0.2.05&.2.052.!.060.2.“5.2.0‘02.!.NO.
004800 = '2.033-2.036.2.0!6.2.03?..(‘.030.2.CZ?.Z.OL’S.Z.O:!oZ.021-2.030.2.01’.
006500 » '.’..0]3.2.0!?.2.016.2.015.2.0!6.2.011.2.012.2.011.:.009.2.000-2.007.
007000 = -2.oos.z.oos.z.oo«.z.oos.z.ooz.z.oox.z-z.ooo.s-x.999.3-x.m.3-1.w
007100 = '7.3'!.1%.3'1.995.3'1.9%-l'l.993.3'1.992.l'l.”l."l.”‘.l‘l.’.’.
007700 = "2x1.989/

007300 = WR(1)=A

007400 = PCAD(4G " 2)M2 , YIME( 2 ) ,ATUC, APUC .AVM.‘".C.A'LCoAVPLCg‘TICoAPlC-AVPl
0C7500 = SCLWUTI2),WLCI2) . NICI2),M(2)

007400 = WR(Z2)1=A+D*TINE(2)

007700 » DO 7 11=3,1kP]

00730¢C = READ(4 'TIINR,TIME(IY Vo ATUC, APUC , AVPUC ,ATLC , APLC +AVPLC,ATIC,APIC,AY
007200 = WPTCLWUCCIT ) oudlCOTT ), HICIYY ), R(IT)

008000 = FRCILI=ASDSTINE(TT)

008100 = EX=TABLE(II-2)

000200 » READ(4'] mi‘-’.TlH(lNzRD.MD(H.HU:DEH.H!CD(H.IO(N-IM.AF\E.AVM.A
000300 = ITLC-AI"[C.A\'PLC.AVIC.APIC.AVPIC.Hxll).ﬂlC(lhlﬂC(l).l“lD

006400 » IFIDACSIWIY)-A) . LT.1.D0-39)K(1)=A

00E500 » WEUM= (L1 )-A)mn2

008500 = DO 8 L=2,1PR]

008700 = DEAD(&'L)HPJIHE(l).lﬂx.Aﬂx.Am.lYLC.APlC.AVPI.C.lT!CamC.AVP!
00NS00 = CLWUCHL) W KLCTL) WICIL), ML)

008500 » 8 WOUMERSUMS (ML )-A-DSTIME(L ) Juw2

009000 = SICHA=DSIRTI( 1. /XNRR }*KSUM )

009100 = AT=TS/xnrn

009200 = REAG(«'TINP,TIME(IT '.ATW.lﬂxulm-l'".C.l’lCol"lCnlf!Col’lC-AV
005500 = SPIC,MUC(TI),KLCOIT !, WIC(IT), (1)

009400 = ATTN=(TIMECII)-AT imu2

009500 = TOT=ATwu2

009400 = 00 9 M=2,rRR1

009700 = READ(S'M INZ.T!"ElHD.Aﬂtom.IVR!Co"LC.A’LC.‘WLC.I'!Cn”lC.lV’l
009890 WO WUCIH ), WLCIM) WICIM) ,W(H)

CO9500 » 9 TOT=TOT+(TIME(M)-AT )uu2

010000 = F2=ATIN/TOT

010100 = F1=(XNRR+1. )/¥NRR

010200 = F=FleF2

010300 = FF=Fo(XHRR/(XNPR-2.))

010400 = ATAC(IX)=DSQRT{FF )nSIGMA

010500 = HLRIIT)=MR(II)-EXMATAB(IT)

010500 = WUR(TI)=LR(ITI+EK®ATAB(IT)

010700 = 7 COUTINUE

010800 = B=Ex1400

010500 = SIGHAD=DSARTIWSUM/( (XNPR-2. }#TOT ) )

011000 = EKK=TABLE(NPR]1-2)

011100 = BL=B-(EFK"SIGMAD #2400,

011200 = BH=B+(EKK*SIGI1AB )%2400.

011300 = READ( & *'NRR1 ”ﬁo?lﬂfﬂ.hlmoAM.AVm-AYLC.AﬂC.IV'I.C-AYIC.”!C-

10/31/77 15.59.11
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B Y .
FOR=CCVREPT  01/22/75 LIB=weswenss

011400
0115¢c0
011400
. oi17o00
0liso0
011900
e1t000
cl2100
012200
012300
012400
012500
: 012600
' 012700
ol12c00
012900
013000
013100
013200
013300
017429
0131500
012500
013700
013800
013%00
0l4000
0l4l00
014200
014300
014400
014500
014400
014700
014800
014900
015000
015100
015200
015300
015400
015500
015600
015700
¢15300
015%00
016000
216100

SOURCE L1IBRAPY OUTPUT 10/31/77 15.59.11

SAVPIC,HUCIHR ), HLCINR ) ,WICIHR ) H(11Y) .
m"ua'u"umﬂ.nltull.AYUC.M"K:.AVM.AYLC.APLC.MIH.C-AYIC.A’!C
®,AVFIC .I-’UC(wl.HLCH.'QD.“IC(NP!.HHD).DL.D.M.A

WRITE(6,201)

201 FOPMAT(141,48%, ' ©IMMARY OF AVEPAGES'///1H ,2X, 'RUN 8',2X, "ELAPSED
"L INL 3 IAHAVSG TE AVG PRESS AVG V PRESS /1M »10X, "TIME® ,6X, ‘U
SFPER' ,SX, "UFPER", .A.'U?l’!l'.7)(.'I.Ml'.SX.'LMI'.CX.'LMI'.OX.'!
SCE'.7X,"ICE",X,"ICE*/)

RELD(G 1 INZR , TIME(NZR ).mtn.HLCDEH'HICOEH.WEH.AM-AM.AVHI:.A
#TLC,APLC,AVPLC,ATIC,APIC,A.2IC

ATUC=ATUC-459.7

ATLC=ATLC-459.7

ATIC=ATIC-459.7

RRITE(6,202 )H2P , TIME(N2R ), ATUC, APUC +AVPUC ,ATLC ,APLC,AVPLC ,ATIC,API
“C,AVPIC

202 FORMAT(IM .2x.!3.6x.'6.!.2x.l('0.6.2!.'9.#.!!.'9.6.!X!)

DO C4% JG=2,MAR)
PE“H‘0'JG”“.T"‘"".A“.xrlm'lmulflcol’lﬁo‘"l‘o‘f!ﬁo"l(oﬂv
*PIC

ATUC=ATUC 459.7

ATLC=ATLC~459.7

ATIC=ATIC~459.7

846 KPITE(6,202 n'ﬁ.‘l’!ﬂ!ﬂl).AIUC.A’UC.AVM.A!LC.APLC.AV'LC.ATXC.APIC-
SAVPIC

KP1TEL6,205)

205 FOTUAT(IHL, 34X, '"RESULTS OF THT LINEAR REGRESSIOM ANALYSIS TLST'///
®IH 2%, "RUN €' ,8X%, 'W', 11X, 'LEAKAGE RA"'.’K-'Lf‘x‘GC"QXQ'l!‘KAG!
SPATE® ,8Y,'H UPPEP' , 7X, 'W LOWER"',9%,'H ICE' /1MW » 10X, "EXPERIMENTAL",
¥6X, "LOUIR LINMIT' 11X, 'RATE',11X, "UPPER I.INIT'.SX.‘CCNYA!H'.!NT'.)X.
SCONTAIMNMENT ' ,5X, 'CONDENSER' /)

DO 845 JG2=3.,MRR1
REAO(%'JGZ)NR.!IHE(ch).AYUC.APUC.AVFUC.AYLC.APLC.AV'tC.AYIC.APlC-
!AVPIC.EUC(JGZD.HlClJC:l.HIC4JG:l.HiJS?'.BL.D.ON-A

845 LIITE(6,206 MR, Wt JG21,BL,BBH, WUCTL JG2 ) ,HLCH JG2),NIC(J62)

206 FORMATI(IH .IK.IS.QX.FO.S.W.FO.S.9)(.'9.5.lox.F'.S.OX.F’.S.S!.F’.S.
w6X,F9.5)

READ(4 99 )RR
IFIEARI-HPR 347,844,846

844 READIG'NER] ”’.71"'&'|.lﬂx.AMulmul"lcgl’lCo‘"lColf!Co”lc.

.‘VPlCnL\x(m..“lC|m'.“’c‘m'.ul"l-'t...w.‘
WRITE(6,203)B,A

203 FOOMAY(1HO,21X, 'FINAL LEAKAGE RATE (% PER DAY) =',F9.5,5X, ' INTERCE

SPY=',F9.5)
WRITE(6,206)BL,BH

204 FORMAT(1HO,21X,'FINAL CONFIDENCE LIMITS FOR THE RATE ARE ',F9.5."

*T0 *,F9.5)
3 sSToP
END



7.0 Ex‘-x::svs axvn v:'mEaEBm AIYQIV

The previous sections of this report described the method of
measuring and compuiing the containment leakage rate. This section
will be dedicated to a discussion of the observations and corclu-
sions drawn from the performance and subsequent analysis of this
cortainment ILRT. Alsc included in this section is a presentation

on the error analysis related to the test instrumentation.

7.1 Discussion of Graphical Test Data
Figures 7.1.1 and 7.1.2 are the graphical representations
of the Integrated Leak Rate Test and Supvlemental Test
data respectively. The axis of these graphs are the
norzalized weignt of criginal air versus time. The slope

of the regression line is the leakage rate.

Examination of Figure 7.1.1 reveals the dispersion of
data points, representirg the rormalized weight (wn) of
containment air, results in exceptionally horizontal
regression line. A regression line of this nature over
the indicated 31.5 hour test period is indicative of an
extremely leak-tight containment which is confirmed in
the fact that the average.change in wn per un  time,
hence leak rate, is -0.00428 %/24 hrs. when expressed on
a daily basis. The dispersion of data points yields a
variance (mean square deviation) in the leak rate of

= 0,00422 % wt./24 hrs. The variance is computed on a
95% confidence level which results in a lower leakage
limit of =0.00850 % wt./24% hrs. The 95% confidence level

-5],,,-



7.1 Discussion of Graphical Test Data (Cont'd)
lower limit is still well within the specified allowable

leak rate of -0.1875 % wt./24 hrs.

The graphical representation of the Supplemental Test may
be found on Figure 7.1.2 of this report. As illustrated,
with the supplemental leak rate imposed on the contain-
ment, the change in the normalized weight (Wn) of
containmert air per unit time is much more proncunced
than in Figure 7.1.1 as would be expected. It is
interesting to note, however, that because the measured
containment leak rate was extremely low, the change in

wn per unit time as shown for the Supplemental Test is
only 1.5 per cent greater than the Technical Specifi:ation
limit for containment leak rate and, thus, may be viewed
as a dramatic comparison with the measured containment
leak rate shown in Figure 7.1.1 For ease of comparison
the portion of the regression line from run 1 to 17 of

Figure 7.1.1 has been superimposed on Figure 7.l.2.

Figure 7.1.3 is a plot of the average absolute pressure
(PSIA) for each containment compartment. As indicated,
each containment gompartment generally exhibits the same
steady decay in pressure during the 31.5 hours of the
ILRT. A calculation on the measured change in the
average absolute pressure over runs,l to 64 for the
Upper, Lower and Ice Condenser Compartments results in

a AF of 0.0868, 0.0887 and 0.0870 PSI respectively



7.1 Discussion of Graphical Test Data (Cont'd)
with an overall average change in absolute pressure of
0.0875 PSI. Wnen the standard deviaticn is computed for
the average absolute pressure measurements tre standard
error is found to be * 0.00085 PSI. As can be seen in
Section 7.3, the ILRT instrument error analysis uses
the very conservative value fcr standard error of

= 0.003 PSI.

Figure 7.l1.4 is the graphical representation of the
average vapor pressure (PSIA) for each containment com-
partment as measured during the ILRT. This graph clearly
demonstrates the contrasting environmental conditions
experienced in the three containment compartments. As
shown on Figure 7.l.4 the Upper and Ice Condenser com=-
partments demonstrate relatively stable moisture content
throughout the test while the Lower coumpariment experiences
an appreciable "drying out". The steady decrease in the
partial pressure of the water vapcr present in the Lower
compartment air is probably brought on by a migration of
relatively colder drier air from the Ice Condenser com=-

partment which, in turn, promotes condensation therein.

The weighted average temperatures for the three contain-
ment compartments have been plptted on the graph of ™' ~ure
7.1.5. The Lower and Upper containment volumes exhibit
about the same steady decreasing trend in temperature.

ﬁéth compartments experienced an approximate 1.5 °F drop

-56-



7.1

Discussion of Graphical Test Data (Cont'd)

in temperature over the 31.5 hours or 0.C5 °F/hr. Thus,
it may be concluded from this observation that the Upper
and Lower containment compartments will stabilize in
temperature and tend to maintain their stability through-

out the ccurse of the leak rate test.

The plot of Ice Condenser compirtment average temperature,
however, illustrates that stabilization here is quite
arother matter. While the overall change in temperature
from Run 1 to Run 64 is an increase of only 0.68 °F for
the 31.5 hours, much larger °F/hr. changes are experienced
because, unlike the Upper and Lower compartments, the
trend is not constant but rather tends to cycle. The
cyclical variations in Ice Condenser average temperature,
whose magnitude is typically 0.06 °F/hr. and as much as
0.23 °F/hr. are caused by the periodic defrosting of the
Ice Condenser air handler cooling coils. This was also

a problem on the Unit 1 Fre-Operational ILRT and steps
were taken during this test tc mininize this affect by
manually actuating defrost cn selected air handlers.

While the defrost affect on average temperature was
somewhat reduced by this effort, compared to the Unit 1
test, its affect on temperature stability makes compliance
with the 0.1 °F/hr. stabilization criteria impracticable.
A revised stabilization criteria for the Ice Condenser
compartment is under consideration for use in future

containment perodic re-tests.
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Pressurization Apparatus

The Plant air system was used to pressurize the contain-
ment for the Integrated Leakage Rate Test. A three

state centrifugal air compressor located in the turbine
room supplies compressed air to the plant air system.
The compressor is designed to provide 1500 cfm of oil
free compressed air at a discharge pressure of 100 PSIG
continuously. Air discharged from the plant air compressor
retains the third stage heat of compression. An after-
cooler installed in the discharge line, is designed to
cool the air to within 10°F of its inlet cooling water
temperature. The condensed moisture resulting from the
cooling is removed by a cyclone-type separator installed
immediately downstream of the aftercooler. The air
discharged from the moisture separator is fed through the
plant air system to the containment test pressurization
filters and dryers. In order to avoid condensing water
vapor during the test the plant air supplied is dried

to a dew point that is below the coldest temperature
anticipated in the ice condenser. Two parallel, 100
percent capacity strings of prefilters prevent contam-
ination of the drying dessicants from mositure carryover
= or scale. Two afterfilters in parallel protect the

containment from dessicant dusting.

The dried and filtered air is fed through a three inch
test line, spocl piece, and valve to penetration #CPN-57.
This valve was used to throttle the air flow during

pressurization and depressurization.



7.2 Discussion of Parametric Study

A parametric study was performed using the test data
collected during the Unit 2 Fre-Operational ILRT to
determine the affect varying the volume of ice resident
in the Ice Condenser compertment would have on the leak

rate calculations.

The parametric study was comprised of three conditions of
ice basket loading, i.e., Case I maximum ice load,

Case II minimum ice load allowed by current Technical
Specification and Case III actual ice load. In the case
of maximum ice load, the entire internal volume of eaca
ice basket was assumed to be occupied by ice. Tie ize
volumes for the actual and Technical Specificaticn lower
limit were calculated based on 1481 and 1220 lbs. per
basket respectively.

By varying the volume of ice in the Ice Condenser the
associated net free volume is so affected. The resultant
Ice Condenser {ree volume for the three cases is reflected
accordingly in the Volume Weighting Factors (VWF) used in
the calculation of normalized weight of containment air.

A detailed discussion on VWF is presented in Section 6.2
of this report.

The results of the parametric study has been tabularized
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in Table 7.2.1 below:

—LABLE 7,2.1
Ice Containment ILRT Supplemental
Basket Measured 95% Lower Test
Leading | Leak Rate* Confidence Limit®* Leak Rate*
Maximum +0.00270 -0.00166 -0.18199
Actual -0.00428 -0.00850 -0.19028
Minimum -0.00708 -0.01126 =0.12364

* Leak Rate expressed in % wt./24 hrs.; - denotes out leakage.

Using the actual weight of ice as a basis for comparison

Table 7.2.2 illustrates the change in the calculated leak

rate:
—aABLE 7.2.2
c i Containment ILRT Supplemental Test
ompar f°§ : 2 b e s pe ol .12 n
Maximum Ice +C.00698 163.1 +0.00829 k.36
Minimum Ice -0000280 65."’ -0000336 1. ?7

* - Denotes increase in out leakage.

A review of the above Table 7.2.2 indicates the affect of

varying the ice volume between the extreme ccndit_ons of

maximuz and minimum ice load conditions is not as significant,

in terps cof per cent difference in the overall leak rate,



7.2 Discussion of Farametric Study (Cont'd)
when the magnitude of leakage closely brackets the ILRT
allovable limit of -C.1875 % wt./2k hrs. as it is for

relatively smaller leak rates.

In the Supplemental Test, where the magnitude of leakage
is approximately equal to the ILRT allowable lim t, the
difference in the leak rate between the actual leakage
and the maximum and minimum ice load leak rates is %.36
and 1.77 per cent respectively. The coverall change in
the leak rate for the two extreme ice load conditions is
equal to 0.01165 % wt./24 hrs. or 6.2 per cent of the
allowable leak rate. Leakage of this magnitude would be
significant in the event the acceptance of an ILRT was a

borderline case.

When the leak rate is small, as shown in Table 7.2.2 fer
the ILRT results, the affect on the magnitude of the
measured leak rate is dramatic. There is, however,
little significance at these levels of leakage, in that,
even with a 65 per cent increase over the actual leak
rate the resultant leakage (-0.00708 % wt./24% hrs.) is
still only 3.8 per cent of the ILRT allowable.

It is interesting to ncte at this time that the differernce
between the maximum and minimum ice locad conditions
represents an ice volume of 30,936 cubic feet or

1:73 x 106 pounds of ice. To incur the 6.2 per cent
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error in the measured leak rate, as discussed above, due
to inaccuracies in the ice basket veighing would require
an error in measurement of approximately 890 pounds of
ice per basket. The present method of weighing a
representative sample of ice baskets and computing the
statistical average weight per basket produced a standard
deviation of only 35.45 pounds for the measurements

taken prior to this ILRT.

Thus it may be concluded from the above results, that the
variation in the calculated leak rate, as affected by

the extreme conditions of maximum or minimum ice volume
is small but would be significant in the acceptance of
borderline ILRT's. It may also be concluded that the
uncertainties involved in determining the quantity of ice
within the ice baskets, and hence the net free volume of
the Ice Condenser compartment, are well within the limits

of required accuracy.

Instrument Error Analysis

The following calculation represents the instrument error
analysis performed to substantiate the selection of the
test instrumentation utilized to provide input to the

computaticn of the containment lLeakage rate.

In summary, the instrument error analysis demonstrates

tpg inaccuracies associated with the test instrumentation
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ContammenT ’!‘%ess\oee* PSIA
* Vawes aRZ= aversces
UPPER VOLUME 26.62.87 OF REDUNDAnT PRESULE
L(DFJEU? \“DLAJ’“\E: 6. 65355357 SENSeRS , PoluvmE,
TICE CoNDENSIR 26. 6330
Contaimment Tempeearsie °R **¥ Vacues PRE weicHTe)
AVERAGES /votune.
UPPER VolLvmE £34.08
LOWER VOLUME £38.18
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(A

RUN MURDER

64

ELAPSED TINE 31.50

CONTAINNMENT TENPERATURES DATA CHECK

38
23
9%

.36
.10
.90
.20
.82
.06
.66
.56

40
“4
“0

UPPIR VOLURE
RID RNILLI-VOLYS UEG. F.
ETR-101 3z.10 76,
EIR-102 37.14 76.
ETR-103 37.14 74.
= ETR-1)4 37.45 76.
EiR-105 36.68 73
ETR-106 37.09 74
ETR-107 36.95 73
CIR-108 37.10 74
ETR-109 37.41 74
ETR-110 37.¢) 74
ETR-111 37.3% 74
EIR-112 37.78 75
ETR-116 37.20 74.
ETR-120 35.72 71.
ETR-133 %.0 73.
ETR-113 38.48 76.

-ng-

9

RTD MILLI-VOLTS DEG. F,

LOUER vOoLUME ICE CONDENSER

RTD MILLI-VOLYS DEG. F.,
ETR-122 45. % 1.9 ETR-119 11.28
ETR-123 45.35 90.70 ETR-11% 10.48
ETR-124 45.56 91.12 ETR-117 13.7¢
EIR-125 45.59 91.18 ETR-118 12.67
EIR-126 3%.87 79.74 ETR-119 10.2%
Em-127 3a.s0 77.%0 ETR-120 10.47
EIR-129 37.63% 75.06 ETR-121 11.446
ETR-130 3.9 77.9%
ETR-131 33.67 77.3%
ETR-132 37.%0 74.40
EIR-134 30.76 77.52
EIR-135 3v.00 78.00
ETR-136 37.65 75.30
ETIR-137 39.%6 78.52
E1R-139 38.26 76.48
ETR-139 37.32 74.64
ETR-140 L3 B 4 4 67.54
FIR-141 36.79 73.%8
E'q-142 35.45 72.90
EiR-143 34.69 69.38
ETR-144 37.19 74.38
ETR-145 38.26 76.52
ETR-148 36.4% 72.88

SUITMARY OF HEIGHTED AVERAGE TEMPERATURES

UPPER VOLUNE (DEG. F.)
UPPER VOLUNE (DEG. R.)

7..”
534.08

LOKER VOLUME (DEG. F.)
LOMER VOLUME (DEG. R.)

" T CONTATNMENT VAPOR PRESSURE DATA CMECK

70.48 °  ICE CONDENSER “DEG. F.)
538,18  ICE CONDENSER (DEG. R.)

" CONTAIMMENT PRESSURES DATA CHECK

22.56
20.96
27.40
25.34
20.52
20.96
2z.00

22.16
431.86

»9 Nna

| dFelwirg Vainewo) La-;f

, 8, X1AN3LYV

- )

SISATMONA ARWIT LmdwasaswT L¥T 03M8N0S

NHOA MIN

ANY4

—

AYMQYONS Z
"4¥09 131ANIG ¥INO0G 1WI3ITF MYI 1 udmy

9-10 me0s

‘AdEQ ONIMIANIONG

‘ aiva
»

Jc/bi/
“ld =

nILLI- DEW POINT VAPOR PRESSURE UNCORRECTLD COPRECTED
HYCRONETER VoLTS (DES. F.) (P3IA) : MANCIIETER READING (FSIA) READING (PSIA)
VFu-1 33.00 Jo.9 0.0048 PU-1 26.6110 i6.6327
vPL-1 36.00 43.09 0.137 PU-2 26.0910 26.6247
yPL-2 39.55 57.33 0.2328 PL-1 26 .4804 26.6373
VPI-1 29.13 15.38 0.06403 ” PL-2 26.7292 26.6498
Pi-1 26.6323 26.6096
PI-2 25.9:53 26.6366
SUIMIARY OF VAPOR PRESSURES ALBTENT 14.1760 16.49%%)
UPPER CONTAINNENT (PSIA) 0.0848
AVERAGE LONER CONTAIMMENT (PSIA) SUMMARY OF CORRECTED AVERAGE PRESSUTES

ICE COMOENSER (PSIA)

T ————— e . —

0.0403

0.1849

AVERACE UPFIR FRESSUSE (PSIA)
AVERAGE LOVER PRESIURE (PSIA)
AVERAGE ICE COHDENSER PIESSURE (PSIA)
AVERAGE COMTAINSCNT PRUSSURE (PSIA)
AVERAGE CONTALMACHT PRESSUNE (PSI3)

26.6287
$6.6305
£6.633%0
£6.63%
12.140

JwINIAN NoOD D'

oD
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€.0 ILBI TaBULGTED SUMMARY

The following pages are tables listing the measured parameters and

calculated values for the data taken during tne Unit No. 2 Fre-

Operational Containment ILRT.
8.1 Contaipment IIRT and Supplemental Test

Table £.1.1
Table 6.1.2
Table 8.1.3

Table 8.1.4%
Table 8.1.5

ILRT - Results of Linear Regression analysis
ILRT - Summary of Averages

Supplemental Test - Results of Linear
Regression Analysis

Supplemental Test - Summary of Averages

Computer Frogram Fixed Input Data

8.2 Parapetric Case I

Table 8.2.1

Table 8.2.2
Table 8.2.3

Table 8.2.4

Table 8.2.5

Farametric Case I - Results of Linear
Regression Analysis (ILRT)

Parametric Case I - Summary of Averages (ILRT)

Parametric Case I - Results cf Linear
Regression aAnalysis (Supplemental Test)

Parametric Case I - Summary of Averages
(Supplemental Test)

Parametric Case I - Computer Program Fixed
Input Data

8.3 Rarametric Case 11

Table 8.3.1

Table 8.3.2
Table 8.3.3

Table 8.3.4%

Table_§.3.5

Parametric Case II - Results of Linear
Regression analysis (ILRT)

Parametric Case II - Summary of Averages (ILRT)

Parametric Case II - Results of Linear
Regression analysis (Supplemental Test)

Farametric Case II = Summary of Averages
(Supplemental Test)

Parametric Case II - Computer Frogram Fixed
Input Data
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O O ‘O
SUMIMARY OF  AVERAGES

TADLE 8.1.2
RUN & ELAPSED AVG TEMP AVG PRESS AVG V PRESS AVG TEMP AVG PRESS AVG V PRESS AVG TEMP AVG PRESS AVE V PRESS

- 2 @ &a > |

Yine UPPLR UPPER UPPER LomeER LO%ER LOKER ICE ICE ICE
o 1 0.0 75.7610 26.7158 0.097% 80.1140 26.7272 0.249 21.4759 26.7200 0.0408
2 0.50 75.7181 26.7134 0.1011 80.073% 26.7255 0.2510 21.5342 26.7182 0.0389
3 1.00 75.7048 6. 7127 0.0973 80.0400 26.7247 0.2502 21.6209 26.7173 0.0411
. s 1.50 75.6961 26.7108 0 097 80.0108 26.7227 0.2495 21.6616 26.7154 0.03s8
5 2.00 75.6691 $6.7v68 0.0970 79.9734 26.7207 0.2¢068 21.6013 26.71%4 0.0406
L3 2.50 75.6531 26.7068 0.0995 79.9292 26.7185 G6.2400 21.5%971 26.711% 0.0424 |
i ¥ 3.00 75.6328 26.7°59 0.1009 79.59063% 26.7174 0.2466 21.5540 26.7104% 0.0427 |
° '8 3.50 75.6234 26.7045 0.0585 79.8699 26.7160 0.2¢52 21.6081 26.70%0 0.0423 q
9 4.00 75.5933 26.7031 0.0959 79.8470 26.7148 0.24% 21.5707 26.7078 0.0468
10 4.50 75.5946 26.7014 0.0931 79.8059 26.7132 0.2427 21.6642 26.7046 0.03%0 |
1 5.00 75.5595 26.7007 0.0950 79.7439 26.7122 0.2410 21.6936 26.7052 0.0395
. 12 5.50 75.5408 26.692% 0.0%8 79.7364 26.709%9 0.2399 21.7748 26.7029 0.0391
13 6.00 75.5247 26.697s 0.09%5 79.7304 26.7092 0.2353 21.7477 26.7024 0.0408 |
14 6.50 75.5117 26 6967 0.0971 79.6899 26.7u81 0.2306 21.8176 26.7016 0.0426 |
15 7.00 75.4997 26.6954% 0.0953 79.6592 26.7071 0.2352 21.8280 26.7004 0.0450 |
° 16 7.50 75.4801 26.6945 0.0545 79.639%0 26.7058 0.233% 21.85606 26.6992 0.0411 i
17 8.00 75.4577 26.6932 0.0954 79.6056 26.7044 0.2320 21.83¢c4 2¢.658L 0.0430
18 8.50 75.4392 26.6917 0.0947 79.539% 26.7026 0.2%03 21.9043 26.6954 0.0338 |
19 9.00 75.4148 26.69%S 0.0921 79.5678 26.7034 0.2292 21.9037 26.6972 0.04)37 |
° 20 9.50 75.4250 i6.6922 0.095% 79.5294 26.7030 0.2268 21.97°8 26.69%7 0 0408 q
21 10.00 75.3a828 26.6914 0.0874 79.508 2uv.7022 0.8051 22.0417 26.6961 0.0443
22 10.50 75.3457 26.6078 0.0870 79.4%14 26.69%6 0.226} L2.0118 26.6735 0.0.440 |
23 11.00 75.33%7 i6. 6864 0.08% 79.4705 26.6972 0.2216 21.99e2 76.6911 0.72468 |
° 24 11.50 75.37260 26.6840 0.0924 79.4450 26.6947 0.2:ic4 22.0814 26.68%7 0.0446 ‘
' 25 12.00 75.3012 26.6829 0.0921 79.3855 26.6936 0.2183% 21.9782 26.6875 0.0426
(¢ ] 26 12.50 75.3115% -26.6809 0.087¢6 79.3979 26.6915 0.2180 21.9957 26.6855 0.0418 |
C.D 27 15.00 75.2391 26 6795 0.0921 79.3620 2¢ 6501 0.2168 2z.0298 26.6841 0.0438 |
. 28 13.50 75.2362 26.6767 0.0919 79.3000 26.6875 0.2147 22.0592 26 .6015 0.04%0 ‘
29 14.00 75.2257 26.6751 0.0913 79.3011 i6.€876 0.211 22.0057 26.6817 0.0408
3o 14.50 75.1303 26.6749 0.0%03 79.28%93 26 .¢:58 0.2117 22.1443 26.6793 0.0463 |
3 15.00 75.1792 26.6725 0.0%903 79.2785 26.6639 0.2104 22.0824 26.6773 0.0400 |
Q 32 15.50 75.1383 26.6719 0.0905 79.24088 26.6827 0.2088 22.0926 26.676. 0.0417 |
33 15.00 75.127% 26.6697 0.08487 79.2190 26.¢01% 0.2074 22.0909 26.6737 0.0419
3 16.50 i5.1233% 26.6696 0.0910 79.1434 26.6811 0.2066 22.1562 26 .6724 0.0398 ﬂ
35 17.00 75.0912 26 6698 0.0%05 79.19%8 26.6811 0.2054 22.1463 26.6778 0.0395 |
‘ 36 17.50 75.0807 26.0679 0.0912 79.1611 26.679% 0.2036 22.0964% 26.6710 0.04)46 ‘
37 18.00 75.0622 26.6660 0.0906 79.132% 26.¢771 0.2027 22.12% °6.6606 €.0423 |
38 18.50 75.01%4 26 .6641 0.0921 79.1167 26.675%6 0.2012 22.037% 24.6672 0.c418 |
3 19.00 74.9331 26.6626 0.0553 79.1032 26.6737 0.2600 21.9917 26.6654 0.6423 |
0 40 17.50 74.9570 26.661% 0.089% 79.0840 26.¢727 0.1985 22.0034% $6.6647 0.0402 .
41 20.00 T74.9467 26.6601 0.0033 79.0367 26.6712 0.1973 22.0485 26.6632 0.039%98 |
— “2 20.50 T74.9282 26.659% 0.0873 79.023%9 26.6703% 0.1957 22.0347 26.6628 0.0409
43 21.00 74.9261 26.6565 0.0806 78.97%0 26.667) 0.1950 22.1255 26.65% 0.0420 |
’ 4« 21.50 74.08057 26 .6563 0.0826 76.%6381 26.6620 0.1937 22.1308 26 .65%6 0.0407
45 22.00 74.8479 26.655) 0.0373 73.933¢6 £6.¢658 0.1927 £2.2404 26.658) 0.0354
a6 22.50 74.8304 26.65% 0.0879 78.9245 26.6639 0.1921 €2.1732 26.6550 0.0416
“7 23.00 764.7978 26.6518 0.087s 78.899% 26.6626 0.1910 22.1526 26.654) 0.641¢ ‘
o “8 23.50 74.7882 26.6510 0.039% 78.8722 26.6612 0.1905 22.1128 26.6576 0.0412 q
4“9 24.00 74.7344 26.6491 0.0353 78.3419 26.659) 0.18%3 22.2005 26 .65.0 0.0400
-— S0 24.50 7%.7116 26 .6498 0.0859 78.8307 26 .6602 0.1891 22.20%1 26.6519 0.042)
- 51 25.00 74.6970 26 .6487 0.0868 78.799%0 26.6508 0.1087 22.2204 26.0512 0.0403
o 52 25.50 74.7079 26.6461 0.0049 78.7904 26.6563 0.1881 22.103%6 26 .640% 0.0400 ‘
53 26.00 76.65647 26.6437 0.00a3 78.7660 26.6541 0.1a73 22.1807 26. 64582 0.0619

d 26.50 T4.6769 26 . 8431 0.0004 78.739 !ﬁs‘. 0.1874 22.11403 26 .6478 0.0432

J




TABLI_-L_R. 1.2

SUMMARY OF AVERAGES

'

RUN 8§ ELAPSED AVG TEMP AVG PRESS AVG V FRESS AVG TEMP AVG PRESS AVG V PRESS AVG TEMP AVG PRESS AVE V PRESS
TINE UPPLR UPPER UPPER LOMER LOWER LOHER ICE ICE ICE
5S 27.00 74.6119 26 .6419 0.0876 78. 7008 26.6520 1871 22.1000 26,6464 L0470
56 27.50 74.6009 26 .6414 0.0350 73.6923% 26 .6515 1870 22.031 26 .6460 0437
57 286.00 74.5E58 26.6399 L0363 78.66064 26.46503% 1863 22.1403% 26.€445 L0397
58 28.50 74 5466 26.6330 .0048 73.6501 26 .6404 .1858 22.2620 26 .6426 L0407
59 29.00 74.5221 26 .6360 0343 78 6117 26 .6463 1661 22.21%° 26.6406 L0402
od 29.50 74.4790 26 .6346 0843 78.50%7 26 .6449 . 1054 22.3056 26.6393 0418
61 30.00 74 .40% 26.6333 0866 78.5577 26.6436 1852 22.2600 26.6380 L0441
62 30.50 74.4345 26.6309 . 0855 78.5369 26.6413 .1850 22.1477 26.6357 0423
63 31.00 74.4229 26.629%7 L0849 786.52135 26.6402 1849 22.1189 25.6337 039
64 31.50 764.3719) 26.6207 . 0849 78 . 4840 26 .6385 L1849 22.1650 26.63%0 L0403
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ooo0oo0oo0o0000O
cooo9o0o0o0o000
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SUMMARY OF AVERAGES
o TABLE 8.1.4
RUM 8 ELAPSED AVG TEMP AVG PRESS AVG V PRESS AVG TEMP AVG PRESS AVG V PRESS AVG TENWP AVG PRESS
TINE UPPER UPPER UPPER LOMER LOWER LOWER ICE ICE
. 1 0.0 74.3581 26.6254 0.0856 76.4707 26.6352 0.1843 22.2100 26.6298
2 0.50 74.3352 26.6246 0.0852 78. 4432 26.63%41 0.1838 22.13%65% 26 .6700
3 1.00 74.2957 26.6228 0.0031 78.4376 26.6322 0.1044 22.1¢€80 26.6258
. R 1.50 74.2916 26.6196 0.0348 70.4133 26.6290 0.1€38 22.1995 26.623%6
s z.00 74.2701 26.6171 0.08286 76.3895 26.6266 0.163%7 22.167 26.6211
6 2.50 74.2324 26.6156 0.0837 78.3780 26.6252 0.1855 22.0954 26.6197
7 3.00 74.1026 26.6140 0.0857 78.3563 26.6237 0.1836 22.1167 ' 26.6181
. L] 3.50 74.1790 26.6131 0.0831 78.3526 26.6250 0.18352 22.1902 26.6173%
° 4.00 74.1498 26.6107 0.0827 76.3162 26.6207 0.1u37 22.2186 26.6150
10 4.50 764.151% 26.6089 0.0823% 78.3167 26.6109 0.1829 22.3961 26 .6130
11 5.00 74.1333 26.6072 0.0832 78.289 26.6172 0.153 22.43%7 26.611%
. 12 5.50 74.0741 26.6060 0.0811 78.2669 26.6162 0.183%% 22.4620 26 .5093
13 6.00 74.1038 26.6035 0.0839 78.2557 26.6137 0.1828 22.5664 26.6076
14 6.50 76.0515 26.6003 0.085% 768.2331 26.6105 0.1828 22.4832 26.60408
15 7.00 764.03%3 26.5970 0.0799 78.199% 26 .6072 0.1826 22.4475 26.6012
‘ 16 7.50 74.0031 26.5967 0.679% 78.18%0 26.6067 0.1528 22.3761 26 .6008
17 8.00 74.0003% 26.5955 0.0620 78.1547 26.6054 0.182¢ 22.4391 26.5997
e

RESULTS OF THE LINEAR REGRESSION AMALYSIS TEST
o TABLE 8.1.3

[ P -~ LEAKAGE RATE T NEAREGY —  LEAKAGE RATE H UPPER M LOUtR
EXPERINENTAL LOMER LIMLIY RATE UPPER LINLY CONTAINIENT COMTATNENT
o 3 1.00006 -0.54201% 0.13044 0.818%0 1.c00011 0.959%,
B 0.99992 -0 76060 -0.11720 0.52620 0.99)19% 0.9%939%
LY 0.999% -0.4409%8 -0.15681 0.127% 0.9999% 0.597S
. 6 0.999%08 -0.32775 -0.16493% -0.09212 0.995% 0.9%382
} 7 0.99982 ~0.268566 -0.17743 «~0.06920 0.99589 0.99%0
‘. .} 0.99%84 -0.24081 -0.1603%1 -0.07981 0.99997 0.93950
] 0.99983% -0.20564 -0.14649 -0.0833%% 0.9999% 0.9997¢6
' 40 0.99971 -0.2154) ~0.16210 -0.10877 0.99989 0.99972
11 0.9995 -0.221%9 -0.175%2 -0.12925% 0.99982 0.99970
12 0.999%9 -0.20781 -0.16925% -0.13069 0.99997 0.999:9
13 0.99951 -0.22868 ~0.1883%6 -0.14804 0.99971 0.99%4%
’ 14 0.99945 -0.264249 ~-0.203%41 -0.164133% 0.99964 0.99956
15 0.99949 -0.2382 -0.20327 ~0.16973 0.99975 0.99951
16 0.99955 -0.22475 ~0.19293 -0.16110 0.999%81 0.99950
17 0.9994% -0.2183%7 -0.19029 -0.16222 0.9998 0.99953%

a FIMAL LEAKAGE RATE X PER DAY) = -0.19029 INTERCEVT® 1.00007

FINAL CONFIDENCE LIMITS FOR THE RAYE ARE -0.21837 Y0 -0.1e222

¥ IcE
cCrnsee

1.0%02%

9.9%°.3

0.5%3°5

0.9937)
0.9735%
0.957%4)%
0.57948
0.93297
0.97°5e9
0.99:%8
0.99%e
0.99849
0.99842
0.99%52
0.99845

AVE V PRESS
ICE

L0608
L0393
L0373
L0391
L0353
L0464
0.045)%
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wun THIS IS A CHECK OF THE IHPUT DATA wes

TABLE 8.1.5

RTD MILLI-VO.T TO FAHREMHELY CONVERSION COEFFICIENTS
UPPER LOWER ICE
t.o0 0.0 2.00 0.0 2.00 0.0

HIGROMETER MILLI-VOLY YO FAMREMFEIT CONVERSION COEFFICIENTS
UPPER LONER-1
0.00227 3.87667 -99.493% 0.0023% 3.86672 -99.14546

e LOWER-2 A ICE
0.00277 3.83471 -98.67056 0.00192 3.90355 -99.95728

MANOIETER PRESSURE CORRECTION COEFFICIENTS
PU-1
B7.9573 27.9346 27.4580 27.4347 26.9501 26.9376 26.459% 26.4373 25.9603 25.9388

PU-2
Z7.9573 27.4035 27.4560 26.9099 26.9581 26.4208 26.4596 25.9277 25.9603 25.4322

PL-1
27.9L73 27.0136 27.4560 R27.3102 26.9581 26.8110 26.4596 26.3128 25.9603 25.8090

PL-2
27.9573 26.0260 27.4580 27.5317 26.958) 27.0359 26.4596 26.5400 25.9603 26.0427

; PI-1
27.9573 R27.9575 27.4580 27.4606 26.9501 26.9630 26.4596 26.4614 25.9603 25.9613

PI-2 |
27.9573 27.2310 27.4580 26.739% 26.9501 26.2529 26.4596 25.7604 25.9603 25.2719 |

P-ATH Q‘

16.4746 16.1106 14.9769 14.6549 13.4792 13.1928 11.9615 11.7310 10.4830 10.268) |
|

RTD NEIGHTING FACTORS

UFPER
L0628 .1161 .0831 .0031 .0960 .09¢0 .0960 .0960 .0296 .02%
L0296 .0296 .0740 .0105 .0167 .0513

LOMER
<0415 0415 0415 .0415 .0102 .0284 .0586 .0086 .0266 .0586 .1037
L1037 1037 .1037 .0500 .0092 .0244 .0145 .0170 .0249 .0219 .0240 .0423 .0

ICE
<0750 .0750 .0725 .0725 .2213 .2766 .2071

VOLUME HEIGHTING FACTORS
UPPER LOMER ICE
2.6144 1.0000 0.4559

2
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SUMMARY OF AVERAGES

RUN & ELAPSED AVG TENMP AVG PIESS AVE V PRESS AVG TEMP AVG PMESS AVG V PRESS AVG TENP AVG PRESS AVG V PRESS
TInE UPPER UPPER UPPER LOMER LOWER LOMER ICE ICE ICE

L2471 4759 25.7200 0.0403
2510 L5342 26.7102 0.038%
.2502 6209 26.717) 0.0411
L2495 6616 26.7154% 0.0368
.2488 .6018 26.713%4 €.04%
490 .5971 26.7113% 0.0424
240b .5540 L7104 0.C417
2452 L6001 L7070 0.0423
2434 5707 .7078 0.0468
L2627 6642 . 7046 0.03%
2410 6976 . 7052 0.039%
2399 L7748 L7087 0.0391
.238) T477 L7024 0.0408
236 .8176 7016 0.0426
L2352 8280 . 7004 0.0450
2334 8694 L6992 0.0611
2520 L8304 .691] 0.0430
.230) . 9043 L6964 0.0338
2292 9037 6972 0.0407
2268 L9795 6967 0.0405
.2251 0417 6951 0.0443
2241 L0115 L6935 0.0460
2216 . 9782 6911 0.0668
L2204 L4814 .6887 0.Cq4é
.218% .97€2 6875 0.0406
.2180 L9937 6855 0.0%16
.2168 .0098 L6841 0.0438
0.0440
2131 .0387 L6017 0.04008
0
0
0
o
]
[
0
0
0
0
0
0
0
0
0
[
0
0
0
[
c
c
0
0
]

75.7610 26.7155 0979 80.1140 es. 12712
75. 7101 26.713%% 1011 80.0734 26.7255
75.70648 6. 7127 .0973 £0.0400 26.7247
75.6961 26.7108 0976 80.0108 26.7227
75.6691 c6.700% .0970 79.9734 26,7207
75.6531 26. 7068 L0995 79.9292 26.7105
75.63528 26.7059 . 1009 79.9063 26.717+
75.6284 26. 7045 . 0985 79.8699 25.71560
75.5933 26.7031 L0959 79.8470 26.7148
75.5546 26.7014 0901 79.8059 26.7132
75.5595 26.7007 L0950 79.7439 26.7122
75.5405 26 .6983 .0960 79.73%4 26.709%9
75.5247 26.6976 0945 79.7304 26 .70%52
75.5117 26.6967 L0971 79.689% 26.7081
75,497 26.6954 .0953 79.6592 26.7071
75.4801 26 .6945 L0945 79.63%0 26,7058
75.4577 26.6932 0954 79.6056 26 . 7044
75.4392 26 .6917 L09%7 79.5895 26.7026
75.4148 26.6925 .0921 79.5620 £6.70%
75.4250 26.6922 0953 79.529% 26.703%0
75.3828 26.6914 0874 79.5315 g6.7022
75.3457 26.608% .0870 70,4914 26.6996
75.33%7 26.6264 .08% 79.4705 26.6972
75.3060 26 .6840 L0924 79.4450 26 .6%47
75.3012 26.6329 .0921 79.33955 26.6%36
75.3115 26.6609 0876 79.3579 26.6915
75.2%71 26.679 L0921 79.3620 26.6901

O AP NT RPN
o

Cog
COODOINNTOYU VPP WWUNN OO

75.2257 26.6751 L0913 79.3011 26 .6876
75.1803% 26 .6749 .0%03% 79.23%9%98 26.6058
75.1792 26.6725 0903 2785 26.6539
75.1383 26.6719 L0905 2488 26.6827
75.1273% 26.6697 .0687 217 26.¢813%
75.123% 26.66%6 .0%10 L1434 26.0011
75.0912 26.64690 .0%05 1968 26.6011
75.0007 26.6679 L0912 Jdell 26.L794
75.0622 26 .6660 L0506 L1325 26.6771
75.013%4 26 .6641 0521 167 26.67%6
74.9931 26.6626 L0953 L1032 26.673%7
74.9570 26 .8¢014 .089% . 0640 26.6727
76.9407 26.6601 .0008}3 0367 26.6712
74,9202 26.659% .0873% L L 26.6703%
74.9261 25.6565 .00ns .97% 26.6673
74.8057 26.6565 L0026 9581 20.6620
74.0479 26.655% 0873 .933% 26.6658
764.8304 28.6534 0879 9245 26.646139
T4.7978 26.6518 .0076 899 26.6628
74.7082 26.6510 L0994 .8722 26.6612
74,7346 26.6491 .03%3 L8419 26 .659)
74.7116 26.6498 .0359 837 26 .6602
74.6970 26.46487 . 08866 .79% 26.6508
74.7079 26.6461 . 0049 . 7904 26.656)
T74.6547 26.64137 L0383 . 7660 26.6541
74.6789 26.6431 . 08084 LT739% 26 .653%0

0466 )
. 0400
0417
0419 !
0393
.0395
0414
0428
0415
L0423
€402
L0358
LLW09
0420
0407
039%
L0410
L0416
0612
.C400
0623
.040}3
. 0600
0419
0432

2117 L1443 ’6.679%)
2104 0824 6773
.2008 0926 6767
2074 0709 6737
L2066 L1542 6724
L2054 2.1463 .6728
.2036 0904 6710
2027 A12% .66 34
.c02 0378 N TN 4
.2000 L9937 6654
. 1905 0034 6647
973 L0482} 6632
L1957 0347 .6620
L1950 L1255 5659
1937 2.13%%8 659
L1927 L2404 6589
1921 1732 L6560
1524 6543
L1108 .6535%
L2005 6520
o051 .6519%
L2294 .6512
. 1886 L6425
1007 6462
1143 6478

1910
.1905
.189)
109
. 1637
.1881
1873
L1874

raMNNnN

NN aAPN

N~
NNNN

0
0
0
0
0
Y
0
0
0
0
]
0
o
0
0
0
0
0
0
0
0
0
]
0
0
0
0
5.2%2 26.6767 L0919 79.3200 2¢ .6875 0.2147 L0592 26.6015
0
0
0
0
L]
0
0
0
0
0
0
0
0
0
o}
0
0
0
4
0
4
0
0
0
0
0




TABLE 8.2.2

SUMMARY OF AVERALES

RUM 8 ELAPSED AVG TEMP AVG PRESS AVG V PRESS AVG TENP AVG PRESS AVG V PRESS AVG TEMP AVG PRESS AVE V PRESS
Tine UPPER UPPER UPPER LOMER LOuE® LONER ICE ICE ICE

L0470
0437
.0397
0407
L0402
0438
L0441
L062)
03ve
L0403

0876 78.7088 26.6520 0.1871 2.1009 26 . 654064
.085¢ 76.6923 26.6515 0.'870 22.0341 26 .6460
0ced 76.6604 26.6503 0.1863 22.1403 26 .6445
0248 78 .6501 26 .6484 0.185%8 22.2620 26 .6426
L0043 78.6117 26.6463 0.1861 22.21%9 26 .64006
L0643 76.583%7 26.6449 0.105%4% 22.2056 26 .4393

0

0

0

o

27.00 74.6119 26.6419
27.50 74 .6089 26.6414
286.00 7%.5958 26.6399
26.50 T74.5%66 26.6380
29.00 74.5221 26.6360
29.50 764.479% 26.6%46
30.00 74 .483%% 26.6333
30.50 74.4345 26.63%09
31.00 74.4229 26.62%7
31.50 74.3793 26.6287

oess 78.55717 26.6436 .1852 22.2600 26.6320
L0855 78.5369 26.641) . 1850 220477 26 .6357
L0849 78.5235 £6.6402 L1849 22.1189 26.63%7
. 00408 78.4840 26.6385 1049 22.1650 26.63%0

L E- N R -E-E-E-E- N -
coocoocooo0o00o0O00




RESULTS OF THE LINEAR REGRESSIOM ANALYSIS TEST

TABLE 8.2.3 :
RUN ® - . LEAKAGE RATE LEAKAGE LEAFAGE RAGE W UFPER N LOLE® o ICE

EXPERTMENTAL LORER LInIT RATE UPPER LINIY CONTAINMENT  CONTAINMENT COMDENSER

3 1.0000% -0.45871 0.13618 0.73507 1.00011 0.99954 1.000Cs
& 9.99992 -0.75012 -0.11433 0.51946 0.999% 0.99989 0.959:S
5 0.9999%0 ~0.43453 ~0.15420 e.17613 0.999%9 0.99535 0.59%86
) 0.99%83 -0.32182 ~0.1613:% -0.00040 0.999% 0.99982 0.95973
7 0.9993) =C.2¥945 -0.17293% -0.0c 561 0.999c9 0.99%530 0.99958
L} 0.929sS -0.23439 -0.15443 =0.07446 0.99997 0.99930 0.99943
9 0.99933 ~0.20346 -0.14076 -0.074805 0.9999% 0.9997¢ 0.59%8
10 0.99972 -0.20633 -0.15466 -0.10249 0.99%39 0.99172 0.9%897
11 0.999%7 -0.21201 ~0.16715 -0.122%0 0.97982 0.99970 0.59383
12 0.99971 -0.19770 -0.15971 -0.12172 0.99997 0.97569 0.9%a58
13 0.99953% -0.21318 ~0.178%9 -0.13879 0.99971 0.979%64 0.95348
14 0.99%7 ~0.23268 -0.19386 -0.15505 0.99%64 0.99956 0.95849
15 0.99951 -0.22724 ~0.19391 -0.1460%7 0.99975 0.99%51 0.99C242
16 0.99956 -9.21551 ~0.18416 -0.15280 9.99981 0.99950 0.99859
17 0.99%48 -0.2095%9% ~0.18199 -0.15439 0.99%3 0.99953 0.99845

FINAL LEAKAGE RATE (X PER DAY) = -0.18199 INTERCEPT= 1.00007
FINAL CONFIDENCE LIMITS FOR THE RATE ARE -0.20959 TO -0.1%439

SUNMARY OF AVERAGLS
TABLE 8.2.%

e e e e, ey ~—

RUN & ELAPSED AVG TEMP AVG PRESS AVG V FRESS AVG TEMP AVG PRIESS AVG V PRESS AVG TEMP AVG PRESS AVE V FRESS

TINE UPPER UPPIR UPPER LOMER Lewer LOWER ICE ICE ICE
1 0.0 74.3581 26.6254 0.08%6 78.4707 26,6152 0.1043 22.2100 26.6293 0.0408
2 0.50 74.3350 26.6248 0.0852 78.4432 26.6341 0.1c38 22.135 26.6238 0.039:
3 1.00 764.2957 26.602 0.0331 78.4%76 26.6322 0.1844 22.1800 i6.6268 0.0373
4 1.50 74.2916 26.619% 0.0846 78.4133 26.6290 0.18% 22.1995 £6.6236 0.0371
5 2.00 74.2781 $6.6171 0.0828 78.3395 26.60066 0.1837 22.18671 26.6211 0.038}%
6 2.50 74.2324 26.6154 0.033%7 78.3780 266252 0.1835 22.0954 26 6197 0.Co4q
7 3.00 74.1826 26.6140 0.0e57 75.3563 26.62%7 0.18% 22.1167 26. 6181 0.045)
a 3.50 74.1790 {6.6131 0.0531 76.3526 26.6030 0.183C 22.1902 26.6173 0.0446
9 %.00 74.14%0 i6.0l07 0.0827 78.3162 26.6207 0.183%7 22.21% 26.6150 0. 0%
10 4.5%0 74.151% 26.6039 0.03823 78.3167 26.6159 0.1829 22.3961 26.6130 0.0413
11 5.00 764.1333 26.6972 0.0632 73.289% 26.6172 0.1831 22.43%7 26.6114 0.039%
12 5.50 74.0741 26.6060 0.0311 78.2669 26.6162 0.183% 22.4628 26.608) 0.0433
13 6.00 74.1038 26.6035 0.00%9 78.2557 26.61%7 0.1028 22.5664 26.6076 0.0400
14 6.50 764.0515 26.6003 0.0853 78.2331 26.46105 0.1828 22.4832 26.6046 0.0403
15 7.00 74.0333 26.5970 0.0799 76.19% 26.6072 0.182¢6 22.4475 26.6012 0.0412
16 7.50 74.0031 26.5%7 0.079 78.18%90 26.6067 0.ia28 22.3761 26.6008 0.0402
17 a.00 74.0003 26.5955 0.0820 78.1547 26.6054 c.1826 22.4391 26.5997 0.03°5
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was THIS IS A CHECK OF THE INPUT D*TA we
TABLE 8.2.

p)

RTD MILLI-VOLY TO FAMREMMEIT CONVERSION COEFFICIENTS

UPPER
2.00 0.0 2.00

LOWER ICE

HYGROMETER NILLI-VOLY TO FAHNRENMELIT CONVERSION COEFFICIENTS

UPPER LOUER-1

0.co227 3.87667 -99.4939% 0.0023% 3.86672 -99.14546
LIMNER-2 ICE

0.00277 3.83471 -98.67056 0.00192 3.90355 -99.95728

MAMOMETER PRESSURE CORRECTION COEFFICIENTS

27.9573 27.9346 27.4580

27.9573 27.4035 27.4580

27.9573 27.813% 27.4580

27.9573 28.0288 27.4580

27.9573 27.9575 27.4580

27.9573 27.2318 27.4580

16.4746 16.1106 164.9769
RTD NEIGHTING FACTORS

L0628 .1161 .0831 .0831
L0296 .0296 .0740 .0105

L0415 0415 .0415 0415
L1037 1037 .1037 .0500

L0750 .0750 .0725 .072S

VOLUME WEIGHTING FACTORS

UPPER LOMER  ICE
2.0144 1.0000 0.3933

ru-1
27.4347 26.9581 26.937%

PU-2
26.9099 26.9581 26.4208

PL-1
27.3102 26.958]1 26.8110

, PL-2
27.5317 26.9551 27.0359

PI-1
27.4606 26.9581 26.9630

PI-2
26.7394 26.9581 26.2529

P-ATH
14.6549 13.4792 13.1928

UPPER
L0960 .0960 .0960 .0%60
L0167 .051)%

LONER
L0102 0204 .0586 .0006
L0092 0244 .0145 0170

ICE
L2213 2766 .2071

26.4596 26.4373 25.9603

26.4596 25.9277 25.9603

26.45% 26.3128 25.9603

26.459 26.5400 25.9603

26.459 26.4614 25.9603

26.459 25.7604 25.960)

11.96815 11.7%10 10.48%A

L0296 .029%

.02¢5 .0586 .1037
L0249 0219 .0240 .0423

25.9388

25.4%22

25.80%0

26.0427

25.9613

25.2719

102681
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13.50
14.00
14.50
15.00
15.50
16.00
16.50
17.00
17.5%0
18.00
18.50
19.
19.50
20.00
20.50
21.00
21.50
22.00
22.50
23.00
23.50
24.00
24.50
35.00
i5.50
<6.C2
i6.50

UPPER

15.7.10
75.7181
75.7048
75.6961
75.669%1
75.6531
75.6328
75.6204
75.59%%
75.59%%
75.559%
75.5408
75.5247
75.5117
75.4997
75.4801
75.4577
75.4392
75.4148
75.4250
75.3828
75. 357
75.333%7
75.3260
75.3012
75.3115

75.2391

75.2%2
75.2857
75.180%
75.1792
75.138%
75.127%
75.1233
75.0912
75.0807
75.0622
75.0135%
749931
74.9570
74.9%467
74.9202
74,9081
74.6957
74.6479
7%.06304
74.7978
74.7682
T4. 73S
T4.7116
74.46970
Te.7079
Te. 8547
Ts.67eY

26.715%
26.71%
26.7127
26.7108
26.7080
£6.70608
26.7059
26. 7045
26.70M
26.7014
26.7007
26.6947
26.6976
26.69%7
26 6954
26 .6945
26.6932
26.6917
26.6%2S
26.6922
26.6914
26 .60888
26 6884
26.6840
26 .6829
26 .6809
26 .679%
26 6787
26.6751
26 .6740
26.6725
26.6719
26.6697
26.66%
26 .6698
26.6679
26.6660
26.6641
26.6606
26.6614
26.6501
26.6593%
26.6565
26.656%
26.655)
26.6534
26.6518
26.6510
26.6491
36.6498
To.0487
T6.6481
20.64137
s6.ei)

SUMMARY OF AVERAGES
TABLE 8.3.2
RUN 8 ELAPSED AVG TEMP AVG PRESS AVG V PRESS AVG TEMP

UPPER

0.0979
0.1011
0.0973%
0.097¢
0.0970
0.099%
e.1009
0.0%85%
0.0959
0.0981
0.0950
0.0%8
0.0945§
0.097)
0.095%
0.0945§
0.0954
0.0947
0.0%21
0.0953%
0.0374
0.0870
0.08%
0.0924
0.092?

0.0678
0.0521

0.0%919
0.091%
0.0%0)
0.0%3
0.0905
0.0887
0.0910
0.0905
0.0%12
0.09%06
0.0921

0.0953
0.089%
0.0883
0.087%
0.08%6
0.0826
0.0873%
0.0879
0.0876
0.089%
0.085)
0.005%
0.0Pcs
0.0349
0.cee}l
0.co0s

LOWER

00.1140
80.073%%
800400
80.0108
79.97%
79.9292
79.9%06)%
79.8699
79.8470
79.8059
79.74%9
79.7%64
79.7%04
79.6099
79.659
79.63%0
79.605%8
79.5895
79.5628
79.529%
79.5315
79.4914
T9.4705
79.4450
79.3855
79.3979
79.3620
79.5200
79.3011
79.2098
79.2785
79.2483
79.21%
79.1434
79.198
79.1611
79.1%25
79.1167
79.1032
79.0640
79.0367
79.02%
7).97%
78.%63)
78.9386
78,9245
78.8794
70.8722
78. 8419
78.8%07
78.79%
76.790%
78. 7660
7O.75%

AVG PRESS
LOMER

26.7272
26.7455
26.7247
26.7227
26.7207
26.7105
26.717%
26.7160
26.7148
26.7132
26.7122
26.7099
26.7092
26.7081
26.7071
26.7058
26 . 7044
26.7026
26.70%4
26.70%0
26.7022
26.69%
26.6972
26.6947
26.6936
26.6915
26.6%01
26 .6875
26.6876
26 .6C58
26 .681%9
26.60827
26.6813
26.6811
26.6011
26.679%
26.8771
26.6756
26.67%7
26.6727
26.6712
26.670%
26 . 6673
26.6670
26 .6058
26.661%9
26.6626
26.6012
26.6593%
26.6602
26.6580
S6.6%038
6. 6791
J6. 853

AVG V PUTSS  AYG TEW

LOMER

0.249
0.2510
0.2502
0 2495
0.2488
0.2480
0. 1468
0.2452
0.2434
0.2427
0.2410
0.2399
0.23%3
0.23686
0.2352
0.23%
0.2%20
0.2%03%
0.22%2
0.2260
0.22%1
0.2241
0.2216
0.2204
0.2183%
0.:100
0.2168
0.2147
e.21m
o.2117
0.2104
0.2008
0.2074
0.2066
0.2054
0.20%
0.2027
0.2012

ICE

21.47%9
21.5%%2
21.6209
21.e616
21.6018
21.5971
£1.55
21.6u01
21.57%,
21.6642
21.6936
21.7748
2).7472
z1.8176
z1.8280
21.8604
21.83%04%
21.9043
21.%0%7
21.979%
c2.0617
22.0115
21.9%a2
22.0014
zi.9782
21.9%%W7
22.0098
22.0592
22.0a87
22,1443
22.0824
22.0926
22.0909
22.1562
27 .1463%
22.0%66
22.1236
22.0375
21.99%7
22.0034
22.0408
22.0847
22.1255%
22.1308
2T.2404
22.17%
22.1524
22.1120
22.2005
22.2051
22.228%
i2.18%
S2.2007
P S L )

AVG PPESS AVG V PRESS

1CE

26.7200
26.7182
26.717%
26.7154
£6.713%4
26.711%
26.7104
26.7090
26.7070
26.7046
26.7052
26.7029
26.702%
26.7016
26.7004
26 6972
26.6901
26 .6964
26.6972
26.69%7
£6.69%51
26 6935
25.6911
26.6887
25.6875
25.6855
2¢.63.1
26.¢815
26.6017
2¢6.6798
26 6773
i6.6767
26.6737
26 .6724
26.6728
26.6710
26 6606
26 .6672
26 .6554
26 6647
26.6632
26.6628
26 .655¢
26.65%
26.4°802
26.65%0
26.654%
26.65%
26.¢520
26.6°19
f6.6512
26 6425
S6. 842

J6.4478

ICE

0.0408
0.03%9
0.0411
0.0358
0.0506
0.0424
0.0417
0.0423%
0.0468
0.0%°0
0.039%
0.0391
0.0408
0.0626
0.0450
0.C411
0.0430
0.2388
0.0407
0.0405
0.9443
. 0400
0.0468
0.0448
0.0426
0.0416
0.043%8
0.0440
0.0408
0.0463
0.0400
0.0417
0.0419
0.0398
0.2355
0.0414
0.0428
9.041%
0.0423%
0.0407
0.0398
0.0409
0.0420
C.0w07
0.03¢¢
0.0416
0.0.:6
0.0612
0.0+20
0 0423
0.0.0)
0.0.00
0.7«19
e 0.5
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RUN 8  ELAPSED

ss
56
57
LT
59
60
6l
62
63
64

7.
e7.

EEgE338
$35853%

AVG TENP
UPPER

74.6119
T74.6089
74.5958
74.54066
Tw.5221
T4.479
T74.48%
74 .4345
74.4229
74.3793

26.6419
26.6414
26.6399
26.6380
06.6360
26.6348
26.6333
26.6309
-26.6297
26.6287

TABLE 8.3.2

SUMMARY OF AVERAGES

UPPER

LOMER

78.7088
78.6923
78.6604
78.6501
78.6117
76.5037
78.5577
76.5369
78.5235
78.4840

LOWER

26.6520
26.46515
26.650%
26.6484
26 .6463
26.6449
26.6436
26.6413
26.6402
26.6385

LOMER

ICE

22.
22.
.2620
L2139
e2.
22.
22.
22.
e2.

1009
0341
1403

2056
2600
1477
1169
1650

ICE

26.6464
26.6460
26 .6445
26.6426
26 .6406
26 6393
26.6380
26.6357
26.6337
26.63%0

AVG PRESS AVG V PRESS AVG TEMP AVG PRESS AVG V PRESS AVG TEMP AVG PRESS AVG V PRESS

ICE

0.0470
0.0437
0.03°7
0.0407
0.0402
0.04:8
0.0441
0.0423
0.03%
0.0403
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RESULTS OF THT LINFAR REGRESSION ANALYSIS TEST

TABLE 8.3.3
RUN » 2 LEAKAGE RATE LEAKATE LEAKAGE RATE HourPeR W oLouR W JICE

EXPERINENTAL LOKER LIMIT RATE UTPER LINIY CONTATNIENT CONTATHMENT COIDENSER

3 1.00006 -0.57554 0.13054 0.E5762 1.00011 0.9999% 1.90066
“ 9.9999 -0.765%68 ~0.118% 0.5239% 0.9999% 0.9°9%09 0.99985
S 0.999% -0.443%1 ~0.15787 0.12787 0.999% 0.9992eS 0.999%

i 0.99937 ~0.33015 ~0.16639 ~0.00261 0.9999% 0.99952 0.999%7%
‘e 0.9v982 -0.26018 ~0.17928% ~0.07031 0.99%w%9 9.9.9580 0.99%58
L] 0.999%4 -0.26342 ~0.16268 ~0.0819%3 e.99%%7 0. 9900 0.9994)
L 0.9999%2 ~0.21218 ~-0.14030 -0.0054% 0.9999% 0.99978 0.999%8
10 c.9%970 ~0.2189) ~0.165%09 -0.11126 0.99989 0.99972 0. 59097
11 0.99%5 -0.20520 -0.1706) ~9.13z202 0.99%942 0.99970 0.9933
12 0.99%38 -0.2119% -0.17%9% -0.1%26 0.99%997 0.99969 0.999%58
13 0.99950 -0.2329 -0.192%% ~0.15172 0.99%7 0.97%4 0.950406
14 B.99%4 -0. 24046 -0.207:8 ~-0.16804 0.99%:4 0.99956 0.9%049
15 0.99%8 -0.264070 ~0.320704 -0.173%7 0.99975 0.99951 0.99842
18 0.99954 -0.220849 ~0.19645 =0.16442 0.99%81 0.99950 0.99859
17 0.999%5 -0.221%2 -0.19364 ~-0.16535 0.99%8 0.99953 0.99845

FIMNAL LEAKAGE RATE (Z PER DAY) = -0.19364 INTERCEPT= 1.00007

FINAL CONFIDENCE LIMITS FOR THE RATE ARE -0.22192 TO -0.1653§

SUMMARY OF AVERAGES

TABLE 8.3.4%
RUN % ELAPSED AVG TEMP AVG PRESS AVG V "!S!—:VG TEMP AVG PRESS AVG V PRESS AVG TEMP AVG PRESS AVG V FRESS

TINE UPPER UPPER uPPER LOMER LOWER LOWER ICE ICE ICE
1 0.0 76,3581 26.6254 0.0a56 78.4707 26.6352 0.1843 22.2100 26 .62%8 0.0408
2 0.590 74.3350 26.60%6 0.085%2 78 4u32 26.6541 0.1e38 22.1368 26.6280 0.03%
3 1.00 74.2957 26.6228 0.0a831 78.4376 26 6322 0.1844 22.1870 26 .6268 0.0373
. 1.50 74.2918 26.617% 0.0848 78.4133 £6.62% 0.18%8 22.199% 26.62% 0.0391
L 2.00 74.2781 26.6171 0.0828 78.3495% 26.6266 0.1837 22.1571 26.6211 0.0%3
3 2.50 74.2324 26.6158 0.0837 78.3780 26.6252 0.1835 22.0954 26.6197 0.046%
? 3.00 74.1826 26.6140 0.0857 76.3563 26.62%7 0.14% J. 1167 26 .6181 0.0453
L] 3.50 74.17% 26.6131 0.08%1 78.352¢6 i6.6230 0.18%2 2z.1902 26.6173 0.Ca4s
e 4.00 T4.1498 26.6107 0.0027 78.3162 26.6207 0.103Y7 22.2186 26.6150 0.0375
10 4.50 74.151% 26.6039 0.0823 74. 3167 ©6.6189 0.1829 22.3%1 26.6130 0.0413
1 5.00 7e.1333 26 . 6072 0.08%2 76.28% 26.6172 0.18351 22.43%7 26.6114 0.0398
12 $.50 74.0741 26.6060 0.0811 76.7669 T6.6162 0.1234 22.4623 26 .6063% 0.04533
13 5.00 74.1038 26.6035 0.03Y9 76.2557 26.6137 0.1828 22 5664 i6.6076 0.0400
14 6.50 74.0515 26.6003 0.0853 78.2331 26 .6105 0.1828 .4832 26 6046 0.0408
15 7.00 74.0333 26.5970 0.0799 78.19% i6.6072 0.1826 22 .4475 26.6012 0.0412
1s 7.50 74.0031 26.5%7 0.079% 78.18% 76 .6067 0.1828 22.3761 26.6008 ©.0402
A 8.00 764.0003 26.5955 0.0820 78.1547 36.6054 0.1826 2z.4mMm 26.59%7 0.0395
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TABLE 8.3.5

RTD MILLI-VOLY TO FAMRENMEIT CONVERSION COEFFICIENTS

TPPER

LORER ICE

HYGROMETER MILLI-VOLY TO FAMRENNEIT CONVERSION COEFFICIENTS

UPPER
0.00227 3.87667

LONER-2
0.00277 3.8%n

MANOMETER PRESSURE CORRECTION COEFFICIENTS

27.9573 27.9346 27.4580

27.9573 27.4035 27.4580

27.9573 27.8136 27.4580

27.9573 268.0288 27.4580

27.9573 27.9575 27.4580

27.9573 27.2718 27.4580

16.4746 16.1106 14.9769

RTD WEIGHTING FACTORS

L0628 .1161 .0831 .0831

L0296 .0296 .0740 .010S5

L0415 0415 .0415 .0415
L1037 .1037 .1037 .0500

L0750 .0750 .0725 .0728

VOLUME WEIGHTING FACTORS

UPPER LOKER  ICE
2.0144 1.0000 0.4818

PU-1
27.4747 26.9581 26.937%

PU-2
26.9099 26.9581 26.4208

Pi-1
27.3102 26.9581 26.8110

PL-2
27.5317 26.9531 27.0359

PI-1
27.4606 26.9581 26.9630

PI-2
26.7396¢ 26.9581 26.2529

P-ATH
14.6549 13.4792 13.1928

UPPER
L0960 .0760 .0960 .0960
L0167 .0513

LOMER
L0102 .0284 .0586 .0086
L0092 0244 0145 .0170

ICE >
L2213 2766 .2071

LOKER-1
~99.493% 0.0023% 3.86672 -99.14546
ICE
-98.67056 0.001%2 3.90355 -99.95728

26.4596 26.4373 25.9603

26.45% 25.9277 25.9603

26.4596 26.3128 25.9603

26.459 26.5400 25.960)3

26.4596 26.4614 25.9603

26.4596 25.7604 25.9603

11.9815 11.7310 10,4438

L0296 .029%

L0266 .0586 .10%7
L0249 0219 .0240 .0423

25.9388

25 4322

26.0427

25.9613

25.2719

10.2681




$.0 LCCal L34K TEST PROGRAM

A local leak test program was conducted in accordance with guide-
lines specified in 1OCFR 50 Appendix'J, FSAR, and Technical
Specifications, under AEPSC written and I&M approved procedures,

2 PO-033-330 "Contaimnment Penetratior~ and Personnel Lock (Type 'B')
Leak Test" and 2 P0-033-332 "Containment Isolation Valve (Type 'C')
Leak Test". These tests were conducted as a prerequisite to the
Integrated Leak Rate Test to systematically verify acceptable leakage
across each containment penetration and pressure containing boundary.
The program consisted of Type 'B' tests designed to detarmine
leakage through the containment penetrations, air lock door seals,
lock cover flange seal, ring body flange seal and cverall air lock

leakage, as well as Type 'C' tests designed to determine leakage

across isclation valves.

The leakage detection instrumentation used in the conduct of the
Type 'B' and 'C' tests were calibrated prior to the tests and are
certified traceable tc NBS. These instruments (Volumetrics Leak
Rate Moriter) are self contained mass flow leak test systems capable
of measuring small gaseous leak rates. The monitor pressurized the
test volume to a predetermined setpoint (12.0 PSIG). After test
pressure is attained precise pressure regulators, internal to the
instrument, maintain the pressure setpoint by adding air through a
thermal flow sensor. Since the test volume pressure remains
constant during the test the amount of air leakage is equal to the
amount of air added. This leak rate is electronically converted and

displayed on.a digital rate meter.
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9.0 LOCAL LEAK TEST PROGRAM (Coni d)
The following Type 'B' and 'C' penetrations were tested in the
manner described above with the measured leakage rates as listed

below:

Measured Acceptance

Leakage C(Criterda
9.1 Personnel Air Lock (612)

9.1.1 No simulated pressure

force.

Inner Seal 0.0L, £0.51,

Outer Seal c.oL, £0.51L,
S.1.2 With simulated

pressure force.

Inner Seal 0.0 L, = 0.0005 L,

Outer Seal 0.0 L, = 0.0005 L,
9.1.3 DNverall leak rate 0.0 L, Xc.051,

9.2 PFersonnel Air Lock (650)

9.2.1 No simulated pressure

force.

Inner Seal 0.0 L, £0.51,

Outer Seal 0.01L, £0.51,
9.2.2 With simulated pr;ssure

force.

Inner Seal 0.0 L, £ 0.0005 L,

ter Seal 0.0 L, =0.0005 L,

9.2.3 Overall Leak Rate 0.0 L, =£0.05 i,
9.2.4 Cover Flange 1.0 SCCM N/A
9.2.5 Ring Body Flange 0.0 SCCM N/a
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9.0 LOCAL LEAK TEST FROCRAM (Cont'd)

Measurea acceptance

Leakage (Criteria
9.3 Containment Penetrations 0.0 L, <0.157 i,

9.4 Containment Isolation

Valves (Total Leakage) 0.178 L, Jo.bk3 L,
Initial Type 'B' testing of the containment penetration pressuriza-
tion system, Item 9.3 above, resulted in a leakage rate of 5,330
SCCM (0.048 L,) which is well within the allotted allowable leakage
rate. The origin of this leak was traced to containment penetrations
CPN-6 and CPN-51. Examination of these penetrations revealed the
expansicn bellows, located ocutside the containment, were crackedé in
each case. Upon repair, both containment penetrations were re-
tested by the local Type 'B' test method and found to have zero
leakage. It should be noted that, while repair and re-test of the
damaged expansion bellows was performed after performance of the
containment ILRT, no action was taken to isclate the affected pene-
trations from the containment ILRT test pressure. Moreover, it is
a prerequisite of the ILRT procedure to vent to containment atmo-

spnere all interval zones of the containment weld channel system.

Table 9.4%.1 is provided for an 1nd£viduu1 accounting of the
containment isclation valve leak cates reported as total leakage in
Item 9.4 above. In this table each valve is identified by tag
number, valve diameter, allowable leakage and actual leakage as
measured during the pre-operation leak test. The individual

allowable Ietkage values were determined by allocating a portion of
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9.0 LOCAL LK TEST FROCRAM (Cont d.

the total allowable leakage based on valve size (diameter,. The
allowable leakage values were determired as a guideline to enable
the test engineer to decide which valves should be repaired, if
necessary, to meet the total allowable leakage value of 48,827
SCCM (0.443 L‘).

Referring to Table G.4.1 it can be seen that for some instances the
"actual leakage" measured has exceeded its associated guidelirne
"allowable leakage" limit. The local leak rate test, however, was
corsidered acceptable because as per 10CFR 50, appendix 'J', the
gombined leakage for all Type 'B' and 'C' tests must be less than
the allowable limit of C.€ L . A review of the test results
indicates that the total actual leakage measured for both Type 'B'
and 'C' leak rate tests was equal to 0.178 L. or only 29.7 per cent
of the allowable limit.

In addition to the valves and penetrations subjected to the Type
'B' and 'C' local leak rate tests as required in 1O0CFR 50; Appendix
'J', the spray header check valves asscciated with the Containmernt
Spray System were leak tested in accordance with FSAR Question
022.15 (4). As specified by the NRC, the acceptance criteria for
each check valve is such that the water inventory normally resident
in the associated spray header shall not leak out within a thirty
(30) day period. In response to tnis requirement, the volume of
water resident in the spray headers was calculated from isometric

drawings and the leak tests performed with the following results:
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Measured Leakage allowable Leakage
Check Valve CM3/MIK, SMI /I,
CTS 122w 16.00 21.88
CTS 127E 5.00 23.38
CTS 131w 1.37 3.00
CTS 131E 1.83 3.73
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TARLE O,
VALVE ALLOWABLE ACTUAL

DIAMETER LEAKAGE LEAKAGE

VALVE 1.0 INCHES _rscou (Scoi
CPN-1 (Blind Flge.) 20.0 1240 100
CS kh2-1 2.0 124 540
CS kk2-2 2.0 124 20k
CS 4h2-3 2.0 124 145
CS h2-k 2.0 12k 157
$1-189 4.0 248 657
WCR=-901 6.0 372 0
NSV 415-1 6.0 372 500
WCR-902; WCR-903 6.0 7k 1
WCR-905 6.0 372 74
NSW=k15=2 6.0 372 1581
WCR=906; WCR=907 6.0 7k 49
WCR=909 6.0 372 3
NSW 415-3 6.0 372 516
WCR=910; WCR-911 6.0 Pk &
WCR=-913 6.0 372 100
NSW L15-k 6.0 372 “3
WCR=91%; WCR-915 6.0 7hds 13
WCR=921 3.0 372 77
NS4 419-1 1.0 372 2
WCR=922; WCR=923 3.0 T 7 78
WCR-945; WCR-951 3.0 7l 11k
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VALVE ALLOWABLE | ACTUAL
DIAMETER LEAKAGE LEAKAGE
R T, n -y
WCR=-755; NSW 24h=1 3.0 ik 612
WCR-925 3.0 372 3
NS« 419-2 3.0 372 2
WCR=926; WCR=-927 3.0 Vand 153
WCR-946; WCR=952 3.0 TR 60
WCR-956; NSW 2uk=2 3.0 Tiele 308
XCR-102; XCR=103 0.75 93 265
Ph 243 2.0 218 106
NPX 151-V1 0.5 31 7
DCR-203; DCR-207 0.75; 1.0 s3 10
DCR-201; N 160 0.75; 1.0 124 231
DCR-61C; DCR-611 2.5 310 10
DCR-6203 DCR-621 1.0 124 6
SM-1 1.0 62 742
GCR-31k 1.0 62 12
N102 1.0 62 159
ECR-31; ECR-32 1.0 124 163
SI 1713 SI 172; 51 19% 0.75 139.5 1
NCR-252 3.0 166 21
PW 275 3.0 186 9
cs 321 3.0 166 I
4CR-300 -- 2.0 124 €
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TABLE G, k.1
VALVE ALLOWABLE ACTUAL
DIAMETER LEAKAGE LEAKAGE
VALVE I.D CINCHES (scom’ (sccr
DW 211; Dw 212 2.0 k8 "
SF 152; SF 154 1.5 186 W7
QCM=-250; QCM=350 4.0 436 56
COM=458; COM-k5k; 8.0; 4.0
COM=k52 8.0 1240 504
CCM=459; COM=453 §.0; 4.0
CCM=k51 8.0 1240 56
DCR-205; DCR=-206 4,0 456 18
DCR-600; DCR=601 3.0 372 100
SF 159; SF 16C 3.0 372 19
ICM=265 4,0 248 165
1CM=305 18.0 168 75
ICM=-306 18.0 168 85
VCR=-10; VCR-11 3.0 372 145
VCR-20; VCR-21 3.0 372 58
CPN-57 (Blind Flge.) 4,0 o6 100
VCR-105; VCR-205 30.0 3720 0
VCR-106; VCR-206 24,0 2976 0
VCR-101; VCR-201 14.0 1736 2
VCR-102; VCR=-202 14,0 1736 100
VCR=174; VCR-204 30,0 3720 100
VCR-103; VCR=-203 24,0 2976 0
VCR-107; VCR=-217 12.0 1488 0
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VALVE ALLOVABLE ACTUAL
DIAMETER LEAKAGE LEAKAGZE

YALVE 1.D (INCH=S) (SCCM (SCCM)
NCR-109; NCR-110 0.5 62 1
NCR-107; NCR-108 0.5 62 2
NCR-105; NCR-106 0.5 62 2
WCR-961; WCR-963 2.0 248 274
WCR=965; WCR=967 2.0 2u48 6
NSW=k17-k; WCR-962 2.0 248 900
NSW-417=3; WCR-366 2.0 2L8 586
%CR-100; SCR-101 0.75 93 b
N=159 0.75 46,5 8
GCR-301 0.75 46,5 30
CCR-460; CCR-462 3.0 372 105
CEN=-76 (Blind Flge.) 8.0 992 129
CPN-80 (Blind Flge.) 6.0 Pl 100
RCR-100; RCR-10C1 0.375 46,5 7
DCR-202; DCR=-20%4 0.75 93 30
ICR-5; ICR-6 0.5 62 1
CCR-457; CCW-135 2.0 248 9k
CCR=-455; CCR-456 2.0 248 37
CA=181N 0.5 31 51
CA-1818 0.5 3l 6l
WCR=-9L8; WCR-954 3.0 372 1500
WCR=958; NEW-2kk-4 3.0 372 298
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IR i T RAM
I L iv P O L 1
VALVE ALLOVABLE ACTUAL
T DIAMETER LEAKACE LEAKACE
WCR=933 3.0 186 33
NSW=k19-k 3.0 186 1
1CM-260 L.C 248 L5
WCR=934; WCR-935 3.0 372 1100
WCR=929 3.0 186 1
NSW=-419-3 3.0 186 84
WCR=930; WCR-931 3.0 372 11k
WCR-947; WCR-953 3.0 372 210C
WCR=G57; NSW=-24&-3 3.0 372 157
SM-B; SM-10 0.5 €2 2
FPF-302 0.5 31 3
FFF=301 C.5 31 3
SM=k; 8§M-6 0.5 62 2
ECR-11; =CR-21 0.5 62 3
ECR-12; ECR-22 0.5 62 3
ECR-13; ECR-23 0.5 62 0
ECR-15; ECR-25 0.5 . 62 6
ECR-14; ECR-24 0.5 62 2
ECR-16; ECR-26 0.5 62 2
ECR-17; ECR-27 0.5 62 1
ECR-18; ECR-28 0.5 62 47
ECR-19; ECR=-29 0.5 62 3
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VALVE ALLCWABLE ACTUAL
DIAMETER LEAKAGE LEAKAGE
YALYE 1.2 (INCEES) “(scoms (soc
ECR-10; ECR-20 0.5 62 7
FPF-300 0.5 31 5
PPF=-303 0.5 31 23
FFA-310; PFa-311 0.5 62 7
PFA-312; PFA-313 0.5 62 29
ICM-250 4,0 2L8 63
ICM-251 4,0 248 26k
CEN-67 (Blind Flge.) 2.0 124 100
ECR-33 0.75 46.5 1600
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10.0 QEIZRENCES
1C.1 D. C. Cook Nuclear Flant

Final Safety Analysis Report

10.1.1 1Initial Leakage Rate Testing of Containment.
Section 5.2.1

10.1.2 Initial Containment (Pre-Operational) Leakage
Rate Test.
Section 5.7.2

10.1.3 Containment Leakage Test Program,
FSAR Question 5.93

10.1.4 Containment Integrated Leak Rate (Type 'A')
Test Program and Surveillance Requirements.
FSAR Appendix 'Q' Question 022.6

10.1.5 Local Leak Rate (Type 'B' and 'C') Test
Program and Surveillance Requirements.
FSAR Appendix 'Q' Question 022.7

10.1.6 Containment Integrated Leak Rate (Type'a')
Testing.
FSAR Appendix 'Q' Question 022.1k

10.1.7 Local Leak Rate (Type 'B' and 'C') Testing.
FSAR Appendix 'Q' Question 022.15

J0.2 D. C. Cook Nuclear Flant - Unit No. 2

Technical Specifications.

10.2.1 Contairment Systems - Containment Leakage
Specification: 3.6.1.2
Surveillance: Requirement 4.6.1.2
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10.0 REFZSENCES (Cont'd)

10.2.2 Containment Systems = Containment ~ir Locks.
Specification: 3.6.1.3 o
Surveillance Requirement: 4.6.1.3
10.3 Americar National Standard - ANSI, Nk5,4-1972 Leakage-
Rate Testing of Containment Structures for Nuclear
Reactorr,
10.4 10CFR 50, Apperncix 'J'
Primary Reactor Containment Leakage Testing for
Water-Cooled Power Reactors.
10.5 Basic Statistical Methods for Engineers and Scientists =
A. M. Neville J. B. Kennedy
iC.6 Hygrometric and Psychrometric Tables
Smithsonian Institution
10.7 D. C. Cook Nuclear Plant = Unit No. 2
Fre-Operational Test Frocedures.
10.7.1 Containment Fenetration and Fersonnel
Lock (Type 'B') Leak Test.
2 P0-033-330
10.7.2 Containment Isclation Valve
(Type 'C') Leak Test.
2 P0-033-332 .
10.7.3 Containment Integrated (Type 'A')
- Leak Rate Test.
2 PO=033-334
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« Clevation visv of contalameet
and subvelume locations
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