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WYLE JOB NO. 17947
N QP 1859
PAGE 1 OF 386 PAGE REPCRT
OATE Oetober 8, 1987
SPECIFICATION (S)

Soc‘lgm Procedure in Section V11

10 CUSTOMER Alabams Power Company
ADDRESS P. O. Box 2641, Birmingham, Al 35281 Ee

e -—

0 TEST SPECIMEN Okonite and Scoteh No. 33+ Tape Splices

10 MANUFACTURER _. Okanite und 3M Companies

40 SUMMARY

Various cable splice awemblies, as described in Parsgraph 6.0, were subject to the
enyironmental qualification program described herein. These specimens are as installed in
Alsbama Power "~~~uny's Farley Nuclear Generating Station.

This Qualiffeation Test Program was performed to satisfy the intent of [EEE Standard
323-1983, Standard for Qualifying Class 1E Equipment for Nuclear Power
Cenerating Stations”.
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Test Report No. 1794701

5.0 REPORT PORMAT

'.he Test Program was performed as specified in Reference 8.1 and as detailed in this test
rcpog.w The individual test results and test procedure are presented in the following
sect 3 _ _

Section | -~ Baseline Functional Tests

Section I  — Radiation Exposure

Section I - Post-Radiation Exposure Functional Tests

Section '  — Thermal Aging : -

Ssction V'~ Post-Thermal Aging Functionai Tests

Section VI — Loss of Coolant (LOCA) Test

Sectict VI ~ Post-LOCA Functional Test

Section VI — Wyle Laboratories Qualification Plan No. 17942-01, Revision A.
This report covers testing on the 15-year tast specimens onlv (Specimens 1.1 through 14.2).

Also included in the Qualification Plan of Section VIII is testing on 40-year specimens

(Specimens 15.1A through 15.3) and 4000 voit specimens (Specimens 16.1 thropgh 17.3).
These tests were not completed in time to be discussed in this test report and shali be
documented ir. addenda to this document. !

-

~

6.0 TEST SPECIMEN DESCRIPTION

The test specimens consisted of 14 different splice constructions as listed below. Three of
each specimen were built (4 for Specimen 10) with the XX.1 specimens undergoing the full
test sequence. The XA.2 end XX.J specimens were spares which were aged and irradiatec
but were not subjectsd to the LOCA test. The tes' specimens were constructed by Wyle
Laboratories' technicians using materials provided by the Farley Nuclear Generating Station -
and under the supervision of Alabama Power Company technical representatives.

¢ ecimen Splice®*  Test Test
No. —Cable Sizeld) = Configuration® Overlap Voltage _ Current

1.1, 1.2, 1.3 1/0 to 1/0 AWG NTO? 1/2*  633VAC  27A
2.1, 2.2, 2.3 1/0 to 2/0 AWG NTO3 34"  633VAC  27A
3.1,3.2,3.3 1/6 to 8 AWG NTOS 1" 833 VAC 27A
4.1, 4.2, 4.3 2/0 to 2/0 AWG VTO2 1/2" 633 VAC 130A
5.1, 5.2, 5.3 2/0 to 2/0 AWG VTO3 3/4" 833 VAC 1304
6.1, 2.2, 6.3 2/0 to 1/0 AWG VTO6 1" 833 VAC 130A,
7;1, 2,73 1/0 to 12 AWG TO?2 /2" 633 VAC 20A
8.1, 8.2, 8.3 8t 8 AWG TO3 3/4" 633 VAC 20A
s{. 9.2, 9.3 Bto 12 AWG TO6 i" 833 VAC 20A.

WYLE LABCRATOTIEN

Muntgniie Facihity
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8.0
Spectmen

No.

TEST SPECTMEN DESCRIPTION (Continned)

Splice**

Cable Sisels)  Configurution QOveriap

Test
Voltage

v v
10.1A & 10.1B

12 AWG to ASCO NTC1

/4"

137.5 VDC

Test
Carrent

200mA®*"

10.2, 10.3 Lead

11.1, 11.2, 11.3 12 AWG to ASCO

lead

YTO1 1/4" 137.5 VvDC 20UmA®**®

12.1, 12.2, 12.3

12 AWG to ASCO
Lead

TO1 1/4"

W00mAS=*

13.1, 13.2,13.3 12 AWG to ASCO

Lead

NO3 /4" 200mA***

14.1, 14.2, 143 12 AWG to ASCO

Lesd

NO6 200mA®*"®

T=
Na=a

OKONITE T-98 Insulating Tape. Appiled in 2 half-lapped layers.
QEONITE No. 3§ Jacketing Tape.
Applied in 2 half-lapped layers over T-83 tape.

IM Scotch Super No. 33+ Vinyl Jacketing Tape.
Applied ir 2 half-lapped layers over T-85 tape.

Y=

Overlap refers to distance from end of lug to end of T-95 tape (Specimens 1-12

or No. 33 tape (Specimens 13 and 14). When jacketing tape was used, it war
applied 1/2" beyond the end of tiw T-95 tape.

Cireuit load was an ASCO 125 VDC Solenoid Model No. HV202301 — 23 Watt
provided to Wyle from Farley Nuclear Generating Station.

70 TEST PROGRAM RESULTS

[t wis demonstrated by testing that the test specimens are qualified to the below listed
environmental conditions in accordance with 'EEE Standard 323-1983, "EEE Standard for
Qua!l‘fying Class 1E Equipment for Nuclear Power Generating Stations”.

Radiation Dose: 22 Megarads Gamma

Sarvice Temperature: 120°F (Containment), 104”F (Main Steam Room)

Qualified Life:

12
19 Years

Design Basis Event (DBE): See Test Profile in figures of Section VL

WYLE LABORATORIES

Jntgviiia Facility
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7.8 TEST PROGRAM RESULTS (Continned)

Two anomalies occurred during this test program. These anomalies are discussed brief]
below and in more detail in Sections I and VL

Notios of .- .
Aromaly
No. _Date e Description
1 9/23-25/87 Documents the usage of a high-apeed line printer

that was outside of its calibration interval

the LOCA test. The prinier was checked after the
test and found to be within the manufacturer's
tolerances. The LOCA test data in this report came
from another source of hard copy information. This
anomaly is judged to have no impact on the
qualification of the test specimens.

2 8/30/87 Documents radiation level overexposure on
Specimens 10.1A through 14.3 during the radiation
exposure at the Ceorgia Institute of Technology,

These specimens were irradiated to 22 m

versus a requiremant of 2.2 megarads. This

occurred because of & mistake in specifying the
requirements to GA Tech. The snomaly resulted in  “*
an overtest to the Main Steam Room specimens but

did not impact their performance during the LOCA

test.

8.0 REFERENCES

L N Wyle Laboratories Qualification Plan Numbe  17842-01, Revision 2
"Qualification Plan for Splices Fabricated with IM . steh 33+ Vinyl Plasti
Electrical Tape and Okonite Splicing Tapes No. 35 ana 1-95 for Alabama Powe
Company for use in Farley Nuclear Plant* (see Ssction VIID.

8.2 ICEE 323-1983, "IEEE Gtandard fur Qualifying Class 1E Equipment for Nuclee
Power Generating Stations”.

.3 [EEE 383-1974, "EEE Standard for Type Testing of Class 1E Cables, Fiel
Splices, and Connections for Nuclear Power Generating Stations”.

84 Reguiatory Guide 1.89, "Quaiification of Class 1E Equipment for Nuclear Powe
Plants", dated November 1974,

8.3 10 CFR 50.49, "Environmental Cualification of Electrical Equipment Impertar
to Safety for Nuelear Power Plants, U. S. Nuclear Regulatory Commission
dated January 1, 1983.

8.6 Code of Feders] Regulations 10 CFR 21,

8.7 Code of Federal Regulations 10 CFR 50, Appendix B.

WYLE LABORATORIES

wuntsvniile Facitity
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9.0 QUALITY ASSURANCE

All work performed on this test program was done in sccordance with Wyle Laboratories’
Quality Assurance Program, which compties with the applicable requirements of 10 CFR 50,

Appendix B, ANSI N45.2, and the "daughtor® standards. Defects are reported in accordance
with the requirements of 10 CFR Part 21.

10.0 TEST EQUIPMENT AND INSTRUMENTATION

All instrumentation, measuring, and test equipment used in the performance of this test
program were calibrated in sccordance with Wyle Laboratories' Quality Assurance Program,
which complies with the requirements of Military Speeification MIL-STD-45662, Standards
used in performing all calibrations ere traceable to the National Bureasu of Standards by
report number and date. When no national standards exist, the standards are traceable to
international standards or the basis for calibration is otherwise documented.

L -

WYLE U 7 JAATORIER
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SECTION 1|
BASELINE FUNCTIC AL TESTS

L2 REQUIR EMENTS

11 Mw-m

The test specimens shall be prepared in sccordance with Table [V and Figures 5-22 of
Section VIIL

L2 Asceptance Criteria
L3l Comtizaity Yest
Continuity shall be 1 ohm or less when measured with a digitc]l ohmmeter.

L322  Isulation Resistance ;
Insulation Resistance shall be messured &t 500 VDC for 1 minute for information only.'

.0 PROCEDURES
1 Visun] bepsction

A visual inspection was performed on the test specirnen assembly components upon their
receipt at Wyle Laboratories. There was no visual evidence of damage to any length of
cabis or smwembly component found during this inspection. The assembled test specimens
were photographed and tagged with Quality Assuranve "Test Specimen” tags to facilitate
their identification during the test program.

2 Test Spevimen Preparation

All of the materials required to prepare the test specimens were provided to Wyle
Laboratoriss from the Parley Nuclear Generating Station (FNGS) stock. Wyle technicians
assembled the test specimens under the supervision and guidance of on-site Alsbama Power
Company tschnical representatives. The completed assemblies were approved by Alabama
Power Company representatives prior to commencing testing. The following procedures
were followed In the azsembly of the test specimens:

. 184dnch pieces of the following cable sizes were cut from the cable
ded to Wyle Laboratories. For the Main Steam Rcom specimens
Specimens 10.1A to 14.3) the ASCO leads were approximately $-12 inches

and were cut off ASCO solenoid cofls provided from FNGS.

WYLE LABODRATORIES
Muntgviiie Fecinty
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PROCEDURES (Continued)

Test Specimen Preparetion (Continoned)

Ea
M it

1.1,1.2& 13 1/C 1/0 AWG 1/C 1/0 AWG

2.1, 2.2 & 2.3 1/C 1/0 AWG 1/C 2/0 AWG

3.1, 3.2 &3.3 1/C 1/0 AWG 1/C 8 AWG

41,42 & 4.3 1/C 2/0 AWG 1/C 2/0 AWG

8.1, 5.2 & 5.3 1/C 2/0 AVG 1/C 2/0 AWG

8.1, 6.2 & 6.3 1/C 2/0 AWG 1/C 1/0 AWG

71,72 & 1.3 1/C 1/0 AWG 1/C 12 AWG

8.1, 8.2 & 8.3 1/C 8 AWG 1/C 8/ NG

9.1, 9.2 & 9.3 1/C 8 AWG 1/C 12 AWG |

10.1A, 10.1B, 10.2 & 10.3 1/C12 AWG  1/C 18 AWG ASCO Lend®**

111, 1.2 & 11.3 1/C12 AWG  1/C 18 AWG ASCO Lead®*s=
12.1,12.2 & 12.3 1/C12 AWG  1/C 18 AWG ASCO Lead***
13.1, 13.2 & 13.3 1/C12 ANG  1/C 18 AWG ASCO Lead®** ‘
14.1, 14.2 & 14.3 1/C12 AWG  1/C 18 AWG ASCO Lead®*®

2.

Three identical specimens of each type (4 for Specimen 10) were
assembled. The intent was to test the XX.1 specimen with the XX.2 and
XX.3 as spares,

Cable supplied to Wyle was 1/C 1000 VAC, Okonite (EP)~CSPE Cu cable.
The FNGS cable codes were 1/C 12 AWG-JA2, 1/C 8 AWG~JO4, 1/C 1/0
AWG-JOB, and 1/C 2/0 AWG-J08.

mmmmthu-l-d:mmbakccutbakutholpu«m
prepared.

An appropriate size compression lug was sttached 1o each end of the above
wires. The Burndy lugs were supplied from ¥NGS and crimped with & Wyle
Burndy erimping tool.

The lugs were joined using copper or stainless steel hardware.

WYLE LABORATY) NES

Muntsviie Facwily
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PROCEDURES (Continued)
Test Specimen Preparaticn (Continmed)

Sphacim en Type of
Numbers Jacketing Tupe Overiap
1 Okonite No. 35 /2"
2 Okonite No. 35 172"
3 Okonite No. 35 12"
4 M Scotch Super 33+ /2"
4] IM Scoteh Super 33+ 172"
8 3IM Scotch Super 33+ 172
! | None N/A
8 None N/A ;
B None /A g
10 Okonite No. 38 ¥ g -
11 IM Scotch Super 13+ 172"
i2 None N/A
13 None N/A
14 None N/A

Specimens 1.1, 2.1, 3.1, 4.1, 5.1, and 6.1 were installed inside & 24" x 24" x

6" NEMA 1 enclosure. This enclosure contained four 2 in. holes with Myers

mumuutnmdmmm'mmmmmhola. The

:{fmmwmmmmmspu«mommnmmmmu
ace.

Specimens 10.1A & 10.1B, 10.2 & 10.3, 11.1 & 12.1, 11.2 & 12.2, 11.3 &
12.3, 131 & 14,1, 13.2 & 14.2, and 13.3 & 14.3 were mounted inside 3/4-
inch Type C condulet [ittings. The leads were routed such that the
18 AWG ASCO wires penetrated one end of the condulet and the 1/C
12 AWG wires penetrated the other end. The 8 condulets were tie-wrapped
w.ac-z.xao-wx«nuaa-mcwh tray for handling during the
radistion exposure.

Specimens 7.1, 8.1 and 9.1 were mounted in a 12" W x J6" L x 6" H cable
tray for Baseline Punctional Tests and radi-tion exposure only. For
thermal aging and the LOCA Test, they were inside the housing of a
Limitorque actuator (see Section I'V).

WYLE LABORATUMES
Huntgwiie £ eciiity
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(g

PROCEDURES (Continned)
Test Specimen Preparstion (Continmed)

4

The Okonite T-95 insulating tape was applied over the bolt and lug ares to
lthidmc-vhmmthnpmmubchlt. The T-55 tape was
tensioned to approximately 75% of ity initial width as it was applied.

Okonite T-98 Insulating tape (Specimens 1-12) or Okonite No. 35 tape
(Specimens 13 and 14) was applied to the cable insulation in two half-
lapped layers o the overlaps lListed below. These overlaps were mounted

the ummmumwmmmotmm. It should
be noted tha ciean the cable surfaces during
assembly. This was felt to be the most conservative approach with respect
to adhesion of the tape. The T-85 or No. 35 tape was tensioned to 75% of

as

.
a
3
2
£
£
g

ity initial width as it was applied.
Speretmen

Numbers Qverlsp Distance .
1 172" |
2 /4
3 1*
* e
5 /4
6 A
7 112"
§
&

P e et s
B o W e o
1 A~
e
r—&‘a-z
5 % 3 3 =

Okonite Ne. 38 or 3M Seoteh 334+ jacketing tapes were spplied over the
Okonite T-95 tape to the ‘ollowing listed overisp distances. These tapes
were also tensioned to 75% of theh initial width prior to application.

Huntanie Fecuity
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.0 PROCEDURES (Continned)
2.2 Test Specimen Preparstion (Caontirseed)
10. The remaining specimens were tie-wrapped to the rungs of the 386" L x
30" W x 4" H cable tray such that the splice was in-contact with one of the
ungs.
11. Photographs were taken of the complete assembly and during the
preparation of each specimen type.
2.3 Baseiine Punetional Tests

131 Insulation Resistance Test

Using &8 megohmmeter, & potential of 500 VDC was applied detween one end of the specimen
cable and the tray, condulet or enclosure to which the specimen was mounted. The
Insulstion Resistance was record~d after 60 seconds and the sperimen de-energized.

132 Costinsity Test g
The resistance between the two ends of the mevimen cable was measured using a digital
ohmmeter which utilized Kelvin Bridge cirer’ y. These ve)'ws were recorded as soon af 2
stable reading was obtained.

e RESULTS

The test specimens were subjectsd w0 the ispections, preparation and testing of
Paragraph 2.0 which met the requiremsnts of Fsragrsph 1.0.

The da‘a recorded from thiz p wse of testing is presented in Appendices | through III as
noted bhelow:

L] Appendix | containy “hotographs i1 through I-19 which show the specimens
during aerembly and mounted in their trays, condulets or enclosure.

& Appendiz [I contains the Baseline Functional Test Dats Sheets.

¥ Appendix [II contsins the Instrumentation Equipment Sheet which lists the
squipment used to take data.

WYLE LABORATORIES

Huntsvie Faciuty
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APPENDIX |

PHOTOGRAPHS
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PHOTCORAFPH NO 1

TEST ASSEMBLY VIEW OF
SPECTMENS 1.1, 1.2, AND 1.2

PHOTOGRAPH NO. 2

TEST ASSEMBLY VIEW OF
SPECIMENS 2.1, 2.2, AND 2.3
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PHOTOGRAPH NO. |3 :

TEST ASSEMBLY VIEW OF
SPECIMENS 3.1, 3.3, AND 1.3

PHOTOGRAFPH NO. <

TEST ASSEMBLY VIEW OF
SPECIMENS 4.1, 4.2, AND 4.3
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PHOTOGREAPH NO. -8

TEST ASSEMBLY VIEW OF
SPECIMENS 5.1, 5.2, AND §.3

PHOTOGRAPH NO. I-8

TES) ASSEMBLY VIEW OF
SPECIMENS 6.1, 6.2, AND 6.3
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PHOTOGRAPH NO. -7

TYST ASSEMABLY VIEW OF
SPECIMENS 7.1, 7.3, AND 7.3

PROTOGRAPE NO. 8

TEST ASSEMBLY VIEW OF
SPECIMENS 8.1, 8.2, AND 8.3
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PHOTOGRAPH NO. |-

T ASSEMBLY VIEW OF
8P CIMENS 8.1, 8.2, AND 8.3

PHOTOGRAPH NO. 10

TEST ASSEMBLY VIEW OF

SCECIMENS 10.1, 10.2, AND 10.3
(Specimen 10,18 wes sssemblad after this photograph wes taker.)

————



TEST ASSEMBLY VIEW OF
SPRCIMEMS 113, 113, AND 113

PHOTOGRAPH NO. 112

TEST ASSEMBLY VIEW OF
SPECIMENS 12.1, 12.2, AND 12.3
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PHOTOGRAPH NO. 13

TEST ASSEMELY YIEW OF
SFECTRENS 15.1, 13.2, AND 13.3

PHOTOUL. \PH NO. 14

TEST ASSEMBLY VIEW OF
SPECIMENS 14.1, 14.2, AND 14.3
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SPQL',:N f;:s
i, 20

PHOTOGRAPH NO. 15

SPECIMENS 1.1, 2.1, 3.1, 4.1, 5.1, AND 6.1 MOUNTED
IN A NEMA | ENCLOSURE WITH PAINT REMOVED FROM

THE SUBPANEL AFTIR FULLY ABSEMBLED

.

-
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i
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PHOTOGRAPH NO. 18

SPECIMENS 7.1, 8.1, AND 9.1 INSIDE THE CABLE TRAY
USED POR IRRADIATION AND BASELINE TESTS
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PHOTOGRAPH NO. 17

38" x 30" x 4" CABLE TRAY CONTAINING ALL XX.2 AND
XX.3 SPECIMENS. ALSO CONTAINS § CONDULETS.

P Ay
b g

|

y

PHOT JGRAPH NO. 18

CLOSEUP VIEW SHOWING
INTERNAL VIEW OF TWO CONDULETS
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PHOTOGRAPH NO. 19

ANOTHER VIEW OF COMPLETED TEST SPBCIMEN ASSEMBLIES
iN THE 36" x 30" x 4" CABLE TRAY
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APPENDIX O

DATA SHEETS
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DATA SHEET

s - > WYLE LABORATUHIE!

Scecimen . Jkonite Tape Splices )

Part No Jo98, No. 35 and fcotch 334 Amb. Temp. 25% Job Ne. 31947

Soec. QP 17492-01 hoto o< onia ~——-—-°. R TR
= Test Mec. AkS Stant Oate 22l 1.,

/N Specimen Temp. . Ambient

a8 e

Test Title _Bdﬂa"i Puncticnal Test

——hCEERtANCS CIitariai  lnsulstion Resiscances (at 300 VRC fo7 L migute) and Sonsac

Resistances (via Kelvin Bridge Method! shall be measured ‘:

information only.

o

Specimen No. insulation Tesistance Contest Nesistance
1.1 2. AN A .35,
b 2.0 ¥ A g 20
1.3 2.C kie" A o8 .
21 2.8 X't o TR
2.2 L 7 ko A 0.22.
2.3 La te' A o 39
2.1 4.2 Xipt A [ .eC
3.2 [ S Ke* N {o 10
33 2.5 Xle'* 1. Il a
4.1 .o Xl n QO .22,
4.2 J: 8 X't o O AP~
4.3 [.© Xig" A O 28,
5.1 [l Yio'* O B
5.2 $.8 Xrnn Q.28
5.3 9L X0 N O .28

Testec ngera;’“'/ ’-Dau /_'
Witness . A Qate: e
ey [V e

e Form W B14A Agn PR &
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APPENDIX I

INSTRUMENTATION EQUIPMENT SHEET
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Test Revort No, 1784700
DATA SHEET

Customer Alabsma Power

A | AT U WYLE LABORATORIES
Specimen Okanite Tire Splices

-+ ¢ * 2 . . wie> ' -
Part NO No, J5 and Sco . AL, TOMD. Bl Lo JODNO, 27947
Spec. ... AL LS4 - ot o YES __ ReportNo 17947
Para

S/'N

PR—— — { VB0 it adoniion

i Specinen Temp, ABRASDE
:‘bl NO

4 . " L -
Test iMed. AL Stanm ( v y

r
" f P -
v." ¥ tie _._..._..._-::._:_% ; \4‘.— ne tiona

Continued)
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Speciman No

Insulation Rasistance
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RADIATION EXPOSURE

1.0
Tre test specimens shall be irradiated to a radiation exposure of 22 megarads for
Containment Specimens 1.1 to 9.3, and 2.2 megarads for Main Steam Room Specimens 10.1A

.0

The test specimens, mounted in their respective trays, condulets or enclosures were placed
in the hot cell at the Neely Nuclear Research Center of the Georgia Institute of Technology
and radi’ .ed as follows:

—ocimens = Dose Rate Time Total Dose g
1.4, 3.1, 3.1, 4.77ES Rads/Hr 46,55 Hr 2.20E7 Rads g
4.1, 5.1 & 61
10.1A to 14.3 4.67TES Rads/Hr 47.13 Hr 2.20E7 Rads
Remaining Items 4.68ES Rads/hK. 47.01 Hr 2.20E7 Rads

The test specimens were not powered during the exposure period.

e RESULTS

The test specimens possemed sufficient integrity to withstand the radiation exposures of
Parsgraph 2.0 without compromiss of function. No physical change was noted on the
specimens after the irrad!ation period.

One anomaly sccurred during the radiation exposure and was not deterted until the test had
been completed. This anomaly, Notice of Anommly Number 2 in Appendix L, documents the
overexposure of the Main Stearr Rosm Specinens 10.1A to 14.3. Thess specimens were to
receive 2.2 megarads but were exposed to 22 magarads. This e/ or rccurred because the
wrong dose level was spacified by Wyle Laboratories to Georgia Tech. These specimens did,
however, complete the L2t satisfectorily and thus their qualification exceeds their radiation

require ment.

The data from this phase of tesiing is presented in Appendices! and [I.  These
~ppendices contain:

. Appendix [ contains Notice of Anomaly Number 1,

* Appendix [I contains the letter of certification on the radiation exposure
from Georgia Teck.

WYLE LABORATORIES
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WYLE

N ™ Exstem Oporstions

NOTICE OF ANOMALY SRS cetaber 5. 188

: SF-1859 N/A
NOTICENO. 5 # 0 NuUMBER __ ¥ CONTRACT NO

Customgn AlAdama Power Company . WYLE JOB NO s 794 " d kL

NOTIFICATION MADE 10 Rick Woodfir ept J, 1987

———————————————————————som e WS TIFICATIOIN DATE

T AT A By e R e VI O0"8ite S
DAYEOF

CATEGORY D erecimen By procCEDURE (J TeST EQuIPMENT ANOMALY —*PT <
N/A

N
PARY HNAME /A

STRUS—— A )

" diatiorn Exposur
rasy. MM " Exp RS T T | . . I
B 19 > o] " -
seeciricanion. MIQP 17942-01, Revision A — YY) S
—
REQUIREMENTS
The specineans shall be irradiated as specified n .able IV Table spe fies
2.2E7 Rads for Specimens 1.1 to 9.3 and 2.2E6 Rads for Specime~s 1A ¢ -}
}

CESCRIPTION OF ANOMAL Y

Specimens 10.1A to 14.) were irradiated to 4 total 9086 of 2.2E7 Rads
L] "'
X SPOSITION COMMENTS RECOMMENDATIONS
"
The mistake in the above radiati EXPOSUre was not detected until the test program
had bean complete T™is error occurred because the wrone iCse level wias specified
by Wyle Laborat~ries to the Georuia Institute of Technology Neely Nuclear Research
Cantar. These spacimens did, however, successfully complete the LOCA Test.
\ This anomaly resulted in an Overtest to the main steam room specimens, but
SR APparently did not impact thei: parformance during the LOCA Test

PP

T

v end

NOTE 1T 18 THE CUSTOMER'S AESPONSISILITY TO AMALYZE ANOMALIES AND COMPLY WITH 10 CFR PART 24

»
VERMGATON PROJECT ENQINEEM.« 73,3;&.' _‘_",.:’;L.g“..., %
4] A ¥y
TEST WITNESS: l..l\.,wm.u\f_.,‘ e PROJECT MANAGER. [ /)l’uMQ ..{ﬁ.?
: TERODEPARTMENFA L
RESRESENTING A.A.'a*‘l_ Fmr ompany ", f'wkk' f:( e

. LS %ul‘(ﬁun.._. ‘mii
JUALITY ASSURANCE (T L e BF~ ' A f

# .
— ”._,....4‘....,_._.v..h.....

Wyls Form We 1088 Res JAN ‘M
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CERTIFICATION LETTER

L
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Georgia Instituie of Technology

NEELY NUCLFAR RESEARCH CENTER
P00 ATLAMNTC DRIVE
ATLANTA GEORGIA 303320428

(404) 884 - 2800

Octoder 5, 1987

Wyle Labormtories
7800 Jos:rrars Drive
Huntsville, Alabama 35807-5101

Attention: Mr, Joe Hazeltine Referenci: H4«T7105-8
720992

'
Gentlemen: t
The items covered by the above number nave been irradiated in accordance with

quality assurance requirswents using Cobalt 60 ( emas .nergies 1,173 Mev, 1,332
Mev) to the total dose requested,

We certify the specifics of the irradistion as follows:

Irradiation Period: Interval between September 2, 1987 through September &,
1987 as shown on the enclosed Jamma Irracdiation Log

Sheets,
Dose Rote: (NTE) 1,00 E6 Rads/hr (Air Equivalent,
Total Dose: 2.20 ET7 Rads (Air Equivalent)
Dosimetry: Victoreen Model 500 _~1 Integrating/Rate Electrowneter

Systea with ionization chauder probe., Calibration by
Victoreen traceabls to VS8 Cobalt-60,

Calculations, a sketch, or photographs of the arrangement are enclcsed, Please
let us know Lif any additional information is needed,

Yours truly,

7 Kone- y

or. R.A, Xaram
Director

RAK: J1r

Enclosures
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GEORGIA INSTITUTE OF TECHNOLOGY
Nuciear Research Conter
900 Atlantic Drve. N W
Atlania Georgia 30332

1404) 894-3608
GAMMA IRRADIATION LOG
Clent: _ruls laboratoriss . NRC "elerence 220892
Reference: . 4=2.01-2 Tota! Dose Lol KL
tem: _Cahle Trayil ea. Splices. .. ... Dose Rate: NTE) 1.0 X6
Lapsed “Dose Rate Total Dose Cur  ative
Start Steo Hours Rads/hour Rads Dose - Raos
9/2/87 9/4/87
1037 0910 46.55 4.71 f 2.20 7 2.20 7
-
t
.
- -~ .
Date
7
Performed j IR '/ - LN et oA
Reviewed / *7
)|
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DOSE RATE DETERMINATION

ExPxDxTxMxH xR = Dose Rate, Rads/hr (Air Eqiuivalent)

Electrometer High Level Conversion

Probe Efficiency

Dose Conversion, Roentgen to Rad

Temperature Correction to 0 Degree Celr vs
Pressure Correction to 760 Millimeters ercury
Time Conversion, Minutes to Hours

Eilectrometer Reading

D EZHO"m
UL

E P D  § 4 It R Dose Rate, Rads/hr
100 0,939 0.869 1.050 1,029 80 36.9% 4.68 E5 ;
100 0,939 0.868 1.050 1.02% 60 83.66 4,87 £S t
100 0.939 0.868 1.050 1.02% 60 35.80 6,73 55

-

WYLE LABORATORIES: 8=7103«§
GEORGIA TECH NUMBER: 720992
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GEORGIA INSTITUTE OF TECH'OLOGY
Nuciear Researcn Ceanter
200 Allanne Drive NW
Atlania Georgia 30332

1404, 894-3608
GAMMA IRRADIATION LOG
Client _"vle laboratories NRC Reference 720992
. Reference: $o7103-¢ Total Dose: L

tam: Cable Tray/l# ec. Splices Dose Rat, NTE) 1.0 ré

Start [ Siop Lapsed Dose Rate Total Dose Cumuiative
Hours Rads/hour Rads Dose - Rags
9/2/07 9/4/87 ‘
1039 0940 47.01 4.68 £S5 2.20 &7 .20 E7
:
.

jﬁn(‘ -3&2
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1794701

GEORGIA INSTITUTE OF TECHNOLOGY
Nuclear Ressarch Center
S00 Atlantic Drive, N.W.
Atlanta. Georgia 30332
(404) 894-3808

GAMMA IRRADIATION LOG

Cilent: _Myle laboratories NRC Reference. __, 720992
Reference: $-71°3-5 Total Dose: 2.2 &7
item: Nema Enclosure/§ Splices ... Dose Rate: _(NTE) 1.0 E6
Start Stop Lapsed Dose Rate Total Dose Cumuistive
Hours Rads/hour Rads Dose - Racs
9/a/87 9/4/87
1037 0910 46.58 4.71 &5 2.20 7 2.20 &7
R
Date
”
Performed Lo=-S = k2
Reviewed
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GEORGIA INS UTE OF TECHNOLOGY

Nuclear Research Center

900 Attantic Drive N W

Arlanta Georgia JOA
a04; 3943608

GAMMA IRRADIATION LOG

¢

Client —r e s atOsies NRC Relerence

Referance Total Dose

Dose Rate. ' ok

e ————

e — P Se———
Stop LAapsed Dosa Rate otal Dose

MOovrs
e ———.  aonsi— - 3

Rads/hour Rads

— S CEE—

|
3/2/87 | 9/4/87

0948

|

e ——— e T ——

P e — ———— ———————————

o e e, e 4 P . i $4 2

S U U—

|

-,

e T RS g W —

| Performed |

Rev. swed

S SO ——
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TRACEABILITY DATA

Victoreen Flectrometer
Model Nvaber 500B-1
Seriasl Nusber 380

Calibrated: November 7, 19856
Ey: Neely Nuclear Research Cenier
Georsin Institute of Technology
00 Atlantic Diive, N.¥.
Atlanta, Georgia 0332
Next Calibration Dus: November 17, 1987

Instruments Jsed

L s .

Modeli Wumber %b!

Serial Number T19&7

Calibration: October 9, 1986
By: General Electric Coampany
integrated Communication S:rvices Operation
2825 Pacific Drive, Suite &
Norecross, Georgia 30071
Next Calibration Due: October 9, 1987

General Electric Traceability
SLN~TO081 Number V00880 (Dated July 17, 19856 wnd due January 17, 1987)
KEI-515 Number 23666 (Deted Decomber 6, 1985 and Jue December 5, 1586

' Cackard Digital Voltmeter
Model Number 35608

Serial Wumber T09-00133

Calibration: September 10, 1386
By: Hwwl t Packard
Prowuct Support Division
2000 South Park Place
Atlanta, Georygia 30335
Naxt Calibratici: Due: March 10, 1987

Hewiet:t Packard Trsceability
N.B.S. Number 234494 (Dated April 30, 1986 and due October 30, 1586)
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Traceadility Data

victoreen Probe
Model Number 550«6A
Sericl Number 502

Calibration: June 30, 1987
By: Victoreen, Inc,
12101 Woodland Avenue
Cleveland, Ohio H&4104
Next Calibration Due: June 30, 1988

Victoreen Traceadility
Test Number DGS118/83
Calibration: September 29, 1983
PTW Chamber Model 30-343
Serial Number N23361-142
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SECTION I

POST-RALIATION EXPOSURE
FUNCTIONAL TESTS

1.0 REQUIREMENTS

"sulation resistance values were taken for informational purposes only. Contact . esistance
shall be 1 ohm or less when measured with s digital ohmnmeter.

1.0 PROCEL U £ER

The test specimens were subjecte” to tha testing per Paragraph 2.3 of Section L

3.0 RESULTS

The test specimens were subjected to the tesus of Parsgraph 2.0 which met the require'nend_

of Paragraph 1.0. The data collected during these tests is presented in Appendices ! through,
[I as noted beiow.

B Appendix | contains Photographs [II-1 through [II-3 which show the
specimens mounted in their respective trays, condulets or enclosure.

Appendix II contains the Insulation Resistance Test Dats Sheets.

Appendix [II contains the instrumentation Equipment Sheet which lists the
equipment used to collect data.

WYLE LABORATORIES

HMuntsvile Facitity
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PHOTOGRAPH NO. I3

POST-RADIATION EXPOSURE VIEW OF
AL}, REMAINING SPRCIMENS
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PHOTOGRAPH NO. -1

POST-RADIATIO. EXPOSURE VIEW OF
SPECIMENS 1.1, 2.1, 8.1, 4.1, 5.1, aND €.1
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PHOTOGRAPH NO. III-2

POST-RADIATION EXPOSURE VIEW OF
SPECIMENE 7.1, 8.1, AND 8.1
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PHOTOGRAPHS
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Customer . Alabama Power i WYLE LARORATORIES
Specimen __ Okonits Tape splices 7 2 oZ
Part No. T=95. No. 15 and Scotch 13+ Amb. Temp. Job No. .__17%47
17947-01
Spec. _MIQP 1749301 Photo 585 Report No. e
Para._3:3 Test Med. Air Start Date ""']J
SIN.NO Specimen Temp, . Ambient
asi . Ne
Tost Titie Rt "‘h‘l" s e
MC 1) * !n (= { -
Rasistances (via Kelvin Bridge Method) shall be measured for
information only.
3
C—Irois s* O’n Iﬁ,‘ d.J An "J J
Specimen No. Smsoiaeion Resistance CEwet Resistance
Y ” ‘
P 1:;/0 A .Y ¥ 0 JLJ
e 3e<i0” N R R .
1.3 36,10 R 43 16°n
- "
2.1 33,/0 A 20 .m0 N
o “
3.2 32,10 4 LY ci0n
2.3 3.0 N [Y 0'r
-3
1.1 [ 1a 1O N 1.9 101
-2 id
3.2 (1,10 1 L2 y/0°A
1.3 1.1 ,m_]J\ €.5 0"
P L . J
4.1 bk, 0907 [owi0”n
4.2 at.i0 N /2 x10°0
e -
4.3 .72,;9 n [ Ix,0 2
" . '
s.1 3.0 vl A [ 210 2
5.2 d¥ 10" 10310 A .’
5.3 A8 107 0.0 A f
l
' . Y57
Tesied Byll_-'.M;L_ Date:
witness AlA Date: m:
Notice of Sheet No. l = ot 3
Anomaly None Approved MJ kA J-9=2 7

drpp Fogrm Wt $14A. Rey ABR &



Page No. M-9
Test Report No. 17947-01

DATA SHEET

Customer .. Aldbama Power WYLE LABORATORIES
Specimen Okonite Tape Splices i
PartNo..1=93, No. 3% and Scotch 33t  Amb. Temp. ' J.2 ' 20 Mo, 17987
Spec. .. MIQP 1749201 PROIO il Report No. 2734701
Pare.. 3.3 Test Med. Air Start Dats o1 =%
S/N %o Specimen Temp, . Ambient

GS! No

Test Title ot R 2 oo Punctional Test

(Continued) PR B VA o
Specimun No. ~ShdmReesen FASLEtANCE Gewrwet Resistance
6.1 3 'uO'vﬂF ',S.Iu“’,r,.
6.2 5 T 1.3y g 'n
6.3 3. 3.0 L RET M
7.1 23..10° 1L Yo 10" L
.2 4.3 10 7 oo’ o "
24 230" A AT
8.1 /&, 04 3O« 10" 1
8.2 1 & .i107° ;‘».-m
83 ! 1,:10° o £0ys0" 2
9.1 2c0 " n Zdaroin
9.3 _308.:10° n 23 sa"h
2.3 31 .8’ o inglO L
| lo.m 33,0 A /2% 0% 1
10. 18 P 10" R RN |
10.2 el.jo"p 6y i0 L |
10.3 32.0°Nn /;./o':& |
11.1 i O"Oﬁ;-@k /Ox 10 A ,1:
11.2 J4,,0°n 20,01 |
11.3 LOx 10" A /310 A :
Testad By g /A = Date: 4.~
' Witness 4L/ Date: LA
Natice of Sheet No a - ct a
Anomaly Aln n€& Approved R, [ oaa F-4-P7

Wyt Form Wit J14A A 4PN 3
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DATA SHEET

Gustomer
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INSTRUMENTATION EQUIPMENT SHEET g8
b 7 09/04/87 JOB MMEER: 794700 TEST AREA: LO0A
TEDWICIoNY I, ARRIOWS CUSTONER: AR POMED VB TIST: TUNCTIDNA
W ST WNFCTRER  AE SR WIE ¢ s | CTRCY | CADATE  CAanE
[ DIG TR WURLLA "% 212 101040, G2-2XOMN 02206 0/10/87 3108
: %5 @ 1864 657113180 VL1098 SOK-SOTDMM S-SSRANGE  0A/08/87  J0/06/E)
1 & ENRL. MDID M 10299 5255 WO -3 WAV LA
‘
b
H
. -~

MO N OCENIAY THAT THE AEVE DSTRUENTS R GLIBMTE) 151% STATE-0F-THE-MT EDINIQUES WITH STANDGADS WAOSE CAL JBRRTION 18 .
TRACSARLE 70 THE MITTONRL BURES F STANDARDS.

INSTAMENTET 10N : . OZKED § ATEIVED BY J \ Ao
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3.0 RESULTS

The test specimens possessed sufficient integrity to complete the thermal aging pros
without evidence of excessive degradation. The Okonite leads for Specimens 13.1 to
were /~m flexible and the outer layer of the Okonite and IM tapes became slightly bri
There was no evidence of cracking in any of the splices or cable insulations.

Appendices [ through I contain the following data from thermal aging:

. Appendix | contains Photographs [V-1 through V-4 which show the the
aging chambers and setup for Specimens 7.1, 8.1, and 8.1,

®  Appendix Il contains typical thermal aging circular charts from 110°C
1507 C aging chambers.

® Appendix [II contains the Instrumentation Equipment Sheet which list:
thermal aging chamber instrumentation.

WYLE LABORA TORIES

Murteviiie Facitity



Page Xo. (V-1
Test Report No. 1784701

SECTION 1V
THERMAL AGING
L0 REQUIREMENTS
The test specimers shall be tharmally aged as follows:
Speshioen Aging® Tima* Eguivaimt
No. Tempersture (Hours) Lifs Years
11 to 10.3 110°c 112 18
11.1 to 12.3 noc 100 1%
13.1 to 14.3 1%0°c 250 18

* Tolerances: (-0°C, +5°C), (-0 Hours, +3 Hours)

.8

The test specimens, mounted in their respective trey, condulet or enclosure, were placed
inside two medium sized test chambers and aged as described below. Specimens 7.1, 8.1,
and 9.1 were removed from the cable tray and mounted to a Limitorque actuator fixture as
shown in Photographs [V-2 and IV-3.

Ppectmen Aging Time
No. Temperuture {(Hours)
1.1 to 6.3 110%¢ 112
7.2, 7.3, 8.3, 8.3
9.2 and 9.3
74, 8.3 and 8.1 110°C 114
10.1A to 10.3 110% 12
111 to 12.3 110°%¢ 110
13.1 to 14.3 150°¢c 253

WYLE LARORATORIES

Huntaviiie Fecitity
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PHOTOGRAPH NO V-1

THERMAL AGING CHAMBER FOR
SPECIMENS 1.1 - 133 (116°0)

PHOTOGRAPH NO. IV-2

SPECIMENS 7.7 8.1, AND 9.1 MOUNTED ON LAITORQUE
ACTUATO4 COVER PRICR TO THERMAL AGING
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PHOTOGRAPH NO. IV-3

COMPLETE LIMITORQUE ACTUATOR ASSEMBLY
CONTAINING SPECIMENS 7.1, 8.1, AND 8.1

PHOTOGRAPH NO. [V-3

THERMAL AGING CHAMBER USEL POR
SPECIMENS 13.1 to 14.3 (150°C)
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TYFICAL THERMAL AGING
CIRCULAR CHARTS

N e
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TYPICAL TEERMAL AGING CIRCULAR CHART
POR THE 118°C (230-239°P) CHAMBZR

WYLE LABORATORIER
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ERReas, wONEy : Tt
T | I R ¢ e * i ‘,

TYPICAL THENMAL AGING CIRCULAR CHART
FOR THE 158°C (302-311°F) CHAMBER

WYLE LABUORATORIES

Muntaviiie Faciuty
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INSTRUMENTATION EQUIPMENT SHEET
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INSTRUMENTATION EOL 1 PMENT s HEE T
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SECTION V

POST-THERMAL AGING
FUNCTIONAL TESTS

Lo REQUIR EMENTS

Insulation rogistance values were taken for informational purposes only. Continuity shall be
1 ohm or less when measured with a digital chmmoter.

%0 PROCEDURES

The test specimens were subjected to the testing per Parsgraph 2.3 of Section L

3.0 RESULTS t
The test specimens were subjected to the tests of Paragraph 2.0 which me! the requirements |

of Paragr:ph 1.0. maammm:—uummwmum’
I as noved below.,

. Appendix | contains Photographs V-1 through V-4 which show the spacimens
mounted in their respective trays, condulets or enclos:res.

. Appendix II contains the Punctional Test Data Sheets.

B Appendix [l contains the Instrumentation Equipment Sheet which lists the
equipment used to collect data.

WYLE LABORATORIED
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SPECIMENS 1.1, 1.1, 3.1, 4.1, 5.1, AND 4.1
MOUNTTD INSIDE 24" x 24" x 6" ENCLOSURE
AFTER THERMAL AGING

PHOTOUGRAFH NO. V-2

SPECIMENS 7.1, 8.1, AND .1 MOUNTED TO

LIMITORQUE ACTUATOR FIXTURE
APTRL THERMAY. AMTTNN
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PHOTOGRAPH NO. V-3

SPECIMENS 10.1A & 1018, 11.1 & 13.1, AND
15] & 141 MOUNTED MNIE THEIR
CONDULETS AFTER THRAMAL AGING

PHOTOGRAPH NO. V-4

ALL REMAINING SPECINENS MOUNTED IN
THE 38" x 30" x 4* CABL3 TRAY
AFTER THERMAL AGIXG
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SECTION VI
LOSS OF COOLANT ACCIDENT TEST

1.0 REQUIR EMENTS
- LA Asceptance Criteria

The splices shall maintain voltage and cireuit continuity within +25 percent of uppuod\
electrical supply. The splices shall not cause their associated fuses to blow. \

1.2 Leakage Currents

Leakage ourrents to ground on Specimens 10.1A & 10.1B, 11.1 & 12.1, and 13.1 & 14.1 shall
be measured for information purposes only during the LOCA Test.

PROCEDURES .
Test Specimen Preparation t

test spocimens scheduled for the LOCA Test (Specimens 1.1, 2.1, 3.1, 4.1, 5.1, &1, 1.1,
0.1, 10.1A, 1018, 11.1, 12.1, 13.1, and 14.1) were removed from the enclosures used to
the specimens and train the wiring. The specimen leads were connected to Wyle-
mpplied 1/C Teflon-insulated leads through splices Insulated with Raychem nuclear
insulating sleeves as indicated below:

2.0
21
The
8.1,
rge

Specimen Specimen Wyle Test* Raychem WCSF-N
Ne Lead Strels) LeadSize ~ _ Sleeves Used 7

1.1 1/0 AWG 10 AWG 115/300 w/800
1/0 AWG 10 AWG 115/300 w/500
2.1 1/0 4AWG 10 AWG 115/300 w/500
/0 AWG 10 AWG 115/300 w/500
1 1/0 AWG 10 AWG 115/300 w/500
8 AWG 10 AWG 115/300 w/200

41 2/0 AWG 2 AWG 300 tape®** w/650
2/0 AWG 2 AWC 300 tape w/850
5.1 2/0 AWG 2 AWG 200 tape w/300
2/0 AWG 2 AWG 200 tape w/500
8.1 2/0 AWG 2 AWG 200 tape w/500
1/0 AWG 2 AWG 200 tape w/500

WYLE LABORATORIES
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PROCEDURES (Continued)

Test Specimer Preparation (Continued)

Specimen Specimen
No. Leed lizels)

74 1/0 AWG
12 AWG

8.l 8 AWG
8 AWG

8.l 8 AWG
12 AWG

10 - 14 ASCO
12 AWG

Wyle Temt* Raychem WCSP-N
Lead Size Sleeves Used **

10 AWG 115/300 w/500
10 AWG 070 w/200

10 AWG 115 w/200
10 AWG 115 w/200

10 AWG 115 w/200
10 AWG 070 w/200

14 AWG 050 w/115
14 AWG 070

Wyle leads were 1/C 1090 Voits, 200°C, Teflon leads (10 AWG and 2 AWG)

and 1/C 800 Volts, 200°C, T

eflon (14 AWG).

}
Indicates shim sizes applied to smaller cable and overall sleeve size. Fob

example, "115/300 w/500"

on Specimen 1.1 indicates WCSF-N-115 and 300

sleeves over the Wyle 10 AWG and an overall sleeve of WCSF-N-500 applied over

the shims and the 1/0 AWG ¢

Indicates that Okonite T-9%

est specimen lead,

tape was applied over the sharp edges of the bolted

connection. All other connections used uninsulated butt splices.

After splicing to the Wyle test leads, the specimens were re-installed in their enclosures as

noted below:

Enclosure Type

70,801 & 9.1

24" x 24" x 6" NEMA 1 enclosure with Daint
serapped off subpanel. Enclosure contaured four
J in. Myers hubs and 12-inch long 3 in. OD conduit
nipples exiting from the side and bottom. A 1/4 in.
weep hole was drilled in the lower right hand corner
of the enclosure.

182" x 104" x B¢" Limitorque cover bolted to a 1/2-
ineh thick steel plate. The Limitorque gasket was
installed and there was no drain in the cover, The
specimens were routed through a 1t-in. Myers hub
and 90° elbow pointed downward. The splice rested on
the ~over approximately 3/4 in. below the bottom of
the conduit entry.

WYLE LABORATORES
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PROCEDURES (Continued)
Test Specimen Preparation (Continued)

Specimen No. Enclosure Type

10.1A & 10.1B, 3/4 in. Type C condulet fitting with cover and
111 & 12.1, and gusket. Owe end of the condulet was attached to
13.1 & 14.1 FNGS-supplied 3/4 in. flexible conduit (Anaconda
Type EF) and the other end was attached to an LB
fitting through a 6-in. nipple. The LB fitting

contained another 8-in. nipple pointed downward.

2.2 Chamber Preparstion

The test specimens, mounted on their respective test fixtures, were attached to carbon steel
frames and installed inside a 60-inch diameter, 60-inch long (flange to fNange) LOCA test
shamber. The fixtures were tack welded to the chamber o ensure & solid connection to
ground existed for the leakage curreit circuits. The Wyle-supplied Teflon wiring wes
earefully routed out multiple chamber penetration amemblies in the rear of the chamber.,
The 125 VDC wiring was segregated from the 632 VAC wiring and exited in a separate
penetration assembly. The chamber penetrations were sealed with a Seotcheast No. &
potting compound per Wvie Laboratories standard practice.

The chamber water level control system was adjusted to ensure that the specimens did not

become submerged during the chemical spray period in the test. In addition, the chemical
spray flowrete was adjusted to deliver 3.75 gallons per minute (0.15 gpm per square foot
over & 25 foot square ares). Chemicals were prepared as deseribed in Appendix [V,

2.2 Istrumentation Setup

The imstrumentation setup for this test consisted of 30 slectrical and environmental
s\annels. These signals were fed into a Daytronics System 10 Data Acquisition System
DAS) which displaysd requested information on # color monitor, fed a high-speed line
printer and fed & Hewlett Packard (HP) Model 1000 minicomputer. The HP-1000 system
acquired data on & ha~d disk and generated plots of requested channels. The data scquisition
system was opersted at its maximum rate during the temperature /[ ressure ramps and for
the entire Main Steam Room test, slowed to one-minute intervals after approximately

89 minutes, and then slowed to 10-minute intervals from the 5 hour 38 minute point to the
end of the test.

A 24-hour circular chart was utilized to record and monitor chamber temperature. This
system was used for control purposes once the saturated steam environment was achieved in
the chamber (1 hour into the Containment est). This system utilized two Type "T"
thermocouples mounted in the same location as Channels 1 and 2.

WYLE LABORATORIES
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.0 PROCEDURES (Continued)

13 Instrumentation Setup (Cantinued)

The channel number, specimen number, signal units, and signal monitored were as follow
Channe) Specimen

N
1

w o -3 O o

10
1
12
13
14
15
16

_Na Units
Al Op
All s
All Op
All op
All PSIG
All GPM

1,18, VAC

1-3,7-9> VAC

1-3, 7-9. VAC
1-3 Amps
1-3 Amps
1-3 Amps
7-9 Amps
-9 Amps
7-9 Amps
-8 VAC

—Sigral Monitored

Chamber Control Type K" the
couple mounted to the top ¢
of the NEMA 1 enclosure.

Chamber Control Type K" the
couple mounted to the cor
cover for Specimens 11.1 and

Chamber Control Type K" the
cvuple mounted to the cent
the Limitorque actuator

plate. t
Average Temperature of Cha
1, 2,and 1. i

Chamber Pressure Transducer
Chamber Spray Flowrate
Input Voltage. A-B

Input Voltage, A-C

Input Voltage, B-C
Current, Phase A

Current, Phase B

Current, Phase C

Current, Phase A

Current, Phase B

Current, Phase C '
Input Voltage, A-B

WYLE LABORATORIES
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PROCEDURES (Continued)

Instrumentation Setup (Continmed)

Channel Specinen

oo - . onits e el Monitored
17 -8 VAC input Voltage, A-C
18 48 VYAC Input Voltage, B-C
19 46 Amps Current, Phase A
20 4-6 Amps Current, Phase B
2] d-n Amps Current, Phase
22 10 vDC Input Voltage
23 10 Milliamps Load Current

(mA)

24 v 10 VI-21 mA Leakage Current to Ground *
25 11 & 12 YoC Input Voltage
24 11 & 12 mA Load Current
;7 ’ 11&12 W 25 mA Leakage Current to Ground *
o8 13& 14 VDO Input Voltage
29 13 & 14 mA Load Current
30 13 & 14 VI 27 ma Leakage Current to Ground *

. Leaksge currents to ground were calibrated to a

resolution.

WYLE LARBORATORIES
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3.0 PROCEDURES Contimued)
1.4 Specimen Operability

The test specimens were electrically connected to the circuitry in Appendix [l
were energized continuously through the Main Steam Room lest

rofile
‘ontainment test profile, t& 1 specimens were powered as Listed Delow

Specimen No. Noltage Current __Operations
Rela B3 A32 YAC 1¥. None. Continuousl

Enerqized.

None ontinuous)
Energized

Powered for the [irs
85 Minutes. De-ener
"t the 48.-hour Do
then re-energized |

* minutes

None. CGontinuous)
Energized.

Powered for the firs
80 minutes. De-ener
for remainder of tes

Loading provided by an ASCO Model HVZI023

In% . ™o . baid Pumen 6 N
23 Watt, 125 VDC) provided from the FNGS,

2.3 Aceident Simulstion

The test specimens were subjected to two temperature/pressure profiles, ™

Main Steam Room test) was performed as shown in Figure Vi-4 of Appendix ¥
temperature requirement of 323°F was met in 15 seconds and the pressure requiremer
6.4 PSIC was met In 2 seconds during this test.

The second profile (Containment test) was performed as shown in Figures VI-29
Appendix VIL. The temperature requirement of 393" F was met in 109 seconds anc
pregsure requirement of 5.3 PSIG was met in 217 seconds. Temperature wa:

393°F for 304 seconds prior to the temperature decay hemical spray was

fl-minute point and continued to the 25 hour 8 minute po the test.
profiles were performed one after the other

WYLE LABORATORIES
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1.0 RESULTS

All of the test specimens demonstrated the ability to conduct the pecified currents, at the
specified voltages, © ~ughout the LOCA tests.

One anomaly occurrec ing this test and s documenied as Notice of Anomaly Number 1.
This ancmaly documents the usage of the high-speed printer that was outside of its
calibrution interval during the LLOCA test. This error was discovered at the 24-hour point in
the test and no other printers of the required speed were available. The post-tegt
celibration check found the printer to be inside the manufacturer's tolarances. Tt should be
noted that this printer provides hard copy backup data and &ll of the plots in Appendices V
through VIl wers made from data off the hard disk on the HP-1000 minicomputer.

The recorded leakage currents to ground were:

peocimen Lesknge Current
No. to Ground (mA)

10.1A & 10.1B 0.00
11.1 & 12.1 1.20

13.1 & 14.1 0.00

(1)  This signal existed for approximately 18 minutes during the Main Steam
Room test (see Figure VI-25). However, the signal was not erratic, as most
leakage current signals tend to be. Troubleshooting commenced at the 15-
minute point found the 125 VDC leads tied to a short length of a 3@,
208 VAC power cord for the circuit on Specimens 4.1, 5. and §.1. When
these ties were cut, the signal immediately dropped to zerv. It is therefore

concluded that this signal was moat likely induced and not specimen
related.

The data from this phase of lesting is presented in Appendices | through IX. Those
appendices contains

w Appendix | contains Notice of Anomaly Number 1 and the Post-Test
Calibration record.

Appendix [I contains Photographs Vi-1 through VI-14 which show the
pecimen, chamber, electrical and instrumentation setur .

Appendix I contains Figures Vi<l through VI-1 which show the electrical
eircuitry used to energize the specimens.

A e a2 5 e A B T —— ey B 1 ot o ALY B 8 5 P, A ST TV Ve e A s $ 8 AP

WYLE LABCRATORIES

nigviie ke




Test Report No. 1794701

RESULTS (Continued)

&

Appendix [V contains the culculations for the chemical spray solution and
flowrate.

Appendix V contains Figure Vi-4 which plots the chamber thermocouples
and pressure for the Main Steam Room test.

Appendix VI contairs Figures VI-5 through VI-28 which plot the electrical
data recorded during the Main Stesm Room test.

Appendix VI contains Figures VI-29 through VI-11 which plot temperature,
pressu~e and chemical spray flow during the Containment test.

Appendix VIII contains Figures VI-22 through VI-53 whien plot the
electrical data during the Containment test.

Appendix IX contains the Instrumentation Equipment Sheets which list
equipment used to take data. The high-epeed line printer was inadvertently
left off ard was added after the test had completed.
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NOTICE OF ANOMALY

womiceno L. o .numesn _ SF-18%9 . CONTRACT NO. N/A
customgn.  Alabama Power Company wyLs so8 no: 17947
NOTIFICATION MADE TO: Rick Woodfin NOTIMICATION CATE. 9-28-37
NOTIFICATION MADE BY Joe Hazeltine VIA: On site
e TS
AT B ol 71-25, 1967
catecony. Jseecwen  Ldenocioume  £3 TEST EQUISMENT ANOMALY S€PE. 7 :
pAnT namg. _ High Speed Line Fointer PART NO. TI-RO8 0
TEST LOCA Test 1.0. NO N/A
SPECIFICATION: WLQP 1794201 MaAL Mo 3.9.2
| e g
REQUIREMENTS.
The Data Acquisition System shall be operated ot its peak rate during the ramp and at |
minute intervals thereafter.
b
!
DESCRIFPTION OF ANOMALY: :

The Texas Instruments ROSI0 High Speed Line Printer, used to record hard copy data, was
founa to be outside its calibration interval. This error was discovered after the test had been
running for approximately 24 hours and no spare printers, of the required speed, were
available.

DISPOSITION COMMENTS RECOMMEMDATIONS:

The LOCA tesr « 4 completed using the out of calibration high speed printer. The printer
was calibrated as soon a3 possible after the test and found to be inside the manufacturer's
tolerances.

The line printer does not transfarm the data fed to it from the Daytronics Data Acquisition
System. A maifunction would cause the printer to record cither unintelligible data or no A ta
at all. The calibration of printer involves checking the printer ribbom iatensity  ad
alignment, rocker switch positions (set the baud rate) and the power supply voltages.

It shouid be noted that the plotte. data comes (rom the Hewlett Packard Model 1000
minicomputer. This data is 2lso (ed from the DAS and thus the hard copy data is used [or
backup purposes only.

NOTE: (TS 48 CUSTOMEN'S RESPONSIBILITY TO ANALYZE ANOMALIES AND COMPLY WITH 10 CFR PARY 2.

VERIFICATON: PROJECT ENGINEER:

TEST wiTnESS George langford/Rick Wondfin  (mOJECT MANAGEAR:

TERDE. ARTMENTRL=S
serngsENTING: Bechtel /Alabama Power Co. 3‘05,3.%‘.,.0.. = o

' oW %
QUALITY ASSURANCE. mw_ #b Lo
-

Wyle Farm Wi 1000 Rev. JAN B8 Poge 1 of .5
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REQUEST FOR CALIBRATION EXTENSICN oart 9.7.5 %,
- 2 7 z -~
TO (N TURNY: ST Call ©AU  conmoL v S2-020

. QA DESARTMEN.
2 CALBRATION LABORATORY

L ORIGINATOR S Levim AR o2
CRIGINATOR: |
woracTuRmn: _exas 7o/ <t wrsno: [/ 0]
MOOEL NO.: /0 s no: TN - 12 ES
sesTRusENT: __R0) T8 nag o
CALBAATION DUR DATE: “RESENT: 9-i5 7 mpreore:
A s - .
custosen: _ /A FCO oane: 7947 amoocas) - YESNG ‘
SIGNATURESDATE: __. 4
T TRGHMNICLAN ' EER
TION LABGRATOR. 12 PoST CAL ONLY h
-
l'/‘
CALIBANRON DUE DATE EXTENDED TO: RECTROS T L
> G W SRR APPUED:
e ,-//W
The tese 2ate will i De ressceed st he instrumentation Scouracy hms Laen verisd by
Pomt Callvretion. This instrument shasd ' te Calldraion Ladormsory. wan &
Me' tenenze Wark Orger (W 1107), on or ‘
/"‘/ \‘\u.
- S~
l .——/’ a \.\\..\
——————————t .Jm \\
/'/ \\\.
" SIGNATURETDATE _ -~
SUPERVISOR, CALIBRATION LABORATORY -

._,‘r
§

POST CALIBFATICH ARSUL'™S:

”~ \
WITHIN MAM FACTUTICR™S ’CLE!!ANCK!.": NG
/
AEARY = o
” ’ o v
o -~ o
bl 2 ' L 4 7 A s
- ,’j/ ——— o o pl—— / / e /} /7 ,:"“:’/‘J
SIGNATURES T ATES Nt A Mo | * OIS b e i A A —
QUALITY ASSURANCE SKPERVISOR, CAL/BRATION LABCRAT
% THE. ks W o e
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AL PUWER COMPANY ~— 17947

CHEMICAL SPRAY CALCULATIONS

L Bch&cid(w

Desire 2500 ppm Baron

Weight Water = 120 gal x 8.7°5 Lb/gal = 999 Lb

§1.81 Lb H,BO, has 18000 = 10.81 Lb Boron

3
61.71 H:,’BO3

2890 pom x 999 Lb = 2.49 Lb Beren = 777 .

ASE A
D08 . Hee

Vst add 249 Lbx —ob8l o 14.3 Lb H.BO

10.81 ’

2. Sodium Bydroxide (NAOH)
3 Add to get 10.7 pH

Maintain 10.5-11.0 pH during spray

3. Fiow Rate (815 gpm/fth

0.15 gom/ft® x (5'x 5" = 3.75 gpm

Maintain 3.75 to 4.25 gpm

WYLE LABORATORIES
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CHEMICAL SPRAY CALCULATIONS
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PHC/TOGRAPH NO. VI8

INSTRUMENTATION SETUP SHOWING DATTROKNICS
SYSTEM 10 I'ATA ACQUISITION SYSTENM (DAS)
AND H-P 1000 TERMINALS

PHOTONRAPH NO. VIi-10

TEYAS INSTRUMENTS $10R0 HIGH-SPEED LINE PRINTER
USED TO RECORD HARD COPY DATA FROM DAS

PHOTOGRAPH NO. Vi1

HEWLETT-PACKARD MODE.. 1000 MINICOMPUTER USED TO
RECORD DATA ON HARD DISE AND TO GENEERATE
PLOTY OF REQUESTED INFORMATION
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FHOTOGRAPFPH 10. Vi-8

DC SUPPLIES AND SWITCHES FOR
SPECIMENS 18, 11/13, ANT. 13/14

PHOTOGRAFPH NO. Vi-8

VIEW OF CIRCUITRY POR SPECIMENS 10, 11/12, AND 13/14.
NOTE THE SOLENOID VALUES SUPPLIED BY ALABAMA POWER CO.
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PHOTOGRAPH NO. V-7 : el

VIEW OF CIRCUITRY UZED
POR SPECIMENS 1-9

PHOTOGRAFH NO. Vi-8

3¢, 600 VOLT, 100 kW, WATER-COOLED LOADS AND
120 VOLT, 75 WATT LIGHT BULBS USED
TO LOAD SPECIMENS 1-3 AND 7-#
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FHOTOGRAPH NO. V-1

QOVERALL VIEW OF TEST SPECIMEN ENCLOSURES
INSIDE A 60" DIAMETER LOCA CHAMEER

PHOTOGRAPH NO. V-2

OVERALL VIEW OF ELECTRICAL SETUP
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PHOTOGRAPH NO. V-3 ; -

REAR VIEW OF LOCA CHAMBER SHOWING
CHAMBER PENETRATEON ASSEMBLIES

PHOTOGRAP:1 NO. Vi-4

HEMICAL SPRAY RESERVOIR
AND PIPING SYSTEM
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DEG EQUIV FOR WYLE TEST REPORT REPORT ON OKONITE FOR V-TYPE SPLICES

vation Energy: .65 eV

Ac
Re. .rence Temperature: 329.0556 degrees K

0 seconds

160560 seconds

¢ 2
Equivalent Time =

t i 3

: : it 491.3334 degrees K
$
: 390.7778 degrees K

5999476 seconds
99991.26 ninutes
1666.521 hours
69.43838 days
. 190242 years



DEG EQUIV FOR WYLE TEST REPORT PEPORT ON OKONITL FOR V-7YPE SPLICES

A’ ‘vation Energy: .65 eV
Re.erence Temperature: 132.9 F

Plant Profile
Time (de . -

1.166667E~04
1.166667E-04
1.16A667E~04
2,333333E~04
- 5.833333E~05
5.833333E~05
1.166667E~04
2.733333E+04
3.458334E~04
1.018333E~02
3.009167E~02
3,240417E N2
. 050928
«1111083
+2291667
.25
«2847209
10
1cs

Temperture ()

ERL
385
406
414
399
386
370
340
277
269
259
255
250
245
230
216
200
192
120

E, .valent Time = 169.9495 days

rfest Profile
Time (days)

0
1.858433

Equivalent Time

Temperature

425
244

= 69.43438

(F)
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Test Report No. 17947-01

SECTION VI
POST-LOCA FUNCTIONAL TESTS

1.0 REQTIREMENTS

Insulation resistance values were taken for informational purposes only. Continuity shall be
1 ohm or less when measured with a digital ohmmeter.

2.0 PROCEDURES

The test specimens were subjected to the testing per Paragraph 2.3 of Section L

L0 RESULTS :

The test specimens were subjected to the tests of Paragraph 2.0 which met the roquircmcntsi
of Paragreph 1.0. The data collected during these tests is presented in Appendices [ through!
[II as noted Lelow: P

® Appendix | contains Photogr.phs V-1 through VI-§ which snow the
specimens mounted in their respective flxtures.

B Appendix [I contains the Functional Test Data Sheets.

. Appendix [II contains the Instrumentation Equupment Sheet which lists the
equipment used to collect data.
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PHOTCOGRAPH NO. YI-i
POST-LOCA VIEW OF SPECIMENS L.1-8.1.

PHOTOGRAPH NO. VII-2

CLOSEUP VIEW OF SPECIMENS 1.1-6.1. NO EVIDENCE OF
ARCHING OR INSULATION BREAKDOWN WAS VISIBLE ON
ANY OF THE SPLICFES. THE OUTER LAYER OF TAPE
WAS BRITTLE BUT INTACT.
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PHOTOGRAFA NO. YB-1
VIEW OF SPRCINENS 11-61.

C! OSEUP VIEW OF SPECIMENS 1.1-8.1. NO EVIDENCE OF
ARCHING OR NSULATION BREAEDOWN WAS VISIBLE ON
ANY OF THE SPLICES, THE OUTER LAYER OF TAPE
WAS BRITTLE BUT INTACT.
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PHOTOGORAPH NO. VIR

POST-LOCA VIEW OF SPECIMENS 7.1-8.].

THERE WAS ABOUT 1/8* OF WATER INSIDE THE LIMITORQUE COVER
AND ALL THREE SPLICES WERE WET UNDERNEATH. NOTE TH:
CHEMICAL SPRAY DEPOSIT AND CORROSION JUST BELOW THE

MYERS HUB. THERE WAS NO EVIDENCE OF INSULATIOA
BREAXDOWN OR ARCING ON ANY OF THE SPLICES.
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PHOTOGRAPSE Ne. VI

POST-LOCA OVERALL VIEW OF
SPECIMENS 16.1 TO 141

PHOTOGRAPH NO. Vi-§

POST-LOCA CLOSEUP VIEW OF SPLICES INSIDE CONDULETS.
ALL CONDULETS CONTAINED RUST INSIDE. THERE WAS
NO EVIDENCE OF ARCINC OR INSULATION BREAKDOWN

ON ANY SPLICE.
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'DATA SHEET

Alabama Fower

Customer - WYLE LABORATORIES
Specimen Okonite Tape Splicas r ~’f
Part No. 195, No.35 and Scotch 11+ Ama Temp 1 Job No. 17947
Spes. WIQP 17492-01 Photo o £% Report No. 17947-01 -
Para.__ 3-8 Test Mad Az Stait Date e 125 =%
SIN No Specimen Temp, Amsbient
GSI 30 g
Test Title D_ﬁ:l" %‘ Puncticnal Test
Acceptance Criteria: Insulation Resistances (at 500 VDC for 1 minute) and Contact
Resistances (via Kelvin Bridge Method) shall be measured for
laformation only.
Specimen No. Insulation Resistance Contact Resistance
o - v .J y $
1.1 LS./ 2 2 & o
1.2 NA‘ ¥ 7 ™
i': 1?
. - ™
2.1 /§\ 1C » welelG I
2.3 ' o
L3 & -J‘
3.1 [.log 15 2. Y.7.79°0
3.2 N &
3.3 i . ~ A
v -
4.1 [o‘& K)‘L ’4:!0 A
4.2 M /’ e
4.3 < K . d
‘,
5.1 ,“'l}!- jO N I“'Rv'c ¥ 1%
. ¥
§.2 N ; ’L-", Y
$.3 7’*
\ o
Tested Sy It Datc...'..’.li;!l
Witness A% Date.
Notice of N Sheet No. A USS—— p—
Anomaty e AGOIOVed Lo e e o

Wy Form e §14a Rge APS e

/7
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DATA SHEET |

Customer —..Albais Poves

Specimen Okonite Tape Splices “ 4.,1
Part No. =93, No. 35 and Scotch 33*  Amb. Temp. 4
SP8C. o NIGP 17492-01 Photo s
Para.__1:8 Test Med, . ALZ

oy = Specimen Temp, Ambient
Gst -

Test Titie E&J" LLCA Punctional Test

WYLE LABORATCRIES

JOb NO. et 28]

Report No. 27247701

Stan Date eelosis ¥

' (Conginusd)

Specimen NO. Ingsulation Resistance Contact Resistance
12.1 ’Li!'ﬂ_‘ﬁ 2.1 402
12.2 /fg{ M
12.3 3
.4 P IG'.n 3,0 "N
13.2 ~ A
13.3 P r ‘/ﬁ‘ ’
a1 J0.10'0 .Y . i6* A
14.2 / /

14.3 /
15.1a L R
15.18 4 R
18.1¢ ‘

15.2a

15.28 / /

18.3 / i

-y
Testea By 1‘1;.._-_.1;-; Oate: _1-gs?

s Witness S Date:

totice of i ¥ ;__.: »

Anomaly '{/ﬁti‘ ADBIOVed ,..,",v‘_fj/ e . Y

e Sgrw e §144 Sy 209 M
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"DATA SHEET |

Customer . Alabama Pover

Specimen __konite Tape Splices o
Pan No. I=95, No.3S and Scotch 11+ Amb. Toms. 7‘_
Spec. . WIGP 17492-01 omts T
L — Tost Mod. e AL

GSI No

Test Title E‘,’T' L.&rA Munctional Test

WYLE LABOTATORIES

Job No. L7347

Start Date . 91347

(Continued)

Specimen No. Insulaticn Resistance Contact Resistance
6.1 510 A L9100
= e
6.3 ?

7 D P e OOV T2 Y YRR 417 S

2 N M !
7.3 P A A g
8.1 £ jof (».;7,10"

23 [2 x I .anll"

9.2 f"/ ‘./

9.3 a1 . N

1014 A 19 346107 1L

15.18 1.9 . oa o 2, TN

10.2 ~N~ N~

10.3 20 e

. L e , i0a g.0.10%0

1.2 N et

133 g i
Testea By 40l onts Oate: Laks ¢ ”?
witness M:" AL Oats: 3

oy DL S e ol

Ve Sosm et 044 Sae APE Ta e
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FOR USE IN FARLEY NUCLEAR PLANT

PRCY NAGER | . W «r

G.:. Hight
4 /
PREPARED 8Y . s
PROJECT ENGINEER £. R. Schum
17942 1A.DOC
REVISIONS FORM 1108 1/881
REV. NO.| DATE PAGE OR PARAGRAMS APFECTED BY | AP DESCRIFTION OF CHANGES
Pl

o v

COPYRGHT BT WYLE LABORATOMES. Ty MGNT T AESRODUCK COPY EXWHET O OTWERWEE UTILZE ANY OF T MATERAL CORTAMED HEREIN
WTHOUT THE EARRESE MRMOR SEMMIBIION OF WYLE LABORATORMRS & PROMEBITED Wi ACCERTANCE OF & BURCHARE OROE® N COMNEC TION Wil
Tl A TERA, CONT ANED wERBIN GRALL B8 BOUIVALENT (O EXPRELE AMOR 5. RMIESON



Qualification Plas Ne. 1794 111 Test Report No, 1794703

Page 2

1l

sCcore

This documens bas bees preparea v Wyk: Laborstones (or Alcbama Power Company, berewnafier
referred (0 & Loe customer, for squipment used ot Farioy Nuclear Plant.

Burnoss

The purpose of this document i 10 presemt the approsch, methods, philosophies and orocedures for
qualifying the equipment identified i Section 13 for use i Fariey Nuciear Plast.

Nuclear eavironmental qualificancs of asy safety-relsted device (0 meet the requirements of [EEE
3231974 is usually & three-step process, ie., (1) sormal radiation exposure, (2) aging, and (3) design
h&mn“(“d-hnwmu.mum). The purpose of
mhmwhnnhum a condition thai represents the worst state of
deteroration that the plast operstor wall perme prior (0 taking corrective acLor., Le. its end-of-
quabified- e condition mnmmmmmﬂummm
wihstand the added eavironmentsl siresses of the spealied design basu cvents and sull perform w’
safery-related fuscton.

Angiicubds Decumensy

° 10 CFR 50.45, "Esvironmenstal Qualificaion of Electric Equipmens Lnportast to Safery for
Nuclewr Power Plasts,” US. Nuclear Regulatory Commission, Jasuary 21, 19€3.

o FEE 3231974, TEEE Standard for Qualifying Class LE Equipment for Nuclear Power
Stmtaons .

0 [EEE 3831974, "TEEE Standard for Type Test of Class [E Electric Cables, Field Splices,
and Connections (or [ «uclear Power Generating Stauoes.

0 NUREGASSS, Category L Revision | “loterim Staff Posiion of Esvwonmental
Qualificanson of Safety Relaed Elecuncal Equpmen,” dated July, 1961,

° Regulatory Guide LB9, "Oualification of Class LE Equipment for Nuclewr Power Plus’,
Nowember 1974

o Wyle Laborstories Q_ulity Assurance Program Manual, Apel, 1987,
0 Alsbume Power Company Purchase Order Nusaber QP-1859.

Lav.omens Duacrintios

The evjuipment 10 be quakfied are clecincal splices fabricated wih the following tapes and assembled
per Section 3.2 and Figures § through 19, 25, and 26. Refer to Table IV for splice types, specimen
sumbers, and figure sumbers.

WYLE LABCRATORIES
rartavieg Fasiity
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2P (Contioned)

Lanisment Deacripuos ( satisued)

0 3M Scotch 33+ vieyl plastic electrical tape
0 Ukomste jacketing tspe Number 15
0 Okosute wmsuletion (ape Number T-95

Note: Farley Nuclear Plaat cwrrestly stocks M Scouch 88 vieyl plastic electrical tape which is
identicnl (0 Scotch X3+ exmpegr for thickness. Since Scoutch 33+ s thinner than Scotch S8R, esung of
Sooich 33+ w conssdered comservatve and will qualify the Scotch 88 tape if (he test is successhy).

Cualilcaten SOTRERG

The qualification program shall be performed w the following sequence:
o Facervueg lampection

0 Spemen Preparsios

I

[ Basete Funcoons Tex
o Radisuon Exposurs
o Fusctional Test

WYLE LABORA TORINS

runtivig F oty
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o Terupersture (peak)

0 Pressure (peak)

o Relative Humidiey (peak)
o Spray

63.1 puia
100%

0.15 gpea/fr®

2.5 pais
100%

N/A

H4BO, (2500 ppem boroa)

NaOH (105 pH)

Qualification Plas Ne. | 79402401
Page 4
Revision A
0 QUALIFICATION REQUIREMENTS
L1 Refintiion of Strvsx Conditions
3N Maris
U s assumed (hat adequate margins heve oot been included w ihe specificauions (0 account for
sormal verwboms w commercal productios of equpment and vanauoas o servio. conditions.
Therefore, margin per Paragraph 6315 of [EEE 32319 shall be added 10 the followng
comdataoms:
o Temprratwre: + 15°F o DBE peak
0 Preaswe: + 10% of gauge, but not 10 exceed 10 puig
° Time: + 10% of post- DBE operatios time (| bow minimum
tots') }
) Mndistaon: +10% of scoxdent dose ;
0 v oltage: +5 VAC for 575 VAC, + 15 VDC for 125 VIDC
LR Mals Sicam Koo
pa Nermal . ouditions
[ Radiavos 20E7 rads (15 years)  20ES6 rads (15 years)
(includes acodent dose ) SOE7 rads (40 years)
o Temperarure 120°F 104%
° Pressure: 14.7 psia 14.7 paia
0 Relatve Humdity 40-90% «0-90%
1 Accident L onditions
° Fadiaios 2087 rads (5 vewrs) 2066 rowds (15 years)
(mcludes normal dose ) SOET rads (40 years

WYLE LABORA TOMIES
Hunmue F ety
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Pags §

QUALIFICATION REQUIREMENTS (Continued)
Defiaition o Servicy Londiliony  wiieeed)

S b ondlUens ( cetinand

LR TR Mala Sima. Sovm
Dwrataos ¥ days less thas | bowr

The main steam room temperatwre and pressure profiles lor & mam steam lise break are shown w

Figures | and 2 rospectively. The composite contamament (empersture and pressure profiles dunng »
LOCA /HELB are shorve i Figures 3 and 4, respectively

(Ader ek (. apebiboms

The subject splicing tapes are installed os cables which supply (a0 motors and motor and solenod

o veives Wemmifnvm,;lﬂmlhthmuﬁuu
nad 125 VOC 4 10% 10 the solencids.

O aovs
per M ors i

Hakety Weiniss F mecsiony

The sadaty clmsification of this equipment s Class LE. The subpct oquipment provides essential
services i Gpport of cmeryoncy reacior shutdows, comamment WOlaton, reactor core cooling and
comtaisment aed reactor bost remowval or i otherwise cxsemtinl in providing support 0 prevent
sgnuficant relense of rvdactve material (0 the covronment.

Acxridaiscs (e

The lolowing scceptance criteria has bben established (or the purposes of this qualificauos effort
Pﬁ-guhcﬁu“mwﬂyhmﬁhﬂﬂﬁnd&emmmabm
sl be weratgmed sed sealveed by Uhe (o8 cngumier

o Tha splices shall muiain voltage and crcult comtineiy within 25 percest of applied
chscinon supply. The sphions shall nol cvame Uhew susocusted fuses to blow
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As specified by customer, fifty-five (55) specimens w 17 Jillerent configurations shall be prepared per
Figures § through 19, 25, and 26 and the following (Refer 10 Table IV for splice types, specim

b

In gemeral, strip 1/4° from the ends of 2 sections of cable 10 expose e conducior, Cmpuz

sppropriscely sized, uninsulated terminal lug 19 one end of cach cable and bok the v . 1ogether per
Figures 5 through 19, 25, and 26. Apply the speaified tape ia balf-lapped layers and extend the tape
beyoad hoth er s of the splice as required. The Okonite Nos. 35 and T-95 tapes shall be teasioned (o
spproxicasicly 1/4 of orginal wadth (abowt 1/2 inch) as recommended by the manufacture: »aee o
applied over the splice. Okosite nuciear splicing cement shall be used as an adbemive gly oo the
year specimens (15x). Ths IM Scotch 33+ wape shall be tessioned 10 approximatesy 5/8 of iu
ongiasl width (abod 1/2 inch) as recommended by the manufacturer.

Position and aflix specimens 1.1, 2.1, 3L 4.1 5.1 and 6.1 in a NEMA 1 encicoure (reference Figure
2). Position and »ffix specimens 7.1, 8.1, 5~d 9.1 in an open cable tray (Note: these specimens shall
be placed in the cover of 2 Limiorgue ¥ vitch comparument prior (0 DBE testing - reference
Figwre 21). Position and affix specimer. .o and 10.1b is & 3/4 inch condulet (reference Figwe
22). Poution and wffiz specissens 10.2 and 10.) ie another 3/4 inch condulet. Position ard affix puns
Lx and 12x together in separste 3/4 imch condulets (eg 111 and 121 together).
Repest for pars of specimens 11x and 14x All cradulets shall be affed 10 an open cable tray.

; ¢ i aind 153 ia 2 second NEMA | enclosure
(reference Figure 23 Note: specimens 1524, 1525, and 153 shall b: removed from the caclkosure

|

WYLE LABORA TORIES
muntEiie Facity
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QUALIFICATION PROGRAM (Loatinsed)

Deterndnsiien of Potenuial Agion Mechanisms (C ontinmed)

As noted i the Aging Matrix, Table |, some of ihe materials which wre required for the
Wu&mhmn.ﬂu_mwmm

|

The library references » hich form the busis of the anslysis and/or conclusious of this report, ae well
s those wiliced i the preparstion of the Aging Matrix (Table 1) are tab dated io the Reference List
(Table 1),

!

The normal service conditions which are used as the basis for the calculations o the Aging Matru
(Table |) are documented in Table UL

For msulatios systems, Uy, effect of 3 bumsd cavironment & 0ot comsidered an aging mechanam. As
soted i Library Code (0255-80:
“In most cases, moisture plays oaly & secomdary role in the (allure. It does not producs

damage (o the insulacion, (he insulstion weary sway or cricks for other reasons. Mouture
tmerely provides & direet elecincal psihway betwees Lhese maure devices and ground

WYLE LABORA TORIES
Funt e £ sty
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QUALIFICATION PROURAM (Continuned)

w

Cuscinuiry of the essembled specimens shall bo verified Costisuity & defiaed & & reading of | obm
of kess whee messured with » cagual olmameter.

|ssulation resistance shall be mewswred for nformation oaly sfier placng cach specames oo
grounded < tace and appiyeg 500 VDC betwees Une comductor of Uhe spliced cable and ground
ose miswe. Uf & resdieg camnot be obtaimed & 500 VDC, the volkags shall be reduced ual
msularios resmiaace o measurabie. Al ressits shall be recorded.

ke

Norral emee svre conditions yepled with Gmee coms s aging mechasism knowe as
Uree /o paruiore cecs. Az soted e Library Cods 0256-80: )
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QUALIFICATION PROGRAM (Continued)
Determuaation of Pricatial Azine Mectuspm (C ontiswsd!

Batastve Humidiey (Continmed)
MEEE 117-197%, Paragraph 333 sstes

“Motsrare b wed 10 make dickecine tesis more discernmng of pbysecal sad (herral damage (0
clectroeal monka on Fysters.’

As further noted in Library Code 0010-78, is » discussion of moisture conditionung of thermally aged
les specimens

““hhﬂdhmlm}M(dmumﬂﬂ.cMM
dstermining insuiation (aCurus s the U < they occur, ad it notin isell inicaded io s ap
itg (MIsy (smphass sdded). Most clocirical msulation. a  tharmally ages. socreases i
ﬂynﬁbnm\ﬂbmht“hubwmmu

corresponding clectnical uremgih”
The Nuckew Ruguisiory Comminsos, i & discossos of comments os ¥ CFR Part 50 saes: -

N has nor bers demonstrated (het (he lime-dependesd varistios ® bumadicy will produce
any dilleresces i degradanos of elwark equipment.’

It i (herefore onachaded that relarve humadity w not a8 aging Sechanwm.

Pressngy
The stmonpheric presewe o equal 0 406.917 mches of . Typically, from Library Code (1269-80,
e matas by 4 nche of scrows the U States. Withie the same location, Lhe

o ARG 1 0 4 lnches of cach year. Qualificaton reguwrements (o amocphenc
jressre chongie wighis (e lowts of 8.4 mches of are judged 19 be of no consequence aace

' weither Libwury eude 0821 78A sor 0236-90 noted ae dat 10 BOMERE MIBONINETK HASEE

< I'ﬂ nom as
AL A

Weaduotion his been mad- of (ke fuscuos of the compoment materials, This iaformatoe bas been

Y cnsnpared > suditable dacs 10 determune (be suscepuibility of the maeriel 1 s applicasos. (0 the

WYLE LARORA TOSIES
reanigweiie # acitty
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QUAL'" "CATION PROGRAM (Continsed)
Detrrminscion of Polcatial Aging Mechanisms (C catlaned)

Kadinilon Costinoed)

A litersture search of Wyle's Aging Library has bees wiilized 10 obtais the radistion threshold values
tabulsced s Table [ Library Code CS506-81A defines the radistion threshold as

“The lowest radiation dose which induces permanent change in » measured property of »
matenal’

and also s

“The first detectable change in a property of 3 maienal due (o the effect of radiation.”

For conservatinm, the lowest radastion (hreshold of a materal consistent with s application, s used
® Lhi procecure. }

0
hTuLJdmmeqwmrmlmumﬂunqmm
Therefore, radiation exposure s roqwired 1o coalirm the capability of these specimens (o perfore
thex salery-relaied function w (he speafied covronment.

Hadiasion L7pusnsy

Eadiaties Expesurs Befory Dhermal Aging

Teating sprosored by the Nuclear Regulatory Commission (NRC) and reported by Sandia
Laborstones (WAL 0271-80) has shows radiation pror 10 thermal aging causes some polymers (o
degrade 10 ¢ groater cxtomt than whes irradisted lollowing (hormal aging. The report states “The
mechanmstic postulate » (ha radction-cleaved bonds. w the form of radicals, react wath oxvgen ©
Pve dogradation products, includiag peroxides. The peromides are chemically weak links whach are
sisceptible (o therow] cleavags. This thermal pecomide clesvage gives more radicals whick, e the
presesce of oaygen, lead 10 more degradation and more peroxides. Thermal aging prioe 10
wradistics does noi substanially disrupt the polymer s ongeal moleculas structure over the pormal
clevated temperatwre ranges which, in (ure. results is o lesser degroe of degradatios thas may be
expecied 4 acival plamt applicstions. Thus, (he ampiificatoe of the degridation process caused by

the thermal peromde cleavage must be accounted for by performing radiation exposwre pror (o
(trmad agpag.”

Subsequent testing sporsored by Sandia Laboratories, as reported in SAND-80-2149C (WAL 0474
§1), establishes performing thermal aging after irradiation as the only method in which (o sccount for
the sirong synergasm due 1o radiation and high temperature found in some polywers. “The joint
effect of gamma radiation and clevated lemperature was also found 1o ocour when the rwo
cavironments were applied 0 sequential fashion but only when the experiments were performed w
that order: radiation sl room temperature (ollowed by clevated temperature.”

WYLE LABORATORIES

myunigviie F sty
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ALL (CATION PROGRAM (Contiowed)
Badbode 2 Fxnesncy (Continned)

Radiagen Cxpasary Befory [herma Acing (C oadiased)
Thevefore, the application of the entire radiation dose prior 10 thermal aging is conservative

Otier NRC spossored teasting by Sandis Laborsones (WAL 04746-81A) indicwes that the mochamcsl
demags resulting (rom » gves (o dosc » depoadent on dose rae for some potysers. Testng was
performed st LE) and LES rede/howr. For the polymers tested, more dogradation occurred o (he
lower doss rate. The report siases, “Saflicent daa bes now beza sccumuisted from the low dowe rae
cxperiments © mdicate thet dose rate offects are presemt for every matenal which we bhave studied
and must, (herefowe be considered befors carapolsting high dose rate acosieraied sumulaioas (o low
dose rate smblient coodGoes” The squipssent andes comsder #tion contuns several polymers.

The specimens shall be irradisted a8 specilied s Table [V, ln‘m'mw“bop«fu;dn
& dose rate ‘ess thae LOES rads/hows.

The test specimens shall be uspowered durtag the redintion expossre. Elecirical moasoring of the
Leol spocusess ¥ oot regqusred during the radiston exposure.
Exacsionsd Tas

The fumctional test of Paragraph 13 shall be repeaced alfter raclintica sxposure.

il Accuy

Thermal aging of the spacimens shall be parforv-d s an i circulsting oves & specified s Table
V. The tharmal aging propas  taced on the lowest activition energy for the matenials of the tape
sctise ap the prumary msntetion. The Asrbessus caiculations wimch docummemt the sccoiersted aging
Cenes ore wchuded s Altschmenss L

ﬁuw.uuwmw" Electrical mononng of the tes
% "ml-wmmmdtm

The fusctions) tent of Paragaph 3.3 shall be repested after thermal sging.
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Revision A
3 QUALIFICATION PROGRAM (Contioned)
LR Adcidend Slmulation
391 Teat Specimes Prevacaiion
Prior 1o sccidest simulation testing, the following iradise~d and aged tost specimens shall be
prepared as (olows:

L

| 5

The NEMA 1| enchosure costainmeg sprcumens 1.1, 2.1, 3.1, .1, 5.1 and 6.1 shall be mounted
and affined (0 8 Wyle-sapyisd temt (gure i the tost chamber @ &8 upnght oneatation.
wuuuuuumumu—u.u—mum
compartment cover such tht the splices touch metal (reference Figwre 21). A Wyle-
(abracaics cover plaie shall be used (o eaciose the comparumeni. A 1-1/2 wch bole ceniered
o the botiom of the plate shall be fisted with & Myers bub and & 907 clbow oriented
dowoward 10 sccommodat; wire feed-through. The enclosed comparument shall be
mounied oo 8 Wyle-supplied test tixture w the tes chassber wah the clbow opening ed
dowwewd. The 3 condulets containing specimens 10.1a sad 10.10, 1L A
and 14.1, respectively, shall be mounied in &8 open cable tray and positioned is

cham . The NEMA | cockosure costsining spocimens 15.1a,

mounied on 8 Wyle-supplied (est fitwre in n

the tes
Note: Specimens 1.2, 13, 1.2 2.3, 32 33, 42 43,
102 103, 112, 113 122 123 132 133 142 143, 1523 1520, aad 153 are spares (0 be
siored for future tests.

£
E

=
i
4
2
P
P
=
=
P
b-

Wyle-supplied teflon-asulated cables shall be uulized for electrical counections which shal
length requirements shall be detcrmined during test preparauon. Each cod of each tefloo-
msulated cable shall be wnpped and spliced (o Lhe

standard practices.

All cables shall be routed through chamber pesetrations, which shall be poied per Wylc
Laboeatories standard poancticss.

Each cable shall be labeled (or wdestulicaton.

Photographs sball be tukes of the test specimens and the test setop.
Close and secure the cham Yer scoess door,

WYLE LABORATORIES
“untawie Facikty
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AN

i

82

1375 VidC e reguired by ASCU solenosd vaive end device
IS VDC o roguired by ASCO solesosd vt ao devace
133 VDC s required by ASCO solenosd vaive end device
633 VAC 27 Amperes

WYLE LASORA TORIES
reanteace Faciity
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QUALIFICATION PROGRAM (Contiewed)
Accideni Slsrisiion (Contimwed)

Acciden) Slmulation Texs

Prior 10 the initistion of the accident simulation, the fesi chamber shall be stablized at 120°F and
held lor » east X minutes

Beginning wub the nitial conditions, the test specuiens shall be subjected (10 an accident sim uishion
test that shall cavelop the profile shows in Figure 24 which includes the appropriste marging. The
temperature and pressure comditions shall be gmerated by injection of superbested steam to
muniain the chamber temperature sad pressure. The ramps shali be atained om » besi-efflort basis.

The chemical sprav shall be initisied after the secomd ramp whea comditions become saturated
(280°F ot 35 puag) which occurs o ely 93 misutes o the test and shall contisue for 24

bours. The spray rate shall be 0.15 gpm/B“. One channel of the DAS shall be used 10 record flow
e

The post-D*E tempersy i requirement rom the 240°F poist a 5 0E3 seconds (34 minutes) into the
‘econd ranacnt cat be a.celersted by clevating the temperature. The posi-DBE accelerated agung
time inclading man,.s o 43 hours and 17 minwtes (+2 hours, O hours) st 200°F. The tine is based oo
a Arrhemius calculation Ul uses an o Uvation coergy of 123 eV which & the lowest activation

eaergy for the materivis of the tape acting a8 the prumery wsulation for the splices (hat are required

10 operste duriang e socond ransient. Calculstion of Us post-DBE aging time s documented i
Attachment 3.

Accideat Crosrability

The specamens shall be checked (or operabiliry by appiymg voltege and current as described below
Performance of the test specimens shall be moanored on the DAS.

Specimen Yoliney Carrent Initia.on tme Durutics
LL 2431 63 VAC 77 Amperes start of test untd end of test
41, 5.1 61 633 VAC 130 Amperes  start of test ustil end of test
7L 81,91 633 VAC A2 Amperes  65th minute 1 bour

45th howr I muutes
10.1a 73S vVDC ASCO start of Lest uniil end of test
1L A 373 VDC ASCD sas of et 1 hows
(RS IRT §Y 375 VDC ASCO starnt of tem 1 hour

15.Ja 151, 6B VAC 7 Amperes  start of test watil ead of tes:
151

WYLE LABORATORIES

runiav i Facilty
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QUALIFICATION FROGRAM (Continwed)
Actident Simuiasies | Contased)

Acxsident Operability (Costisned)

Unhn[uam”hbn“hﬂ.mmﬂbmlwmm
tuns and the crcumsances. The specirien shall oot be deemed to have failed ustil the pow-iest
wmuymmuﬁumm“dmm

Specimens 7.1, #.1, aad 9.1 are caly required to function for 2 miswes following secidest iniiation
Although 5ot & qualification requiremient, they are being tested during the last hous of the test for
ragility parposes. Failure of (be specumeas after the first bour does ot disquaiify them.

The cquipment shall be visually inspected. mwuuwwmym
mnwmwmmdmmuumﬂ \
Ln-Crocesa (napeciins

Mmm&dhmﬂhpﬂhwuo-'qdmm All important
results shal be logged.

mwuum-dqwmmwumm.

Am“b“ﬁﬂ”huwmumdm The

uu“mumwumuummwu
whuch passod the (csts. The customer shall receive three bound copres plus oee reproducible
copy of ibe report. Mu&ﬂhﬂcﬂmm“mm

" gyt Facinty
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TR 1 mle wTe

e \J

Lo

DETR TILER: w0l

AR (el D
ITOR / NRLECTUSE
WTERIA

VO, BUCTCIAPS TRAE (AT B0 BCUTON 3D
PO Qe

TR, CK VINRL FUSTIC RUECTRION
FLVDM. OLORIN

BETE YT
RAREY REEIN OsVTURL/SYWTMETIC MUASEI

GATE M TR DMRLATION TROE
EIWLDE NP DE

GUTE I B FONETDE ™Y
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TABLE II-REFTERENCE LIST 09/22/87
CODE TITLE

00197 “HUNIDIFICATIOM IN THE THERMAL LIFk DETERNINATION OF MOTORETTE
I4SVULATION SYSTENS, L.M. JOHNSON, NRL REPORT NO. 74569, SEPTEMBER
7, 1972.

0021754 “DEGRADATION oF POLYMERS." C.H. BANFORN AND E.F.H. TIPPER,
‘COCMPREAENSIVE CHEWICAL KINETICS,® VOL. 14, EXCERPTS PERTAINING
T0 «GING) ELSEVIER SCIENTIFIC PUBLISHING COMPANY.

0226798 “INSULATIONS ANO JACKETS FOR CONTROL AND POWER “4RLES IN THERNAL
REAUTIR NUCLEAR GEXERATING STATICNS,” ROBERT B AMLODGETT AWND
ROBERT . FISHER, - IEFZ TRANSACTICONS ON POVER APPARATUS AND TVYS-
TENS,' vCL. TAS-88, FKO. 3, NAY, 1969,

029580 ' INDUSTRIAL MLTOK USERS‘ HANDBOOK OF TNSULATIUN OR REVINDS, L.
J. REJDA AND KRIS NEVILLE, ELSEVIER, 1977. 4

{

L

02%660 'ELEMENTS OF POLYMER DEGRADAION, ' LEO REICA, ET AL.. MCGRAW-HILL
BOOK COMPANY, NEW YORK, 1971.

0269680 ‘CLINATIC ATLAS OF THE UNITED STATES,  U.S. DEPARTNENT OF CON-
NERCE, REPRINTED BY THE NATIONAL OCEANIC AND AT) OSPHERIC ADMIN-
ISTRATION, 1974,

027180 “A STUDY OF STRONG SYNERGISN IN POLYMER DEGRADATION,™ R.L.
CLOVUGH, K.T. GILLEN, AND E.A. SALAZAR, SANDIA LABORATORIESZ, ®O.
SAND-79-092-CX, AUGUST &, 1979.

031180A “DEMONSTRATION OF 40 YEAR LIFE FOR MATERIALS.™ THE OKONITE
CONPANY .

031380A “SUALIFICATION OF OKQGUARD ETHYLENE-PROPYLENE RUBBER INSULATION
FOR NUCLEAR PLANT SERVICE (MEDIUN-VOLTAGE CABLE AND FIELD
SPLICE)." OKONITE COMPANY, FORM G-3, FEBRUARY 16. 1979,

043881 “THE USE OF PLASTICS AND ELASTOMERS IN NUCLEAR RADIATION.™ w.w.
PARKINSON AND Q. SISHNAN.

WYLE LABORATOMES
muntewiie Faciily



RADIATION-THERMAL DEGRADATION OF PE AND PVEH MECHAN  .n
518SM AND DOSE RATE EFFECTS." R.L. CLOUGH AND K.T. SLLLEN,
SANDIA NATIONAL LABORATORIES, OSAND &0 2149C.,

4998) QUALIFICATION REPORT, WESTINGHOUSE ELECTRIC ORPORATION
“TRCUIT BREAKER, REV. 2, DATED i1/3C /79,

RADIATION EFFECTS ON ORGANIC MATERIALS IN NUCLEAR PLANTS,
PRUCE AND M.V. DAVIS, EPRI REPORT NQ. NP-2.29.

- -

WYLE LABORATORNIES
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TABLE 111
mM e D e 8 NORMAL SERVICE CONDITIONS
BRSELINE NAME: FARL20
TEMP SCALE (*/0) F TIME SCALE (M/%) g
TAL TImME 131400 HOURS FY“MPT '™ CRITERIA 1000C YERARS
NUMBER BASEL INES: }
TEMP (F) TIME (M) 22 R °
120 1315
b

WYLE LABORA TORIES

rgntymig Faey ¥
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ALBZ K]
91,9293

10 la 10 12‘1.
102, 103
ILL 1L 113
120, 122 123
30132 18
141 142 143
15.1a 15.1b
1S.)c 152a
1520 153
16.1, 162, 163

1741721713

1/0 AWG Okoguard/

1/0 AWG Okoguard
1/0 AWG Okoguard/
2/0 AWG Okaguard
1/0 AWG Okoguard/

§ AWG Okoguard

/0 AWG Okoguard/
2/0 AWG Okogoard

2/0 AWG Okoguard/

2/0 AWG Okoguard
+/0 AWG Okoguard/
1/0 AWG Okoguard
1/0 AWG Okoguard/
2 AWG Ohoguard
8 AV Okoguard/ L2E7

8 AWG Okoguard
§ AWG Okogumrd / 2.2E7

12 AWG Okoguard

12 AW Okoguard/ 22E7
I8 AWG ASCO lead wire

17T AWG Okoguard/ 22E6
IR AWG ASCO lead wire

2 AWG Okoguard/ 2.2E6
8 AWG ASCO lead wire

12 AWG Okoguard/ 2.2E6
18 AWG ASCO lesd wire

2 AWG Okoguard/ 22E6
L8 AWG ASCO lead wue

&8 AWG Okoguard/ 50E7
12 AWG Okoguard

4/0 AWG Okoguwd/ 1 1E7
4/0 AWG Okoguard
4/0 AWG Okoguard/  L1E7
4/0 AWG Okoguard

Iheowesl Agiog*™*
112 hours @ 110YC

112 hours @ 110°C
112 hours @ 110°C
112 howrs @ 110°C
112 hours @ 110°C
112 bours @ 110°C
112 bowrs @ 110°C
112 hours @ 110°C
112 hours @ 110°C
112 bours @ 110°C
100 hours @ 110°C
100 howrs @ 110°C
250 bours @ 150°C
250 hours @ 10°C

297 bours @ 110°C

1324 bours @ 10°C

1325 hours @ 190°C

Revision A

The detsll sumber s a8 alphe-sumerss sumber which describes the type of tape used w the splice
comlruchion sarting rom e cutermost (ape (0 (he nnermos! Wpe. The sumeric portion of the detail
sumber indicates (he approsamate keagih of extension of the insulating tape over the end of the splice. See

the Figures lor the details,

T = Okoaite No. T-93 tape
N« Okoaxe No. 15 wape
V == 3M Scotch 33+ tape

Toleras ¢ (O%C, +5°C), (0 bours, +3 hours)

WYLE LARORATORIES
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/ (2) half lapned layers of Qkonite No.

120004 1

L

0.2%8"

0.50°
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(2) half lapped layers of Okonite No. 33

-/

) half lapped layers

M - : 4 &
ef Okanite T-95
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(2) WALF LATPLD LAYERS of oRew TR 0. 38
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FICURE 8

_“u' LABODRATORIES
muniEnig Facity



Pege Mo. VIO-29
Test Report No. 17947-01

Paa Ne. 179001
Page Ne. 29
Revision A

(2) half layers of Vinyl tape

(2) half lapped layers of Okenite T-83

A

DETAIL V101

A S

0.25" | 0.50"

FICURE 9
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(2) half lapped layers cf Viny! tape

/ ,(2) half lacoed layers of Ckonite T-95
4 . ji

iy

2 = QUET
. ' b
! : |
.—A“;'—e——' 2
DETAIL VTO2
a1
0.50* [0.80"
FICURE 10
WYLE LABORATORNS

Muntgnie Feciuty



“wgw s o b

Test Rerort No. 1794701

Qualification Plan Na. 17942401
Page No. )

TAPE

(L) MALF LAPPED L™ E8S of VINYL
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(2) nalf lapped layers of
Dkonite T-85
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FICURE 13
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Figure 24, Required Test Profile
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Thermosetting / dhesives

Thermasetting aohesives have ail the properties of &
NON-RErMOSETtNG AChesIve. (6., OO INitial aghesion,
e'sctncal punty, etc. When subjected (o the recom-
mended thermoserting Cycia, this sdhesive Lystem
will crossiink prowviding greater adhesion. Sonding,
nigher solvent resistance and generally better heat
resiviance.

AT « Notursl or Synthatie Rubber. This system re-
quires the aadition of 3 1ackitiur and lillers are aiso
uSed 10 A0U INEME Strangth and yield $pecific Dro-
parties. The rubDervesin tharmosatiing Systam 18 very
TSACTIVE Bl CUNNG teMDETBIures. S0 It yields & sSubstan-
LAl INCrease N SOIVENt rEIBIANce In & ShOM haat
sycle. Cure cycle recommended s 3 hours at 120°C
(280°™), 2 hours at 135°C [@79°F), or 1 howr at 177°C
1300 *F),

ST « Silicoms. Silicone aghesive Jystems are com-
DOUNTST N & MANAET SIMILAr 10 the rubDerfe=In Bys-
lems. However, the (ReMMOSEtting reaction requires
coNsIderadly higher tempersture. Proper cOMpounding
of the siicone adhesive |3 very /Mmporant to provde &
systarn with a good balance of internal strength and
sahesion. The advantages of a silicone sahesve Sys-
e are many. it has sxceptional heat resistance. it i@
' and, i bumed. it lsaves & non-conductive
rasidue. It May Do applied al very low lemperatures.
OF = Acrytic Oll Competibie Adheaives. Thermoset-
ting serylic aOhesive $YSIEME &'8 DASET ON acryic
potymers. Dunng manuiacture INese Systems are con-
trodied 10 8 POIN whane ey Are Pressurs sansitive

Acgrasors Sourem Coasw
Q—wm © = Acryhic Oll Companibie

- Asryhe - Thermasetting
§ — Silicone Non- Thermosertng
Tharmosstiveg Times ang T sgertuces ;
Ristyer Rasun pod Laorvi SHCONS ABTVE BN
AQresivos.

* 1 howrs & 280° C. 500 M
* FOr Maramum sofent e
sstance cure for 24
hows o 280° C. (500° M

» § cours ot 120° C. 2%0° ™
*Jhours 82 138° C. Q78" 1)
o1 how o 177 C 200 W

Stancard Slitting Talsrances:

Revision A

but &re stil capabie of & later therMosetiing reacton
ProvICING &N INCrease in aahesIon. DONGING, SOivent
and o1l resistance. This special aghesive Rystem wiil
outpertorm other SCryiic AIheSIives N reSistance 0

oils. A thermosetting cycle i8 reguired 1o
sbtan ol resistance. This achesive system aiso offers
Q00C r09:$1ANCE (0 MOST COMMON. Claaning solvents
GAEd I ThE SIECITONCS INAUSEY without tRermoset-
ting. The normal cure Cyct™ for this AONESIVE System s
1 hours at 120° C. (250°F), 2 hours ot 138° C. 278° F)
or 1 hour at 177° C. (300°* F).

Non-Thermoset'ing Adhesives
A non-thermosetling adhesive 8 usually applicable for
Polding Coll COvers and INSUIALION ‘N SCONDITICEL, un-
vamished components. Tapes using this sihasive sys-
1o are &8I0 used extensively as a “third hand” dunng
the proguction of a unit. Within the functionsl limits
of the 1ape's Dacking, this type of adhesive will rema
slabie.

Natural or Syntretic Rubber. Natural rubber Dy
8@l wil NGt PrOVIOE & DIESBUre-SeNSI1Ive BaNGsIve
system. Therefore a tackifier 13 added 'O Make
Freasure sensitive and NOrganic fillers are a00ed 10 |
give internal strangth. :
AN — Agrylics. Acrytic adhesives are Synthatic &c'
mers. The D2SIC raw MAlenals are Synthesized in
& way that they usuaslly 0 not reguire the
2 tackitier or filier, 7.8 system prowces
proved heal ragisiance, good ransperency,
shell iife, ana 8 Mgh degree of punty.
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Slitting tolerances we decencent on the typs of backing. Except for vinyl, cotton. acetate and glass SIoth Dacked
1Apes, 1apes Nave & width tolerance of z\\.".Fovcouon(mtomccmummmmmu = %" Fo

vinyl {ADes, (OIrEnca I8 = %" par inch of width,

Pracigion Slitting Mow Avaliabie On
“SCOTCH" Brand Eleciical Tapes
The foliowing tapes can be slit 10 & tolerance of = 008

Pspar Tapas Ne 3, 4

Acetate Fiim Tm'_ No. 8. 7

Compos:te Tapes No. 42, 55, 1174

Polyestar Film Taoas  '40. 8 54 96 57 58 74 1168,
1288, 1291

PTFE Fluorocardon Mo, 80, 81, 82, &3
Nt e i s (Mo sizet availadis unaer 250"
No. 92, 1208

Potyimids Fim

We will 7ovide this special 10/erance on & minimum width of 125" and & maximum wedth of 2.0007. Contact our

neares! Drancn 1ov prices on precision siit lapes.

2
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WYLE JABOCRATORI.
NLUCLERR ENGINEERING SERVICES
ARCCELERATED FBGING

KEY NUMBER: 01390
CENERIC NAME; ETHYLENE PROPYLENE DIENYL
ACTIVATION ENERGY: 1.283 CKonNITE T-3¢° ™MAX TEMPERATURE (T)

MCTIVATION ENERGY 1.23 AGING TEMPRPERATULAG
TEMPERATURE (F) TIME (M)
120 350400

TIME= 3B0400, 00 HOURS
ACCELERRT

WYLE LABORATORIES
NUCLEAR CNGINEERING SERVICES
ACCELERATED RGING
KEY NUMBER: 00840
GENERIC NAME; CHMLOROPRENE AUBBER
ACTIVATION ENERGY1 0.863 . \..rg re 3 MAX TEMPERATURE (C):

ACT IVRTION ENERGY 0.6S AGING TEMSERATURE
TEMPERATURE (F] TIRE (M)
: 131800

171400,00 HOURS
ACCELERATED AGING
2479, J63
10. &
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Page No. 80

wYLE LRABORATORIES
MR ENGINEERING SEAVICES

RCCELERRTED AGING
MBER)

1390

Mg 1 ETHYLENE “ROBYLENE DIENYL

ENERGYs 1.23 Coownet T 44 M X

> o |

8 - "

URE

ENERGY 1. &3
(F) YIME [M)
L 131400

1 31400, 00 “OURS

-

ACLCELERRTE

WYLE LABPORATORIES
NUCLEAR ENGINEERING SERVICES

ACCELERATED AGINMG

1290
MME 1 ETHYLENE
"ION ENERGY s

PROPYLENE DIENYL
L &3 ClenTE 794 ™MAX TEMPERATURE

INGTION ENERGY 1.&83

TIMNE (M)
1 2¢ 131600

. &

3 ING

TIMEw 131600, 00 “OURS

Test Redort No.

TEMPEFATUAR

TEMRERAT

Page No. ViU-3)
1784740)

ATTACHMENT 2

-y o v -
MO YD ' "E Lol

31.33& ~OURS

.21 DRYS
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Revision A
WinE LABORATIRIEER
MoCLIAR EndIVAERING BERVICES
ACCELESATED RAING “%/44./ 87
“Ev NJrBERY 1390
JEVERIC VAME: ETAVLENE SAQAYLENE DIENYL
TIVATION ENERGY: i.43 ONONITE TAg “AK TEIMIERATLRE T.a URv
ACTIVATION ENERGBY 1. 43 ABING TEMSERATURE 20 150
TEMPEARATURE (C1I TINE m])
L ¥ 390600
TOTAL Timge 3850400, 00 =0uid
ACCELEAATED ABIvS "Im& &T 150 C»
Ldée, 788 ~0URE Lt
88.80 LaYS i
/1B28 MNouves t
p
WYLE LABORA TORIES
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WwYLE LABORATORIES
NUCLEARR ENGIMEIRING SERVICES
LINEAR SLOPE EQUIVALENT D9/0&/87
REF "EnMP & SCALE 240,00 F ACTIVATION ENERGY ie83 ev
NUMBER OF SLOPES 3 TEMPERATURE SCALE L
INITIAL TEMmMP FINAL TEMP HOURS EQUIVALENT wOURS

240, 00 120, 00 276. 3900 43,02

120. 00 120,00 %14, 2200 0. 86

TOTALS: 790.6100 43,28

PRESS ANY MEY TO CONTINUE

L3 douRs , (7 MmTES
@ 290F ot FE MITE
POINT, (o357~ DBE, Corramimens
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Methodology Usad in the Dete minstion
of
Therrnat AQe Sensitivity
(1]
Aging Parameters
(M oriate)
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Methodology Used in the Determunation
of
Thermal Age Sersitivity and Aging Parsmetens
(M el )
For many norvnastaliic matenals | s known tht the degradation rocess can be defined by & single

IETDSMIIT-CeDencant reaction that lolicws the Arrhenas eguation (/EEE Sk 1011972, TEEE Guioe for
he Statisdca/ Aneiynis of Thermey Life Test Date ).

koA g (Ey/%g ) (n
whery

K = resction ree

A« froc ency tacior

op * XDONeN 10 bese ¢

E, = activation energy i

kg = BoRzmarys Consant |

T = sbsohute temperature (Kehvin)

e s assumed 10 De iInversely proportionsd 10 the chemion reection mite.  In tew of e, and after
CONVening 1o Napieran bisse logarthme, Equation (1) Decomes:

in (o) = (E,/kg)(1/T) + Conatare (@
Equation (2) has the sgebras formy

yemx+ b (%
whers:

y = in (iw)

xw /7

m e B kg, conmant for single dommant rsactions

b« coneant

The constanta m and b can be sstimated by fRting the exparmentsl data in the form of in (lle) versus 1/7
10 the sbow SETDIe Near relationship.

WYLE LABORA TORES

uniaves Foagiitty
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eadaabe Revish s A

Avedable mutensl S0INQ GELE 1§ USEO &8 U8 DESI 10 GELETTINE COMPONANtS with W -(eMmperature /slated
QNG MECH? “SIME. ACIUS ODSIBLING SXDENence &G DeVIous 19at data for the same or senblar Matenas
M6 NSO ConsiETes. Whare this dats s unavelable, Caell EXTEPOIBHION W /O IEECVE eNQINeang
Jugmend s empioyei ad dentified In the AQIng Arwlysis seCTIOn appICADIS 10 the speciic ¢ Jupment
D Qusifed.

Meals we JudQed  be 808 Insersithve for timedemparstre effects.  For nonmetaliic materisls. &
e THNETION WOS MBde &8 10 whether (he materssl can be quaiified for 8 40-yesr fe. This was done by
USING The NONTES SN 108 LN DEELIS() K e DESENNS |MOABIIe  Whers aoprDnals. Al wance wis
mace for sel-noucod T CRDING | et ree.

The basis for svalusting the tharrel sensiivity of sach nonmetaliic matenal i 10 Getermine the expected
e i ks servics envirorwnent. I the cslculated expected iile & grester than 120 years for & mid
ervironmart, 1,000 yeers for mecsriels lOCted In & hrsh eOVIFONMEnt Outside CONtANYTaNE. and 10,000
yesrs for melereis OCSted I CONARVNeNL the TSNS I8 CONSICersd 306 Neensltive for the application
The resuts of this evelustion are shown in Table | Undw the column hesded ‘AGE SENS® (Age
Sermithay).

For an aging anelysi ¥ & M environment. (e conservative sppruech G 1o define the quaified e as
ane-third of the calouisted oected .

‘
mmwr-unmm»mnuwnmhu
Aging Matrtx, Table | P

FXAMPLE 1:  Assume thet an e calculation i to be performed. It s assumed that the
materiad i@ o 8 service lempersture of for 80 peroent of the time.

The Arrhenius sguation. Equatio. . (2), is repested:
in (o) = (E,/kg)(1/T) + Conutant @
A substitution @ mace for the matenels SOPe and CONKErYT and the AThenius SCURHION evalusied for a

given tyDe and level of degracation, 6.g., for Nylon (Zytel 101), for S50% loss of tenalle strength, the
AT SUEDON W

n (Ne) « GRET IETIOA (1/T) - 17.04348040 (8
For & bassine lempersture of 30°C.

T « 20°C + 273 « 300% (®)

in (le) = 9027 367364 (1/303) - 1784346349 m

n () « 1452 »

e = 3018081 hours « 344 5 yoars

END OF EXAMPLYE |
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In orvme INEtAnces £ i 1 SASE, 10 BCCOUNE for & range Of NOYMEl SeNICE LeMPDerEiUres due 10 changes
in plart onersting conalticrs, sa Jone lactors, differing slectnicsl losds, wie. The expected ie of &
NONMELAIC | e Ca) DO CAICUMIAT I By umber Of DRSSHNS LeMpErEtLres &8 SHown In the followng
campie.

EAMPLE 2 Awmure that a0 oxpeciad e calculation s 10 be performed. It s assumed that the
# o & rervice tempenata 8 of 30°C for 80 percent of the time 8nd ui § MrVICe Lemperaiure of
for the remeiwng 20 percert of Uhe ime.

The calcuimted rvpec, 2 ife can be Getermined using the Arvhanius squstion:
e = (g Ey/kg) (1/Tg) + consant)/ (dty o (Ey/kg) (1/Tg - 1/T,))
* (g gy (/M) (/T 1/T5) »

Ey = acivation energy (#V)
kg = Bokzmans constare (8.817 x 10°° ev/0K) t
TR = Py corvarient relerence teMperature i

@y« L0 Gecimal equivaent of the me
St & twmpersaure T, (0.80)

d, = 1" deckmsl eou miere X the time
Spere at ternperature T, (U.20)

Ty = servico temnenature (30°C « 303%%)
Ty = servics temperature (40°C « 313%)
Uriizing the siope s constant of Equation (5) and & refsrence temperature of 25°C (208°K) yields:

e « (S220818.74)/10.80 (1.732775818)
+ (0.20 (4. 908881414))) (10)

= 2205432 .56 howre = 2815 years.

END OF EXAMPLE 2

it s further nated that, for meny reactions, the activation energy Can be considensd 10 De CONSTANT Over
he applicable tempersture ange.  Eguation (1) can be tansiormed RO 2 lorm which yiekds an

WYLE LARDRA TORIES
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Test Keport NO« 4iovi=va

Thia sccsterstion hwvhw-n,n,.
M ecpmtion s

wheos:

o/t * gy ({By/Mg)(/Ty < 1/T5)

Iy = RCUserEted agng tme af lemperature T,
Ly = normel s e tme w emperetre T,
-y * TPONN 1 bres ¢

€, = activation energy (eV)

kg = Bukzmanns Constar (8.617 x 10°% av/%0
Ty = wcosarstad aging nmperst.ae 'K)

T = normal service temperanare ()

()

|

The varmiormegion o the reection rete form of the Arheniue (%) '
_ sguetion 10 an acceleration form is

The derfwstion of an sccsleration tector is sccompiished by king the Jlerence Datwesn any t'wo pDorts
of the linesr retstionsnl;. THus, ¥ we substitule | for e nto Equation (2), we obtain: b

e (B kg \(1/T) + Consture

hundmc,.r,).h-m(mm

N o« [/ kg)(1/T,) + Commtunt

Pchudﬂ.l,?,).mhnm

Nty = (y/Mg(1/Ty) + Conman

Subtrmcting Ervuation (13" from Equation (14) yads:

N -nt - W(!/fz) + Constwry
*[Ey/kg) (1/T;) - Conetare

(12)

(13

(14)

(18

WYLE LABORA TORIES
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Simpifyrg and resrranging Eqguation (15) ywids
n (y/ty) = 4E.,h$)(| T, “723
Taking artboganthms yisds
oty * up (Ey/kg)(1/T, < 1/Ty))

Equation (17) s the same &8 Equation (11)

mwmgn;-mmam:mwum 14/%). Taking the
Wdtmnnp&u

11_/1? - w((!.,w(iﬂ‘ \,/T.‘,) (19
Soiving Equation (18) for t, ylelds:

1 = 2 exp ((Ea/kB)(1/T1:1 Moy (19)

E “on (19) can be used 10 derve the sccaeraied aging tmes for materisls with known

.. In mary cases. & is not practical 10 INdependently ccelerats the tima empersiure effects) of
sach nunmetaliic matenel. In this case, & determingtion & Made &8 10 which rstersl has the lowas
Acthvation energy. The Ume-ampersiire sffects &fe 8CCeersiad DRSST UPON the IOwest SCTVALION eNergy
for conservatiom. This enewres that the degradation of sach aQe-senaltve matensl is accelersted to at
lsaat tw equivalant degrariation as that 1o be evcourtersd during the qusiified s,

The conservatiam of basing accelersted aging on ths lOwest actvation energy i demonstrated as
follows.

Wacrwwwaﬂz,y)dEQM(mbqu! Fw 8 constant activation energy, whan
mmmm:wﬁ-mmwmmtw&

Weth T, grester than T, the teem (1/7, . 1/T5) s negaiive. This negative muitiplied by the negative in the

GDONSN MASULS N & DOSEVE GXDONINE. A DOSEIVE EXPONINL N LM, results in &N AcCeleration factor
G atar than 1

WYLE LABORA (UES
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EXAMPLE T Assurwe thet & system consists & four meterials wiich have acthation enerpias of 080
1.00, 1.20 and 1.40 oV, 1t is sssumed that sach matertsl is nonmally o & servics tempensture of 30°C for
m-m@mmm it s further assumed thet acoslersied thermal aging sha' De
partored st

i the acosterst~d aging s besed UpON the Materisl with an acthvaion eergy of 1.06V. the rolowng
V-3

The relaionerip of the curves of Figure A-1 is generated from Equation (19) and is defined as:

gty = qup (E/Xg)(1/Ty - 1/T) (20)
Substiusing s = 1.0 oV, T « 639K and T2 « 303°K o Equation (19) yleids an scosierstion lackor of
am - s )

Mbomﬁmmddm@,-““hwmmm
Equation (19)

ty = 350,400/562 = 624 hours ()
Therslore, using dw scoelerssed thermsl sging program of S0°C for 624 Loum, the squivelent
iyt aad NOrMEl service tree @ 30°C for the ciner mesariale with sctvation energies of 0.80. 1 20

o 4 oV can De caicusied using Equetion (209,
Thes for B, « 0.00 o: ;
tg = B4 g (0.80/0817 x 10 (1 /3 - 1/2020H2)

tg = O 779 hours (11.3 years) (@3)
'U"- 130 o
g = 8 o (41.20/8.817 x 10%)(1 /08 - 1/209)
g = 1240814 hours (141.9 years) @c
WYLE LARGRA TOMES
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FaE‘- 1.40 oV

o= 624 o {140 8817 x 105 (1,263 - 1/300)27)
Iy = 4,408, 382 hours (500.2 yeurs) (29)

Thus, £ is ssen that mateniais wirh acIVetion swrgies less than the 1.0 eV on which the aging program
was DRSEC. &8 UNCENBQes Dy the acCeersed aging #* 90°C lor 624 hours.

In Oraer 10 ensure the demonstrslon of & 40-year service ille for aff Mmatersis. the IOwest BCUVETILA energy
ShOAd De chosen.  Basng the Accsersied «Qvy, program on the lowest activation snergy of 0 80 eV
esults In the following:

Substituting Ea « 0.80 oV, T1 « 3639 pnd T!: « 303K into Equation (20) yieldy an scosleration factor of
ADCrOTELery

LA, = 158 (28)
Thus, the aging trms s

'

ly = 350.400/158 = 2214 hours !

Rechecking the other matermls lor aded 0 8QIng results o the following for an accelerated aging
program of 1, = 2214 howrs. T, = 383K and T, » 309°

"GE‘- 100 oV
= 1,243,168 howrs (142 years)
Fal.- 1.20 oV:

Ly = 4.400.598 houry (S03.4 years)

F(’E.-\Q.V

Iy = 15,641,171 hours (1798 years) (30)

TMIMMWMMMW&LWWWMWW
SCIVENON ENJY, whan (e DRISING LeMOETaTLIes A58 COMMON. DroVIAes e COLNSeNVELEM Jesred.

END OF EXAMPLE 3
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In SOMe FEtANCes L I8 NGCESRArY 10 RCCOUT fOr & rNge Of NONTE SANACE LEMDErEILIeS due 10 Changes
N plare opereting condiions, sessonsl factors, differing electnicst loads, e Thess vavistions ae
RCCOUICAd 1Or 88 SNOWN 1 1 TOBOWING EXETION.

EUAMPLE &  Assurs that 8 thenmal aging progren & 10 be performed on & Fystem the lowaest
scthvation energy R OED oV. Nt s el 1M System s & 8 servce tempersiue of for 80% of
the tens, &nd & servics lempersture of for the remaining 20% of the tme durng s dcaired 40-yew
(e 1t hrther asmamed (et the accsiensted agng shal be pertormed st 9070

The thermal aging tme required 10 simuiste these DERMEUENS 8 CRICUSIRT UBING (e ATThenius ecusth

by« tg = ((Ey/kg) (1/Ty - 1/Tg)

" g (By/Xy) (17, 1/T9) (@)

1y = acOmerBieg aging tme o temperature T,
Ly = ronmel service tme &t tempenature T,
ty « el servics time et temparsare Ty t
o * SEONGNE 10 bse ¢ T
Eg = activation anergy (V)
kg « Bokumenets Constare (L6817 x 10°% ov/2%
Ty = accemnsicd aging wmperstre ()
Ty = nonmed secvics wempeniure ()
Ty = norma; servics " enure (K)
Tharsiors the tharmul aging tmes of lampersturs L, s
Ly = 1771 howrs + 1179 hows = 2980 hours (2
The thennel aging B maured 10 svwiste arvy nUMOer of DAMENG WMPENEAISS Can e CaCUAted
g WS leChY e
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