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8211090146
. EDR ADOCK ©

INDIANA & MicHieaN ELEcTRIc CoMPANY

P. 0. BOX 18
BOWLING GREEN STATION

NEW YORK, N. Y. 10004
November 3, 1982

AEP:NRC:0578H

Donald C. Cook Nuclear Plant Unit Nos. 1 and 2
Docket Nos,., 50-315 and 50-316

License Nos. DPR-58 and DPR-74

UPDATE TO EQUIPMENT QUALIFICATION RESPONSE

Mr. Harold R. Denton, Director

Office of Nuclear Reactor Regulation .
U. S. Nuclear Regulatory Commission

Washington, D. C. 20555

Dear Mr, Denton:

This letter and its Attachments are an update of our submittal
No. AEP:NRC:0578B, dated June 11, 1982, That submittal responded to the
NRC's Safety Evaluation Report issued on May 26, 1981, and to Mr. Steven
A, Varga's letter of May 3, 1982,

A description of the Attachments to this letter follows:

(1) Attachment A. Revised Summary Sheets

Pages CI4-1, -2, -3 (Unit 1), CI6-1, -2, -3 (Unit 2), and
CI10-1, -2, -3 (Units 1 .and 2) are the qualification summary
sheets for Continental Wire Cable, Items #3075 and #3077. In
reviewing the operating time qualification for these cables,
it was determined that the test report previously quoted for
these cables (Ref #33) was not totally adequate, in that the
test had lasted for only 22 hours, Since the same cables had
also been qualified under Conax Corporation's Test Reports No.
IPS-326 and No. IPS - 327 (total test duration 9% days), we
are revising the summary sheets to indicate qualification
under the more complete test,

Pages CP9-1, CP9-3, CP1l-1 and CP11-3 (Unit 1) and CPll-1 and
CP11-3 (Unit 2) reflect newly received information on Kerite
Cable, Item #3127,

Page TC10-1 (Unit 1) is being submitted to incorporate minor

editorial corrections.
/)048

(2) Attachment B. Required Time Qualification Analysis

This attachment constitutes equipment qualification reference
packet #63., It replaces Item "R" attached to the
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Mr. Harold R. Deng ' 2 AEP:NRQOS?SH i

AEP:NRC:0578B submittal. This attachment was revised tb
include more detail and new information.

(3) Attachment C. Reference List

The list of references has been revised, primarily to account
for changes due to the FSAR update.

(4) Attachment D. Upper Compartment Temperature

This attachment replaceé Attachment 9 of the AEP:NRC:0578B
submittal., This attachment was revised to account for
changes due to the FSAR update,

(5) Attachment E. General Notes

This attachment replaces Attachment No. 15 to AEP:NRC:0578. )
It is being replaced to incorporate changes due to the FSAR
update,

A copy of this submittal including all of the attachments is
being transmitted to your Consultant, the Franklin Research Center.

This document has been prepared following Corporate
Procedures which incorporate a reasonable set of controls to insure its
accuracy and completeness prior to signature by the undersigned.

Very truly yours,

R. S. Hunter
/os Vice President

cc: John E. Dolan ~ Columbus
M. P, Alexich
R. W. Jurgensen
W. G. Smith, Jr, - Bridgman
R. C. Callen
G. Charnoff
Joe Williams, Jr,
NRC Resident Inspector at Cook Plant - Bridgman
C. J. Crane - Franklin Research Center
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Attachment A to AEP:NRC:0578H
Donald C. Cook Nuclear Plant Unit Nos. 1 and 2
. Update to AEP:NRC:0578B
Rev1sed Summary Sheets
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QNALD C. COOK NUCLEAR PLART UNIT NO. 1

. .
. ~
*
.
- 3
0
v

L&E NO, DPR-58.

*Documentation Relerences:

s mr . a————— -5

PRV

DOCKET NO. 50-315
DOCUMENTATION
EQUIPHENT DESCRIPTION EYIROMENT REF." QUALIFICATION OUTSTANDING
PARNMETER SPEC. QUAL. | SPEC. | QuAL. HETHOD ITEMS
SYSTEM: VARIOUS Operating ) ©3 : . Mow e
Time 4 r0. | >4-4wollel 18 COMBINATION Seo 1) C3
PLANT 1D NO: VARlOUS Temperalure 172, 1& _
(°F) 230 34.0 107 | 39 SEQ /_‘/"“L
COMPONENT: ENSTRUMENT 12,1 "
Pressure 2 ”
MANUFACTURER: ConTINENTAL (PsiA) HET 3 i
v 2! )
. Relative / n
MODEL uumasn.rremnétzw wumidiy ) | 122 100 - jo7
Funcr_u{n: VARIOUS Chenical 2500 ™ A 17 0 ) ‘;
ACCURACY: SPEC: NA Spray NA bovere | ) & th ,
DEMON: VA "
. adia ‘on o ﬁ'ih‘
SERVICE: VARIOUS (106 raits) NA /0 /06| 33 SEQ '
Lo h Aging i
LOCATION: OuTsine (years) '
CoNTAIN/IEAT : '.
FLOOD LEVEL ELEV: ~4 : . )
ABOVE FLOOD LEVEL: /A4 Submergence | VA 5"5'“’“?'.( NA ‘ S"Q?Vi"/‘& -NoNE-
. I Holes: )

page! CT4.-| °




From Reference #33 .
FIRL Test Report F-C 2935, excerpt from
Type of Test: Sequential
Gamma Radiation

Steam

0.45 MRad/Hr+$ 10.0 MRad
340°F 5 100 psig 3 2 Hrs.
150?F 1 20 Hrs.

*
?
.
o

Ttem #3075, 3077:; Continental Wire & Cable Co.

Page CI4-2



Reference #17 Conax Corporation Test Report IPS-326

Phaﬁe 13 250%F $ 12 psig for 1 Hr
Phase II: 190°F 3 12 psig for 201 Hrs
*Submerged during Phase II in 2500 ppm boron solution.

Reference #18 Conax Corporation Test Report IPS-327

Phase 1 : 340%F ; 12 psig for 1 Hr

Phase II : 250°F 3 12 psig for 5 Hrs

Phase IIT: 190°F s 12 psig for 21 Hrs

*Submerged during Phase III in 2500 ppm boron solution.

Page CI4-3






DONALD C. COOK NUCLEAR PLANT UNIT HO. 2

DOCKET NO. 50-316

LICENSE NO. DPR-74

. MENTATIO
EQUIPMENT DESCRIPTION EHVIRORMENT DOCTRERTM  quaviFicaion OUTSTANDING
PARAMETER SPEC. QUAL. | SPEC. | QUAL. METHOD ITENS - oot
SYSTEM: VARIOUS Operating. 17, B, S Nowe - t
Time 4 Mantl»s 74,4 Mtl\g (D ¢3 ComL»na.‘bwu. See Re{:.#ég ;?2 151];-‘;
“lo ‘
PLANT ID NO: VARIOUS Temperature 17,19, _ log-loy

(°F) 230 340 |07 | 34 Seq,uewbm' None 175-17% T4
COMPONENT: INSTRUMENT 1749 201 59 :
Pressure D i
CABLE (PSIA) 26, 2 | 4.7 - |lo7 23 « « 204 59 |
NMANUFACTURER: coNTINENTAL - 27:7"835 i
WIRE AND CABLE Co. Relalive ’ nam’.: . ;
MODEL NUMBER:ITEM ¥2575 Humidlly (%) 100 oo . 107 33 « « *
- i
FUNCTION: VARIOUS Chemical A500 fr‘w NA 17,1% ] « i
ACCURACY: SPEC: NA Spray MA boron. | ¢ 5
DEMON: A — :
adgjation 2
SERVICE: VARIOUS, (106 rads) NA o VA |33 Sectuew'bia , None !
!
Aglng N
LOCATION: ouT oF {years) :
CONTAINMENT .
FLOOD LEVEL ELEV: VA V7.1% R B
ABOVE FLOOD LEVEL: pjA Submergence | A Sulmevgeaf NA | 27| Sequential Nowe. L
*Documentation References: Holes: ’ CBJ ;
i
o
oy
=
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From Reference #33 7 ..
FIRL Test Report F-C 2935, excerpt from
Type of Test:s Sequential
| : ‘Gamma Radiation
* Steam "

0.45 MRad/Hr:3 10.0 MRad
340°F 5 100 psig 3 2 Hrs.
160F 3 $ 20 Hrs.

»

Item #3075, 3077; Continental Wire & Cable Co.

Page CI6-2
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Reference #17 Conax Corporation Test Report IPS-326

Phase I 3 250°F $ 12 psig for 1 Hr
Phase 1Tz 190°F 3 12 psig for 201 Hrs
*Submerged during Phase II in 2500 ppm boron solution.

Reference #18 Conax Corporation Test Report IPS-327

Phase T : 340%F 3 12 psig for 1 Hr.
Phase Ii ¢ 250°F % 12 psig for 5 Hrs
Phase III: 190°F 5 12 psig for 21 Hrs
' *Submerged during Phase III in 2500 ppm boron solution.

Page CI6-3






- ¥
- o=

Q)\w C. COOK NUCLEAR PLANT UNIT NO. 1

14
GDOCKEI

ucgﬂo‘, DPR-S8 -

F O, 50-315 .
‘ ' DOCUNERTATION
EQUIPHENT DESCRIPTION ENVIRONMENT REF.* QUALIFICATION OUTSTANDING
PARMMETER SPEC. QUAL SPEC. | QUAL. HETHOD = ITERS
SYSTEM: VARIOUS Operaling | 63 . : oMNE~ 25-i
Time 4 mo. Y4. Mo | 101 5'% CoMBINATION S u{[ ¢3 235
. u 1715
PLANT ID NO: VARIOUS Temperature /e
(OF) 230 340 107 | 33 StEQ Neowe
COMPONENT: INSTRUMENT. 12, 19 y /"
Pressure 7
MANUFACTURER: CONTINEN TAL
12, 1% Y s/

. Relalive 7
MODEL ulyThE:g% 3077 nmidity %) | 10O 100 1071 33
FUNCTION: VaRious cheslest | ssooppe | 17 " n
ACCURACY: SPEC: NA Spray bevon 1§

DEMON: A — - A
) aalation
.‘ t < ,
SERVICE: VARIOUS (108 rads) N 10 10b | 33 EQ
P Aging ’
LocATION: Oot of % (years) ‘
. ConYainemen : - n/
FLOOD LEVEL ELEY: ANA 'n |- 1 . /. Ao
ABOVE FLOOD LEVEL: A/A swnergence | oa bR | A | g 3”7"" k. APWE
* Noles:

.*Documentalion References:

34

page ClL10-1




LA

From Reference #33 .
FIRL Test Report F-C 2935, excerpt from
Type of Tests Sequential
‘ Gamma Radiation
Steam

0.45 MRad/Hr:$ 10.0 MRad
340°F s 100 psig ¢ 2 Hrs.
]GQ?F 3 3 20 Hrs.

Item #30753 3077: Continental Wire & Cable Co.

Page CI10-2






Reference #17 Conax Corporation Test Report IPS-326

Phase I § 250°F $ 12 psig for 1 Hr
Phase 11z 190°F 3 12 psig for 201 Hrs
*Submerged during Phase II in 2500 ppm boron solution.

Reference #18 Conax Corporation Test Report IPS-327

Pha;; I ¢ 340°F $ 12 psig for 1 Hr,
Phase 11 ¢ 250°F 3 12 psig for 5 Hrs
Phase I11: 190°F 5 12 psig for 21 Hrs
~ *Submerged during Phase III in 2500 ppm boron solution.

I o Page CI10-3




DONALD C. COOK NUCLEAR PLANT UNIT NO. 2

DOCKET NO. 50-316

LICENSE NO. DPR-74

DOCUMENTATION
EQUIPMENT DESCRIPTION ENVIRCHRENT REF.* QUALIFICATION OUTSTANRDING
PARAMETER SPEC. QUAL. | SPEC. | QuAL. METHOD ITEHS
SYSTEM: VARIONS Operating. 17,14, . . Nene
PLANT ID HO: VARIOUS Temperature S L LS
(°F) 230 240 o7 23 Seq’u%‘bl‘al None
COMPONENT: INSTRUMENT
Pressure 17,19,
CABLE . «
MANUFACTURER:conrivenTaL]| P 6. 4 -7 107 3% «
WIRE AND CABLE co. 17,1%
\ Y . Relalive 2 »vo
.| MODEL NUBBER: TTEM #3077|| . iy | 100 loo {107 33 «] ¢C
FUNCTION: VARIOUS Chenteal 2500 PP~ -
s NA VA [T1® e
ACCURACY: SPEC: MA pray bovon ) «
DEMON: .
NA Radiation N ,
SERVICE: VARIOUS (105 rads) NA 10 |NA |33 Sequentia NA
Aging
LOCATION: oUTSIDE (years)
CONTAINMENT
FLOOD LEVEL ELEV: VA -
ABOVE FLOOD LEVEL: \/4 Submergence | A\ /A SuLmeval NA |1751% ee,ctuewb;‘ql Nowe.
*Documentation References: Notgi:

Page CT10-1 . P
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17-20 83
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From Reference #33 , .
FIRL Test Report F-C 2935, excerpt from
Type of Teste Sequential
Gamha Radiation

Steam

0.45 MRad/Hr:3 10.0 MRad
340%F 5 100 psig 3. 2 Hrs.
160°F s 20 Hrs.

“we e

Item #3075, 3077: Continental Wire & Cable Co.

Page CI10-2




Reférence #17 Conax Corporation Test Report IPS-326

Phase T § 250°F § 12 psiy for 1 Hr
Phase II: 190°F 3 12 psig for 201 Hrs .
*Submerged during Phase IT in 2500 ppm boron solution.

Reference #18 - Conax Corporation Test Report IPS-327

12 psig for 1 Hr.

12 psig for 5 Hrs

12 psig for 21 Hrs

hase III in 2500 ppm boron solution.

Phase I : 340°F
Phase II : 250°F
Phase IIT: 190°F
*Submerged during

T Ve gt we

Page CIT0-3
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DOHALD C. COOK HUCLEAR PLANT UNIT HO. | DOCKET HO. 50-315 LICENSE HO, DPR-5
DOCUMENTATION .
EQUIPHENT DESCRIPTION ENVIRORHENT REF.* QUALIFICATION OUTSTANDING
PARMIETER SPEC. QuaL. | spec. | quaL. METHOD ITEMS
SYSTEM: \/Qyjovs Operaling
e | 14 dag| 1e0dn] g | U | Seguenria NONE
PLANT ID NO: /q yjous Temperature :
Cn |3281 | 3¢ jloz| X g 4
COMPONENT: [BuoevCable ——
291 n3ps/ lo3 17 A ”
MAHUFACTURER: Kerife— (PSIA) 7 PrE ‘ '
ftefative . lox
MODEL HUMBER: )7‘4m * ago -7 A 4
21t Muntdty ) | 7 oo 1,03 ¢ )
FUHCTION:F 2000 B |2604 pPuB
oWty CA/L[L_- Chemlcal PP 2 . No N E
. . Spray 11y ~E2 BAY 1S Tt By ng | 7¢ G)m/‘l'”‘*/f(’"\ 2. 22
ACCURACY: SPEC: w4 NP sson | P s ) See Ret-#
DEMON: &4 — ,
adiallon .
(.
SERVICE: Pfavlj,g o o (los tads) 8 ) 00 I-2d 7£ SE Q:UEﬂrlﬁ Ao w €.
vafve_ ‘gt ;
’ Aging
LOCATION: TossJe_ (M/a:'qwnr' (years)
FLOOD LEVEL ELEV: 6/¢/ sub Steam ¢ ¢F , Nouw&
ABOVE FLOOD LEVEL: Al ubmergence | Submirsod. |Sprav 7 1 5 |Eng Revisw See Bf 68 {7
*Documentatlon References: Holes:
&

page CF7-/
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e PHASE X

17

PHASE II

COMBINED THERMAL AND
RADIATION AGING
{50 MEGARADS

GAMMA RADIATION)

SIMULTANEOUS STEAM/CHEMICAL‘SPRAY/RADIATION EXPOSURE
(150 MEGARADS GAMMA RADIATION)

346°F/113 psig
WITHIN 3 TO SMIN,

335°F/95psig

STEAM AND CHEMICAL-
SPRAY EXPOSURE
(NO GAMMA RADIATION)

e PHASE IIr — ..

340~
420 , 3l5‘F/§9pslg
- INSULATION
£ 265°F/28psig @RESISTANCE
< \J\,[_ MEASUREMENT
- m . -
g 250~ 1> |
g 280°F/T0psig (min) .
ui WITHIN 10 SEC, /._2|20§:/st;9
. -ty -
200'] * @ DAILY
® L] .
: VIEEK STARTING
, AT 5 DAYS
CABLES AT RQOM CONDITIONS
i DURING RELOCATION OF TEST
140 VESSEL TO OUTSIDE OF THE 77 DAYS —
. *  RADIATION HOTCELL.
122 \—PREHEAT TO 140°F MAXIMUM .
. IMMEDIATELY PRIOR TO TEST
14 | S IR | b 1 : [ 1
10 3.5 - 8 i 15 Ve '\/ 23 - 100
TDAYS [SEC  HR HR HR HR HR 4DAYS DAYS DAYS
TIME —
. . '
Figure 1. Specified Temperature, Pressure and Radiation Test Profile
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DONALD €. COOK NUCLEAR PLANT UNIT HO. 1

e’

DOCKET HO. 50-315

LICENSE HO, DPR-S}

‘53 ‘.
Q ’ :
['4

DOCUMENTATION
EQUIPHENT DESCRIPTION ENVIRONMENT REF. QUALIFICATION OUTSTANDING
PARAMETER SPEC. QUAL. | SPEC. | QUAL. METHOD ITENS
SYSTEM: VAR 10U s Operating ) (3 ) . Lo pn e
Time I Yoer™ | SU-1yr|iog By Cowdbincdren Sew Bof- €3 { 7¢
PLANT ID HO: VARIOUS Temperature . ;
“‘f:;; 1 3 | 240 |19 % | SeguesmiAL N oMNE
COMPONENT: fow yv Coble Pressute
psy | A7/ n3 poiz-f lo3 | 724 v 4
MANUFACTURER: K& RITE
. Relative : lor.
HODEL NUMBER: n‘a:’i ] nadty ) | 1 too | 5|76 v }
FUNCTION: 2090 pfmE | 260dpPmB 2 NINE
foutr cotole Chsemlcal L1y ,_,fy, BA ,.(.,_i,-é, A 1% 72 Om&m‘/,-.m .
ACCURACY: SPEC: wA pray PH s5=1r |PH ghe—ty KA Sae fodt
DEMON: A o i
adiation .
Al- oNE
SERVICE: frovids 2luctvic (108 rads) 1»5 g00 J|los | 7€ SEGENTI N :
Few v to fFan -
Totors Aglng
LOCATION: T maccle. . Pl (years) ,
FLOOD LEVEL ELEV: 6/%” N
ABOVE FLOOD LEVEL: yer || SR | A A- 7 i N A nA-
*Documentation References: . Hotes:
&

Page C/)// -/
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- PHASE I

- PHASE 1t

COMBINED THERMAL AND
RADIATION AGING
{50 MEGARADS

GAMMA RAODIATION)

¢ PHASE 1L ]

{150 MEGARADS GAMMA RADIATION)

346°F/113 psig
WITHIN 3 T0 5MIN.

335°F/95psig

SIMULTANEOUS STEAM/CHEMICAL-SPRAY/RADIATION EXPOSURE

STEAM ANO CHEMICAL-
SPRAY EXPOSURE
(NO GAMMA RADIATION]

Figure 1.

340~
320- . 3I5‘F/6_9pslq- .
: . INSULATION
E . " 265°F/28psig caneswrnnce
L MEASUREMENT
w R
& 250~ ——— -
e :
s 280°¢/70psig (min) .
‘é’ WITHIN 1O S;C. \ /___.2120(:/09,;9__\
z . .
200 s @ DANLY V v
: WEEK STARTING
) AT 5 DAYS
u CABLES AT RQOM CONDITIONS ~
. : DURING RELOCATION OF TEST )
140 VESSEL TO QUTSIOE OF THE ~4——T77 DAYS ——
: -" RADIATION HOTCELL.
122 \——PREHEAT TO 140°F MAXIMUM
. * IMMEDIATELY PRIOR TO TEST
1 | I ! [ 1 i ]
10 3 .5 8 T) 15 '\/ { '1’ 23 '\/ 100
TDAYS SEC  HR HR HR HR HR 4DAYS DAYS DAYS
TIME ~—>—

Specified Temperature, Pressure and Radiation Test Profile
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DONALD C. COCK NUCLEAR PLANT UMIT HO. 2

DOCKET NO. 50-316

LICENSE HO. DPR-14

, . DOCUMENTATION
EQUIPMENT DESCRIPTION ENVIRCKMENT | REF QUALIFICATION OUTSTANDING
' PARMMETER SPEC. QUAL. SPEC. | QUAL. METHOD ITEHS
SYSTEM: \/Qp1rur Operaling )
pTime 14 q/Q?/ loo Jar: '/7 7( S,e,; v.(w?LlA\'/( No NE
PLANT ID NO: V@ rfour Temperature ' ,
(°F) 325-+| 340 |lor| X Y 4
COMPONENT: [Buser” Cd/ﬂ-w ——_—
, 29.1 115> pspa-1 123 | 724 Vi u
MANUFACTURER: Kerfe G. (PSIA) 7 e
MODEL NUMBER: né Relative co : 1or
N /ﬁ”l # 3 Humidity (%) l loo [03 76 y ]
FUNCTION: frwdr—Cadle | cremtent 7;,1,;09 PF?K 2o fmg ny -77c Cormil N2
D le o (4 .
ACCURACY: SPEC: WA ey (Banc Acdd | Penic Aerd 22 mLIen Se Raf-4# 72-
DEMON: W A- £r &
Radiation
o -
SERVICE: ﬂ’a\/l'/-c R’V"”/- (106 1ads) ?/ 200 108 76 S,‘Q?U{K{/GL A/ONC
to valvs wwotorr
LOCATION: Ty «nd ovt o7~ helne
H:Ln « ov 4
Condainmen?” (years)
FLOOD LEVEL ELEV; 674~ Sub < Q [Feam e , yiA ] Nowe
ABOVE FLOOD LEVEL: p/p ubmergence |Submeges |Spray n7 ¢ | bng. Rwivw | ¢ 5,4 ¢s 71
*Documentalion Relerences: Noles:

Page CPIlI-1
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Hg, uq v4
217 vS
229-13( V7
Lo~c3-V/
974 V!

zor’zor v!

Z-L6# 09T waog






-t

Q ' ‘
»

@ r=.'

Page

le PHASE I - PHASE 1T ot PHASE 1L .|
COMBINED THERMAL AND smuurmsous STEAM,/CHEMICAL-SPRAY/RADIATION EXPOSURE | STEAM AND CHEMICAL-
RADIATION AGING {150 MEGARADS GAMMA RADIATION) SPRAY EXPOSURE
{50 MEGARADS ) : . (NO GAMMA RADIATION)
GAMMA RADIATION) 346°F/113pslg
WITHIN 3 TO SMIN.
335°F/95psi
340 /95 psig
320 | 315'F/§9mlq
. . INSULATION
£ . 265°F/28pslg @Rssusmnce
L3N : \JH/— MEASUREMENT
W . . -
& 250~ 1 - -
2 .
& 280°¢/70psig (mln) .
l‘;‘, - WITHIN 10 SEC. 'Izlzw?/o psig——
Ls . .
- 200 H @ DAILY = ' v
[ ] (] -
122°F (80°CIMAXIMUM B @ ONCE PER
: . WEEK STARTING
AT 5 DAYS
M CABLES AT ROOM CONDITIONS
- : DURING RELOCATION OF TEST
140 . : VESSEL TO OUTSIDE OF THE - ———T77DAYS —>
o : RADIATION HOTCELL.
122 \—— PREHEAT TO 140°F MAXIMUM i
IMMEDIATELY PRIOR TO TEST
| A N \ [ 1 : ] |
10 3 .5 8 " AL A 23 v 100
7DAYS SEC  HR HR HR HR HR 4DAYS DAYS DAYS
TIME —»
]
Figure 1. Specified Temperature, Pressure and Radiation Test Profile
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Attachment B to AEP:NRC:0578H
Donald C. Cook Plant Unit Nos. 1 and 2
Update to AEP:NRC:05788
_Required Time Qualification Analysis
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AMERICAN ELECTRIC POWER SERVICE CORPORATION
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DATE: August 19, 1982
SUBJECT:  Class IE Electrical Equipment in Harsh Environment
Required Time Qualification Analysis ‘

FROM: L. F. Caso

TO: NRC IE Bulletin 79-01B Central File

This memorandum addresses thé qualified time for
electrical devices inside the reactor containment for which
the duration of the qualification test was less than the
required time during which the device may be called upon to
operate following a Design Basis Event (DBE).

The first thing to consider is that the relevant

parameters are not the required operation time versus the
» test duration, but rather the post accident environment

profile versus the test profile. What is required is that the
equivalent intensity test environment envelops with margin
(10%) the required post-accident environment. Figure I, FSAR
figure 5.3-10 App.N, and extrapolation to figure 022.9.1
(FSAR Appendix Q), attached, show the D. C. Cook Plant post-
accident reactor containment environment. Figure I shows the
water temperature following a LOCA accident and flooding of
the containment; Figure 022.9.1 shows the air temperature
during worst case conditions (steam line break). According to
Figure I, equipment flooded after a Loss of Coolant Accident
(LOCA) will see an initial temperature of approximately 250°F.
Approximately one half-hour later, water temperature will be
reduced to 160°F. After ten hours, the water temperature will
be reduced to approximately 106.5°F.

Air temperature at 100,000 seconds (approximately
28 hrs.) following a LOCA will be about 148°F and decreasing
very rapidly (see FSAR appendix N, figure 5.3-10). SLB
temperatures, though initially higher (328°F), decrease more
rapidly than LOCA temperatures and therefore represent less of
a long term challenge to the operation of the electrical devices.
Figure 022.9-1 of Appendix Q to the FSAR shows a temperature
decrease to approximately 225°F after one minute, hold there

- for about 600 sec., then again decrease very rapidly so it

G will be about 175°F after 1000 sec. (about 17 Min.).

Type tests under which the electrical equipment in
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question has been qualified (refercnced in the qualification
summary sheets) demonstrated the ability of the subject
equipment to operate in the abnormal post-accident containment
environment. The postulated inside containment environment
after 28 hrs. (as discussed above), does not represent a
challenge to the electrical.devices (cable and cable terminations
material) since they are rated at 90°C (194°F). Hydrogen
skimmer fan motors and hydrogen recombiners are located in the
upper compartment. Upper compartment temperatures after 28
hrs. are about 110°F (see figure 14.3.3.10 and 14.2.5.-9
attached) . )

Arrhenius analysis done for the D. C. Cook Plant
electrical penetrations (see letter of 7/31/81, from C. H. Shih
to L. F. Caso) predicts that the electtrical penetrations should
last indefinitely in the inside containment post-accident
environment. Arrhenius analysis were also performed for those.
electrical cables for which we had Arrhenius plot information.
We assumed a forty-year life at 110°F plus a Design Basis
Accident (DBA); we further assumed a final ambient temperature
of 120°F after the accident. The Arrhenius analysis results
are summarized below:

Calculated Reqg'd.

Component Life After " Oper. Test
Device $# Description DBA Time Duration
CI2 * Rockbestos Cable 839 years NA 30 days
CI13 Samuel Moore Cable 402 years :4 mos. 30 days
. CI8 Cexro Wire & Cable -377 years 4 mos. 30 days
CPI2 Cyprus Cable . 74 years 3 mos:, 20 days
CPS Anaconda Cable o 45 years 1 }r. 13 days

Attachment I hereto lists all the devices for which
the required time of operation is longer than the test duration.
The component materials for each device have also been listed.
Of particular importance ‘in this list regarding the ability of
the components to function for the required time of operation
are the component materials and the length of qualification
tests. Bulletin 79-01B appendix C. table Cl shows that Ethylene
Propylene Rubber (EPR) has a potential for significant aging
after 10 years. Attachment I shows that the following items
use EPR insulation:

Plant ) ’ Test Reqg'd. .
Unit Item Duration Oper. Time Comments
:2 CC-4 9.5 days~ 14 days Difference lLetween test

duration and required
oper. time not
significant

& v ithate
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Plant

Unit Item
1 cI3
2 CI5

1,2 cI9
2 cp2
1 cp3
2 cpl
2 cp4 (
1 cpl2
2 " cp5
1 CP13
2 cp7
2 cps

0 D Mais st B

-3=-

P amin i ® Vi d el

Test Reg'd.
Duration Oper. Time
1 month 4 months
1 month 4 months
7 days 30 days
7 days 30 days
20 days 1 year
13 days 1l year
7 days 30 days
130 days 1 year

Comments

considering the
margin between

the test environ-=
ment and the DBA

environment.

Arrhenius analysis
yields calculated
life after DBA of

402 years.

Same as CI3

Outside contain-
ment environment

only. Arrhenius

Analysis yields
calculated life
after DBA of

74 years.

Outside containment
environment only.

Arrhenius analysis

calculated life
after DBA of 74
years.

Arrhenius analysis
yields a conser-
vatively estimated
life after DBA of

48 years.

Arrhenius analysis
yields calculated
life after DBA of .

74 years.

Outside containment

(radiation only
environment)
gualified for
200 mrads.

Items CPl, CPl0, and CPl2 appearing in Attachment I
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ﬂ (also with EPR insulation) need not be justified since the test
‘ duration for these items was equal to or greater than the
required time of operation.

Considering the tests by which these devices have
been qualified, the environment in which they will function,
and the Arrhenius analysis that have been performed, it
is my conclusion. that these devices are qualified for their
required time of operation.

Attention is hereby called to the two items in
Attachment I gualified by very short tests (in one instance,
without a test). These items are listed below.

Plant Test . Reg'd.
Unit Item Duration Oper. Time Comments
2 CI-14 No Test ' 1l day OQutside containment.
- LT R environment
1,2 TI-10 40 1/2 Hrs. 4 months Outside containment,
No radiation environ-
ment
@ ’ CI-14 is a crosslinked-Polyethylene (XLPE) insulated

cable rated for 190°F used outside containment only. The high
Energy Line Break (HELB) environment this cable will see
(230°F for 15 secs.) probably will not raise the temperature
at the surface of the cable up to its rated 190°F. Also,
Bulletin 79-01B appendix C, table Cl allows credit to XLPE
insulation for 10 Mrads and 40 years of life.

TI-10 was tested for 40 1/2 hours. This test more
than demonstrates the ability of the termination to survive
the HELB environment outside the reactor containment.
Therefore, I conclude that items CI-14 and TI-1l0 are qualified
for their application outside containment.

The Kerite Company does not Divulge the Chemical
composition of its cable. For this reason. some discussion
on why this cable is gualified for its application inside
containment is warranted.

Kerite Company cable, summary sheet # CP-11 (AEP
. item #3127), was gualified by a 7 1/2 days test. This cable
serves the Containment Recirculation Fan (8RF) motor that is
required to operate following a LOCA. The LOCA environment
at D. C. Cook Plant, as previously discussed, will be 148°F

G und ol ¢rl-4—1ik.?/




after 28 hours. The cable was qualified for 3259F for 13 hours
and 2289F for 7 days. Radiation qualification amounts to 200
Mrads. Clearly, the cable testing time did not last one year.
However, the severity of the test was greater than that of the
postulated accident environment since after 28 hours ambient
temperature will be well below cable temperature rating.

The CRF (Hydrogen skimmer) motors nameplate Full Load
amps (FLA) -is 88 amps. The cable 40°C ambient rating in the
D. C. Cook installation configuration is 119 amps. This indicates
we have ample margin in this application and do not expect to
overheat the cable from its load duty. These motors are not
operated during start up, normal plant operation, or shutdown
conditions. They are operated only during surveillance testing
or after an accident. Cable temperatures will therefore be
low, i.e., mild aging conditions.

The remainder of the devices in Attachment I are
comprised of materials with good aging characteristics and have
been tested for a sufficient length of time (by comparison
with the D. C. Cook past-DBA environment profile. Therefore, the
general arguments initially developed in this review memo can

‘be readily applied to them.

Considering the information included in the qualification
summary sheets, where the post-accident environment for the-
devices in Attachment I (except as noted) are presented, the
Arrhenius analysis performed for some of these devices, and the
engineering review performed herein, I conclude that these
devices are gualified to operate in their locations after an

.'\
@W
. F. Caso

. accident for the required length of time.

LFC:mb

Approved %é&i (5 QL, Agdgﬁé& ﬂ\,

J. M. Intrabartola




3.

4. .

6.

7.

A

Attachments

List of equipment for which the Test Duration was less than
the Required Time of Operation. Y

Figure I. Water temperature inside D. C. Cook MNuclear Plant
Post-Accident Reactor Containment
Figure 14.2.5.,~9, FSAR Compartment Temparature.

Figure 14.3.4.10, FSAR Design Basis Accident Long
: Term Temperature Transient.

Electrlcal Penetrations Arrhenius Analysis. Letter of
7/31/81 from C. H. Shih to L. F. Caso.

Electrical Cable Arrhenius Analysis.

A. Letter of 9/23/81 from E. A. Howard/R. M. Hayes to
L. F. Caso.

B. lLetter of 10/5/81 from L. F. Caso to E. A. Howard.

C. Letter of 10/8/81 from E. A. Howard/R. M. Hayes to
L. F. Caso. i
’ -

.Input‘Inforﬁation for the Performance of the Arrhenius

Analysis in Item 6 above:
A. Letter of 8/5/81, L. F. Caso to C. H. Shih.

B. Letter of 8/7/81, L. F. Caso to C. H. Shih.

C. Letter of 8)27/81, L.-F. Caso to R. M. Hayes.

‘Raychem Corporatien Heat Aging Study of WCSF Compound. -

Repoxrt #EDR-2001 of 8/10/78.
Kerite Cable

A. Memo of September 28, 1982 from L F. Caso to
79-01B Central File .

B. Letter of September 21, 1982 from N. H. Dube to T. J. Massar.
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TEHPERKTURE (°F)

As of the time of this update (July, 1982),
no figure for the 4.6 ft2 break is
available. It is expected to include such
figure in a future update. However, as Table
14.2.5-4 indicates, the differences between
the 1.4 ft2 and the 4.6 ft2 breaks results
are sma]lt .
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oATE:  July 31, 1981 _Docun&,j‘ i.,/\—# 63

SUBJECT: Electrical Penetrations
| Aot & &

FROM: C. H. Shih

TO: L. F. Caso

4
According to the Arrhenius equation described in your

letter to me dated July 17, 1981, C. W. Yi has estimated the
life time eguivalence. His memo is attached. It contains a
detailed analysis, using both the Arrhenius equation and the
so-called "1l0 degree C" rule. As one can see, both predicted
long life times. The l.l year time reguired is well exceeded.
A few observations are made as follows:

1. The 10°C rule is far more conservative than the
Arrhenius prediction. Using the coefficient of 19718,
Q one would find that_at around 1000 F, the life time is
halved for every 10 C increase of temperature. It
can be shown that below such a temperature level, the
Arrhenius equation gives a much longer equivalent life.

2. The long life (lO18 hours) predicted by the Arrhenius
equation does not have any practical significance.
The result simply means that the material should last
indefinitely at 196.5°P. This is not a surprise be-
cause this post accident temperature is not a high |
temperature (only about 40 F above room temperature). |
Even ordinary material should not "fail" at this
temperature.

3. The Arihenius equation itself predicts a longer time,
3 x 1017 hours. Since the IPS-326 and 327 tests were
not performed till the material failed, the two tests
did give a relatively shorter life time equivalence,
2 x 10 hours. The life time equation is expressed
in logarithm. It is supersensitive to temperature.
As the equation shows that at 340°F, the mdterial
would last less than one day. On the other hand, at
room temperature’GBoF,,it would last 1024 hours.
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L. F. Caso ¢
July 31, 1981
Page 2

Cchin has thée detailed computer printout and is familiar
with the computational procedure. Should you need more help,

please call him or me.
- \/‘:‘
@GZ&'J ‘S{itbb

C. H. Shih

CHS:j1l
Attachment
cc: S. H. Horowitz w/attachment

B, J. Ware . "

C. W. Yi "

T. E. RKing "

AN
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SUBJECT:

FROM:

TO:

& -

o
AMERICAN ELECTRIC FOWER SERYICE CORPORATION ,

RC'WER 57575‘\
July 30, 1981

Equivalent Age Calculations of
D. C. Cook Plant Electrical Penetrations

-

C. W. ¥Yi

C. H. shih

In response to L. F. Caso's memos of July lé and 17, 1981,
the equivalent age of the D. C. Cook Plant electrical penetra-
tions is calculated based on the given Arrhenius equation and
the temperature profiles of IPS-326 and IPS-327 tests and of,
reactor containment during the post-accident period.

From the mathematical viewpoint, if a certain test is con-
ducted at temperature T, and the material fails after L, hours,
then the equivalent lifé at reference temperature T.og Can be
derived as follows:

i

If L = 10(8/T-C) is given, then

- B(L/T - 1/73)
where L = expected life in hours
B, C = constants, 19718 and 43.208 respectively

T = absolute temperature in ®Relvin

Thus, if the test is conducted for Atl hours, the eguivalent
age at reference temperature will be:

Equi. Age = at, 10B(1/Troe = 1/T;)

1 Aty lOB(l/Tref "l/Ti)

el

Total Equi. Age = i

With the given temperature profiles of IPS-326 and IPS-327
tests, then the equlvalent ages of the subject material at 106. s°F
are as follows:

Test Duration Totzl Egquivalent Acge
2
IP5-326 202 hours 2.92 x 10% hours (3.33 x 10° vears)
IPS-327 24 hours 2.08 x loig hours (2.37 x loii years)
Combined 226 hours 2.08 x 10 hours (2.37 x 10 years)

INTRASYSTEM



C. H. Shih
July 30, 1981
Page 2

To illustrate the validity of above calculations, let's
consider the test lasted for one hour at 340°F as indicated at
the beginning of IPS-327 test:

‘Expected life at 340°F (444.1°K) = 15.56 hours

Age of one hour _ 1

Expected life = 15.56 -0643

18

and, the equivalent age at 106.5°F (314.4°K) = 2.07 x 10~° hours.

Expected life at 106.5°F = 3.22 x 107 hours

Equivalent age _ 2.07 x 1018
Expected life 3.22 x 1019

= .0643 .

Thus, both calculatjons show agreement although the total
equivalent ages at 106.5 F for both tests are astronomical.
Furthermore, it can be shown that the contribution in aging by
the one hour exposure at 340°F is 'dominant as shown below:

Equivalent age at 106.5°F for 1 hour test at 340°F
Total equivalent age from IPS-327 test

18

18

; 2.07 x 10
2.08 x 10

= .995

To examine the case further, a widely used 10°C rule is
applied to calgculate the equivalent ages--that is, for every
increase of 10°C, the life of material is halved. The results
are shown below:

Total Equivalent Age at 1]06.5 F

(_% At. Z(Ti - Tref)/lo) -

Test Duration i=l " "i
IPS-326 202 hours 9190 hours (l1.05 years)
IPS~327 24 hours 10910 hours (1.25 years)
Combined 226 hours 20100 hours (2.29 years) .
Also, the equivalent age for the one hour exposuré at 34¢°F
' : 8020 hours
Equivalent age at 106.5°F ~ 8020 _ .735

Total egnivalent age from 1i2S-327 test 10910




C. H. Shih
July 30, 1981
Page 3

Again, the age contribution by the one hour exposure at
340°F to the total eguivalent _age at 106.5°F is dominant as
shown above. Although the 10°C rule is not equivalent to the
Arrhenius equation, it can be a good approximation to it over
a limited temperature range.

As a conclusion, the eguivalent age of the electrical
penetrations exceeds well beyond 1.1 year criteria based on
the Arrhenius method with. the given temperature profile infor-
mation of IPS-326 and IPS-327 tests.

If you have questions, please let me know.

/%cﬁwzz 72

C. W. ¥i~

CWY:311
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AMERICAN ELECTRIC POWER SERVICE CORPORATION

DATE: September 23, 1981 l,c.“w;q,*“" g(,'z B 53

SUBJECT Arrhenius Analysi
SUBJECT: i ysis A'J"}'Mw:;/ QQ;

r~3
Ower svsTE™

FROM: E. A. Howard/R. M. Hayes

TO: L. F. Caso

Enclosed is a revised list of the devices and their cal-
culated lives at Tget = 120 degrees Fahrenheit. Listed are
those numbers which produced the shortest life at the LOCA
Profile given.

Also enclosed are printouts of all LOCA and Test Profiles
used. Figures 1l and 2 are examples of how two of the six LOCA
Profiles were reached and the other four were done in the same
manner. Test Profile data came from previously given data from
your office. These data files are similarly created and stored
on the computer. The ARAN program used to do the calculations
and an explanation of it should already be in your possession.

If you need further information or more detailed documenta-
tion, please contact me in Columbus at extension 1054.

yl1‘#i2 CK. .BT}\a«,_\u,gJ;Z_

1; . l“d_t”“+bmjwz a‘tﬂ"é« gocidpnd -

. &A. Howard

B -a.ng—— of nef -fnf q-avrc . )

&’:\'\ "\ :_-!-" ’.: * -
R. M. Hayes
1
EAH/RMH:j11 !
Attachments

cc: C. H. Shih
c. Yi

INTRASYSTEU
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Computer Program ARAN
Arrhenius Analysis of remaining life of a component
after a thermal shock. The Arrhenius Equation is of the form

2-a

Life = 107 : (1)
where T = an exposure temperature (absolute scale). By testing

a material at various temperatures, T., for various amounts of

JI
time, Atj, accelerated thermal aging occurs. To compare aging
rates at different temperatures,
—-a
Life at Tl = L(Tl) = 10 1 (2)
3 g—"-A
: Ty
Life at '1‘2 = L(Lz) = 10

so, testing at T, for time A4t, gives an equivalent aging At; at

Tl such that

B
(g = ™ B(3— - 3
10 T T, T,
At, = At, ° = At, - 10 (3)
1 2 B 2
(@— - A)
2
10

If we use one reference temperature, T,, to compare againg at

any other temperature and then test the material at n tempera-
tures T, each for a time At, then the eguivalent life at reference
temperature, T =

o'

n
L(To) = ¢ At. - 10 o j (4)

If the material is then subjected to some temperature profile,

such as a normal operation followed by a LOCA, aging occurs,



which will shorten the remaining life at To‘ The remaining

life at T, =_Lr(Tb) =

At. - 10 o] j ) (S)
1 J

Il. 12

Bp(Tg) = BTy =
where N = the number of temperature steps from the time the
material was first installed until the end of the LOCA.

After the LOCA, the temperature settles down ts‘some TSET,
and the remaining l;fe at TSET, for safety reasons, must be known.

1 1

Blzsgm = 7 '
TSET T, (6)

Lr(TSET) = Lr(To) - 10

Program ARAN calculates the expected life at To by looking
at a test temperature profile performed by the manufacturer and
converting this accelerated aging to equivalent life at Tq- fhe
LOCA profile is then converted, one step at a time, into equiva-
lent life at Tq- If the LOCA profile equivalent life at T,
exceeds the test profile eguivalent life at T, at any step, a
message will be displayed indicating failure during LOCA.

If not, the remaining life at To after the LOCA will be
converted to life at the settled temperature and this will be
displayed. The mentioned LOCA profile is to include the time
before aﬂ actual LOCA (i.e., the material may have operated for
10 years at some average temperature TA)' then a set of tempera-

tures (T Atj) during a LOCA, then settled down to TSET. ARAN

jl
prints out the expected life at TSET, unless Zfailure occurs

before or during the LOCA.






Using ARAN:

The program requires three inputs from the user:
1. The test temperature profile
2. The LOCA temperature profile

3. Tﬂe Arrhenius Parameter, B.

1. The Test Temperature Data File:
The user creates a test temperature data f£ile which will
give ARAN the necessary information to establish total life at

T . This looks like:

Q
100 NOT
110 Ty, Aty
120 T,, Aty
130 Tq, Atg

where NOT = Total number of temperature steps during the test.
Each set of (13, Atj) goes on one line, and the last line

of the data file contains T . T =9, At = hours.

vor’ A%yor

2. The LOCA Temperature Data File:
L]
The user also creates a LOCA temperature data £f£ile, giving
ARAN information about the temperature history of this material,

from installation through LOCA to the settled temperature, TSET.

100 NOL

110 TA’ Atl
120 Tz, at,
130 T3, At3

Last TSET




,

rl



s maa

NOL = Number of temperature steps to which the material
is subject.  Each set of (Tj, Atj) goes on oneyline. The
lst (TA, AtA), is the Average Temperature before the LOCA
and the time of operation before the LOCA. The rest are
the LOCA temperature profile, broken into discrete steps.’
T = °%, At = hours.
3. The Arrﬁenius Parameter, B.
By staged temperature tests, the manufacturer establishes
the Arrhenius Parameters A & B (see Eq. (l)). Because we are
relating time at one temperature to time at another temperature,

the Parameter A drops out and only B is needed (BEq. (3)1).

B » s - el e
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AMERICAN ELECTRIC POWER SERVICE CORPORATION

October 5, 1981

Arrhenius AnaljSIS for D. C. Cook Plant
Class IE Cable

L. F. Caso

E. A. Howard -~ Columbus

As per our telephone conversation of 10/2/81, attached
find the post-acczdent temperature profile outside the
reactor containment to be &ssueé—on the Arrhenius analysis
for cable CI-4.

Attached also find Arrhenius plots for cables CI 3,
cI-9, and Cp-12. .

4

Should you have any questions, please do not he51tate

to call me.

LFC/jal L. F, Caso _ 1

APPRAVED/%C¢ 0L11L44/0<7//

7 J. M. INTRABARTOLA

cc: R. Hayes - Columbus
S. H. Horowitz ?

T. E. King
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- LONG TIME AGING DATA

@ | IEEZ-383-1974 and Nuclear Regulatory Commission Guide 1l.131 reqﬁire
that aging data be developed to_establish the long-term performance
characteristigs of an insulation. A suggested method for accomplishing
this is the Arrhenius technique which consists of placing insulation
samples in an air oven for various times at el%vated temperatures and
measuring the change in a significant insulation property (usually
elongation). The time to reach a predetermined value of elongation
is then.plotted on semilog graph paper vs the reciprocal of absolute
temperature in degree; Kelvin. An analysis of the Arrhenius data
should demonstrate that the insulation will provide a service life at

’ its normal rated operating temperature (90°C) commensurate with the

design life of the installation. This latter figure is normdlly taken

Q to be 40 years.

Rome has developed Arrhenius éging data on the insulation compounds °
recommended for generating station applications and this data is shown
on the accompanying Arrhenius plot. Time to reach 50% of original
elongation was selected as the basis for the aging plot. Tests on
insulation compounds with S50% retained elongation indicate that both
the physical and electrical properties are more than adequate for .

satisfactory performance, thus the test criteria are very conservative

and provide a considerable margin of safety.

T . o B
Y alas adred wBE e be, we a

0
AR e W
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In developing the Arrhenius plot for Rome-EPR and Rome FR-XLP

#

" insulations it was noted that extrapolating the plots to operational

temperature ratings results in considerable discrepancies in terms

of life. In féct, the extrapolated life cbtained ié less than actual
proven operating experience of older insulations still in service today.
This’ apparent paradox is one of the subjects curééntly being studied by
an IEEE Working Group which has been created to evaluate long time

aging characteristics of insulation compounds.

Other ways to evaluate the concept of aging are addressed in the
Supplement of the Forward of IEEE Std. 523-1974 which was issued in
November, 1975. A portion of this Forward reads as follows: "It is
acknowledged that the state-of-the-art regarding aging for some Class

IE equipment is more advanced than others. IF is expected that known
technology will be used in any aging program. Optionally (ahd partic-
ularly where the statg-of-the—art is limiting), aging as part of the
qualification program may be addressed by operating experience, analysis,
combined, or ongoing qualification". This Supplement acknowledges that

aging, as part of a qualification program, may be addressed by operating

' experience, analysis, type tests and/or any combination of these methods.
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T& assist in its géing qualification program, Rome has obtained cable

with Butyl rubber insulation that was removed from service after 15 years
of operation. Analysis of the condition of the insulation shows that

it has lost an insignificant amount of its original tensile strength

and elongation indicating that the cable is capable of providing many

more years'of sexrvice. Othexr ;ables with Butyl rubber insulation have
been identified in sexvice and are still providing satisfactory performance

in electric utility generating stations after more than 20 years.

‘%qain referring to the accompanying graph, data obtained from the same
Butyl rubber compound formulation as used on the aforementioned cables
is also shown as an Arrhenius plot. Examination of the curves shows
that the new Rome-EPR and Rome FR~XLP insulations take greater than

7 times and 5 times long;r respectively, to reach S0% retention of
original elongation than does the Butyl insulation compound. ©On the
basis of this comparison and the proven operating experience with Butyl

rubber, it is logical to expect a life of over 40 years for Rcme-~-EPR and

Rome FR~XLP insulations under normal operating conditions.
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METHOD FOR DETERMINING 40-YEAR EQUIVALENT AGING

Aging 1s a phenomenon that all materials inevitably are ‘confronted with.
Just as some people “age" at ditferent rates, d1fferent matar1als “age" at
different rates. .

When paosed with the problem of aging a matarial to a 40-year equivalent Iite
condition, the first detarmination to be made 1s at what rate does the
material age. "One acceptable method of detarmining this 1s £o age the
material at a minimum of three temperatures, one of which 1s 136°C and the
other two at least 100C apart (ref. IEZE Std. 383-1974, Paragrapn 2.3.2).
The resultant retention of elongation data can then be evaluated using the
Arrhenius tachnique. This technique will supply an equation with a defined
slope, or rate of change, depicting time (to loss of elongation) versus
temperature. Once this rate of aging has been established, one needs only to
know, the anticipated ambient temperature for the 40-year life periocd to
determine an equivalent aging exposure,

When an Arrhenius aging plot line has been determined for a material (see
example attached), one need only to draw a parallel line through the desiresd
40-year ambient temperature point to establish an equivalent aging line. Any
point on this new line now defines equivalent time/temperature aging
parameter for the given matarial that simulatas 40-year life at this
particular ambient temperature. .

For the example attached, 609C was chosen as the anticipated 40-year
ambient. The equivalent aging line shows that approximately 630 hrs. or 27
days @ 1100C or 7 days @ 121°C both would result 1n egquivalent aging for
this matarial to simulate 40 years aging to 60°C.
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DATE:

SUBJECT:

FROM:

TO:

AMERICAN ELECTRIC POWER SERYICE CORPORATION
. . "Ower svsTe™

October 8, 1981 MW%J"@_; + 63

v
Arrhenius Analysis

A%‘L&-{/t\v-ﬁ“:}/ ‘ c

E. A. Howard/R. M. Hayes

L. F. Caso

As per our telephone conversations and your letter
dated 10/5/81, attached find the most current list of
devices and_their respective calculated lives after the
Loca at 120°F. This list includes the following updates:

1) Devices 16 and 17 useoof upper compartment curve.
One run with TA = llOoF (Loca file L22.9.1U)
One run with Ty, = 80°F (New LOCA file L22.9Ul)

2) All assumed values of B equal to 6000 were
changed to the lowest B of 5747 to be conserva-
tive.

3) New LOCA file created for cable CI-4 (LCI4.2)
and used in the run.

4) New B of 68l2 calculated and used for CI-3, CI-9
in runs on files CI-~3.2 and CI-3.3.

5)' New test £file created for CP-12 and new B coeffi-
cient of 6640 used.

Also attached is a copy of the ARAN program requested, the

new files created for this latest update, and a summary report
of work to date on this project. Any guestions may be directed
to R. M. Hayes on ext. 1048 in Columbus.

-
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E. A. Howard
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Table I

Device Coefficient Test Loca Calculated Life After
3 B Profile Profile LOCA at 120°F (Hours)
1 6693 C12.2 L22.9.2L 7,352,922
2 6264 CI8.2. L22.9.2L 3,302,725
3 w) 5747 C1l.2 L13.1lL 29,568
4 6812 CI3.2 L22.9.2L 3,528,303
5 (N 5747 CI4.2 LC14.2 Failed before LOCA* (2)
6 w) 5747 CI5.2 L22.9.2L 188,821
7 5747 CpPl.2 L13.1L +~ 1,900,142
8 6812 CI3.3 1L22.9.2L 5,924,609
@ 9 W 5747 CP1ll.2 L22.9.2L 549,042
10 (" 5747 CrP13.2 L22.9.2L 419,902
11 W) 5747 CP4.3 L22.9.2L 1,234,953
12 (Y 5747 Cr4.2 L22.9.2L 85,571
13 M 5747 TIl.2 L22.9.2L 181,660
14 () 5747 TIl.S L22.9.2L 1,846,560
15 Y 5747 CP1l0 L22.9.2L 883,129
le (1) 5747 Fl.2 L22.9.01 1,209,922
‘ (1Y 5747 Fl.2 L22.9.1U0 1,056,427
17 w) 5747 H1l.2 L22.9.01 139,747 -
) 5747 H1l.2 L22.9.1U0 Failed before LOCA**
18 u) 5747 TIS.2 L22.9.2L 5,962
19 W) 5747 TPl.2 L22.9.2L 145,876
20 6640 CP1l2 L22.9.2L 651,131
X . oyt
Notes: *See explanation in text.

o
**Used for comparison purposes(ie’F nevwa Faweh verdoy e bl T2 75F

() Vdue ol B coxf{.‘o&d’ et avedlable Yo theat auble,
Bosyy47 vl o 14N} wnosT consarvabive velar harwn
?rov« e \h{n‘(v"-&,‘;"\ 'r.LCA-—\‘VhL. :F(vv\ ¢ atele W}ﬂuf%jbflfé‘;

(v ndua f.r pow iy ek la m:vlah'o'v\ Ckoni L\/c}u. Fr.le_)

0 (2.) CI-¥ Ixsult.{-.'u\ and JM_LJ‘ 'S c'“,:.huhul Poia_ﬁ,’“\ylw g,.J. H"}f*j."\. SZ;H
2o awd CI-¢ with B valads ‘P Leqd amf_ bTel . ‘nur.»f-vfa e ] elation 5

0'{‘ ?h‘?(!, ‘n\*(a CI-‘-{' B:VI}JA) + Geot W A UJ,LL 12 =+’-“ C’f“—"JrV.’a. ’_le



Report: Arrhenius Analysis

The Arrhenius Analysis of the remaining life of a éom—
ponent after a thermal shock was continued as more information
was received from New York.

Many of the devices were not furnished with specific B
coefficients and some did not have an established LOCA profile
which we could work. Therefore, after two sets of correspondence
and many runs of the ARAN program, the enclosed list, Table I,
is the most current and complete in information.

Documentation on all LOCA profile data files, test profile
data files, and the ARAN program were furnished.

The desired results were those which p}oduced the lowest
number of hours of remaining life. These were obtained using
the lower compartment curve on graph 22.9.2 and using the lowest
. B obtained of 5747. Devices 16 and 17 were upper compartment
devices, therefore, the upper compartment curves on the graphs
were necessary.

Attached to this report are two sample calculations of the
remaining life of a component. One calculation is for a device
that survived a LOCA and the other is for one that failed during
plant operation. » The reason that the CI4-2 cable failed the test
is because there-wasn't sufficient test data to show it would

last the life of the plant, 40 years, and therefore might not

survive a LOCA at some time during plant operation.

E. A. Howard
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SUBJECT:

FROM:

TO:

N
QAF'F“CA ELECrQI

<
AMERICAN ELECTRIC POWER SERVICE CORPORATION

"Ower svsTe™
August 5, 1981

Arrhenius Analysis to extend test duration to required
operating times plus a margin.
| Ruf # 63

L.F. Caso _ A'l"l’a_c,k'w\-?"ql’ 7 A

C.H. Shih

Please find attached a list of cables, cable
terminations, pump motors, fan motor and heater installed at
D.C. Cook Plant for which the required operating times
(Column 4) are less than the test durations (Column 6). It is
requested that you apply the Arrhenius Analysis to these
devices so as to extend the test durations to a minim of the
required operating times plus 10% margin. Attached, also are
the required operating time references (Column 5), and the
environmental test profiles (Column 7).

- The cable material are listed in Column 3 of the
device list. The insulation is listed firxrst followed by the
jacket material (Insulation/Jacket Material). The material
associated with the acronyms given in Column 3, are as follows:

XLPE - Croslinked Polyethylene

CSPE Clorosulphonated Polyethylene

EPDM - Ethylene Propylene Rubber

EPR - Ethylene Propylene Rubber

EP - Ethylene.Propylene Rubber

HTK = Synthetic Rubber (Hightmpirature Keri%e. }

FR - Fire Retardant

Ckoprene - Neoprene (Synthetic Rubber)

Okonite - Ethylene Propylene Rubber p

Okolon - Hypalon

Okogard ~ Ethylene Propylene base thermosetting compound

Okotherm - Silicone Rubber

The instrument cable termination materials are a

combination of the instrument cable material and the splicing
material which follows:

(a) Chemelex adhesive Sealant RTVW (product data sheet
attached) .

(b) Raychem WCSF -115-6-N + Heat Shrink

INTRA-SYSTEM
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*(¢) Burndy Connector ¥YSV14

(d) Raychem WCSF-O?O-&Z-N Heat Shrinkable Tubing
or WCSF-200-12-N

The power cable termination materials are a combination
of the power cable materials and b, ¢, and 4 (above).

Please be advised that the present schedule for
submitting this information is 8/13/8l1 to the Nuclear Safety and
Licencing Section of AEPSC and 8/27/81 to the N.R.C. Your
cooperation in realizing these schedules will be greatly
appreciated.

F. Caso

LFC:deh
- Attachments

Approved:

Intrabartola

¢cc: S.H. Horowitz
T.E. King
C.A. Ramjohn
E. Welz’
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SUBJECT:

- FROM: | E. CASo
To: C.H. SHIH

AN Ef
.A?—R‘c Ech,c

AMERICAN ELECTRIC POWER SERVICE CORPORATION AE P

Q: AUGUST, 7, 198/ .

n
Ower sysTEY

Rl # 63
Athachmant” 7

PLEASE FIND ENCLOSED , ARRHENIUS PLTs FOoR CABLE MATERIALS

" IDENTIFIED BELowW « THESE PLOTS ARE TO SUPPLEMENT DATA TRARMSMITTED

TO You IN MY LETTER OF AVGUST 5,198! ReQUESTING RERHENIUS

ANALYSIS, PAGE MUMBEELS CORRESPOND To COLUMN 2, OF THe Devicg LIGT

WHICH WAS TRANSMITTED To <“so PREVIoUSLY,

@' Fo # CABLE MATERIAL

cra
cC1g
CPl22
o

APPRoVED:

XLPE (crosSULNKED POLYETHYLENE) .

FR -xLP

OKoNITE (ETHYLENE PROPYLENE BuBRER. -

Ol<oGARP (ETHYLENE PRPYIENE Bpse THERMoSETTING CoMPaurD )

s PG

OTM JNTZABA.ZTOLA /

H,,/U SMM dyr, —-cr/"wé“

SH H‘ar*Wl{_Z_/
@ Te Kirg—
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SUBJECT:

FROM:"

TO:

oAbty S0 wianty B ABAd i wpptaate vt v et it e edbdalNahe T

RS

CAN E
aia‘ =Cry,

AMERICAN ELECTRIC POWER SERVICE CORPORATION AAE P

o
Owegn svsTe"

August 27, 1981 | Q”F ¥ (3

Arrhenius Analysis

" A Hachmad ™ 7¢

L. F. Caso

R. M. Hayes

Please find enclosed the additional information you
requested to complete the Arrhenius Analysis for the devices
listed in my letter to C. H. Shih, dated 8/5/8l. Table 1l
lists the device locations (in or out of containment), ATA,
TSET and TA. LOCA profile is the same for all devices in
the containment (022.9-1, 2). ,E/’EFOf le for CPl0 is
enclosed. Test profiles foriggj TP4,,/M1l”and M2 are not
available. Note however, th& tﬁ€§€<devices are all outside
the containment. S x{&*&(/ CN*FD;3§>\\NLJW%k!~c#P 7%17

Table %2 lists the manufacturer, insulation and jacket
materials for the instrument and power cables. This table
would help in identifying the Arrhenius plots with their
associated cables. Please note that the Arrhenius plot
previously identified with CI8 is incorrect. The plot for
this cable (Cerro Wire & Cable Company) is also enclosed.

LFM/% .

L. F. Caso

LFC/jal
APPROVED

J. M.
cc: T.\. King
S. H. Horowitz
H. N. Scherer, Jr. - Columbus
C. H. Shih
E. Welz
C. Ramjohn

INTRABARTOLA

INTY <~ .SYSTEM

C



N

T e A et < b e k- e Ak bt W s St & &

7o -

— —— & - ——
.

TABLE |

PG = Locstion - . Ata TSET TA

[ N Yy Py N VO

cI | IN CouTammenr| 4OYRS | /06.5°%F |]10°F

ouT-SIbE [CconT:

Y Y Y
our=Sipe CONT]
OUT-SIDE CONT-
OUT:SIVE CONT
OUT-SIDE CONT
IN CONTAINMENT] Jo6:.5°F | ]10°F

&)
0

OUT-SIDE CONT,
OUT-SIDE CoNT.
JN- CONTAINMENT] l06.5°2 |]]0°F

\‘
A\
SR N N T O S v R NN W SO S

‘r . .- Y jr
out-sieE CouT.

F IN- CONTAINMENT] 106:5% |l10°F
H IN - COMTAIN MENT 106-5°F {]10°F
M OUT-SIDE CONT;

M OULT:SIDE CouT. A

USE TSET =106.5 & Ta= [I0 For. DEVICES OUTSIDE CONTAINMENT.




TNS ULATION /

'Dﬁ 7 | MANUFACTURER TJAckET
Xlczi BodTon Zoaudated Llivi <o \XLPE JoSPE
vIeI R Rockbrlzs X.LPE Heppatewe
x| er.z | Samwl Moot 5 co gpom- Hypler/ Hpe
X|CZL 4 : LoslinesTl XLPE/CSPE
X|CL. 5 | Bostert Inseclalid Wire <o, CSPE[cs Pz
eI 8 Cons Lbr cud Lable co. XLPE/A’Z/AJM

@\/x cz 9 émqf Morre ¢ <o, -ﬁ;ﬁvf?ﬁ/ﬂ/
X|eZio Crictne XLPE fosps
viep | | Okewil Okl ok vt
VICP R :Okm:fﬁ" oRowils a!:o/w.az
NP 3 :E/mxv L EPR /,v.g7wm

cP 4 | Okenie Okﬂﬁmtt"{%&gi
vic P & Obsel 7 o;:odamd/a&{iw
vicp 10 | Aacsrda EP ﬁ;'/a/m-
X|aP 1] | Kek HIK JF e

‘f X[cp /2 Cy/»a.;'_. EP,e//,é-(?&z/mc
Aep 13 | frracorrda EF/A;J/{’/;’%-
R




TES]  FRoFILE Far CP-/0 .

(o ' 257 Qualified by Icomedix Corp. Test Report of Hovem-
N &e‘(‘\ ber 1979
. Type of Test: Simultaneous, garcma radiation
stean
chemical spray

Test Profile:

—— i ——

.2 = .3 Mrads/hr, 200 Hrads
346°F, 113 psig for 5 hrs

. . ) 265°F, 28 psig for & dayvs
: 215°F, 2 psig for 206 days

Chemic¢zal Spray: 3000 pra boron as poric acid in
. solution with .C8Y% polar sodivm
y thiosuifate bulfered with sodium
Ve ' hydroxide to a PH of 9 to 1l.
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ABSTRACT

Radiation crosslinked slabs of WCSF compound and WCSF 070/250
tubing were subjected to oven aging in air at 1369C, 1500C,
1620C and 1750C. Based on an Arrhenius analysis of the oven
aging data, the time to 50% retention of original elongation
plotted on semilog paper against the reciprocal of absolute
.temperature in degrees Kelvin yields a predicted service life

for WCSF compound of 40 years at a continuous operating temp-
erature of 910C,
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2.1

0BJECTIVE

To assess the thermal oxidative resistance of radiation cross-
linked slabs of WCSF compound by oven aging of specimens in
air at 1369C, 1509C, 1620C and 1759C.

TEST PROCEDURE

Specimen Preparation

Standard, pelletized, virgin WCSF compound was used. Slabs

(6" x 6") were compression molded. Thickness was 75 = 12 mils.
The s1abs were crosslinked by radiation to the same cross]1nk
density as WCSF tubing. Two Die D specimens from each slab
were tested for tensile strength, ultimate elongation and ten-
sile stress at 50% and 100% elongation (crosshead speed 2 inches
per minute). The stress-strain values from this were averaged
and used as the original values to wh1ch the heat aged-samples
were compared.

Forty three (43) slabs were prepared. Standard deviations for
tensile strength, ultimate elongation and tensile stress at 50%
and 100% elongation were calculated based on the original data
from the two-Die D specimens from each slab. Slabs were dis-
carded if the above original stress-strain values were outside
the mean value % twice the standard deviation for that value.

From the acceptable slabs (41), Die D specimens were cut and
all combined. Five Die D specimens were chosen at random from
the combined 1ot to provide one data point for the heat aging
study. The original cross-sectional area of the specimens
(pre-measured) were used to calculate the stress-strain pro-
perties after heat aging.



A few specimens of WCSF 070/250 plant production tubing were
included in this oven aging study to allow some comparison
to the slab data. The tubing was recovered prior to heat
aging. Three specimens of recovered tubing were used to
calculate an average original value for the stress-strain
properties of interest. As with WCSF compound, five speci-
mens were used for each data point.

2.2 QOven Aging

3.1

Forced air type Blue M ovens were used for heat aging at
1360C, 1500C, 1620C and 1759C. The ovens were calibrated
with a 12 point recording thermocouple set-up at 12 differ-
ent zones in the oven chamber. The temperature was monitored
regulariy with a single thermocouple permanently assigned to
each oven. The temperature variation was less than #2% of
the specified exposure temperature in degrees centigrade.

The specimens in groups of five were hung vert1ca11y from

the oven tray utilizing metal clips and hooks in the con-
ventional Raychem manner.

TEST RESULTS

Retention of Elongation

The property of prime interest in this study was retention of
original elongation which is a measurement of flexibility (or
lack of brittleness). Both slabs and tubing oven aged at
essentially equivalent rates with a reduction of tensile
strength and with a slow increase in tensile stress {(modulus)
or stiffness.
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3.2

3.3

The retention of or1g1na1 elongation versus time was plotted
during the oven aging periods at the four different temperatures.
In. Table 5.1 the time (hours) to various percent retentions of
or1g1na1 e1ongat1on are tabulated and this data is presented

in graphical form in Figure 6.1.

Arrhenius Thermal Plot

In order to construct the Arrhenius thermal plot in Figure 6.2,
we chose an end-point for retention of or1g1na1 elongation of
50%. The four experimental points for 1369C, 1500C, 162°C and
1759C yield a reasonably straight line pred1ct1ng a service life
of 40 years at a continuous operating temperature of 91° based
on a conventional Arrhenius analysis of the time to 50% reten-
tion of elongation plotted on semilog paper against the recipro-
cal of absolute temperature in degrees Kelvin.

Calculation of Heat of Activation

From the slope of the Arrhenius thermal pliot, the heat of acti-
vation for the thermal oxidation of WCSF compound was calculated
to be 29 kcal/mole for the end-point of 50% retention of origi-
nal elongation. This was calculated using the following equa-
tions:

-

b = 2.303 (logyg ts - 10910 t1)




Heat of Activation = A Hact =R x b

where t, = time to endpoint (100,000 hours)

ty = time to endpoint (1000 hours)

T, = OC + 273 corresponding to t,

Ty = OC + 273 corresponding to t;

b = AH act/R

R = 1.98 cal mole ~! o¢ ~!
CONCLUSIONS

On the basis of the oven aging study described in this report
and the use of a conventional Arrhenius analysis of the data,
it is concluded that the useful service life of radiation
crosslinked WCSF compound is predicted to be 40 years at a
continuous operating temperature in excess of 90°C. The heat
of activation for the thermal oxidation of WCSF compound was
calculated to be 29 kcal/mole.

s
.- oA



5. TABLE

5.1 OVEN AGING DATA - WCSF COMPQUND

Oven
Temperature, TIME (hours) to
oc Various Levels of Retained Elongation

90% 80% 70% 60% 50% 40% 305 20% 10%
136 71 470 1230 2700 4500 6020 7510 9810 --

G 150 35 107 331 960 1570 2030 2600 3230 4720
162 12 30 130 350 521 637 744 876 1100
175 4 20 112 154 194 228 279 361 450
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6.2 Arrhenius Thermal Plot - WCSF Compound
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* AMERICAN ELECTRIC POWER SERVICE CORPORATION ( A\ E P

- - - . POwer svsTe"
‘@ _September 28, 1982 ¥

SUBJECT: The Kerite Company Cable
Environmental Qualification -

FROM: L. F. Caso

79-g1B Central File

asest

] The attached letter from the Kerite Company dated 9/21/82 -
should be made part of our equipment qualification document
reference .numbers (63) 68,70 and 72.-

) . ' L. F. Caso
2.4/LFC:jal ‘ : '
: APPROVED= o : -

J.M. ENPRABARTOLA




o | B _ . 49 Day Street
" : : ' Seymour, Connecticut 08483
(203) 888-2591

Mall-All Correspondanca To:

the kerite company - " ' Seymp‘o. %?::.ggnnec&utm )

i -

61/}“/»g /

September 21, 1982

American Electric Power Service Corporation
2 Broadway v e
New York, NY 10004

ATTENTION: T.J MASSAR -
ELECTRICAL ENGINEERING DIVISION

Dear Sir:

\SUBJECT: DONALD C. COOK NUCLEAR PLANT

ﬂ,a/e ‘7/’7/"

| 415 7,”}7
REFERENCE: QUALIF!CATION UPDATE 1

e- Ve have enclosed LOCA profﬂe (excerpted from, "Tests of Electrical Cables
"Under Simultaneous Exposure to Gamma Radiation, Steam and Chemical Spray
While Electrically Energized" - March,X 1985} Final Report #F-C4020-2, Figure
1) which describes a 100~day test conducted by the Franklin Institute
Research Laboratories. This test provided a sodium borate chemical spray
with a pH of 10.5 for 100 days continuously. The attached profile and
. the following results are offered as documentation of Kerite insulation and
. Jacket materials' ‘'Long~Term''- (three months) immersnon performance in a
sodium borate solution. .

The two cable samples (tested' in referenced report) are representatlve of
each 1/C which form the 3/C cable. Both samples (aged and unaged) are
described as follows: ‘e

I/C, #6 AWG, 65 mil HTK (N-98) |nsulat|on and 65 mil FR

(HC-711) jacket.,
Each sample was irradiated to 200 megarads whlle installed in the autoclave.
In summary, both cables maintained their 'electrical loading (1000v ac, 50
amps) throughout the test. Each cable passed the 5§ minute voltage with-
stand test of 80 volts. ac per mil of conductor insulation. This test was
performed after completion of -the LOCA exposure and prior to disassembly
of the test vessel while the cables were still on the mandrel.
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Americanlﬁlectric Power Corp. -2- Séptember 21, 1982
. ' . o
‘ " We trust that this is sufficient mformatlon to enable you to answer the *
’ inquiry of the NRC.
Very truly yours,
THE KERITE COMPANY

From the office of: C.A. Lundyi
. Metropolitan Sales Manager

Slgneég‘ Aggma H. Dube
. inistrative Sales AssIstant

_ CAL/NHD/ss
Enclosure
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{50 MEGARADS
GAMMA RADIATION)

346°F/ 13 psig
WITHIN 370 5MIN,

~-—-—unPHASE I e PHASE IT . - PHASE  JIL ]
COMBINED THERMAL AND - | SIMULTANEOUS STEAM/CHEMICAL-SPRAY/RADIATION EXPOSURE | STEAM AND CHEMICAL-
RADIATION AGING {150 MEGARADS GAMMA RADIATION) SPRAY EXPOSURE

(NO GAMMA RADIATION)

335°F/95psi
340~ /950sla
. 320- | 3l5'F/6_9psig e L
. '
Y : - - INSULATION
T 265°F/28psig @RESlSTANCE
L . x \J\r[— . MEASUREMENT
o : gzso— , + > ' o
g, ) . ,, =-280°F/70pslg (min) . )
- . 3: § . _ WITHINIO SEC. N /———2!2‘F/0psig-——\
. ul . .. . ‘
[ od - : .
200 S @ DAILY V- v
[ @ .
. f1ee F(.',o= CIMAXIMUM - @ ONCE PER——-
- i T ] WEEK STARTING
) t . . AT 5 DAYS
g . . CABLES AT ROOM CONDITIONS
< b DPURING RELOCATION OF TEST
i 180 _ VESSEL YO OUTSIDE OF THE [~+——77 DAYS —>
oo ) % : " RADIATION HOTCELL.
122 - - N—PREHEAT T0 140°F MAXIMUM 1 .
. @] . IMMEDIATELY PRIOR TO TEST
- t W P I ! L 1 1
: . 3.5 8 n 15 '\/ { '\/ 23 '\' 100
——T7DAYS [SEC HR HR_ HR HR HR 4DAYS DAYS ] DAYS
. TIME —»- '

. ’
Figure 1. Specified Temperature, Pressure and Radiation Test Profile
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Attachment C to AEP:NRC:0578H
Donald C. Cook Plant Unit Nos. 1 and 2
Update to AEP:NRC:0578B
Reference Lists
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Document References Cited in IE Bulletin 79-01B

Conax Corp. Test Report IPS-234
Conax Corp. Test Report IPS-62
Conax Corp. Test Reéport ‘IPS-137
Conax Corp. Analysis Report IPS-324
FIRL Test Report F-C3341

FIRL Test Report F-C3694

Kerite Co. Report on the effects of Gamma Rad. and

Autoclaving on Kerite power and control cables
Conax Corp. Test Report IPS-348

FIRL, Test Report F-C4033-1

FIRL Test Report F-C3683

Isomedix Corp. Test Report of May, 1976

Cerro Wire and Cable Test Report of May, 1976
Westinghouse-Canada Test Report CWAPD-332

FIRL Test Report F-C4033-3

- Westinghouse-Canada Test Report CWAPD-326

Limitorque Corp. Test Lab. Project ‘600456
Conax Corp. Test Report IPS-326
Conax Corp. Test Report IPS-327

Conax Corp. Test Report IPS-329

Westinghouse Corp. Test Report WCAP-7709-L, Suppl.

Westinghouse Corp. Test Report WCAP-7829
Limitor&ue Corp. Test Report 3600198
Limitorgue Corp. Test Rebort $600376A.
Limitorgue Corp. Test Report'§6d046l T

Isomedix Corp. Tést-Repqrt of Novemberxr, 1975

Y
.
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26.
27,

28.
29.
30.
31.
32.
33.
34.

35.

36.
37.

38.
39.

40.
41'

42,
43.
44,
45.
46.
47.

48‘

49,

Foxboro Test Report TE-1013

Westinghouse Electric Corp. Communication NS-PLC 5023
dated 4/26/78 from T. M. Anderson - Westinghouse to

E. G. Case - NRC

Westinghouse Electrlc Corp. Test Report WCAP-9157
Automatic: Sw1tch Co. Report A0S 21678/TR
Westinghouse Electric Corp. Communication NS-TMA-1953
Boston Insulated Wire Test No. 730212

Boston Insulated Wire Test No. 75C008

PIéL Test Report F-C-2935, Excerpt from

Rockbestos Products: Qual. of Firewall III Class IE
Electric Cables

FIRL Test Report F-C 3016
FIRL Test Report F-C 4350-3

Okonite Co. Qual. of Okoguard Ethylene-Propylene Rubber
Insulation for Nuclear Plant Service (5-2-77)

‘Cyprus Statement of 6-16-76

Cyprus Statement of 9-14-76

Cyprus Report No. 3525
Cyprus Report No. 3658

Cyprus Statement of 6-16-76

Qual. of Namco Controls Limit Switch:
FIRL Test Report F-C 3271

Conax Tesu Report IPS- 339

Conax Test Repor% IPS-349

Letter of 6-21-71 from W. P. Hergrueter, Customer Serxvice
Lab. Bklyn s N. ¥, to A. H. Statton, Boston Edison Co.

Letter of 4-17- 80 from J. M, Allen (Mobil 0Oil Corp.)

to Allen ~e1bleman (MEP)
Okonite Co. Qual -of Okonite nthylene—Propy en ,Ruéber
Insulation £0r Nuclear Plant Service.7-3-78

-~






50.
51.

52,
53.
54.
55.
56.

57.
58.
59.

60.
61 ..

62.
63.
64.
65.

66.
67.

68.
69.

70.

71.
72.

73,

Westinghouse Corp.WCAP 8541 Topical Report, Environmental
Testing of Foxboro Transmitters

ITT/Barton Product Bulletin 288A/289-2 and Technical Manual
505-4 (A)

ITT/Barton Product/Bulletin GI-23-3
ITT/Barton Product/Bulletin GS~2A-ICIE
Foxboro Product Spec. PSS-2A~1B3A
Westinghouse Corp. Spec. 677271

Fisher Control Co. Oper. Test of Fisher Type 546 Electro
Pneumatic Transducer

Auto, Switch Co. Catalog No. 30 Bulletin 8300, 8%02, 8315
Auto Switch Co. Catalog No. 30 Bulletin 8316

AEPSC NS&L Calculation DC-N-6420-2

Elect. Penetration Analysis

Flood-up Tube Qualification Packet

Instr. Cable Term Qual.

Required Time Qual. Analysis

Containment Spray Pump Motor

- e

Environmental Qual. Class IE cable for butside containment
service.

Westinghouse Electric Corp. Communications NS-TMA-2120

Westinghouse Electric Corp. Communications NS_TMA-2441 WCAP
9885.

Electrical Cable Submergence Qualification
Acton Test Report 16013—2 of July 6, 1981,

Letter of 4/18/80 From Robert Henry of Kerite to L. F.
Caso-AEP S . .

Conax Corp. IPS-325
Chemical Spray pH Qualification

EC f1-2-00—04 Arrhenius Cale., on Barton Transmitters '






Specified Enviromment Document References

EE Division

Device
Ref., No. Parameter Reference Designation
102 Temperature FSAR App. N Elect. penetr-
Fig., N13.13-1 ations Hydrogen
N13.,13-2 Recomb, IMO-315
FSAR Figs 316, 325, 326
14,3,4-11,-12 (U1) VMO-101,102
QCM-~250
102 Temperature FSAR Air Recirc. Fan
Figs., 022.0-1,~2 NRV valve L.
FSAR Figs, Sw's, IMO-51,
14,2,5-9,~10 52, 53, 54
IMO-128
ICM-111, 129
NMO-151, 152, 153
103 Pressure Westinghouse Letter Elec. Pen.
AEW 6504, Fig., 1&2 Hydr. Recomb.
Air Recire. Fan
IMO-51, 52, 53, 54
IMO-128
ICM-111, 129
103 Pressure W Letter IMO-315, 316, 325
AEW 6504 326
Figs 1&2 VMO-101, 102
QCM~250
NMO-151, 152, 153
103 Pressure FSAR 14,.3.4 NRV L. SW's
(U1)
104 _ Chemical Spray FSAR Fig. NRV L, SW's
14.3, 4-6 (U1)
105 Radiation NS&L Review All inside
calculation SF containment
Merger equipment
AEP-NRC-0578
Dated 10/6/81
106 Radiation .Letter of 12/16/81° All outside

- from: C. Ramjohn

to: S. M, Toth

containment
equipment







Documentation Device
Ref. No. Parameter Reference Designation
107 Temperature FSAR All outside
Pressure Fig. contalinment
14,4-6~8 (UL) equipment
108 Required Letter of 1/20/82 Mo-101, 102
Operating From: K, Vehstedt QCM-250
Time To: L. F. Caso
109 Required FSAR Table 7.5-2 Electrical
Operating A Penetrations
Time Hydrogen Recomb,
Air Recirc, Fan
motors
IMO-S]., 52, 53’ 54
IMO0-128
IcM~-111, 129
110 Required Letter of 4/14/75 IMO-315, 316, 325
Operating 9/29/75 326
Time From: -J. Tillinghast Outside contain-
. AEP MOV valves
To: K. Kniel-NRC
111
112
113
114 Chemical Spray Tech. Spec " Elec, Penetration
. Inside cont, valve
" (except WMO's &
NMO's)
115 Chemical Spray Letter of 1/10/78 Air Recirculation
From: S.,J, Milioti fan motor
118 To: J. Feinstein vM0-101,102
116 Chemical Spray Letter of 4/23/82
From: T. Durando
To: L. F. Caso NMO-151, 152, 153
117
118 Letter of 4/14/82- Outside contain-

Required

From: K. Vehstedt
To: L. F, Caso

ment Pump Motors
NRV Lim. Sw's

.NMO-151, 152, 153

1CM-305, 306




Attachment D to. AEP;NRC:0578H
Donald C. Cook Nuclear Plant Unit Nos. 1 and 2
Update to AEP:NRC:0578B
Upper Compartment Temperature
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Contrary to what is stated in Section 3.3 of the NRC Equipment
Qualification Safety Exa]uation Report, the maximum upper compartment
temperature is not 130°F.

The worst-case temperature transients for a MSLB are given in
Section 14.3.4 (Unit II) in theoupdated FSAR. The peak upper compartment
temperature is approximately 150°F.

: The worst-case temperature transients for a LOCA are given in
Section 14.3.4 (Unit I), Figures 14.3.4-11 and 14.3.4-12. The peag upper
compartment temperature from Figure 14.3.4-12 is approximately 150 F. This
value is higher than the 130"F given in the NRC SER as the maximum temper-
ature.

In response to an NRC question during a telephone conversation
on this topic, the analyses of the containment response to LOCAs and.
MSLBs did account for operation of the air return fans.






Attachment E to AEP:NRC:0578H
Donald C. Cook Plant Unit Nos. 1 and 2
Update to AEP:NRC:0578B
General Notes







GENERAL NOTES

Any one piece of equipment may be qualified by more than one test
report. For instance, it may be qualified for steam environment by
one report, for chemical spray environment by another, and for
radiation environment by still another report. In a case like
this, the quaiification chart will list the different test reports
and will specify, for each report, the qualification method used
for that test (simultaneous, or sequential testing).

For the case where a parameter has been qualified by test but the
range attained during testing fell short of the required levels in
the specified D. C. Cook plant environment, engineering analysis
may have been used to explain why the environmental quantities
achieved during testing are adequate for the application at hand.
In these instances we call the equipment qualified by ''Combination
Method". This device has been used mainly to explain "Operating
Time" and "Chemical Spray" qualifications.

In some instances our devices have not been tested at all, however
becanse they are required to operate in a relatively mild
post-accident environment (e.g. outside containment) and because we
know of devices qualified for a much harsher environment using
similar or some generic type materialj we have called these devices
qualified by "Engineering Review Methods".

According to this logic, electrical devices that will be submerged
following an accident inside containment, have been qualified as
follows:

a. Equipment is protected against submergence by floodup
-tubes: cable and cable terminations at the containment
penetrations (Engineering Review Method).

b. Equipment has been qualified for submergence but the
submergence test did not include a radiation test
(Combination Method).

c¢. Equipment has been qualified for LOCA znd MSL3 and has been
irmersed after these tests as required by IEEE 383-1974
(Engineering Review Method).

The limit switches, along with their cable and their cable
terminations, for.the valves listed below have been deleted from
Attachments 2 and 3 to our submittal AEP:NRC:00356 ("Master List
No. 2")., These limit switches are used.for valve position
indication only; - that 1s, they are not used in the valve control
circuit and are, therefore, not needed for the operation of the
valve.






Location
Valve Inside Containment Qutside Containment

MRV-211
212
221
222
231
232
241
242
213
223
233
FRV-210
220
230
240
VCR=-11 ] X
21
101
102
103
104
105
106
107

PAIPIPI DI PN R PP I I R e

AP DI P M N

-

For the valves outside contaimment, valve position can te readily
verified. Those inside containment (VCR's) are ccntainment
isolation valves; a redundant containment isolation valve located
outside the containment, in series with the one inside the
containment, will serve as a backup device., . The position of the
valve outside containment can be verified.:

Inside the containment, the LOCA pressure profile consists of an
initial peak and 2 long~term peak after the ice melts out. The
paximum calculated initial peak is 14.4 psig across the operating
deck, as stated in Unit 2 FSAR Section 14.3.4., The long-term peak
is shown in Figures 1 and 2 of Westinghouse letter AEW-6504 to
AEPSC (Ref. 103).6 For the Cook Plant, the calculated minimum ice
Qass is 2.13 X 10" lbs. or 1098 lbs/basket. The value is
intermediate to the cases pictured and gives a long term peak of 12
psig. ) . ‘

In the equipment qualification charts, the symbol "NA" means "not
applicable.”

The bounding values given in the specified enviromment column give
a very conservative descripticn of the adverse enviromment for two
reasons. First, each bounding value may come from a different

analyzed accident case, so that typically all the worst values are
not calculated to occur during the same postulated scenario. Also,
some of the equipment referenced to a specific chart may be subject



6.

to only some of the adverse environment parameters or to much less
severe calculated values of some parameters.

Equipment required due to changes in emergency operating procedures
after January 14, 1980 (the issue date of IE Bulletin 79-01B) is
not always included in this submittal. The cut-off date was agreed
to by members of your staff at the February 7, 1980 clarification

meeting in Glen Ellyn, Illinois.







NOTE ON VALVE MOTOR OPERATORS

The valve operators previously listed below were qualified for
operation in a radiation environment. See letter of 7/17/80 from J. J.
Oliver -~ Limitorque, to L. F. Caso - AEP (Ref. 74). These valves
however, are equipped with brakes and the brakes were not part of the
‘assembly when the valves were qualified for radiation. However,
postulated failure of the brakes due to high radiation. levels will not
prevent the valves from opening. See letter of 11/2/81 from T. Durando
of the Piping and Valves Section to L. F. Caso of the Electrical
Generation Section (Ref. 74).

VAL o : COMMENT
L
ICM-311 These valves would only be operated if
321 the RHR spray system was employed. The

RHR spray system is back up containment
pressure suppression system and the Cook
safety analysis as reported in the FSAR
demonstrates that is not needed for LOCA
or HELB mitigation.

IMO-340 These valves are used during the

350 switchover from the ECC injection phase

360 to EEC recirculation. However, the

361 .. sequence of their operation as defined in

362 ‘ L emergency operating procedures limits the
time of their exposure prior to their

operation to only a very short time.

IMO-910 - These valves are used to terminate the
911 suction of the charging pumps from the
RWST once ECC switchover to to
recirculation has been accomplished.
They are protected against axposure to
post-LOCA recirculation flow bv a check
valve.






: NOTES ON CABLE TERMINATIONS

Calgculated containment temperature 2.78 hours after a LOCA is
185°F and decreasing (Figure 14.3.4-17, Unit I). This long
term environment does not pose a challenge to the mechanical
or electrical quality of the termination.

230%F for ten seconds and 11.5 psig for 0.1 seconds will not
challenge the mechanical or electrical quality of the termination.

Environmental qualification for the control cable termination at
the solenoid operated valves which serve the air-operated.con-
tainment isolation valves (the VCRs) is not needed for the
following reason. Energization of the solenoid is necessary to
keep the containment isolation valves open. If the valves were
open at the time of the accident, a containment isolation signal
would de-energize the solenoid, c1051ng the valves. If the
valves were closed, they would remian closed. No matter what
the initial valves' position is at the time of the acc1dent, no
failure of the cable termination will succeed in energizing the
solenoid and opening the valves, when the containment isolation
signal and/or the control sw1tch in the control room has been
actuated to close the valves.

Note 1 on valve motor operators pertains also to the termination
at the motors serving the valves listed. :




1.

NOTES ON CABLES

Instrument cable for the following instruments inside containment
is not in floodup tubes in either Unit I or Unit 2.

a. Main steam flow transmitters:

MFC-110, 111, 120, 121, 130, 132, 140, 141 & 142

b. Pressurizer pressure transmitter:

NPS-153

c. Reactor Coolant System narrow range temperature transmitters:

NTP-110, 111, 120, 121, 130, 131, 140, 141, 210, 211, 220 230,
231, 240, 241.

Placing these instrument cables in floodup tubes is not necessary

for the following reasons. The MFC's and the NTP's will only be used
for actuation of protective systems inmediately after the accident, long
before their cable becomes submerged. NPS-153 provides an additional
monitoring function to that already provided by NPP-151, 152, and 153
which have their cables protected by floodup tubes.

2.

Control cables for the following equipment inside containment is
not in floodup tubes in Unit 1 only.

Containment isolation valves (VCR's) listed in General Note 2.
Operation of these valves (closing them) will take place
immediately after the accident, long before the cable will be
submerged. Postulated cabie damage (because of submergence or
otherwise) is not capable of re-opening these valves.

Calculated containmgnt temperature 2.78 hours (10,000 seconds)
after a LOCA is 185°F and decreasing (Figure 14.3.4-17, Unit 3).
Theoe1ectrica1 cable is rated for continuous operation at 194°F
(907C). Therefore the containment environmental temperature
after 2.78 hours does not represent a challenge to the mechanical
electrical quality of the cable.






NOTE. ON INSTRUMENTS

Lists A-J, which are referenced on the equipment qualification
charts, are attached.







(ATTACHMENT TO "NOTES ON INSTRUMENTS')

LIST &

Engineered Safeguards Actuation
Containment Phase A isolation Actuation
Main Steam Isolation Actuation

Reactor Trip Actuation

Main Steam - Normal System Monitoring

LIST B

Engineered Safeguards Actuation
Containment Phase A Isolation

Post Accident Monitoring

Reactor Trip Actuation

Main Steam Normal System Monitoring
Remote Shut-down Monitoring

LIST C

Engineered Safeguards Actuation
Containment Phase A Isolation Actuation
Post Accident Monitoring

Main Steam Isolation Actuation

Main Steam Normal System Monitoring
Remote Shut-down Monitoring

LIST D

Engineered Safeguards Actuation
Containment Phase A Isolation Actuation
Main Steam Isolztion Actuation
Main Feedwater ILsolation Actuation
Reactor Trip Actuation

Reactor Coolant Normal System Monitoring

[

LIST E

Engineered Safeguards Actuation
Containment Phase A Isolation Actuation
Remote Shut-dowm Monitoring

Reactor Coolant Normal System Monitoring

Unit 1 Only
Unit 1 Only
Both Unit 1 &
Both Unit 1 &
Both Unit 1 &

Both Unit 1 &
Both Unit 1 &

Unit 2 Only
Both Unit 1 &
Both Unit 1 &
Both Unit 1 &

Both Unit 1 &
Both Unit 1 &

Unit 2 Only
Both Unic 1 &
Both Unit 1 &
Both Unit 1 &

Unit 1 Only
Unit 1 Only

Both Unit l‘&
Both Unit 1 &

Both Unit 1

&
Both Unic 1 &

Both Unit
Both Unit
Both Unit
Both Unit
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LIST F

Engineered Safeguards Actuation
Containment Phase A Isolation Actuation
Post Acceident Monitoring

Containment Phase B Isolation Actuation
Containment Spray Actuation

Main Steam lsolation Actuation

LIST G

Post Accident Monitoring

Containment Phase B Isolation Actuation
Containment Spray Actuation

Main Steam Isolation Actuation

LIST H

Post Accident Monitoring

Main Feedwater Isolation Actuation
Reactor Trip Actuation

Main Feedwater NMormal System Monitoring

LIST J

Reactor Trip Actuation

Post Accident Monitoring

Rexmote Shut-down Monitoring

Reactor Coolant Normal System Monitoring

Both Units 1
Both Units 1
. Unit 2 Only
Both Units 1
Both Units 1
Both Units 1

Unit 2 Only
Both Unit 1 &
Both Unit 1l &
Both Unit 1 &

Unit 2.0nly
Both Unit 1 &
Both Unit 1 &
Both Unit 1l &

Both Unit 1 &

Unit 2 Only
Both Unic 1 &
Boch Unit 1 &

& 2
& 2

& 2
& 2
& 2
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