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1.0

Four Seven-Conductor Cabl‘s. Part No. CGl2-400, werc received for
test in accordance with the referenced specifications. The
specimens were furnished to Wyle Laboratories by Ra chem.

;no cable jackets were marked as follows: Raychem~Flamtrol
-1000V Control 7/C 12AWG 1975 CG12-400.

The specimens were subjected to the following tests:

Irradiation Test* 2 specimens §.3 38 loz rads
2 specimens 1.1 x 10" rads
Receiving Inspection 4 specimens
Thermal Aging 2 specimens 2547
2 speciwens 284F
LOCA 4 specimens
Voltage Withstand 4 specimens

* performed at International Nutronics, Inc., Irvine, California

Functional tests were performed before and after each test, as
requirced.

There was no visible evidence of damage or deterioration »f any
specimen as a result of the test conditions.

The specimens held voltage at rated current throughout the test
and passed the post-LOCA voltage withstand tests.

Por additional information, including test equipment used, refer
to the test data sheets included in each section of this report.

Carolina Power as referenced in this report means Carolina Power
& Light Company Brunswick Steam Electric Plants 1 and 2.

Reference to cable or specimens means Cable CGl2-400.




2.0

2'l

2.2

2.3

Carolina Power & Light Company Purchase Order No. B-22403, dated
27 October 1983,

Wyle Laboratories Test Plan No. 566-1674, Revision A, "Test Plan
for Demonstration of Raychem Cable for Qualified Use in Class lE
Service, Primary and Secondary Containment, for Carolina Power &
Light Company®", dated 1 May 1984, included in this report as
Appendix I.

Wyle Laboratories Test Plan No. 566-1674-1, Revision A, "Test
Plan for Voltage Withstand Level Testing of Raychem Cable Samples
After a LOCA Test for Carolina Power & Light Company", dated 1 May
1984, included in this report as Appendix II.

Wyle Laboratories Quality Assurance Manual No. 380, Revision D,
dated 15 April 1984.
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1.1

1.2

TEST PROCEDURE

Upon receipt at Wyle Laboratories from International Nutronics
upon completion of the irradiation test, the test specimens were
visually examined for evidence of damage which may have been
incurred in shipping. Results of the visual examination,
together with specimen identification information, were recorded
on the appropriate test data sheets,

The test specimens were received in two boxes, marked "A" and "B".
Box "A" contained specimens labeled A.S and A.0, as shown on Page
1-2. Box "B" contained specimens labeled B.S5 and B.0O as shown on
Page 1l-3. Each conductor was identified by heat shrink tags
applied by Raychem prior to shipping.

The test specimens were mounted on 30~inch diameter mandrels.
Test specimens labeled A.0. and B.0O. were to be tested with the
jacket ends open, and specimens 'abeled A.S and B.S were to be
tested with the jacket ends sealed.

The identification of the wire assigned numbers as referenced on
Page 1-4 is as follows:

0 Carolina-assigned wire numbers taken from test plan

© Carolina-assigned identificaticn numbers were those
tagged at Raychem

© Wyle-assigned wire numbers were used for electrical
hook-up only.

TEST RESULTS

There was no visible evidence of damage to the test specimens upon
receipt at Wyle Laboratories,.




DATA SHEET .

customer (LARY biAA LoWER io0no _LS’_E_L’L
Oc.o_.i_‘_ll' Zy

Soncimen _WLLRE 4 MANIREL

RECEIVING !INSPECTION

~o.ovso-camnm:_2— SEvEn] C‘Jl‘/oﬂcﬂl CABLES

Record identification information exactly as it appears on the tag or specimen:
Manufacturer _7PA) & 4 &m

PartNumbers _ (O 570 =502

How does identification information appear: (name plate, tag, painted, imprinted, atc.)

748 S
Soneiwarery. s AS =7 45 € A0~y A0-€C
AS-a AL- 2 Ao -3 Ao~ 2
A5-J . 40 -3
AS- ¥ 40- %
AL 5 A2- S

Examination: Visual, for evidence of damage, poor workmanship, or other defects, and completeness of identification
Inspection Results: There was no visible evidence of damage to the specimens uniess noted below.

* If additional space is required for serial numbers, use an additional page, or reference first functional test data
sheet (if applicable).

w14

Q.C. Form Approval el

Intoectea By F~ M"f

Sheet No. at
poe oy 25/ &7 ; —



DATA SHEET

Date {°ZJ' u" o

Specimen &L“__LM&_ A

RECEIVING !NSPECTION

No. of Specimens Received: 2 S‘g’zgd é:;agutfg/g CaghéES

Record identificat.on information exactly as it appears on the tag or specimen:

wansherrer LAY LB EWT
Part Numpers _CL Q@ /A Y00

\
\
cuomer (ARIE NA LR une SEFET

How does identification information appear: (name plate, tag, painted, imprinted, etc.)

7445

iy« 85 -/ 25-6 o~/ 20- &
&s- 2 &s- 7 LKe- 2 ae= 2
Ls- 3 a2 3
o5 - & au-%
&is 80-

Examination: Visual, for evidence of damage, poor workmanship, or other defects, and completeness of identification.
Inspection Results: Thera was no visible evidence of damagu to the specimens unless noted below.

* 1t additional space is required for serial numbers, use an additional page, or reference first functional test data
sheet (if applicable).

voectea 8y L ADAIL

S No.
NNy 77, T, T V[ 1%

wéla

Q.C. Form Approver el
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s == DATA SHEET R
TEST TITLE LLRE LD { Asg/cmbn?” Fop EniRGZ24TIol croc k TDate b -5-5%

Customer Ll 8itiacd (s JobNo. £XFEFZT
specimen _LAYCHEm 7 covpicroe casies Technician 77
Part No. 4 /2 ~%20 Serial No. "4/4 Enginnrﬁ
ElEcrermd LTRE Chrkx/ vt A5, CARBnrr PSS ot ) Ld Ass fma D
Prrsin é (22X LA ARE i nSel buns X0 ke A S
WHITE / Ao-/ /
WHTE | bin K 6 AO- e 4
H 1T / As-/ 3
A WH ITE [ Senck A A5-¢6 9
Lt TE / do-/ 5
i 1 TE ) ach é &0~ ¢ o
ok r TE / 885~/ *
Wil 1 TE/ Bunck { 45-6 3
LED 2 A0-2 7
Bive 5 L Ao /0
£LED v A5-A , //
A LuvE s #s-5 ' 12
£eD “ do-2 13
B&ivE (o 405 /Y
£ED - 452 | /5
swe 5 45 /6
GleEnw 3 po-3 /?#
oRAVEE 4 Aoy /5
besr 3 As-3 | 19
C gervee 9 AS-Y Ao
GusEN 3 &-3 A/
oEAvEE o9 &o-Y | A2
ke~ 3 &3 ‘ A3
LG 7 as4 ' 24
Bincx 2 ro- 7 . po-?
~/h drex ? 453 | AP
BiAck ? so-F { 807
Sugc kT 2 V. _—

W6148-82 QA Form Approval_2#%
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2.1

2.2

IRRADIATION TEST

TEST PROCEDURE

The test specimens were shipped from Raychem to International
Nutronics for the irradiation testing in accordance with
Reference 2.2, Par. 4.l1.1 for Condition A and Par. 4.1.2 for
Condition B.

TEST RESULTS

Data sheets for the baseline functional test prior to the
irradiation test were furnished to Wyle Laboratories by Raychem,
and are included in this report section.

Irradiation certification data sheets are included in this report
section.

The baseline functional and irradiation tests were acceptable and
comply with Reference 2.2
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PROPRIETARY INFORMATION
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INTERNATIONAL MUTRONICS. INC™ |

2.!

CERTIFICATION

CUSTOMER NAME : WYLE LABORATORIES

CUST. PROD. NO. 58883

[.N.I. RUN NO. WL-012

DATE RUN: May 11, 1984

DOSE RECEIVED: 6.2 x 10’ rads Air Equivalent
SOURCE TYPE: Cobalt 60

BY@Z""*‘-—

TITLE AT /awacEl

ATE B2 B/B#

1962 Barranca Road/Irvine, Califormia 92714 (714) 8639351



WYLE IRRADIATION DATA SHEET 58883

(To be raturned to Wyle Laboratories)

- L
REQUEST (To be completed by Wyle Laboratories)
Date: 5 -§-FY  WleJobNo. JTFPPT wyle P.O0. No. —-%93¢

Specimen: R chem-Flambral T uschielded jacketed CahPart No. U&ge 9922.0/-113-4B

Air Equivalent

Required Dose: Min. £ 2 X107  Max. .2x(o” Rate not to exceed | x10@ rads/hr
Source Type: Cobalt-60/gamma Specimen rotation required: Yes NoD | _ times
Sketch required: Yes D No B

Post irradiation contamination check required: Yes D No B

Dosimetar Standard (min. and max

taastions: B S Zanarser o D Other (sketch attached)

Comments (:nd|£|‘¢n A Sb‘|ﬂﬂi‘9 Bax m“ckd .'Al.

, '.’/(’ - . v i, { 41 & , . - - ¥ -7 ‘ L ‘ = 7
”, - ’ v {1
DATA (To be completed by putomnqcllcb) )" RUN NO. g 4 0/2
L/ing
Facility: JWIEENATIO0 BL A LTHORARS 4E  Technician: Pua) L O Siiib it
Total Dose (air): m.mwads), Max. (rads)
Rate: gd, /.s* rads/hr Sketch (if required): Please show

maber of dosinstars used: la source size, curies; distances,

specimen, and dosimeter placement.

Dosimetry: 4 £ L & HiQioaili KLebd iELLPEX T

Contamination Check Results (if required): 4 @

Specimen rotation description:—dlZat LRZAIEL [80°.
BT M AT Paiar
Comments:

Limes LB ol dd L6k T

Date and Time In: >y out: %

hereby certifies that the above information is the re-
sult of complete and carefully conducted tests and is to the best of his knowledge true and
correct in all respects,

.‘Ja#& Sup'r Signature _Z% Title _JUMNT MNéf .

Form No. w908 QA Form Apptovll




LOCATION DETERMINATION WORKSHEET

DATE: S-//-RY for Page | of ¢

/8" 286 L3/ L2/ -85S 22 AR

10 CFR 50 App. B Work
Cust. Name: oY/ ¢ Cust. Job No.: Sgg@3 LA, Run No.: o0l /2
Max. Dose: L B2« /p” Rads Min. Dose: 4 2, /p” Rads Max. Dose Rate: /ox/o¢ Rads/hr. Dose Equiv.: L2 ol
i.D. No.: _ A4 Dimens fons: i x W x D Weight: Physical Char.: caycwea -Frasczipe Vo
Comments : : € ~ HANSA IELDED SMCEETED O g
PIeg EEQuuRe2 Poug gevil 6 MEMULER 87 Tl QQanibieic CSMITERbmikds O TN o dhi il
LRl Sk
DOSE DOSE
toc. | mows. |aesoms.| fHCKs | BERES | N W0 | Equiv.
x10° | x10°
e 1,377 394 1. L8O (22 L z4v¥ 1 /L3O |

2y 1. 267 242 Jod 1.¢9 Lo . Y7y -—

Jo” 2/ L8e 1 225 1.63 20 1.63 1

26° L2535 20 2£2 1.9/ 77 | re7ar

Sl O

72 g8s 1 230 1.3« M40S |~/F 2072
B
A J
]

i I .-

LULATIUN DAL ILN==UIMCND I UIYAL

Dosimetry Run Information: RTM Start: ¢/ 3 RIMEnd: Y 7/7 3 Net Time: _/ O w~es
Date: S -//-BY

Dosimeters Placed By: pa4a Date: - .- g8y Dosimeters Read By:
Q.C. Approval @ No 42 Location: _ /G aches te: M

Dose Rate Max.: LA Rads/hr. Dose Rate Min.: L.9x V795 Rads/hr.
N My - B ]

z
£888s



CUSTOMER NAME L yis Lodogmms/c 58883
CUSTOMER JOB NO._ <2223

T.N.I. RUN NO._ g4 0 /2
OATE__ /i1 /Ry

TEST SPECIFICATION: s L 250 QOSE Sumil RE MIES Sugen BT Twe
—BlLMET LRI CERITELIIIIE DE Tod  ruma DR EL

2%

ROTATION REQUIRED: - YES NO

RUNNING TIME METER (RTM) RoX 4

DATE ﬁtﬂ PTMIN _¢2/7.3 DOSE RATE MIN p 2,0 DOSE MIN 27 , 16°
DATE 54;@2 RTM OUT ¥ 244, 7 SIDE_ 1 DOSE RATE MAX DOSE MAX

TOTAL HRS_JZ
DATE :Q/@;. RTM IN _49/£.9 DOSE RATE MIN, Ze 0% DOSE MIN_2 29 x10°
DATE S/2//84 ™ OUT_49/9 0 SIDE__1 DOSE RATE MAX DOSE MAX

TOTAL HRS_. 2,/ |
DATE_L LZu/ky "™ IN_¢925 7 DOSE RATE MINQ 9. /o€ DOSE MIN_p 34 X0
DATE /24y | RTM OUT_4 970 | SIOE__3 DOSE RATE MAX DOSE MAX

TOTAL HRS___ ¢
DATE RTM IN DOSE RATE MIN DOSE MIN
DATE RTM OUT SIDE DOSE RATE MAX DOSE MAX

TOTAL HRS

om_;ém TOTAL HRS 34, S SIDE__L  DOSE RATE MIN_ Fx % DOSE MIN_ 2/ 25 «/0°

DOSE RATE MAX____ DOSE MAX

/s
BY |
APPROVED av/ ? A /}2&-‘-—-——




CUSTOMER NAME v = ,usngirng e
CUSTOMER JOB N0.__ <2203

58883

" 2=3

ROTATION REQUIRED: o __VES NO

RUNNING TIME METER (RTM) 2px A

DATE_57// ;éi/ RTM IN _4/74873 DOSE RATE MINQ g./0¢ DOSE MIN 27 Px ip®
DATE sézﬁ RTM QUT 42772 SIDE__2 DOSE RATE MAX DOSE MAX_ ‘
TOTAL HRS_ 3/
DATE 5;&4‘/55 RTM IN _49/90 DOSE RATE MIN. Z.x,0 % DOSE MIN 2 72 %x (0*
DATE S/2//5¢ R™ OUT 4422/ SIDE__2 DOSE RATE MAX DOSE MAX
TOTAL HRS_ 2 /
OATE__S/2u/b% "M IN_9974./. DOSE RATE MINAGx/0® DOSE MIN_2 3ok o°
DATE 5&241 RTM OUT_44 76, 5 SIDE__ 2 DOSE RATE MAX DOSE MAX
TOTAL WRS_ _ &/
DATE RTM IN DOSE RATE MIN DOSE MIN
DATE RTM QUT SIDE DOSE RATE MAX DOSE MAX
TOTAL HRS

DATE ﬁ@ TOTAL WRS_L4, 5 S10E_ 2 DOSE RATE MIN_ 9z /0% DOSE MIN 3/ 05 x/0*

DOSE RATE MAX DOSE MAX




CUSTOMER NAME:

CUST. PROD. NO.

I.N.I. RUN NO.
DATE RUN:

DOSE RECEIVED:
SOURCE TYPE:

CERTIFICATION

WYLE LABORATORIES
58883

WL-011

May 11, 1984

8

1.1 x 10 rads Air Equivalent

Cobalt 60

7

TITLE ARANT NAMAEER

om__g;/%

19682 Barranca Road/!rvine. Califorma 92714 (714) 863-9381



WYLE IRRADIATION DATA SHEET 58883

ABORATUMES
(To be returned to Wyle Laboratories) 2-9

REQUEST (To be completed by Wyle Laboratories)

Date: S — & - By Wyle Job No. S §FPP2 Wyle P.0. No. 3 -$93¢
Specimen: Ghchem Flamboal TH uashielded jackered Cobles Part No. yzg#c 3522-01-3-4R

Air Equivalent

Required Dose: Min. | ]x |g' Max. [.2]) égg' Rate not to exceed 11(19‘ rads/hr
Source Type: Cobalt~-6Q0/gamma Specimen rotation required: Yes E NoD | times
Sketch required: Yes D No B

Post irradiation contamination check required: Yes D No E

Dosimeter Standard (min. and max.

Locations: B expected locations) G Othar (NNOUEh avveshel

coments Condibion B Shipsiag Bor Macked B

The reguced dore. shell be meaiveed ot the Lenmedeic Coaterlise
B 0 s ———————————————

DATA (To be completed by performing lab) RUN NO. eo2 b /y

Facality: ZoZkROATiommi suceosd it i (816 Technician: | .
Total Dose (air): Min. J/x,n8 (rads); Max. (rads)
Rate: p 9. (p* rads/hr Sketch (i1f required): Please show

source size, curies; distances,
Number of dosimeters used: -L specimen, and dosimeter placement.

Dosimetry: 4 e R & mWALuokii L2 PEES2E Ia

Contamination Check Results (if required): o &

Specimen rotation description:—allel SQIRZELD
ABL BT MLl PoidlT

Comments:

z; ot & il “JD PV e

Date and Time In: VL o Ouc:M

—lobert 8aldwin hereby certifies that the above information is the re-

sult of complete and carefully conducted tests and is to the best of his knowledge *"rue and
correct in all respects,

Date -{% Sup'r Signature P/P é&é‘-— Title JumnNT &L,

Form No. w908 QA Form Approval .@
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CUSTOMER NAME Loy, ¢ “n“a“";
CUSTOMER JOB NO.__ 2280 3

NI RUN NO._ g 0i 0 /) 2.
DATE ,zé‘ Zﬂq

TEST SPECIFICATION: _ @00 20 Losk smmes O M EAURCD BT Tas
—RELMET RIS CLRTERAlNE 28 i d acSeidlSi,

ROTATION REQUIRED: < VES NO

TIME/DOSE INFORMATION: o8¢ /7o  oac PLBCER N & FIELR ok
x L0F T

RUNNING TIME METER (RTM) Box 8
DATE S/ /6y RT™ IN 42/7 3 DOSE RATE MIN_Zr 2% DOSE MIN_4/2 Tx /0%
OATE S/v/gy  RT™M OUT4272.3 SIDE__J DOSE RATE MAX DOSE MAX

TOTAL HRS_SS
OATE_/2/e¢ R™ IN 49,59 DOSE RATE MIN Q/0 %  DOSE MIN &/ @5 0®
DATE SZ21/84 ™ OUT_y92/ ¢ SIDE_ 3 DOSE RATE MAX LOSE MAX

TOTAL MRS_S. S
OATE_RY4f A™M IN_49757 DOSE RATE MIN 9 /0% DOSE MIN G 34 /0
DATE_S/24/¥ RTM OUT_g974. 4 SIDE__L __ DOSE RATE MAX DOSE MAX

TOTAL WRS___ 7

DATE RTM [N DOSE RATE MIN DOSE MIN
DATE RT™ OUT SIDE DOSE RATE MAX DOSE MAX
TOTAL HRS

DATE _mj/ﬁ TOTAL WRS (/. £ SI0E__2 DOSE RATE MIN r/0° DOSE MIN S5 08 x/0%
DOSE RATE MAX DOSE MAX -




LN 1. RUN ﬂ.MA_
DATE SA‘ (lg

TEST SPECIFICATION: 200 L/ RED  DASE Samih L& maas
L TRYL ST ERLINE LF Tul aitald8Eh

ROTATION REQUIRED: NO

R b R R b b L b R b A R L L L L L LA L R b b

TIME/DOSE INFORMATION: _irge .oc Pemcid s o £ifed of 24 so"
—S R sul BiR ELl B ENT
RUNNING TINE METER (RTM) gox &

OATE_GZ//oy ™ IN 42203 DOSE RATE MIN_ Gy /0 € DOSE MIN & 3 x /0"
OATE gy /oy ™ OUT 47793 SI0E_Z DOSE RATE MAX DOSE MAX
TOTAL WRS__7
Yy -
OATE_g/a/fas WM IN 44543 DOSE RATE MIN @y /2 & DOSE MIN 2.2« /0
DATE_S/20/8¢ "™ OUT 4904, 3 SI0E__2 DOSE RATE MAX D0SE MAX
TOTAL MRS_ 48
DATE_C /44 "™ IN_%ELLY 0OSE RATE MIN @4 0% DOSE MIN </ dcc/d®
OATESL2//4 AT OUT 4924, F SIDE__2 __ DISE RATE MAX DOSE MAX
TOTAL WRS_S. S
&
OATE_SLv/By "™ IN 4974 % DOSE RATE MIN_fc0 ©  00SE MIN g Jx /0
OATE_g/20/od/ R™M OUT 4222 [ SIOE_G __ DOSE RATE MAX DOSE MAX
TOTAL WRS__. 7

OATE_LR24/8¢ TOTAL WRS LLZ SIE__ 2 DOSE RATE MIN_Zr.n £ 00SE MIN_C.C o8 x "

DOSE RATE MAX___ _ DOSE WAX

8 ku 70/2& ﬂ___
APPROVED lv/ Z,/P 2 ". —_—
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3.l

Insulation resistance measurements were nade Detween each
conductor and all other conductors in the cable at 500 vde after
one minute ot electrification.

These measurements were made before radiation exposucre by
Raychem. Following radiation, before and after thermal aging,
after installation (n the pressure vessel®, and at the times
shown in test profile, (ses Figure 5-4) the measurements were
made and recorded by Wyle Laboratories personnel.

* The (R test after installation in the pressure vessal as shown
on Page 5-17 included al) penetrations and lead wites

Results of the pre~cadiacion functional tests are presented in
Section 2 of this report; results of post-radiation functionals
ate included in this report section. Results of subsequent
functionals are presented (n the appropriate sections of this

report.

Test equipment used for the functional test is listed on Page 5-42
of this report.

- -
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4.1

4.2

SECTION 4

THERMAI. AGING TEST

TEST PROCEDURE

The test specimens were installed in two temperature test
chambers. The specimens on Mandrel "A" were installed in the
first chamber, and were subjected to a stabilized temperature of
254F for a period of 100 hours. The specimens on Mandrel "B" were
installed in the second chamber, and were subjected to a
stabilized temperature of 284F for a period of 100 hours.

The thermal aging test was perfcrmed in accordance with Par. 4.2
of Reference 2.2

At the conclusion of the test period, the specimens were removed
from the test chambers, were visually examined for evidence of
damage or deterioration, and were subjected to the functional
tests of Section 2.

TEST RESULTS

There was no visible evidence of damage to the specimens as a
result of the test conditions.

Data as shown on Page 4-5 is incorrect due to the test leads being
reversed. Refer to Page 5~16 for the correct data.

For additional information, refer to the test data sheets
included in this report section. Test equipment used for the
thermal aging and functional tests is recorded on Pages 4-~6 and
5-42, respectively.
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SECTION 5
LOCA TEST
5.1 TEST PROCEDURE

5.1.1

TEST SETUP

The basic elements of the Wyle LOCA test system are shown in
Figure 5~1. Photographs 5-1 thrcugh 5-3 are photos of the
test specimens being installed into the LOCA chamber.

The relevant systems in the Wyle LOCA test facility are as
follows:

Q

o

Q

Temperature: Initially generated with a boiler, a super-
heater (rock bed) and finally with submerged electrical
heaters. It is controlled via very low mass thermo-
couples inte faced to a Wyl!e~designed electronically con-
trolled three-way valve (mixes superheated and coocler
saturated steam) or with standard electrical immersion
heater controls.

Pressure: Initially generated with a boiler. Steam is
then valved off and pressure is generated with immersion
heaters in the spray solution and compressed air for
pressures above the saturation pressure.

Spray: 1Initially pre-heated i.. a separate chamber; the
solution is heated in the bottom of the LOCA chamber and
circulated to the spray nozzles at the top.

Data: Data are generated via temperature and pressure
transducers and recorded via standard chart or digital
recorders.
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S.1.2 CABLE INSTALLATION

All the cables were tested simultaneously. They were left on
the mandrels after irradiation and were installed in the test
chamber as shown in Figures 5-2 and 5-3. Control and data
thermocouples were distributed and mounted closely (3 inches)
to the coiled samples.

The ends were routed to Raychem-designed penetration assemblies
and spliced to the penetrator leads with Raychem WCSFN. All
splicing was performed by Raychem personnel. Views of the
cables are shown in Photographs 5-2, 5-3 and 5-4. (Note Mandrel
B is on top and A is on the bottom, as shown in the
photographs.)

5.1.3 ELECTRICAL PCWER AND MONITORING

The external penetrator leads were connected to the circuits
shown in Figures 5-2 and 5-3.

All the power current circuits were isclated. Each conductor
voltage was separately fused such that insulation failures
would not directly interact. The required power currents were
individually trimmed to +/-10% by adjustment of the lead length
(load resistance). Inductive interactions prevented closer
adjustment of these values.

All voltage and power current values were measured via accurate
DMM's and precision shunts and were monitored daily.

5.1.4 LOCA TESTING

Steam, superheated steam, demineralized water spray, and air
pressure were utilized to envelop the required LOCA test
profile shown in Figure 2 of Reference 2.2. Figure 5-4 is the
actual test profile, including all down times as shown in test
summary on Page 5-33.
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5.1.4 (continued)

After the specimens were mounted in the chamber and the
chamoer was sealed, a controlled steam/superheated steam
blowdown of the LOCA chamber was performed for six hours and 45
minutes. The test was interrupted at three hours and 15
minutes due to the loss of superheated steam. During the down
time (approximately nine hours) the LOCA chamber was
maintained at 200F and ambient pressure via the immersion
heaters. The superheater was recharged and testing continued.

The steam was then terminated and the pre-heated (pressurized)
de-mineralized water spray was initiated. Temperature
control via the LOCA chamber immersion heaters was initiated
as rapidly as possible. This was possible, since in operation
the spray is circulated from the bottom of the LOCA chamber %o
the top nozzles, leaving the external spray reservoir empty.
During the transition from superheated steam to de-mineralized
water spray (320F to 250F) the test specimens were subjected
to an additional 45 minutes at the elevated temperature.

The spray was continuously circulated for a 24-hour period at
a rate of 1.44 gpm. This is equal to 0.15 gallons per minute
per square foot of horizontal cross-sectional area of the LOCA
chamber. An air partial pressure was added to the saturated
water vapor pressure to maintain the total pressure at the
specified level.

The spray was then terminated and the temperature was main-
tained for the duration of the test via the immersion heaters.
Air was added to the chamber to maintain the pressure at the
specified level. The relative humidity was maintained at 100%
after the spray was terminated. Reference “Technical
Opinior®, Page 5-6.

At the conclusion of the test, the specimens were subjected to
the functional tests described in Section 2, and were visually
examined for evidence of damage or deterioration. Photograph
5-5 shows the specimens following LOCA test.
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$.2 TEST RESULTS

No anomalies were noted during the test., There was no visible
evidence of damage or deterioration of the specimens as a
result of the test conditions. The test specimens were
subjected to the elevated temperature and humidity for a
longer duration than required due to the down times.

The test specimens maintained rated voltage and current
throughout the test program.

After approximately 13 hours lapsed time, one of the fail-safe
thermocouples opened up, shutting off the immersion heaters ir
the chamber. The test temperature dropped out of specifica-
tion from 250F down to 230F for one hour and 15 minutes. The
test time at 250F was extended to make up this lost time.

when the spray was terminated and the temperature was main-
tained via the immersion heaters, the relative humidity was
maintained at 100% by keeping the water temperature higher
than the air temperature in the chamber. Wyle Laboratories
was unable to record the humidity inside the chamber, so the
technical opinion presented on Page 5-6 is included to assure
Carolina Power & Light that the 100% humidity requirement was
maintained.

Por additional information, refer to the test data sheets
included in this report section. Test equipment used in the
performance of the LOCA test are listed on Pages 4-6 and 5-42.

Page 5-34 is a typical temperature and pressure recording
during the first ramp.




WYLE REPORT NO. 58883

LABORATORIES SOHENTIRC SEMVICES & SYSTEMS GROUP
WESTERN OPERATIONS, NORCDO FACIUTY 5=5
PAGE NO

5.3 (continued)

pPages 5-35 through 5-41 are typical daily recordings of
temperature and pressure.

The original data (temperature and pressure recordings) will
be maintained by Wyle Laboratories unless otherwise instructed
by Carolina Power, and will be available for inspection by

authorized personnel.
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TECHNICAL OPINION

A closed adiabatic system containing dry air and liquid water
will eventually reach an equilibrium state where the water and
air temperature is the same, and the total presure is equal to
the sum of the partial pressures of the air and water vapor ac
this temperature. The partial pressure of the water vapor
will be the saturation pressure of the water at this
equilibrium temperature.

By definition, the relative humidity of an air-water mixture
is the ratio of the partial pressure of the water vapor to the
saturation pressure of water at the mixture temperature, which
in this equilibrium condition is one or 100%.

In this ideal state you can argue that the time required to
reach total equilibrium will approach infinity since the rate
of heat transfer is a function of the temperature differential
within the system. In the test case in question, however, the
system is not adiobatic and the effect will move the system to
equilibrium rather quickly.

By putting energy into the system, via the water in the bottom
of the chamber, to maintain the desired vapor temperature, a
temperature differential is maintained between the water and
vapor. In OQf ca%r the dit%;ron%}al runs from four to 1l
degrees (2087 -204 to 2157-2047). This differential
temperature does two things. PFirst, it ensures a continuous
free convection circulation of the air-vapor mixture within
the system wihich continuocusly passes over the heated water,
and secondly, keeps the vapor pressure at the water surface

higher than the partial pressure of the water vapor in the air.

For the above reasons, I see nc way the air-vapor mixture in
the chamber can be anything but saturated, or at a relative
humidity of one.

Prepared by:

Robert Whezlock

Technical Staff Engineer

FluiZ Systems Specialist P,
”

E P / ; /
WG
/6{1 .’.:/7" Ll-/tce '2‘{/\




58883
5-7

REPORT NO
PAGE

LASORATORES SCEENTIIC SEAVICES & SYSTEMS GROUP
WESTERN OPERATIONS, NORCD FACILITY

LRL LA AR 1 ]

)

w

m —— - . - 1ennsey
- H’l..‘uot — 40198 1931 voO

LUl

ey IH enima 1ivig
ey ey

10 e Sinieies ey

RRE =

§
i
¥
[
i
6
5

@:o
mosiesey
' dJ ooy

e

|
!
% | -
I -.-.-3.,.- |
Y201 15 vimse | f |
e Awe uessig) §o 0 -4 i ! 1
wonimeg Aeidg A = 1
prosey v weiy vewIedy . ) = |
1enwer J
= - = EINERUN L] BInERS Iy -
ey L wb saweys 198 ~ ) .‘.. .n .M||! B \#. J
. =3

- ¢

S—

poon s0r0 : rw_

-

1y oy M0

T G v 05
T

'

1 |

' |

] |

- Geavem) !

—. epiedey enwey s A
PN —— d-e




LASTATORSS  CNSCURC SISO ) TTETRS RO
WASTERN OFERATICHE, MORCD MCEITY

REPORT NO LLLLE

rade . 3-8

FIGURE 5-2

TYPICAL CONMECTIONS

480V., 39, 60Hz.

Stepup Xformers

"A—' Vv r—-6-q°v—. To Wyle wire No. 1-8
R e
A
Sl R S00V. g To Wyle wire No. 9-16
|
-
> C C 200V, _g» To Wyle wire No. 17-24
)--N--1===j1j__

é———. To specimen wire No. 7

also chamber ground

HIGH vOLTAGE CIRCUIT BLOCK DIAGRAM

Penetration

SPECIHEN

Current
D= Xformer.
20 amps.
Variable
60 Hz.,
Power T

F
> 600 Volts n

0.5 amp.

TYPICAL SPECIMEN CONNECTIONS
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PIGURE 5-3
SPECIMEN HOOK-UPS

Circuit Energization
Typical One Sample

e
PHASE A I_t

GROUND

PHASE C P\ n vt

0 = black 6 = blue

1= red 9 = whice

3 = orange 9/0 = white/black
5 = green

Total of 24 fuses
snd souitoring circuits
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FIGURE 5-4

ACTUAL TEST PROFILE
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PHOTOGRAPH 5-2

PRE-LOCA TEST
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PHOTOGRAPH 5-3

PRE-LOCA TEST
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PHOTOGRAPH 5-4

POST-LOCA TEST
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PHOTOGRAPH 5-5

POST-LOCA TEST
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Flowmeter

7704A0851-A7-12
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Dick Munns Company

5=45

Phone 596.1559

LIQUID AND

GAS - FLOWMETER CALIBRATION SERVICE

3335 Cerritos Avenue Los Alamites, Calif. 90720

RENTAL METER

Certeficate

OATE 6-6-84
SUBMITTED FOR CALIBRATION BY Wyle Laboratories
TYPE OF INSTRUMENT Flowmeter
SERIAL NO. 7704A0851-A7-12
MODEL NO. 1/2-35
MEGR. FaP
-
RATED ACCURACY ~ 23 F.8.
CALIBRATION INTERVAL A2 _months
INDICATED ACTUAL | REMARKS
SCALE G.P.M, | bom
1 .26 | H20 @ 70°F.
4 249 ! 2
kS <k |
4 978 '
5 1.243
6 1.530 |

CALIBRATED BY COMPARISON WITH THE FOLLOWING STANDARDS

Test units A-6 & A-7, N.B.S. Traceability #M-2055.

As per MIL-STD-45662.

ALL INSTRUMENTS USED TO ACCOMPLISH ABOVE CALIBRATION HAVE DIRECT TRACEABILITY TO THE
NATIONAL BUREAU OF STANDARDS, WASHINGTON, D.C.

CALIBRATION 8Y RM

-

-

/
APPROVED BY—==_- - P A A -




REPORT NO 300

WESTERN OPERATIONS, NORCD FACIUTY

6.1

YOLTAGE WITHSTAND LEVEL TEST

IEST PROCEDURE

At the conclusion of the LOCA test described in Section 5, the
cable ends of the specimens were cut inside the pressure vessel,
and the mandrels, with the cables still attached, were removed
from the vessel. The cables were then removed from the mandrels
without uncoiling. The ends of each specimen were prepared by
cutting the lead wires between the penetration and test specimen.
The lead wire connected to each conductor of each test specimen
was stripped to facilitate the electrical hook-up.

The center portion of eacu cable was immersed in tap water at room
temperature.

With the water bath grounded, the conductors were connected as
shown in Pigure 1, (Reference 2.3, Appendix II) Configuration A.

A withstand voltage of 1200 ac volts was applied by uniformly
increasing the applied voltage from zero to maximum at a rate not
exceeding 500 volts per second, holding 1200 volts for five
minutes, and decreasing the voltage to zero in not less than three
seconds.

The connections were then changed to conform with Vigure 1,
Configuration B, and a second vcltage withstand test performed in
accordance with Par. 5.6 of Reference 2.), except that at the end
of the five-minute period, the voltage was increased at a uniform
rate, not exceeding 500 volts AC per second, to a value of 3600 AC
volts, held for five minutes, and then reduced to zero in not less
than five seconds.

The connections were then changed to conform to Figure 1,
Configuration A. A withstand voltage of 31600 volts AC was applied
by increasing the applied voltage from zero to maximum at a rate
not exceeding 500 volts AC per second, holding for five minutes,
and then decreasing the voltage to zero {n not less than five
seconds.




REPORT NO 58883

WESTERN OPERATIONS, NORCD FACILITY

PAGE NO ‘-2

6.1

6.2

(continued)

The voltage applied to the test specimens was measured and
recorded on data sheets.

TEST RESULTS

No electrical breakdown was noted as a result of this test.

Test results are recorded on the test data sheet included in this
report section. Photograph 6~1 shows the test apscimens
installed in the test setup. Test equipment used {n tha
performance of this test is listed on Page 5-42.
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PHOTOGRAPH 6~

EST SETUP: VOLTAGE WITHSTAND LEVEL
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m Test Plan No.
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LABORATORES SCHENTWIC SEMCES & SYSTEMS GAOUP

WESTERN OPERATIONS, NORCD FACIUTY Page No.
: r4
e
1.0 OBJECTIVE

To perform gqualification testing of Raychem-Flamtrol unshielded,
jacketed cables having combined conductor insulation and jacket
wall thickness equal to or greater than 0.120 inch to determine
qualification for Class l-E service inside primary containment
under loss of coolant accident (LOCA) or high energy line break
(HELB) conditions specific to Brunswick Steam Electric Plant
(BSEP). Testing will be performed on two sets of pre-aged cable
specimens. One set will be pre-aged to simulate eight years of 1~-
plant service (Condition A). The other set will be pre-aged o
simulate 40 years of in-plant service (Condition B). Testing to be
performed on these specimens shall determine ability to perform
intended functions under LOCA or HELB conditions during the remain-
ing plant life.

2.0 MATERIALS
2.1 CABLE DESCRIPTION

Cables to be tested shall be Raychem-Plamtrol unshielded, jacketed
cables whose combined conductor insulation and jacket wall thick-
ness is greater than 0.120 inch and whose jackets were radiation
crosslinked with a 2.0Mev beam.

2.2 CABLE SAMPLE

Teat specimens are to be fabricated from 7-conductor, 12 AWG,
unused cable available at BSEP. Primary insulation thickess is
0.045 inch and the jacket thickness is nominally 0.09 inch.

3.0 TEST SPECIMENS
3.1 Two specimens 2ach of cables aged at Condition A and Condition B

will be configured and tested as follows:

a. Cable jackets will be left intact and will exit the pressure
vessel through suitable penetrations.

b. Cable jackets will be stripped in such a way that their ends
will be inside the pressure vessel. Individual components
will be spliced to individual penetration leads inside the
pressure vessel. Thus, the open ends of the cable specimens
will be exposed to the simulated adverse environment inside
the vessel.
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REIISION A
3:2 (continued)

¢. Each specimen will be of sufficient length to be wound for one
complete turn on a 30-inch diameter mandrel, which will be
used to hold the specimens in place during preconditioning and
environmental exposure.

4.0 SPECIMEN PFE-CONDITIONING
4.1 RADIATION AGING
4.1.1 Condition A

One specimen of each configuration (3.l1.a.and 3.1.b) will be
exposed to an air equivalent dose of 6.2 x 10 rads of gamma radi-
atgon from a cobalt-60 source. The dose rate shall not exceed 1.0 x
10" rads per hour, This exposure simulates eight years of in-plant
so;vico (1.2 x 10" rads) plus the postulated LOCA radiation (5.0 x
10 rads).

4.1.2 Condition B

One specimen of each configuration (3.l.a ani 3.1.b) will be
exposed to an air equivalent dose of 1.1 x 10 rads of gamma
rldiating from a cobalt-60 source. The dose rate shall not exceed
1.0 x 10" rads per hou This exposure simulates 40 years of in-
plant lo:yico 6.0 x 10 rads) plus the postulated LOCA radiation
(5.0 x 10 rads).

4.2 THERMAL AGING
4.2.1 Condition A

One specimen of each configuration (3.1.a and 3.l1.b), while on the
mandrel, will “e aged at 123C for 100 hours to simulate eight years
of life at 66C, based on Arrhenius analysis of long-term thermal
life data.

4.2.2 Condition B

One specimen of each configuration (3.l1.a and 3.1.b), while on the
mandrel, w.ll be aged at 140C for 100 hours to simulate 40 years of
life at 66C, based on Arrhenius analysis of lung-term tharmal life
d‘u.
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REUISION o
5.0 LOCA TEST PROCEDURE
5.1 SPECIMEN INSTALLATION

The mandrels on which the pre-conditioned specimens are mounted
shall be installed in the pressure vessel in such a way that they
will be restrained from moving during the test,

Jacket ends of one specimen on each mandres will be stripved to
expose the primary insulation to the environment inside the pres-
sure vessel. Individual componants will be spliced to individual
penetration leads inside the pressure vessel.

Cable ends of the remaining specimen on each specimen on each man-
drel shall be sealed. Suitable penetraticns shall be made as speci-
fied in 3.1.a and 3.1l.b.

5.2 ELECTRICAL CONNECTIONS

The specimens shall be continuously energized as shown in Pigure 1,
where terminals A, B, and C are connected to a 4-wire, l-phase, Y-
connected transformer, with a grounded neut.al, whose line voltage
is adjusted to 600 volts. Each transformer lead is fused at 0.5
amperes to facilitate failure detection.

Each energized conductor shall be connected as shown in Figure 1 and
the current transformer shall be adjusted to provide a simulated
load current of 20 amperes in each conductor. This adjustment is
made at room temperature and the current will vary during the test
as the conductor temperature varies.

s.3 ENVIRONMENTAL EXPOSURE

The specimens shall be exposed to the simultaneous temperature and
pressure profiles shown in Figure 2.

The specimens shall be exposed continuously to a demineralized
water spray beginning six hours after the start of the environ-
mental exposure. The spray shall be directed vertically downward
at a minimum rate of 1.44 gallons per minute per square foot of
horizontal cross-sectional area of the pressure vessel and shall
continue for 24 hours. After 24 hours, the relative humidity will
be maintained at 100% for the duration of the test.
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REVISION A
5.4 MEASUREMENTS
5.4.1 The following parameters will be monitored during the test:

s.‘.z

6.0

7.0

a. Voltage

b. Voltage circuit continuity
¢. Load Current

d. Pressure

e. Temperature

f. Humidity

g. Insulation resistance values

Insulation resistance measurements will be made between each con-
ductor and all other conductors in the cable at 500 vdc after one
minute of electrification. Such measurements shall be made before
and after radiaticn exposure, before and after thermal aging, after
installation in the pressure vessel, and at the times shown in
Figure 2.

ACCEPTANCE CRITERIA

Ability to carry the simulated load current of 20 amps at 600 vac
will demonstrate qualification of the cables for Class l-E service
in primary containment at BSEP.

At the conclusion of the test program a report will be issued which
will include the following:

a. Description of test specimens

b. Description of the test program

C. Detajiled test data in tabular or chart form, as appropriate
d. Test conclusions

e. Calibration records of test data acquisition instruments

Unless otlierwise specified, two bound, and one unbound, photo-ready
copies of the report will be furnished.
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REVISION A
1.0 OBJECTIVE

To determine the extent to which the cables may exhibit residual
margin upon completion of the aging and harsh environment exposure
described in Reference 3.1.

2.0 SCOPE

The testing described herein will be performed on cable specimens
used in the program described in Reference 3.1. That program is
intended to demonstrate qualification of the cable for use in Class
1E service in primary and secondary containment at Brunswick Steam
Electric Plant (BSEP). Similarly, the post-LOCA testing described
herein is intended to determine residual margin in addition to
those margins of time, temperature, pressure, voltage, and current
accounted for in Reference 3.1. Because neither of these programs
is concerned with generic qualification of the cable, there is no
residual margin requirement once the cable specimens have met the
performance requirements specific to BSEP, as described in
Reference 3.1.

3.0 REFERENCES

3.1 "Demonstration of Raychem Cable for Qualified Use in Class 1lE
Service at BSEP - Primary and Secondary Containment®, Revision 2.

4.0 CABLE DESCRIPTION
The cable to be subjected to the high voltage withstand test
described below will be the identical specimens used in LOCA tests
described in Reference 3.1.

5.0 PROCEDURE

5.1 At the conclusion of the LOCA testing, the cable ends will be cut
inside the pressure vessel and the mandrels, with the cables still
attached, will be removed from the vessel.

$.2 The cables will then be removed from the mandrels without
uncoiling.
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~BEVISION A
5.0 (continued)
S.3 The ends of each specimen will be prepared by removing a short

length of the jacket and stripping the primary insulation from each
conductor to facilitate electrical connections.

5.4 The center portion of each cable will be immersed in tap water at
room temperature.

5.5 With the water bath grounded, the conductors will be connected as
shown in Figure 1, Configuration A.

5.6 A withstand voltage of 1200 volts will be applied by uniformly
increasing the applied voltage from zero to maximum at a rate not
exceeding 500 volts per second, holding 1200 volts for five
minutes, and decreasing the voltage to zero in not less than three
seconds.

5.7 The connections will then be changed to conform with Figure 1,
Configuration B, and a second voltage withstand test performed in
accordance with 5.6 above, except that at the end of the five-minute
period, the voltage will be increased at a uniform rate, not
exceeding 500 volts AC per second, to a value of 3600 AC volts, held
for five minutes, and then reduced to zero in not less than five
seconds.

5.8 The connections will then be changed to conform to FPigure 1,
Configuration A. A withstand voltage of 3600 volts AC will then be
applied by increasing the applied voltage from zero to maximum at a
rate not exceeding 500 wvolts AC per second, holding for five
minutes, and then decreasing the voltage to zero in not less than
five seconds.

5.9 The 3600 volts AC is based on80 volts AC/Mil of primary insulation
thickness.
6.0 MEASUREMENTS

The voltage applied to the test specimens will be measured and
recorded on data sheets.

7.0 DOCUMENTATION

An information report will be furnished by Wyle Laboratories.
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FIGURE 1

’
CONNECTIONS FOR VOLTAGE WITHSTAND TEST

- T -
-
/ ~
\

/ \
/ \
] |

|

\ /

\ /

\ F
- -

~‘—

Configuration A: 2, 4, 6 and 7 connected to high
voltage terminal; 1, 3, and §
grounded

Confiquration B: 2, 4, 6, and 7 grounded; 1, 3,

and 5 connected to high voltage
terminal
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Raychem Corporstion Telephone 415) 361 3333
ayc em 300 Constitut:on Drive TWx €10 373 1728

Menio Park. Califarma 94025 Telex 34 8316
Test Report EM #2923

May 7, 1984 xc: L. J. Frisco

Information File ATTACHMENT (2).

E. J. McGowan

RAYCHEM-FLAMTROL CABLE, PRE-LOCA TEST INSPECTION

OBJECT ,

Insulation resistance and breakdown voltage tests were performed on com-
ponents taken from a Raychem-Flamtrol {nsulated, unshielded, jacketed,
multiconductor cable to determine 1f they had been affected by space
charge effects during jacket frradfation. The cable specimen was taken
from a lot of unused cable provided by Carolina Power and Light Company ,
which had been shipped from their Brunswick Steam Electric Plant to Ray-
chem. The purpose of the tests was to determine {f this particular lot
of cable is a suitable sample to be used in subsequent adverse environ-
ment tes.ing.

MATERIAL

The test specimen was cut from a length of cable identified by the
following marking on the cable jacket:

RAYCHEH-FLMTROLT"-IMOV CONTROL-7/¢-12AWG-1973-CG12 400

JEST PROCEDURE

The jacket was removed from a 15-foot length of cable and the compon-
ents were disassembled. The central 10-foot section of eacn component
was immersed in water for a period of about 22 hours. The insulation
resistance of each component was then measured with a G.R. Megohmme ter
at 500 V d-c. The a-c breakdown voltage of each component was then
measured with a Beckman High .oltage Power Supply, uring a rate of rise
of 500 volts per second.

The disassembly of the cable and the measurements described above were
witnessed by D. R. Rhyne of CP & L.

DETAILED RESULTS

The test results are summarized in Table 1 below.



RAYCHEM-FLAMTROL CABLE PRE-LOCA TEST INSPECTION -2~
TABLE 1.
Insulation Resistance Breakdown Voltage

Component Color (ohms ) (kV)

Red 2.8 x 102 3.2

Green 4.0 x 10! 3.1

White 6.0 x 10'? 1.7

Black 1.5 x 10%? 28.7

Blue 4.0 x 10'° 2.2

Orange 5.0 x 10%? 3.3

White/Black 1.0 x 10%? 25.1
COMMENTS

The insulation resistance values were in the expected range, although
the value for the blue component was slightly below average.

The breakdown voltage values cleariy demonstrate that five of the com-
ponents were affected by space charge effects during jacket irradiation,
as evidenced by decreased electric strength. Therefore, this particular
lot of cable (CG12-400) is a suitable sample for use in adverse environ-
ment testing to be conducted by CP & L.

ay.m«,d.......

EJMcGowan-5/7/84



ATTACHMENT 3
TO BESU 842466

SELECTION OF TEST SAMPLES FOR ADVERSE ENVIRONMENT TESTING



SELECTION OF TEST SAMPLES
FOR ADVERSE ENVIRONMENT TESTING

BRUNSWICK STEAM ELECTRIC PLANT

Cable samples to be used in adverse environment testing will be taken from
the inventory of unutad cable available at BSEP. Constructions on hand
include 7-, 10- and 12-conductor unshielded, jacketed cable. For reasons
described below, testing of the 7-conductor construction will yield results
that are applicable to the other constructions.

The conditions necessary for space charge effects to occur during jacket
irradiation of unshielded jacketed cables with a high-energy electron beam
are not dependent on the number of conductors in the cable. If the elec-
trons cannot penetrate the jacket and component insulation walls so that a
highly ionized path to at least one grounded conductor is formed, space
charge will develop and the phenomenon will occur. .

In a 7-conductor cable, six component wires are helically wrapped around a
center component wire to form a full and uniform outer layer, as shown in
Figure 1. This regular configuration ensures that each component wire in
the outer iayer is in intimate contact with three other component wires and
with the inner surface of the jacket. Therefore, among the constructions
available, the 7-conductor configuration presents a geometrical arrange-
ment with the greatest potential for space charge effects to occur in a
way that reduces the distances between affected components to a miniaum,
which results in a worst case situation from an elzctrical breakdown point
of view.

If the required adverse environment testing is performed on 7-conductor
cables which have been shown by pre-test inspection to contain components
affected by space charge, the conclusions drawn from such testing will be
applicable to 10- znd 12-conductor cables as well. If the affected compon-
ents in a 7-conductor cable perform their intended function during adverse

-1 -



environment “esting, there is no reason to believe that a 10- or 12-con-
ductor cable would not yield the same result.

For the following reasons, it is more practical to test the 7-conductor
configuration:

(a) It has the smallest outside diameter (.765 inch max) which
permits the use of a 30-inch diameter (40X) mandrel, whereas the
“0- and 12-conductor cables would require 39- and 40-inch diameter
mandrels respectively. The larger diameter mandrels are more
difficult to handle 2nd require larger ovens and pressure vessels
for testing. At Wylie Norcoc, a 42-inch diameter pressure vessel
is available which can accomodate a 30-inch diameter mandrel with
specimens mounted (approximately 32-inch diameter overall), but
could not accomodate the larger mandrels. Their next larger ves-
sel is 72 inches in diameter and has a volume too large to permit
the required supersaturated steam conditions to be maintained in
accordance with the propesed LOCA profile.

(b) Pressure vessel penetrations are much more complicated and
require more space as the number of conductors 1s increased.

(¢) The amount of instrumentation and auxilary electrical equip-
ment required increases as the number of conductors is increased.

(d) If it was necessary to test 10- or 12.conductor cables, deal-
ing with the disadvantages mentioned in (a), (b) and (c) above
would increase the cost and, perhaps, delay the start of testing.



Figure 1. 7-Conductor cable.
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CAROLINA POWER & LIGHTCOMPANY

PURCHASE ORDER
ATTACHMENT (1).

. PURCHASE ORDER NUMBER|

\“ - a ———————————
NUCLEAR PLANT CONSTRUCTION DEPARTMENT
Brunswick Steam Electric Plant
. : P, U. Box 11060
1V N . . ¥ 4

B-18696

OTE: ORDER NUMBER MUST APPEAR ON ALL INVOICES. CORRESPONDENCE. SHIPPING PAPERS AND CARTONS

-

ORDER DATE SHIPMENT PROMISED BY | SHIP ViA | £08 | TEAMS | REQ NO BUYER CODE |
I ' T ey
1/10/83 ASAP | BW s? | N/30 | 18696 | TE/jc ;
SUPPLIER IMPORTANT INSTRUCTIONS :
— — 1 ADDRESS ORIGINAL & (2) COPES 2 ATTACH ORIGINAL BILL OF LADING OR
Raychem Corp. OF YOUR ITEMIZED INVOICE TO 5 muore meer seomn e
Wire & Cable Receiving TME ABOVE ADDRESS ATTENTION  SHOWN ON PURCHASE ORDER o
2971 Spring St. ACCOUNTS PAYABLE DEPARTMENT 4 WHEN PREPAID ATTACH ORIGINAL
Redwood City, CA 94063 J i S S
A , FAGM RECEWT OF INVOICE CORRECTLY
Attention: Glen Barcellos EXECUTED :
TEM DESCRIPTION | QUANTITY | UMIT | NET UMITPRICC | TOTAL PRICE |
1 ! ! ;
ORIGINAL NOTIFICATION | f i
: ‘ !
1 Cable/Reel CG12233 \ 110 ft i Price pelk Invoice !
| | { , |
2 Cable/Reel CG12256 | 114 | ft Price per Invoice ,
, ; ' | i
3 Cable/Reel CG12338 u 160 | ft | Price per Invoice |
9 f i I
- Cable/Reel CG12348 f 146 | ft | Price per Invoice ;
| | J {
5 Cable/Reel CG12382 (See Note) | 138 | f:! Price per Invoice i
6 Cable/Reel CG12400 | 214 ; ft! Price pe# Invoice f
1 ; i
("Q" List / 79-01B Program) * : - .
] ; RCHASE HUMBER I
f | UST BE S ON ALL |
1

Note - Cable CG12382 two pieces, one @ 124',
one @ 14', 138" Total ; |

Cable being shipped to Raychem to Determine
if defect (space change) is present.

INVOICE SHOULD BE SENT TO:
CAROLINA POWER & LIGHT COMPANY
ACCOUNTS PAYABLE UNIT
P.0. BOX 11060

W. Guariro SOUTHPORT, N.C. 28461

| N.C. SALES TAX CERTIFICATION REGISTRATION NO 7 |

IPMENTS INVDICES,
AND CORRESPONDENCE.

|

SHIP TO |
CARDLINA POWER & LIGHT COMPANY
CONSTRUCTION DEPT. |
BRUNSWICK STEAM ELECTRIC PLANT
SOUTHPORT, N.C. 28461
ATTENTIOM MR R. ). Qnoovea, 1%

| The above order s subject to ali instructions

SE & CHARGE
79-01B terms and conditions set forth on the face and
H21H3-53199-0A18 | reverse side hereof This Order expressly imits

|
‘; " acceptance to the terms stated haren and any

w | aodmonal or different terms proposed by 'he
l | Seller are rejected uniess assented 10 N writing

1

NCTE:

CAROLINA POWER & LIGHT COMPANY

ov _ ¥

T. Ellis

DATE £=/9 -£2

Attached Acceptance of this Order must be returned to attention of the

Purchasing Dept Only when required as stipulated :n Condition ! on the reverse

TN sAR2



PURCHASE ORDER

.V"‘ — o OF ___2_ CAROUM POW!! ‘ IJGHT COﬂPANV conﬂnu‘"ou SHEET

N NUCLEAR PLANT CONSTRUCTION DEPARTMENT

» Brunswick St ‘
: P. 0. Box 11060 PURCHASE DRDE . NUMBE
« n— -
: . Southport, N. C.28461 B-18696
TEM DESCRIPTION QUANTITY | UNIT NET UNIT PRICE I TOTAL PRICE
|

Please acknowledge receipt and acceptance of uhu-purci\lu
order by return mail.

! ; |
i W. Guarino | i ‘
U7 AMS AND CONDITIONS ON TWE FACE AND REVEASE SIDE OF THE SIGNED SHEET ARE EFFECTIVE ~OVERING THE ABOVE ITEMS A< 1,0
1OUGH REPEATED HEREON
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+ Raychem

METHOD OF DETERMINING ACCELERATED AGING PARAMETERS
TO SIMULATE SERVICE AGING OF RAYCHEM-FLAMTROL™ CABLES
INSTALLED AT BRUNSWICK STEAM ELECTRIC PLANT

February 1983

Raychem Corporation
300 Constitution Drive
Menio Park Caltorma 9402%



INTRODUCTION

Certain qualification test procedures »re intended to determine if
components will perform satisfactorily auring transient adverse environ-
mental conditions that may occur at any time during the design life of
the component, To satisfy such test requirements, it is necessary to
pre-condition some of the test specimens in a way that produces degrada-
tion equivalent to that which would occur over the service period of
interest. To accomplish such pre-conditioning in a reasonable time,
accelerated aging techniques are used where specimens are aged at a
temperature above the applicable service temperature for a relatively
short poriodf” The purpose of this discussion is to describe the analy-
sis used to determine the appropriate accelerated aging condition (time
and temperature) for simulating thermal aging of Raychcm-F1amtrolT”
cables at 66°C for 8 years and 40 vears.

GENERAL BACKGROUND

In 2ccordance with chemical reaction rate theory, the relationship be-
tween time to failure (L), as defined by a specified test end point, and
absolute exposure temperature (K) is given by the Arrhenius equation:

log (L) = A - BE(1/K), where A and B are constants and £ is the activa-
tion energy of the rate controlling mechanism. Therefore, a typical plot
of thermal aging data, where logarithmic average 1ife is plotted against
the reciprocal absolute temperature, results in a straight 1ine, as shown
fn Figure 1, over the temperature range where £ is constant. Because B,
which is the reciprocal of the gas constant, is the same for all materials,
the slope of the thermal 1ife curve is determined by E, the activation
energy. Therefore, in the temperature range where the straight line
relationship is applicable (constant slope), the activation energy is
constant, so each point on the curve represents a condition (time and
temperature) which results in the same Jegree of degradation. In Figure 2,
for example, the effect of thermal aging over a period L] at a temperature



GENERAL BACKGROUND (Cont'd)

Ty can be duplicated by aging for a much shorter period L, at a higher
temperature T,.

In the present case, it is necessary to determine the accelerateJ aging
conditions that will produce the same degree of degradation that will

be caused by thermal aging at service temperature for prescribed periods.
In Figure 3, the point (L3, T3) represents the service aging condition,
which Ties below the thermal 1ife curve. This means that the component
will not have reached end of 1ife, as defined above, during its service
life Ly at a temperature T,. To simulate the amount of thermal degra-
dation that it would experience during its service 1ife, an accelerated
aging test can be performed at condition (L;. T4) which 1ies on a

straight line parallel to the thermal 1ife curve and passing through

the peint (L3, T;), as shown in Figure 4. This process is merely an
application of the Arrhenius equation, keeping activation energy constant,
but defining the end point as the amount of thermal degradation occurring
in service (L, T;) rather than the end of 1ife criterion used in develop-
ing the thermal life curve. Although any pcint on the service aging
curve can be used in selecting the accelerated aging test parameters,

some standards require that the temperature be chosen so as to make the

aging time no less than 100 hours ‘2

DETAILED ANALYSIS

The following analysis was used to determine the appropriate aging temper-
ature to be used in a 100-hour accelerated aging period to simulate
service aging at 66°C for 8 and 40 years respectively. It consists of
applying the procedure described above to the actual thermal 1ife data

for Raychcn-F1amtrolf3’ The applicable portion of the Arrhenius plot



DETAILED ANALYSIS (Cont'd)

*
is shown in Figure 5.

The coordinates of points A and B in Figure 5 were determined by a

regression 1 :ne analysis of the thermal aging data. Point C represents
the service condition of 40 years at 66°C. The service aging curve

passes through point C and is parallel to the thermal life curve. The
point at which the service aging curve intersects the 100-hour 1ine
represents the aging temperature required to produce the same degree
of thermal degradation in 100 hours that would occur in 40 years at a
service temperature of 66°C. It can be seen that the required tempera-
ture is about 140°C.

It is more rigorous to calculate the temperature by appiying analytical

geometry to the following known information:

Point A Point B Point C Point D

time 215 days 1850 days 40 years 100 hours
temperature 150°¢ 127%¢ 66°¢C —

Converting time to hours and degrees Celsius to Kelvin, gives
Point A Point B Point C Point D

3.3 4.647 £.545 2.000
236 250 295 X

*At temperatures higher than lSOOC, the rate controlling mechanism is
oxygen diffusion, rather than thermal oxidation, and the slope of the
curve changes to reflect the lower activation energy of the diffusion
process. However, this phenomencon does not enter into the present

analysis.
3 -




DETAILED ANALYSIS (Cont'd)

Therefore, the slope, m, of the thermal 1life curve, which passes through
A and B, is given by

m = 3,713 - 4.647 = 0667
236 - 250

Because the service 1ife curve, which passes through the points C and
D, must have the same slope, it follows that

L0667 = 5,545 . 2.000
295 - X

and
X = 241.85
Substituting 105/K for X, and solving for K gives
105/K = 241.85
K = 413.4

% = Kk - 273 = 140.4

Therefore, the anpropriate accelerated aging condition corresponding to
40 years at 66°C is 100 hours at 140°C.

A similar calculation to determine the appropriate temperature required
to simulate 8 years at 66°C yields

.0667 = 4.846 - 2.000
295 - X

where 4.846 is the log (hr3) corresponding to 8 years. Solving for X
gives




DETAILED ANALYSIS (Cont'd)

X = 252.3
252.3
K = 396.4
% = 123.4

-
o
wn
~
>
"

so the appropriate accelerated aging condition is 100 hours at 123%.

REFERENCES

1. IEEE Std 383-1974, IEEE Standard for Type Test of Class 1%
Electric Cables, Field Splices and Connections for Nuclear
Power Generating Stations.

2. [IEE Std 323-1974, IEEE Standard for Qualifying Class 1€ Equipment
for Nuclear Power Generating Stations.

3. Raychem-Flamtrol Thermal Aging Study, Final Report, Raychem
Laboratory Report No. 5160, April 1980.
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Figure 1. Model Arrhenius plot. Logarithmic
average life vs, temperature,
(Inverse, absolute, reciprocal seale)



Figure 2. Model Arrhenius plot. Aging conditions
(Ly, Ty) and (Lz, T3) produce the same
degree of thermal degradation.
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Figure 3. Model Arrhenius plot. Point (L3,T3)
represents service aging condition.
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ENCLOSURE 1|
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RAYCHEM LETTER TO CP&L DATED OCTOBER 16, 1984 WITH
ATTACHMENTS 1, 2, AND 3



Raychem Corporation Telephone 415) 361 3333
aychem e e
\ie irk. Cantorma 94025 Teiex 34 8316

October 16, 1984

Mr. David Rhyne

Carolina Power & Light Company
Brunswick Steam Electric Plant
P. 0. Box 11060

Southport, NC 28461

Dear Dave:

The purpose of this letter is to provide the information that you
requested concerning the cable specimens used in the test program
described in Wyle Laboratories Test Report No. 58883, dated 24 August
1984. The following attachments should satisfy your requirements:

Attachment (1). CPA&L Purchase Order Number 18696, which describes
cable lengths shipped to Raychem from BSEP for the purpose of deter-
mining if component wires had been affected by space charge phenomena
during jacket irradiation.

Attachment (2). Test Report EM #2923, Raychem-F]amtr01TM Cable, Pre-
LOCA Test Inspection, E. J. McGowan, dated May 7, 1984. This report
was submitted to you on May 25, 1984. It summarizes results of tests
witnessed by you that demonstrate that the component wires of cable
CG12-400 were affected by space charge phenomena during jacket
irradiation.

Attachment (3). Letter from E. J. McGowan to Luther Goad, Wyie
Laboratories, dated August 9, 1984, which describes how the cables
specimens were mounted on the test mandrels, provides insulation
resistance values measured on the mounted specimens, and includes a
copy of the shipping authorization showing that the mandrels were
shipped to International Nutronics on May 9, 1984, via Crescent Truck
Lines (B/L Number 48779).

In summary, the attached documents were generated during the follow-
ing sequence of events:

(a) Cable samples were shipped to Raychem by CP&L, BSEP.

(b) The Tot with the largest quantity (CG 12-400) was selected for
use in the test program,

(c) A length of this cable was disassembled in your presence and
electrical tests were performed which showed that some of the




Raychem

Mr. David Rhyne -2- October 16, 1984

components of this cable had been affected by space charge phenom-
ena during jacket irradiation. These tests were also witnessed by
you -

(d) Specimens taken from this same lot were mounted on mandrels, insu-
lation resistance measurements were made, and the mandrels were
then secured in shipping crates.

(e) The crates were shipped to International Nutronics where they were
subjected to prescribed radiation doses and then transferred to
Wyle Laboratories, Norco, CA.

As you know, the original jacket marking, which provides product and
reel identification, was legible, so there was no chance of confusion
regaraing the identification of the material tested.

I hope that the information provided herein satisfies your requirements,
but do not hesitate to call me if I can be of further assistance.

Sincerely,

d:%“//’//‘]‘/m’
Louis J. Frisco
General Manager
Wire & Cable Division

¢c: E. J. McGowan

ATTACHMENTS



CAROLINA POWER & LIGHTCOMPANY
NUCLEAR PLANT CONSTRUCTION DEPARTMENT
Brunswick Steam Electric Plant
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- OF

PURCHASE ORDER
ATTACHMENT (1).
PURCHASE ORDER  /MBER|

B-18696

NOTE: ORDER NUMBER MUST APPEAR ON ALL INVOICES. CORRESPONDENCE. SHIPPING PAPERS AND c]nrons

ORDER DATE SHIPMENT PROMISED BY SHIP VA #f F08 I TEAMS T REQ NO suveR cooe |
1/10/83 |  Asap B s? N/30 13696 TE/je
SUPPLIER IMPORTANT INSTRUCTIONS
r-— —_ ! ADDRESS ORIGINAL & (2) COPIES 2 ATTACH ORIGINAL BILL OF LADING OR
Raychem Corp. ‘ OF YOUR ITEMIZED INVOICE TO :‘"'v;:'f ::s‘;"s:oo‘;"o[‘f:m -
:;;; ; C:blcsltceiving THE ABOVE ADDRESS ATTENTION  SHOWN ON PURCHASE ORDER oo
Redwood City, CA 94063 ACCOUNTS PAVABLE OEPARTMENT ¢ WILY, SHEZAR ATTACK omGima:
| . _ s gecow, e, w0
Attention: Glen Barcellos EXECUTED
:L ITEM | DESCRIPTION | QUANTITY | UNIT | NET UNIT PRICE | TOTALPAICE |
! i 1 1 —
| ORIGINAL NOTIFICATION | ‘{ | | |
! ; ;' |
1 Cable/Reel CG12233 |10 | fr Price per Invoice |
. i ? |
: 2 Cable/Reel CG12256 114 ft Price per Invoice
| |
| 3 Cable/Reel CG12338 160 ft Price per Invoice l
s , , | !
|4 Caole/Reel CG12348 | 146 | ft | Price per Invoice
| | | | ! f
5 Cable/Reel CG12382 (See Note) ? 138 | ft| Price per Invoice '
| | | |
. 6 | Cable/Reel CG12400 ‘ 216 | f| Price per Invoice
ARl | | |
| ("Q" List / 79-01B Program) ' * .'
RCHASE NUMBER
|
‘ Note - Cable CG12382 two pieces, one @ 124, | UST BE ON ALL }
| | one @ 14', 138' Total . g HIPMENTS, INVDICES, ;
| | © AND CORRESPONDENCE.
' | Cable being shipped to Raychem to Determine |
' if defect (space change) is present. ; |
1 ‘
INVOICE SHOULD BE SENT '&'i”m  CARDLINA POWER & LIGHT COMPANY
CAROLINA PONER & LIGNT GO COMSTRUCTION DEPT. | |
:C:O:‘;‘;Sl l":o“‘-‘ e | BRUNSWICK STEAM ELECTRIC PLANT
0. ' " SOUTHPORT, N.C. 28461
W. Guarino SOUTHPORT. N.C. 28461 ATTENTIOM MR R ). GROOVER, IR
| N.C._ SALES TAX CERTIFICATION REGISTRATION NO 7 |
USE & CHARGE The above order s subject to all instructions | ST
79-018 terms and conditions set forth on the face and
H21H3=53199=0AL8 | roveren sow horest Ths Orier enpresely fimes CAROLINA POWER & LIGHT ZOMPANY
" | acceptance to the terms stated herein and any |
p‘ | agdimonal or diffsrent terms proposed by the - < Z"" o 70 -
l' ' Seller are rejected uniess assented to in wv'mnq i AAé RS
; ( T. Ellis
| ' DATE O ~/9-ZZ

|

NOTE:

Attached Acceptance of this Order must be returned to attention of the
Purchasing Dept Only when required as stipulated in Condition 1 on the reverse

LT



PURCHASE ORDER

Paik __° _OF _2_ CAROLINA POWER & LIGHT COMPANY CONTINUATION SHEET
¥ NUCLEAR PLANT CONSTRUCTION DTPARTMENT
. _Brunswick Steam Electric Plant 1
e ' P. 0. Bex 11060 SE OROE . NUMSEN
) . SOuthgort. N. C.28461 B-18696 A—?
[ irem DESCRIPTION QUANTITY j UMT | NETUNITPRICE | TOTAL PRICE

' |
' .i

Please acknowledge receipt and acceptance of +~u-purc'hiu !
order by return mail. ‘ |

|

| t s

- | |
|

l ’L W. Guarino _ i |
J - —— ———
ALL TERMS AND CONDITIONS ON THE FACE AND REVEASE SIDE OF THE SIGNED SHEET ARE EFFECTIVE ~OVERING THE ABOVE ITEMS A<

THOUGH REPEATED MEREON




Memo 1o

From

Subyc 3t

Raychem Corporation Teiephone 415) 361 3335
ayc em 300 Constiaution Drive TWX 910 373 1728
Telex 34 8316

Menio Park Cantorria 94025
Test Report EM #2922
May 7, 1984 xe: L. J. Frisco
Information File ATTACHMENT (2).

E. J. McGowan

RAYCHEM-FLAMTROL CABLE, PRE-LOCA TEST INSPECTION

OBJECT ;

Insulation resistance and breakdown voltage tests were performed on com-
ponents taken from a Raychem-Flamtrol insulated, unshielded, Jacketed,
multiconductor cable to determine 1f they had been affected by space
charge effects during jacket irradiation. The cable specimen was taken
from a lot of unused cable provided by Carolina Power and Light Company ,
which had been shipped from their Brunswick Steam Electric Plant to Ray-
chem. The purpose of the tests was to determine if this particuler lot
of cable is a suitable sample to be used in subsequent adverse environ-
ment testing.

MATERIAL

The test specimen was cut from a length of cable fdentified by the
following marking on the cable jacket:

RAYCHEM- FLAMTROL ™. 1000V CONTROL-7/c-12ANG-1973-CG12 400

TEST PROCEDURE

The jacket was removed from a 15-foot length of cable and the compon-
ents were disassembled. The central 10-foot section of each component
was immersed in water for a period of about 22 hours. The insulation
resistance of each component was then measured with a G.R. Me gohmme ter
at 500 V d-c. The a-c breakdown voltage of each component was then
measured with & Beckman High Voltage Power Supply, using a rate of rise
of 500 volts per second.

The disassembly of the cable and the measurements described above were
witnessed by D. R. Rhv . of CP & L.

DETAILED RESULTS

The test results are summarized in Table 1 below.



RAYCHEM-FLAMTROL CABLE PRE-LOCA TEST INSPECTION -2-

TABLE 1.

Insulatior Resistance Breakdzun Voltage
kV)

Component Color (ohms )
Red 2.8 x 102 W
Green 4.0 x 10'2 3.1
White 6.0 x 10'? 1.7
Black 1.5 x 10%? 28.7
Blue 4.0 x 10'° 2.2
Orange : 5.0 x 10'? 3.3
White/Black 1.0 x 10%3 25.1
COMMENTS

The insulation resistance values were in the expected range, although
the value for the blue component was slightly below average.

The breakdown voltage values clearly demonstrate that five of the com-
ponents were affected by space charge effects during jacket irradiation,
as evidenced by decreased electric strength. Therefore, this particular
lot of cable (CG12-400) is a suitable sample for use in adverse environ-
ment testing to be conducted by CP & L.

e'.y.md.....

EJMcGowan-5/7/84



Raychem ATTACHMENT (3).

August 9, 1984

Mr. Luther Goad
Wyle Laboratories
184] Hillside Avenue
Norce, CA 91760

Dear Luther,

The accompanying data sheet lists the insulation resistance
values measured on the Raychew-Flamtrol cables provided by

CPSL before the cables were shipped to International Nutronics
for irradiation. The number in the upper righthand cormer
(UVE&C9527-01~113-4B) 1s the number used by CPSL in the program
outline under cable description. This number was also used on
the shipping boxes containing the cable specimens mounted on the
test mandrels.

The cable is further identified on the laboratory notebook pages
preceeding the insulation resistance data. A description of how
the cables were attached to the mandrels before the measurements
were made is included on these pages which are also attached.

To further trace these cables, a copy of the shipping paper when
the boxed cables were sent International Nutronics is enclosed.

Sincerely,

e m Mo —

E.J. McGowan
Mgr. Technical Services
GSD.

EM/ts

Enclosures
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