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2.0 TEST SPECIMEN Electrical Penetration Assembly, Type B-M, 'I%elve Electrical

| Plug Kits

3 MANUFACTURER D. G. O'Brien

I
.0

4.0 SUMMARY
According to Duke Power Company, the purpose of this test was to verify the qualifi-
cation of the D.G. O'Brien safety related Type "K" plug module due to the extrusion

i of the grommet material reported during Accident Testing conducted by Sandia
' Laboratories. Additional plugs were tested by Wyle Laboratories to verify the

I integrity of similar penetration plug types. Specifically, the safety related type
"C" and "F" plugs were tested; in addition, non-safety related plug modules type
"D", "E", and "L" were tested. All plug modules were assembled into a D. G. O'Brien
Electrical Penetration Assembly, Type B-M, and subjected to a Nuclear EnvironmentalIl Test Program. This test program consisted of thermal aging, radiation exposure,
and a steam Accident Test.

.,
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TEST REPORT NO. 45869-1

I
4.0 SUMMARY (Continued)

The safety related type "K" plug module, as well as the "D" and "F" plug
modules, performed satisfactorily during the Accident Test conducted from

I
March 24 to March 31, 1982. However, erratic behavior (leakage current
intermittently blowing 0.5 amp fuses) was observed on one conductor of
Module C, two conductors of Module E, and two conductors of Module L.
This erratic behavior ceased at the end of the Accident Test and post testI electrical measuremente could not demonstrate any difference between con-
ductors. All conductors demonstrated high insulation resistance after the
Accident Test.

I Subsequently, Duke Power directed Wyle to conduct an additional seven-day
Accident Test pricr to disassembly of the penetration assembly and that an

I
additional post test analysis (after first Accident Test) be conducted.
The procedures and results of this second test program are reported in
Volume II of this report.

This report contains the following sections:

VOLUME II o Section I - Thermal Aging Test

o Section II - Assembly of ComponentsI o Section III - Baseline Functional Test

o Section IV - Radiation Exposure

o Section V - Electrical Functional Test

o Section VI - Assembly of Cables / Penetration Unit

o Section VII - Accident Test

o Section VIII - Post Test Inspection
|

| o Section IX - Wyle Laboratories' Qualification Procedures
No. 543/6124-2/DK, Revision B, dated 3/17/82,
and Revision C, dated 4/26/82.

VOLUME II

o Section I - Introduction;

|

| o Section II - Analysis of Module C, E, and L Cables ?nd K
|

Module Connector after the First Accident Test

o Section III - Extended Accident Test

o Section IV - Final Inspection

The Qualification Program was conducted in the order presented: Sections
I thru VII, Volume I, and Sections I thru IV, Volume II.

Nine anomalies were noted during this program and are discussed briefly,

below, and in detail in the appropriate sections of this report.'

WYLE LABORATORIES
Huntsville FacHity

<
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TEST REPORT NO. 45869-1

I
4.0 SUMMARY (Continued)I

NOTICES OF ANOMALY (NOA)

NOA No. 1

The thermal aging criteria for the face seals, penetration unit, plug

I kits, and three cables was 302 F for 504 hours. At one point during
0the aging, the oven temperature increased to 320 F for approximately

43 minutes. A malfunctioned temperature controller was replaced and
the aging completed at 302 F.

NOA No. 2

I The cables were received at the irradiation facility (Isomedix) with
indication of mishandling during shipment and possible damage (shipping
crate turned over and cables dumped to floor of truck).

The cables were visually inspected at Isomedix by H. Smith /B. Coleman
of Wyle and R. Dover /J. Tannery of Duke Power. No damage was observed
during the inspection. Wyle also conducted insulation resistance andI electrical continuity tests per paragraphs 3.7.2 and 3.7.3 of Wyle
Laboratories' Test Procedure 543/6124-2/DK. The electrical tests
revealed no degradation. The cables were subsequently subjected to
the irradiation process.

NOA No. 3

i At the start of the initial steam ramp during the accident test, the
chamber air temperature was approximately 200 F and not the specified
120 F. By extrapolating the ramp data back to 120 F, the ramp timeI from 120 F to 340 F was 8 seconds -- well below the required time of
10 seconds.

NOA No. 4

At approximately 120 minutes into the Accident Test, the chamber

I pressure decayed from the required 15 psig to zero. The internal
chamber metal temperatures and specimen metal temperatures dropped a

| maximum of 5 degrees, indicating minimal thermal changes to the speci-
men during the 19-minute period.

NOA No. 5

I Just prior to the start of the Accident Test, Conductor No. 4 of

Module D had an insulation resistance of 2.7X107 chms, at 500
volts DC, which was below the Accident Test prestart value of 100

I
...egohms . The condition was waived and the Accident Test conducted as
planned.

|I
WYLE LABORATORIES

HuritSville Facshty
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TEST REPORT NO. 45869-1

I
4.0 SUMMARY (Continued)

NCA No. 6

Five conductors out of 50 exhibited leakage current in excess of 0.5
amps (blew 0.5 amp fuses) at various times during the Accident Test.
Power was restored to some of these ccsductors periodically during the
Accident Test.

NOA No. 7

During the second Accident Test, Conductors 9-10 of Module E exhibited
leakage current in excess of 0.5 amps (blew 0.5 amp fuse). power was
restored to this conductor on the next day and the leakage current remained
below 0.5 amps during the remainder of the test. At the end of the second
Accident Test, conductors 11-12 of Module E exhibited leakage current in
excess of 0.5 amps (blew 0.5 amp fuse). These conductors did not exhibit
leakage currents in excess of 0.5 amps during the first Accident Test.

NOA No. 8 (Second Accident Test)

The data logger did not print during a portion of the fourth day of the
Accident Test. Chamber steam temperature and chemical solution flow

were monitored and recorded on the test surveillance sheet each hour
during the period that the data logger was not printing. Leakage
current was also monitored each hour (by inspecting 0.5 amp fuse).
Since the chamber steam temperature and chemical solution flow rate
were well within operating tolerances at each hour's check, and since |there were no blown fuses during this time, it was assumed that no ur
significant or abnormal events occurred and the test was continued.

NCA No. 9 (Second Accident Test)

The data logger did not print during a portion of the fifth day of the g
Accident Test. Chamber steam temperature and chemical solution flow g
rate were monitored and recorded on the test surveillance sheet each
hour during the period that the data logger was not printing. Leakage
current was also monitored each hour (by inspecting 0.5 amp fuse). |Since the chamber steam temperature and chemical solution flow rate =
were well within operating tolerances at each heur's check, and since
there were no blown fusec durina this time, it was assumed that no g
significant or abnormal events occurred and the test was continued. 3

5.0 REFERENCES

5.1 Wyle Laboratories' Test Procedure No. 543/6124-2/DK, Revision B,
dated 3/17/82 and Revision C, dated 4/28/82.

5.2 Duke Power Company Specification No. MCS-1393.01-00-0003, July 23, 1981,
Revisions 1, 2, 3, 4, and 5.

WYLE LABORATORIES
huntsville Facthty
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TEST REPORT NO. 45869-1

I
4.0 SUMMARY (Continued)

I IEEE 323-1971, "IEEE Standard for Qualifying Class lE Equipment for5.3

Nuclear Power Generating Stations."

t 5.4 IEEE 317-1972, "IEEE Standard for Electric Penetration Assemblies in
Containment Structures for Nuclear Power Generating Stations."

5.5 ANSI N45-2.2-1972, " Packaging, Shipping, Receiving, Storage, and
Handling of Items for Nuclear Power Plants."

5.6 Duke Power Company MCM 1361.00-0016, "Iow Voltage Penetration Instruc-
tion Manual."

5.7 Duke Power Company MCM 1361-00-0017, " Instrumentation Penetration
Instruction Manual."

5.8 Duke Power Company CtN 1361.00-0010, " Low Voltage Penetration Instruc-
tion Manual."I /

5.9 Duke Power Company CNM 1361.00-0011, " Instrument Penetration Instruc-
tion Manual."

5.10 Duke Power Company IP-MCP-001, " Test Assembly Installation Sequence."

I 6.0 TEST SPECIMEN AND EQUIPMENT DESCRIPTION

6.1 Test Specimen Description

The test specimen consisted of one D.G. O'Brien Electrical Penetration
Assembly, Type B-M; and twelve plug kits identified as:

Inbd
Module Plug Kit Outbd Mark No. Description

C C32P1002G07 3X2G2 3/C #2 AWG, FREP insula-
C32P1002G08 3X2G2 tion interlocked armor,

, Anaconda
|

W D C32P1003G25 SP140X 4/C #8 AWG, 2/C #4 AWG,
C32P1003G26 SP140X EP/Hypalon insulation, hypalon

jacket, SS braid, Okonite

E C32P1015G01 12X1?G1 12/C 412 AWB, EP/Hypalon insu-'

C32P1015G02 12X12G1 lation, interlocked amor,
Samuel Moore

F C32P1004G07 3X10G2 3/C *10 AWG, FREP insulaticn,
C32P1004G08 3X10G2 interlocked armor, Anaconda

|

I
WYLE LABORATORIES

; Huntswdle Facihty

| 3
|
|
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TEST REPORT NO. 45869-1

I
6.0 TEST SPECIMEN AND EQUIPMENT DESCRIPTIOM (Continued)

6.1 Test Specimen Description (Continued)

Inbd
Module Plug Kit Outbd Mark No. Description

K C32P1009G01 8X16G.6 S/C #16 AWG, XLPE insulation,
C32P1009G06 8X16G.6 interlocked armor, Brand Rex

(2 required per plug kit)

L C32P1010G01 12X12G1 12/C #12 AWG, EP insulation,
C32P1010G02 12X12G1 interlocked armor, Okonite

6.2 Test Equipment Description

The following equipment was used to conduct the test program:

a. Thermal Aging Ovens

1. Wyle Chamber No. 26 - Forced Air Resistant Heat.

2. Wyle Chamber No. 27 - Forced Air Resistant Heat -
used for 250 F Aging.

b. Accident Chamber

ThemechanicalsystemarrangementforconductingtheAccident
Test consisted of an 118 ft pressure vessel (Wyle Chamber
No. 118) with associated valving and piping for supplying g
superheat and saturation steam. This system is shown g
schematically in Figure 1.

c. Instrumentation

A listing of the instrumentaticn used in measuring and recording
data is shown in Table I thru XVI. All instrumentation used in h
the performance of this test program were calibrated in 5
accordance with Wyle Laboratories' (Eastern Operatiens) ;uality
Assurance Policies and Precedures Manual, which conforms to the
applicable portions of ANSI N45.2, 10 CFR 50, Appendix B, and
Military Specification MIL-STD-45662. Standards used in per-
forming all calibrations are traceable to the National Bureau of
Standards.

7.0 RECEIVING INSPECTION

The test specimens, which consisted of a penetration unit, electrical
plug kits, and associated cables arrived at Wyle Laboratories on g
November 3, 1981. Each component was visually inspected to verify g
model numbers, part numbers, and serial numbers; each component was
visually inspecred for damage. There were no ancmalous conditions
observed.

WYLE LABORATORIES
Huntsvine Facuity
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PAGE NO. I-l

TEST REPORT NO. 45869-1

SECTION I

THERMAL AGING TESTI
1.0 PROCEDURES

The penetration unit, cables, plug kits, and face seals were thermally
aged in ovens as shown in Table I-l (Appendix I-I). The plug kits were

I disassembled and placed loose in the oven. All other components were
placed in the oven intact. See Photographs I-l and I-2 (Appendix I-II).
The activation energies were determined by Corporate Consulting and
Development Company, Ltd., as shown in their report in Appendix I-III.

2.0 RESULTS

All components were visually inspected following completion of the
thermal aging test, and there was no obvious visible damage. There
was one anomaly that occurred during the thermal aging test. One of
the ovens experienced a linear temperature increase over a 43-minute
interval from the specification temperature of 3020F to a maximum of

0320 F. This oven contained the penetration unit, plug kits, and

I cables 3X10G2, 8X16G.6, and 12X12G1. See Notice of Anomaly No. 1
(Appendix I-IV).

I
I
I
I
.I
I
I
|I

WYLE LABORATORIES
Huntsville Facility
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PAGE NO. I-5

TEST REPORT NO. 45869-1

TABLE I-l

THERMAL AGING CRITERIA

T!!ERMAL AGING
COMPONENT QUANTITY TEMPERATURE, OF/ Time,Ifrs.

Plug Kits

I (1) C32P1002G07 2 ea. 1500C/504 hours
(2) C32P1002G08 2 1500C/504 hours
(3) C32P1003G25 2 150 C/504 hours

I (4) C32P1003G26 2 1500C/504 hours
(5) C32P1015G01 2 150 C/504 hours
(6) C32P1015G02 2 150 C/504 hours

0(7) C32P1004G07 2 150 C/504 hours
(8) C32P1004G08 2 150 C/504 hours,

0(9) C32P1009G01 2 150 C/504 hours
(10) C32P1009G06 2 150 C/504 hours

I (11) C32P1010G01 2 150 C/504 hours
(12) C32P1010G02 2 1500C/504 hours

Cable,

1 3X2G2 (Ana) 50 ft. 1210C/168 hours
2 SP140X (Oko) 60 1210C/168 hoursI 3 12XJ12G1 (SM) 50 121 C/168 hours
4 3X10G2 (Ana) 50 150 C/504 hours
5 8X10G.6 |BR) 100 150 C/168 hours
6 12X12G1 (Oko) 50 1500C/504 hours

Penetration 1 1500C/504 hours

Face Seals

(1) C32C2060P03 3 150 C/504 hoursI (2) C32C2060PO4 3 150 C/504 hours
(3) C32C2060P05 3 150 C/504 hours
(4) C32C2060P06 3 150 C/504 hours

I (5) C32C2060P07 3 150 C/504 hours
(6) C32C2060P08 3 150 C/504 hours
(7) C32C2060P09 3 150 C/504 hours

I (8) C32C2060P10 3 150 C/504 hours
(9) C32C2060P19 3 150 C/504 hours

(10) C32C2060P20 3 150 C/504 hours
(11) C32C2060Pl7 3 150 C/504 hoursI 0(12) C32C2060P18 3 150 C/504 hours

I NOTES: All temperature / time valves above are for 40 year
equivalent life.

WYLE LABORATORIESI Huntsvble Facility
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APPENDIX I-III

MATERIAL ACTIVATION ENERGIES REPORT

BY

CORPORATE CONSULTING & DDTELOPMENT COMPANY, LTD.

,
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August 20, 1981
~

i

Mr. C.J. Wylie W
Chief Engineer
Duke Power Company
Electrical Division
P.O. Box 33189
Charlotte, NC 28242

ATTENTION: MR. P.M. McBRIDE
ENGINEERING SPECIALIST

SUBJECT: MATERIAL ACTIVATION ENERGIES
DYNAMIC THERMAL ANALYSIS
DUKE P.O. 8828.05-1 PMM
CCL PROJECT NUMBER 81-1601

Gentlemen:

This letter will document the work performed by Corporate Consulting and
Development Company, Ltd. (CCL) on the subject project. The activation
energies determined for the four materi' ls analyzed are summarized as -a
Attachment 1 to this letter. Copies of the Thermogravimetric Analysis data
from which the activation energies were determined are also attached. Please
note that all actual data is included. The calibration records of the DuPont
990 Thermal Analyzer are included as requested.

I trust that the enclosed information is self-explanatory. If you have
any questions, please do not hesitate to call.

Very truly yours,

CORPORATE CONSULTING AND
DEVELOPMENT COMPANY, LTD.

Doug s D. Greenwood, P.E.
Manager, Qualification Projects

DDG/ah/W

enclosure

cc: Mr. Ted Moleff (w/ attach.)

~~U 9h
J:ssdh
Corporate Consulting & Development Company, Ltd.

Consultants Constructors

Koger Executive Center 919-782-3441

POScr30096 Raiegn N C 27622*

)
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I ATTACHMENT 1

!

I |! CCL RUN NO. PEAK ACTIVATION
SAMPLE NO.' DESCRIPT. ION (HEATING RATE) TEMPERATURE ENERGY

'

! 1601-001 Dow Corning Sylgard 1450 (10'C/ min) 362.5'C 3.61 ev
i 170 RTV Grommet 1450-1 (5'C/ min) 350*C
I PN C32C2060P17 1455 (2*C/ min) 345*C

1462 (1*C/mi n) 345'C

1601-002 G10 Epoxy Glass 1451 (10*C/ min) 310*C 1.88 ev
Laminate Hard Insulator 1451-1 (5'C/ min) 300*CI 1456 (2'C/ min) 283.75'C

1463-2 (1*C/ min) 280*C

I| 1601-003 Polysulfone Hard 1452 (10*C/mi n) 518.75'C 2.23 ev
Insulator, Ph 1452-1 (5'C/ min) 503. 7 5'C

| C32C2128P01 1457 (2*C/mi n) 486.25"C
; 1464 (1*C/mi n) 468.75'C

1601-004 Silicone Rubber 0-Ring 1453 ~(10*C/mi n) 380'C 2.55 ev-

j PN S604-70 1453-1 (5'C/ min) 366.25'C
I 1454 (2*C/mi n) 353.75'C

1461-1 (1*C/ min) 352.75* C;

| h
!

I
I,!,

!

Ii
i

I
i

l
,

I |

! L J
I

-
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WYLE I.ABINIA1WM5 (Eastem Operations)

^''
NOTICE OF ANOMALY November 13. 1981

NOTICE NO: 1 P.O. NUM BER: 8828-04-1PM CONTRACT NO: N/A

CUSTOMER: Duke Power Company WYLE JOB NO: 45869

NOTIFICATION MADETO: Paul McBride NOTIFICATION DATe November 13. 1981

NOTIFICATION MADE BY: H. Smith VIA: Telecon

DATE OF
CATEGORY: O SPECIMEN OPROCEDURE U TEST EQUIPMENT 26 ANOMALY. November 12. 1981

PART NAMe Oven PART NO. ~~~

TEST: Thermal Aoino I.D. NO. Wvie No. 26

SPECIFICATION: WVIe 603/6I20-2/0K PARA.NO. Table 2

REQUIREMENTS:

Face seals, penetration unit, plug kits, and three cables shall be subjected to
302*F during thermal aging.

DESCRIPTION OF ANOMALY:

Oven temperature increased at a linear rate over approximately 43 minutes
to a maximum level of 320*F before the redundant temperature controller
activated.

DISPOSITION COMMENTS. RECOMMENDATIONS:

The prime temperature controller experienced a relay failure. The controller
was replaced and the thermal aging test continued. Customer concurred.

VERIFICATION: ppoJECT ENGINEER:

TEST WITNESS: PROJECT MAN AGER: 4
INTERDEPARTMENTAL ( l

REP 9ESENTING: , - COORDINATION- - ' 1-

CUALITY ASSURANCE /

.ns, ww,oes.n . n
I IPage of
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PATE NO. II-l*

TEST REPORT NO, 45869-1

SEC"IION II

ASSEMBLY OF COMPONENTS

A representative of Duke Power Company assembled and labeled the plug
kits / cables at the Wyle Facility following completion of the thermal aging
test. The following is a summary of the assembly task:

1. The cables were terminated to the plug kits using the Duke Power
Company Procedure No. IP-MCP-001.

2. Each cable / plug kit assembly was tagged with a metal I.D. tag which
was numbered by module type, inboard or outboard end, and primary
or backup cable.

eg: C-in-1 = module C, inboard end, primary cable
K-out-2 = module K, outboard end, secondary cable
E-out-1 = module E outboard end, primary cable

3. Cable / plug kit assembly E-in-2 was not made up due to the plug kit
grommet being damaged due to handling during or after thermal aging.
The-plug kit and damaged grommet will go through radiation but will
not be connected to the cable.

4. The #8AWG pins for D-out-2 were damaged during installation of the plug-
kit. The 2-#4AWG pins were terminated. The cable / plug kit assembly
will go through radiation. New #4AWG pins will be terminated on the
cable after radiation, if necessary.

5. A wrinkling of the 3/C#10 cable insulation was noted after thermal
aging. The plug kits were terminated anyway. This may cause some
problem during the steam test. All type F plugs are affected.

6. The face seals for the 'D' modules were for seven pin and not the
specified six pin modules. This may create a problem in the steam
test due to the void in the center of the face seal.

|

|

|

1

WYLE LABORATORIES
Huntsville Facility
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| TEST REPORT NO. 45869-1

SECTION III

BASELINE FUNCTIONAL TEST

1.0 PROCEDURE

Following assembly of the plug kits / cables by Duke Power personnel,
the assembled plugs / cables and penetration unit were subjected to
an electrical functional test by Wyle personnel. This functional
test was considered the baseline functional test and consisted of
measuring the insulation resistance (I.R.) between each conductor and
a check for electrical continuity. The insulation resistance was
measured between each conductor and all other conductors tied to
ground and applying a voltage of 500 VDC. All circuits were checked
for electrical continuity using an ohmmeter. 'Jhe required minimum
I.R. of modules C, D, E, and F was 100 megohms and the required
minimum I.R. of modules K and L was 10 megohms.

.

2.0 RESULTS

The I.R. of all conductors was greater than 100 megohms and all
circuits exhibited continuity. See Appendix III-I for detailed
data taken during the Baseline Functional Test.

W,YLE LABORATORIES
Huntsville Facility

- _ _ _ _ _ _ _ _ _ _ _ _ - _ \
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APPENDIX III-I

BASELINE FUNCTIONAL DATA

(Initial Test Following Assembly of Cables to Connectors)

WYLE LABORATORIES
Huntsv.ife FaciHty .
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PAGE NO. IV-1

TEST REPORT NO. 45869-1

SECTION IV

RADIATION EXPOSURE

1.0 PROCEDURE

All test specimen components were shipped to the Isomedix Company
in New Jersey for radiation exposure. The components were exposed
to a total integrated dose of 2.0 X 108 rads gamma, air equivalent,
using a Cobalt 60 source, at a dose rate that did not exceed 1.0 X 106
rads per hour.

2.0 RESULTS

The cables, face seals, and plug kits arrived at Isomedix with an
indication of mishandling during shipment (shipping crate turned
over and cables dumped to floor of truck). The components were
visually inspected at Isomedix by engineering representatives from
Wyle Laboratories and Duke Power, and the Wyle representatives
conducted electrical functional tests on the cable assemblics. No
damage was observed during the visual inspection and the electrical
tests (insulation resistance continuity) revealed no degradation.
See Notice of Anomaly No. 2 and Electrical Test Data (Appendices
IV-I and IV-II, respectively).

All components were subjected to the prescribed radiation exposure.
See Isomedix Report (Appendix IV-III) . At completion of the radia-
tion exposure, all components were inspected by Wyle personnel for
damage. No anomalous conditions were observed.

\*

WYLE mannaTOftlES
Huntsville Facility
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PAGE NO. IV-3

TEST REPORT NO. 45869-1

i

APPENDIX IV-I

NOTICE OF ANOMALY

WYLE mannaTENNES
Huntsville Fac616ty
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Page No. IV-5
l Report No. 45869-1

WVLE N (Eastem Operations)

NOTICE OF ANOMALY "^''' l-11-82

NOTICE NO: 2 P.O. N U M BER: 8828-05-3PM N/ACONTRACT NO:

45869CUSTOMER: Duke Power Company WYLE JOB NO:

NOTIFICATION MADE TO: R. Dover /J. Tannery NOTIFICATION DATE:
~

H. Smith TeleconNOTIFICATION MADE BY: VIA.

DATE OF 12-22-81CATEGORY: 9 SPECIMEN O PROCEDURE O TEST EQUIPMENT ANO M ALY.

Cables ~~~

PART N AME: PART NO.
~~~

VEST:
~~~

1.D. NO.

SPECIFICATION: WLTP 543/6124-2/DK ~~~

PARA.NO.

REQUIRF.MENTS:

N/A

DESCRIPTION OF ANOMALY:

The Cables were received at the irradiation facility (Isomedix) with indication
of mishandling during shipment and possible damage (shipping crate turned over
and cables dumped to floor of truck).

i

l

DISPOSITION COMMENTS . RECOMMENDATIONS:

The Cables were visually inspected at Isomedix by H. Smith /B. Coleman of Wyle
| and R. Dover /J. Tannery of Duke Power. No damage was observed during the
|

inspection. Wyle also conducted insulation resistance and electrical continuity
tests per Paragraphs 3.7.2 and 3.7.3 of WLTP 543/6124-2/DK. The electrical {i

l tests revealed no degradation. With Duke Power Company's concurrence, the
Cables were subjected to the irradiation process.

l

i

| |

l

1

l
l

|r

VERIFICATION: PROJECT ENGINEER: g g' a .=

1

TEST WITN ESS: PROJECT M AN AG ER: -- W
|'|NTERDEPARTMENTAL

REPRESENTING: COORDINATION.

QUALITY ASSURANC -

,

WVLE Form WH 1044. Rev. Jan,81
1 1Page of

, _ . - - . - - ._ _ _ _ _ _ . - .-- ~_
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PAGE NO. IV-7

TEST REPORT NO. 45869-1

APPENDIX IV-II

BASELINE ELECTRICAL TEST AT ISOMEDIX

WYLE mannaTOftlES
Huntsv.iie racmty
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l
iso m soix ]

February 5, 1982

Mr. Jim Marconnet
Wyle Labs
7800 Governors Drive West
Huntsville, Ala. 35800

Dear Mr. Marconnet:

This will smemarize parameters pertinent to the irradiation
of your test specimens, as per your Purchase Order #4-3257-S.
This is your Job #45869-02. Specimen description and group-
ings are on the attached sheet.

Group 1 was exposed to a cobalt 60 gamma source for a period
of 379 hours at a nominal dose rate of 0.55 megarade per hour.
The calculated dose based on dosimetry was 208 megarads. |

Halfway through the exposure, the specimen was rotated 180
degrees to give a more uniform dose distribution.

Group II was exposed to a cobalt 60 gamma source for a period
of 271 hours at a nominal dose rate of 0.77 megarade per hour.
The calculated dose based on dosimetry was 208 megarades.
Halfway through the exposure, the specimens were rotated 180
degrees to give a more uniform dose distribution.

Dosimetry was performed using Harwell Red.4034 Perspex dosimeters,
utilizing a Bausch and Lomb Model 710 spectrophotometer as the
readout instrument. This system is calibrated directly with
NBS, with the last readout calibration being September 08,1981.
A copy of the dosimetry correlation report is available upon
request.

Irradiation was conducted in air at ambient temperature and
pressure. Radiant heat from the source heated the specimens
somewhat, but the temperature did.not exceed.120 degrees F, as
indicated by previous measurements on an oil solution in the
same relative position.

Isomedix Inc. * 25 Eastmans Road, Parsippany, New Jersey 07054 . (201) 887-2666

. _ . _ _ _ _ _ _ - . _ _



Mr. Jim M2rconnet -2- Fcbruary 5, 1982

Paga No. IV-33'

R port No. 45869-1

Irradiation for Group 1 was initiated on December 31, 1981,
and was completed.on January 21, 1982.

Irradiation for Group II was initiated on December 31, 1981,
and was completed on January 15, 1982.

Very truly yours,

ISOMEDIX, INC.

WYY '

"

David.P. Constantine
Production Manager

DC/mjb

Enclosure

isomedix inc. * 25 Eastmans Road. Parsippany, New Jersey 07054 . (201) 887-2666

_ . . - _ . - - - - _ . . _ _ _ . _ . _ . . . _ . . - _ . _ , - . . - _ _ , . . - _ . _ _ . _ . _ _ - - .-
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YouaP.o.No. M/A
AUTHORIZED BY M. hl th
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1 1 Penetration unit -

y 23 cables
,

c32Ploo9C% (1) c32Plookso7.(2) c32Ploo3426 (I)
c32Plolosol (1) c32Ploo4co7 (1) c32Ploo3s25 (1)
C32Plolosol (2) c32Ploo4so8 (I) C32Ploo3425 (2)
C32Ploloso2 (2) C32Ploo4408 (2) C32Plol5c02 (1)
c32Plotoso2 (1) c32Ploo2so8 (2) c32P1035 sol (2) -.

c32Ploo9sM (2) c32Ploo2Go8 (1) C32Plol5Gol (1)
c32Ploo9 sol (1) c32Plo02co7 (1) C32P1003G26 (2)
C32Ploossol (2) c32Ploo2so7 (2)

, . ,

y 1 som cantalalog 20 Gronnats and one connector
,

THIS 15 AN ACKNOWLEDGMENT COPY REC *D BY

'PLEASE SIGN AND RETURN. DATE,

..

ACKNOWLEDGMENT ,

_

%

.ff
*

-

-
,- : -,

'

r.. . .;

I
*

.

~ .

*
*,

e

*e
*

. .

1

* .t
'

*t
'

9..p ', ( f,Q
"

-

' w,.s ; .,
. .

, D'
, g.,,

, '
*

.
*

' . b.;'. . g . %shp
- ,s Y ,...

-- --

.. .
.

.

.. .
*:0;| ij |h.. . h.{k

~ *

,
,

.. .

_ . . _.

4 - 5g.32.. --* *
.



_ - _______-___ __

l

PAGE NO. V-1

TEST REPORT NO. 45869-1

)
SECTION V

ELECTRICAL FUNCTIONAL TEST (AFTER RADIATION EXPOSURE)

1.0 PROCEDURE

This Electrical Functional Test was conducted per the same procedure
as the Baseline Functional Test of Section III, but was conducted
after radiation exposure and before final assembly of the components
by Duke Power Company personnel.

2.0 RESULTS

The insulation resistance of all conductors was greater than 100
megohms e.nd all circuits exhibited continuity. See Appendix V-I for
detailed data taken during the Functional Test.

1

|

}

t

WYLE LABOftATORIES
Huntsville Facility
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APPEIDIX V-I

POST IRRADIATION BASELINE TEST

i

.

WYLE LABOftATINIIES
Huntsville Facility

. .



DATA SHEET . -

Page No. V-4 -

Cus:cmer Duke PoVc F-- Report No. 45869-1

Specimen ~P t= u 6 T e ts f so A/ WYLE LABOR ATORIES
|

Amb. Temp. Job No. M859-02-8//9Part No. -

Photo A/ # Report No.Spec. -

Para. Test Med. 84 Start Date 5' - M - 8 b-

S/N Specimen Temp. A N< S~

GSI Md
-

|

Test Title Ps 1/ Pndisfi ox run fiexts/
' '

5. k. /A kGH bWWEd"M fo/fC Od 08 All/ A h 0 fA [ b
Wo Aldi,F foEF fe $/p uns| & fo O bD

A B C D E F
9 9A yox iof a- /o xso n- 0.6XI0 n (oor to9a- To ><ao9n So x /o Ea.

'

B 8 x Io9 n- 4x 10 ^- I.o Xt0 a- 6"oX 10%- ;roxto-n. Box so9.n-9 9 9

$ LO A I094 / VXlo1.n. f, o gjo9.n- (,Syjo4.n. So )g go9.n_ jo y jo 9.n_

O 9D /3X/094 90.1 Io#A [o y D o ^ 4"o X 16 ^-
9 9 9E 7 X 10 ^- Scut so a- 6OAI6 4 d~o x jo9A.

r 7XIo94- 102 so9 n yoy po+a 7exjo9 n.

& $~o X I0 " 70XIQ94 ifXto n-9 9

4 9// 20 x 1o9^ So Xs 0 .n 4 o y10 .c.

[ 4~oXIo9 N- (aoXlo9A 9(n X/0 -n-o

J 9a yfo9 A goy ,oem 7o yfo9m

9M 90 Y 109-0- (oor|09A $~ob I 0 n-

L 8o><Io % So xio% f o y io9.n

$ [DoX/OM

N h o f /0 n--9

Specimen Failed Tested 3y ##d6 I* -8bDate:
Scecimen Par, sed Witness Date:

NOA Written Sheet No. . ,/r of $f
MApproved _ f

W H-614 A

:



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DATA SHEET
| Page No. V-5

Customer _.Or>I ** [o ul(# Report No. 45869-1

WYLE LABOR ATORIE5Specimen [#N f#Me'ax/ '
Part No. Amb. Temp. 78 Job No. At M4 7 -c 2~

Spec. Photo Report No.-

Para. Test Med. A<'# Start Date 1 - I - 2-

S/N Specimen Temp. /#A4 3-

GSI NM

Test Titie hn 3 7 AA t'A Y''o w ' fiMds'ex A 2 Cox f s*wWQ

f

D|M A R C D E
| 't

-

,4 ok ok 6 A- nk ch

R o) db OA ok d2*
8

e d} nA of cA sh
, < <

n ok nA of
- . E .

d) 0) of

F 6 )* 0} nk

G OA dl

# of n}
I oA- 6}

\ ? df of
k ok 0f
L DJ of
M
N

|
_

Specimen Failed Tested By >M Date:A -8
Specimen Passed Witness Date:

NO A Written Sheet No. b Iof
Approved l,

W H-614 A

,

- - - - - - -



D ATA. SHEET
Page No. V-6

htJbe AnDLW
~

Customer WYLE LABORATORIEgjfjg3 ;

Part No. 8 U O //3 /d 8d /- 1 Amb. Temp. 7# Job No. M ? 4 9 -o
Photo Report No.Spec. -

Para. Test Med. J a' R Start Date X ~ 8 ~ 2~

Specimen Temp. JN /5S/N -

GSI No

Test Title SC3 7 SAY>'A''e k S''NP t''o hA A
>

5 S. VA-)< M betalew w f#eh f* A/'|u e F A X AA/ A/|

o tt,a en u du e m r n es. ~ < f reoa>e

c o n s.,e n n r s. co,- r:- a,-

,4 / . 4! X / o ' n-- 0 /T

. /, SX /* ^~ dj

f 2. 0 X lo '' R- 6)r

)) I.2 X.I6' 0}
I, Q X IC 0)

# l . ct X t o di
^$ C. 9 X lb 'oj

// / . o X I o " n-- : oA

$ l . 0 X to" A 6}

[ I .6 5 to -n- C}

fr i . o X i ch of

L l . o X lo" n-
'

c4

M

bIScecimen Failed - Tested By 7- # C Date:

Specimen Passed Witness Date: \

NOA Written Sheet No. 3 of 2-
Approved /, ;4

W H-614 A

.

- . _ _ - _ . _ _ _ - _ - _ _ _ _ _ _ - _ - - _



.
.-- _-_ - _

DATA SHEET'

. .

Page No. V-7
D ukC- Po w c- p Report No. 45869-1

Customer

Specimen (_AbLcs WYLE LABOR ATORii

Part No. C 32 P1ooi 6 o f, .2- Amb. Temp. ~7 2- Job No. M C 9 6 #1C
Photo MC Report No.Spec. --

Para. Test Med. 4 I /P Start Date 2-3-t2.--

S/N Specimen Temp. AMI~~
'

GSI NO

Test Title Pos4- f2 s J...<.4-1s a P v v c +.t o u 2. L

1R -l- a k' F- r) Le % seu t n u d u e J. n n suA A Ll cl u n.

C o slb u c h o tt LEL +o GRoun\ A- |- s o o u b c.c

C.o d du c.h o R ~C. R. C o *J 4 I U v n-4- y
*

A O. I X 10' 0 1<'

8 0.12.X Io ' A og

O. / X to '' n- okc

b o./ X to'' n- 0 k.
#

5 d./ X /o n-- 0A'

S o . / X 10 ' ^-- 0K

G- o . I x t o ' ' n- ok

n o . I X t o ' ' n- ow
I o./ X to'' n- ox
.T o. I X t o ''A og

K o.[ E to'' n- ex
E.--. o. l X 10 "- OK

m o t X i o'* n-- ok
N O . I X l o' ~G-- o )<

Specimen Failed Tested By 7* A4 F Date: 1'
Specimen Passed Witness Date:

NO A Written Sheet No. Y of M
Approved / d

'JQ
-

W H- 614 A

_



DATA SHEET. ..

Page No. V-8
Rep n u . 4s m -1

Customer d u k"E Po ~ & a
WYLE LABOR ATORIES

Specimen C A b l e-

Part No. _C 32 P/ O / O 6 02-.0) Amb. Temp. 72 * F Job No. 4ff$9-o
Spec. Photo rv 0 Report No.''

2 3' A
Para. Test Med. A '4 Start Cate~'

S/N Specimen Temp. AmI**

GSI Uo
'

Test Title Poi + re.t , 4 4,o a F o o e ./- , o a.4 t

i
TR 4 * vs u b e 4 ~ c. < ~ coaA u,_4.oa, ANL 4LL o 4. rsG-e

C o n d v c. & u e s 4 I<L 4o Eaov~L a 4-- 3 o ou b c .

( o M D u ( 4- a R Z li. C o N-$- 1 M V s -l- }

A bo $ $ |O A OX
EO . h X [O tL. ogp

0. [X ls**.n. og
| C

D o. fX to OK

E o . (o x 1 o'' su oX

F 0,6 X'fo'*^- o k'

C o . G X 10 A oR

0 . YX / O ' *N4
o . 7 X jo ''.n. og

t

o.s/7 lo'* o- or
r

N 6 * [X to' A OK

l O,(K|c' A Ok'

oK

b- 4 c' Date: 2'ISpecimen Failed Tested By

Soecimen Passed Witness Date:

[ of M |
NO A Written Sheet No.

Approved
1

W H-614 A



- _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

t

Page No. V-9

. Customer dvl r 80 u) e X RePo n No. 45869-1
WYLE LABOR ATORIES

( g ; gjg
Part No. []2 A/o a 4! $8- } Amb. Temp. 24 * Job No. // 5 W d 9 ~ " 2

, Spec. Photo Report No.-

Para. -- Test Med. 4/A Start Date 2 - 3 - 22
Specimen Temp. A*3S/N -

GS1 h/D

Test Title OSI AAe||A h'o rv h f7/ak/2

Y.ke fA}e x/ b e rtale t W fs? Le f0Nd FJ f tow AN All

A t $s + bt de A/Nul e f a n r To GKo u u il h C- o s/ D e

.fnAl ) C' 7'A Y I. $> D as + 'x m 'qvt

A .f. o r s o " ^ 6A-
*

R. 2.8xto' % 0}
('. 2. 8 x to'% e)

.

.

_

I
_

|

OMI6 Date: A'ISpecimen Failed Tested By

Soecimen Passed Witness Date:

h- of MNOA Written Sheet No.

hdApproved

W H-614 A

- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ ___



- - -

DATA SHEET
d

Page No. V-10

Customer Ould [ogr4 Report No. 45869-1
WYt.E LABOR ATORIESSpecimen 8/#3/e

Part No.? 52 f/en 36*:ES-A Amb. Temp. 10 Job No. NS W 9 ~O 2 1
Spec. - Photo Report No. _

Para. Test Med. - A *' A Start Date 4 - 3 - 71*

5/N Specimen Temp. AM $-

GSI Are

,0647 $Ye'A t''0W SUA'e t'"e^J A ATest Title

_ S f#AtM b o 74*c N SACh & md V C' 7'o /f 14N|AG//
/$ YA / M (C0 stf|V ShN 9 |O $/o (1 At | Se d U J t \

$O)/ U M i c IT kj 00 M Ta'A> L/r Yf
A o . 8 Y l o''A O le

0 . 9 x t o ' ' a- o)
[ O. S X 10 A MY

[) O . 3 )( l o A d)

[ O.fX _lO A of
g O , 3 )(_t o A dg

.

.

Specimen Failed Tested By - AA NE Date: 2 -3 ~
Specimen Passed Witness Date:

NOA Written Sheet No. 7- of

Approved / A*.

WH-614 A



_ _ _ _ - _ - - _ _ - _ - _ - - .

D ATA SHEET., .

I Page No. V-ll

Customer br/ As DoWrF Report No. 45869-1

Specimen 8M/ /-d WYLE LABORATORIES

Part No.d 3 28/od 2724-/ Amb. Temp. ?u* Job No. W_f 9 / 9 o 2

Spec. Photo Report No.-

,

'
Para. Test Med. M/# S' art Date 2 ~ 3 - ? 2-
S/N Specimen Temp. <4MS~~

GSI No

Test Title he Sr k r "A-f/nM S /re tt6 Al A-L'

1. R. fAh x betw e e tv Eseh rn u doero n M <s' A1R
6 NA s K ?B Afb /> e fo R T h $h r) xr | h Ees o r> D e

0 Art |vetvR $N $Mf o'Af 1|s' #'}
A 6.3 X /6' 6)

e t.
8 6 3 X l o .n. g}

tt

{ O.7. X lo n- d }-

A o . 3 X c'*- n - gj
st

'

E o. 4x 19 ^ of
O.IXIQ E of

i

Specimen Failed Tested By 8 E Date: N-E
Specimen Passed Witness Date:

NO A Written Sheet No. b of
Approved ,L,

W H-614 A

- - 1



DATA SHEET
Page No. V-12-

Customer Ed b o g&R Report No. 45869-1

. Specimen CAbl6 WY t.E LA B O R ATO R I ES

C37 Io0940 4 (2-) Amb. Temp. 7V Job No. is PG 9- c2 -&#
Part No.

Spec. Photo Report No.~~

Para. Test Med. 4 ' f. Start Date 2 '3 -8 ?---

S/N Specimer; T.mp. Ahh-~~

GSI NO

*Si E Ad5 A b ' 6 u e ouc.Iros4/Test Title i

5.0. YhUEN h&$WGcM E AC L. ds zu|0 c '|ct. /4Nc/ A //

0"|A.C F- $ox)0 e /o 24 ~fo d a o a d 6D fo o VDC .

[sudo ef en [. k . CoM4:0 vs4

A MSb xfo9 ^- OK

B 4e a x Ia *-*- oK

@ . YSo E IO0 n-- 0N

3) 2eo '){ t ah- O N,

sE 2 a o x to et- oc
F 3 a o A t o% og

& joo Y lok OK,

Zoo Mo'ef
H -3* x s o 9 ^- oK

I Abo X ish -n - OX

3 /$o Xlo9 A O K.

K 26o )( to9 A OK

l (So X 1o' ^- oK
'

#1 ffe x toS^ OK

h( /Soxto9 st- CIR

Specimen Failed Tested By - M # Date: S-8-
Scecimen Passed Witness Date:

NOA Written Sheet No. 1 of Nf
Approved

/ 4 % *'

W H-614 A ,



_ __________________________.

|
4

i . . DATA SHEET
l. Page No. V-13

""" ~

Customer Or/ls On td4 #
WYLE LABOR ATOklESSpecimen NMA/e

'

Part No. 71 M/C /d 60/-/ Amb. Temp. 7// Job No. u 5 W 9 -o 2
Spec. Photo Report No.~

k Test Med. 4/N Start Date 7 - 3 - ? ~1-Para. -

S/N Specimen Temp. AMI"

GSI A/O

?00 7 SA ' N !' m SUMY''o/V Ab'

Test Title

5.A> Y# Je w be tulwN AAcL OA/$) ete10 AA/d A- ) / ,

f3 0 C $ Se Afb) e fdA T '/O $fo 1) AJ S'0 0 V A r*

$QAf u e tn M $ fa / % Asts*4 Ws Y
' k O. 3 X l 6 ^- 0}

B o. 4 X is " 4- e)
C O. 3 X lo' ^- ed

s t.

D 0 . % X I o '' el
e x.

g C.1 X t o ^- gg

F O . A X l o ^-- Cf
$ 0 . 2.s t%lo 6k

Y O.3 X t o A 0k

[ O.k X 10 A C)
f 0. 3 X 16' A Q,f

}r 6. f X t o'& d)
13-

[. O.3 X |0 A OM
.

/

Specimen Failed Tested By M E Date: f *Ec.

Specimen Passed Witness Date:

NO A Written Sheet No. /4 of 6
Approved

W H-614 A

-

- - - - - - - - - - ---



. - - _ _ _ _ _ _ _ _ _ . _ _ _ - _ - _ - _

DATA SHEET
Page No. V-14

Customer Or//r e /oWeR Report No. 45869-1

LE LABORANSpecimen C#I/e
Part No.[ 37 [/oo 881T-/ Amb. Temp. 7" # Job No. 4 F Tr'/ 9 -C
Spec. - Photo Report No.

Para. Test Med. A2 ,'8 Start Date ~2 - J --

Specimen Temp. And SS/N -

GSI ^>d

Test 'itle CW k IA Y''o^' SV4 W''oM A

I .k. fW 4M e T24) e e N JAdk 0Aj)(,pte A M/
O N P /t [o AJ du etoAS h 0 Roos r | ffco VD e

WA Af$Udid }? ?f h0 Art &
I T.

A o.8)cto A o,

E 0 ,0 X 10 't- CA

( O . lo X 10 0)
"

D o . 3X to ^ cA
Il

[ O a YX /4 A C)
$ 4), 5 X le Ok

.

..

Ob Date:_.ESpecimen Failed Tested By - -

Specimen Passed Witness Date: _
NO A Written Sheet No. // of __

Approved M
v

W H - 614 A



. - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ .

f

) DATA SHEET
Page No. V-15

O r>M < [otJc X
Rep n No. 4588-1

Customer
WYLE LABORATORIESSpecimen 8Ad / <-

Part No. C .T 7 8/Co A 807-/. Amb. Temp. 7# Job No. W 6*Fg 7 - e2

Spec. ' Photo Report No.
;

( Para. Test Med. J ''A Start Date 2 - 3 ~ D*

Specimen Temp. AA4dS/N -

j GSI AM

Test Title,hAS7~ A r A h'o M St>xs&/osc##f*

I

$ As YgA<ht $s hx1 < < AJ Ese k t%/di e fs sp A sse/ r

.
6 Y $,-/ X 0 A ltdj e v'e A Yd WAo1]Asd f feetJ/Je?

$0Af$ue70 X ~ I f- C O N 7 , k s us ,'>

'

A7
- 2 . c X to ^**^ c A-

8 N.0 X 10 A d/

{
r. 2.o x id% es

| ..

l

|

N- AAIE Date: A-3-Specimen Failed Tested By

Specimen Passed Witness Date-

MNO A Written Sheet No. /iA of

Approved

W H-614 A

_ _ .



_- _ _ _ _ _ _ _ ________ ____ ___ - -

DATA SHEET.

Page No. V-16

Oulk [odeM '

Customer
gj WYLE LABORATORIES

Part No. 8 818/d o # fo &~ 3 Amb. Temp. 7M * Job No. 4'S W 7 -o 2 ~ 2
Spec. Photo Report No.*

S/N Specimen Temp #Ad I
_ Start Date 2 - 3 "" 82-Para. Test Med. A'* #-

"

GSt A/O

Test Title A03 7 SAYr'Af''CW Svk!P'b M#l
/

, f 0, YM,l-s As e +10 e e A/ fA e $A O Afhn ein /> A Ar ) At./ /
6 7% 4ff &AFNuCYoRS YO WAn uA/W h s~oe 11/3 e

fe Afb eYo JQ Ik dea /T *A Ns
A 6. 3 x ism O fr-
8 o.4 x so' % n2
[, O * 4 )( / 6 A dj

-

..

Specimen Failed Tested By Z# F __ Cate: A-3-8:
Specimen Passed Witness Date:

NOA Written Sheet No. #8 17 lof
/! -Approved

GL7
3

W H-614 A l

.

_._ _ _ _ . . _ _ _ _ . _ _ _ _ _ _ _



-- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .-. .

DATA SHEET
Page No. V-17

BIT OdWfd ~

Customer ^ # I bSpecimen OAI /#
#

Part No.[ 3A ?/0 61 $0 T~| Amb. Temp. 9N Job No. Nf W 9 -o 2 -
Spec. Photo Report No.-

Test Med. 4/4 Start Date J - f - 72.Para. -

7

S/N Specimen Temp. #ed-

GSI At^

Test Title QST E4|Enf''o" A~v N d h'O k d-A

I A. Yshx 'betwweN Ese h / *o u d u e r o p And' AZ//

nMu /*, w du e n n y 1n 6% un d groovoe
>

' /*n ud'oes e Z R. no usu u, ,
/1

' A. /,.Tx/s A ep

k. l.TXto % op'

k | . Ex Is"^-
'

6 2-'

-

)

|

Specimen Failed Tested By AA~8 Date: 2 ~ EC
Specimen Passed Witness Date:

/b 6NO A Written Sheet No. of

Approved / h

l
_ - _ - - - - - -



. _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _

DATA SHEET
Page No. V-18
" ""'|]U|1E 0WEACustomer

WYLE LABOR ATORIES84I/*Specimen
W MI N 9 ' O -Part No. ( 31//o o 2,80 7 - | Amb. Temp. Job No.

Spec. Photo Report No.-

Para. - Test Med. Ai# Start Date d - 3 - E2'

Specimen Temp. MS/N -

GSI Nd

haST AA).*n f>'o M fuW eto'oHAl I

Test Title

Z. 2. r>A c e bs tu c e d eseh /*oedu en ir And AD
67heR dcW|trfY"*/Cf TO l?Xe O A/ & 4~c e v D e=

\en 6 ~ ze e. ~r, -m

A o.3 x t o'k 0/r i

8 C o YX f 6 A 6N

( C.YXto f1- 6k

f

i

|
..

i

b5Specimen Failed Tested By 4A E Date:-

I Soecimen Passed Witness Date:

NO A Written Sheet No. /f of U I

dApproved

W H- 614 A |



D A.TA. SHEET 6
Page No. V-19
Report No. 45869-1,

Av4e [C 8J < KCustomer ORIE5
AI/ESp,ecimen

- SN Job No. D S' % 9 - c 2 - 'c' it 7Part No. 0 i1 A/o O MOT _ L Amb. Temp.

Spec. ' Photo Report No. ,,

Test Med. A/# Start Date 2 - J - 7 2.'

Para.
Specimen Temp. AM S

S/N
~

GSg No

Test Title boS T A4|i A f >'e M fvMe PInstAtJ'

N FAr*h $c M e| D 2 76 M ANr/ A)/.[. R. TJAou bede
A % eA $dN$U C fem T 70 $An u A r d f .$~oot/DC

too udu e t.s n Z R. ea;x u,.,.u
~

A. O.3 X lo gA^
it

O 3 IIO A g)
.

O '3 X t o'k oj.

|

|
,

I
I

I
i

O44d6 Date: A- 3-SLTested By t

Specimen Failed
Witness Date:

Scecimen Passed
/d'r of 2ISheet No.NO A Written

Approved J
' / %,J

W H-614 A



1

)

C
.

DATA SHEET |

|
Page No. V-20
Report No. 45869-1

0v4< /ower WYLE LABORATORIEScustomer
Specimen [#b/d

Job No. /./ f N 9 -o 2 - P//
Part No.I 7 2 M/o e Al 6 0 7- / Amb. Temp.

Report No.Photo~

Test Med. / ''A Start Date 1 - 3 - ? 2-Spec.
~

Para. 4Md
S/N -

Speciren Temp.~

GSI A'e

Test Title . 03 Y SA| 'A L'O 'V" SUWt''O NN

$.k- W,4 he w /b e tM e e N fM1 Vo Ard tJefnN ATN/ A2//*

6 t$, / / [o Mdu t* Fe 99 y h $fe H H W Sec p f e

$n A/dy e f s a T /?. &*surta uity

dI^
A. O . 3 )( f 6

T
O ,4 X i o A dfi.

.

11.
O,3XIO % g)

f.

.

2 * 3 -b
Tested By - Z4I2- Date:

Specimen Failed
Witness Date:

SISoecimen Passed / 7* ofSheet No.
NO A Written A~ |Approved ,

W H - 61.: A



-- _ . - - _ __ . .. --

!

k
. . DATA SHEET

Page No V-21
. Report No. 45869-1

Customer b u Ae g. p o - G rz

MLE LABORATORIE:-

S ecimen C A b 4 <-
C 32 p / 00 9 6.oS k) Amb. Temp. ~7 2. Job No. V S 16 9 0Part No.

Photo NO Report No.Spec. - -

Test Med. a e ft Start Date 2 _3 - F 2.s Para. -

Specimen Temp. AmLS/N - -

GSt MO
r

- . .

Test Title PM+ #A d e 4-A/o d F v ^> C + / o u 4 u

.T P t- 4 V E hf b e 4- ~-e - a c o a d ve_4- o s? A ud All 0+H5P
Cortelve..,Lnoc J.o e 4 't o GRovvd A 4- S' 0 0 t! b c.

Co v el ve 4 o r> 2R C o u+ m u s-I-y
'

- A o . a s x to'' ^-- og
s i.

I 6 o . 2 X o rt-. enc
1

( D. AYX /6 & o |(
'

I D O.7 X |6 ox
E o.2.x so'*n- ox

'

( F c. 2 X L* ^
. og

G O , 2.'f- X l oi t.^- 0N'

y 0. 2. X t o ^- OX
^-

) 6. A X t o OK
r it

0 . 7. % ( 6 A oKL 3
81

p O . L X l o ft-- ok
# *L

L L 0 .1 %. l o ^ of

Al o . | X e o'*^ ol<,

L Al O . I f x I c''^- . OK

I

d- 84[# 1~ISpecimen Failed Tested By Date:
Specimen Passed Witness Date:

NO A Written Sheet No. /8 of 7-.I
Approved

,,v

W H-614 A



DATA SHEET
Page No. V-22
Report No. 45869-1

UNE Pew s- a'Customer '
Specimen CAbAe- .

Part No. t 3 2 P / o /o G o 2. c,7 ) Amb. Temp. 7 Job No. Y58 5 1 - o 2.
Photo MB Report No. _Spec. - - -

~

Para. Test Med. A/B Start Date 2 3- Y 1'-

AMS I
S/N Specimen Temp.~

GSI MA

Test Title Po s 4 RAdsA4 rod 5, , u , , w L. |

TF 4 a es v 6 e+ w< < a c o u J u c. 4- o n ,o u .t a u_ e4 we a

Couduc4on( Yl 4.1 +o 68ou 01 A -/- .SooVbt

Co"Duc+oR :T R Cou-IInu;sv

}Q 0 8 S X fs' t\- QK
o .3 X o'' et- oRg

d o . 3 X l o tL- oK '

D o.3Sxts'~^ on

@
0 , 3 ?C l a' !L- ' O}C

F o 3 X f * ''^ Ol<
is

h 63% lo ^ ok

H o. 3 x Io''-n - og

o . 3 XIo1 0 )<
'

/

I 6.3 X |O A 0|k

o . 2 A lo'h o l(k'

L o.3 X io*^- OK'

:

D3
Specimen Failed Tested By - E Date:

Specimen Passed Witness Date:
M/@r ofNOA Written Sheet No.

Approved I
sv

W H-614 A



-- -_-- _ __- ---

D ATA SHEET . g
Page No. V-23

. Customer isvec Po % e x Report No. 45869-1
L LABORATORIES

Specimen CA LL< ,

Part No. I 3't A /O O 4 o o / (i) Amb. Temp. ? 2- Job No. NESf 01
Photo VO Report No.

f
--Spec.

Para. Test Med. A //P Start Date 2 -3- i L~~

MM/
S/N Specimen Temp.-~

GSI A10 -

,

SAC'A'E-10 S V "M I o u A L-ISOSITest Title

TR 4Axca bs?~<sn Cou,lucLoa A ul A LL 04Hst

Condue_snire { skJ +- o Gtt o v ud A. 4- Te o ube.

CoALveso2 2. R C oud- 10 vi4- yI(
b 0.2. X l s n- Ol(

f S c.ITX ls'* n- oK
,,

c o.2. x i o n- oK

D O . 2. X t o - IL- ON

f 0. 2. X t o .rt ok
,

f o . i f y t o'*.n_ oK

h O.1 X lo A ON
c );^-// d.17 X t o

l' o . 2. Y I o ' '-4- o 1%

3 o . f r x o" ' o is

''

K o . # rx . n- o le

{ ONl o . tT Y lo A

D b.lSX lo A OR

k O .1 f lo A Ok

(
O2J [(* Date: N * 8'c

Specimen Failed Tested By

Witness Date:Specimen Passed MM ofSheet No.NO A Written
Approved /- a

r/V
W H- 614 A

f
_ _ _ _ _ _ _ _ _ _ .



_ _ _ _ _ _ _ - _ _ _ _ _ . _ . . _ _ _ _ _ _ _ _ _ _ .-

DATA SHEET e
-

. Page No. V-24
Pon No. N-1

Customer D v P r- Pow G R
WYLE LABOR ATORIES '

g g y,

71 Job No. 4 3 f S i- OLPart No. C 5 2 8 o0 3 G 2 R %) Amb. Temp.

Spec. Photo NO Report No.''

Para. Test Med. AM Start Date 2- 3*f L~'

S/N Specimen Temp. /J A b
~'

GSI MO

Test Title Po.s+- R A .L r a t s o a P v v e 4-|o v A L.

1 12 k n3 k' E M ba4 wu a C e u l o, sna AND ALL o + N r. rs

C o e d u e .L n o e Z s'.e. { +o GRo u wb f3 + 5'o o v bc

CO N d v c 4- o 2 ~fR C. c M4 a su v i + 9
''

4 0. 7 X 10 -4- on
at

8 0,8 X 10 tL- OK

C o.TX to'h ok

b o3Xte"A ox-

|L

E o.G k Ia tL ox

f e.GX ls'~~^- 0K

,

i . .

Specimen Failed Tested By Of4If Date: b-8 E
Scecimen Passed Witness Date:

br M '

NO A Written Sheet No. of

/{a .

Approved

W H-614 A



. _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ - - _ - -___- _ _ - _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _

'

DATA SHEET'
-

Page No. V- 3*

Report No. 45869-1DvyG Po~enCustomer WYLE LABORATORIE
L . Specimen C.A k L ,_

Part No. C 31 FIO016 07 O) Amb. Temp. 72- Job No. 45F69-02
I Spec. Photo M? Report No.--

) Para. Test Med. A'R Start Date 2 -3-21~

S/N Specimen Temp. AMb''

,

NOGSI
s .

Test Title POS& RAA$A4-iod F;~ u v C 4 fo v A L

'

%R k A <G M b t -h- w < < a CoMluctuo A n d A L L. o -l' H G st
s

t

Cou$urdo2A -f- t e. l 4- a GGauud A S _T o o U b C.

(,uj,,z,, 1R Ca udin u n4 v
<

I , + t I b' ' tL- Ok
1

I.4X lo
[

^- ogz
1, 3 X l o' k o k.3

(
L

f
L

I
L

F

L

I
L

r

I A4d[C Date. f 5Specimen Failed Tested By

Soecimen Passed Witness Date:
(

NO A Written Sheet No. A of N

,I ! wApproved av
( W H-614 A

. - - -



- - - _ _ - _ _ - _ _

<

fc
- - DATA SHEET

Page No. V-26.

" '

DUWE P C % t:* R *'*' "# "' *
Customer -

W I S 1- o L
'

Specimen _ r A Al* M Job No._

d) Arr b. Temp.
Part No.C 3 2 P/06 6 0 3 Md Report No.

Photo 2~3'E'-
Spec. A'# Start Date
Para.

_ Test Med.
A#b-

Specimen Temp.-

S/N
MOGSs

h O S ~b~ I?A N IA S 0 ^) E u U C4~' * " A L
Test Title

1R l- A. W E 6) he 4 %< t. M LACM ( o M b u c.4- e tt A M1 A. L L o ?)l F R

C o v)ve.4 O R S 4td 1 fo 64o0V1 A 8' r o o V b e-

'

Coud'Nul+1T2
c o u ,.t r,c 4-s a IL

14X to ^ or
A

l.LXIs'~^ or
&

t 2. X 10' OK
e st

0.7 X 16 A og
b ^ oR1 6 X 16'
c-

t . <4 A ( 6'*^ oK
F

t lox 16 h oK'

G

l . o )( I o' *^ OK
N

(,eXto' h c){
I

1. 2. A i 6' k OX
r

I. SK id^ OK

X ' OX - .

l . f. X 10l.
_

A-2-8
Specimen Failed

-

Tested By N dOd( Date:

_ Date:Witness
Specimen Passed A3 ? _ of _ ASheet No. "

NO A Written /!Approved
i %)

,

W H-614 A



DATA SHEET d.

s Page No. V-27
' ' " " '

~

D u Xe. Pow &R A BOR AT O RIESCustcmer
Specimen f_ 4 Li s -

Job No. M M '1 67 P l J f
Part No.C 32 P10 56o3 F2. ) Amb. Temp.

Photo NO Report No.

f
'

- - Test Med. 4 IIP Start Date 2 -T_ e iSpec.

Para. MM1
S/N

- - Specimen Temp.

GSI MD

SMEI SA) E- ~I v " ' o" A L- NOSU AA E' A 0!**
Test Title

i
|

3p 4 A kt- a L g. + m .e a c o n d u c 4- o e s ul ALL. 0 +4 s it. Co u d v el voc

' 4 *i) +o Ggowal a4 _s- o o v b c

cou4 nu,41
C o ul v e l o r< t. a

A O .47 X I O ^ nk

8 . s x I s'' ^- og
( 6

3. t X ; 6'h og
C

1. 2 / / 0' h ol'
f D

t . C K I o' ' ^- oX
E'

l.2.Alo" ^ oK
F

& I.4x |o ' oK

4 1. 2, X l o ^ OR

f . 'L X lo ^ O k'
8

3 o.8 X to ^ oM
s t.

t.3 Xio A o(
)(

o . 9 x I o' ~ "- oKL

l
4

'

i

|

[ 1 - 3 - 81_,4. S da AE ce:e:Tested By
Specimen Failed Da:e:Witness
S::ecimen Passed 2MI ofSheet No.
NO A Written

Approved av

'/.' H - 6 1 4 A

E



,

DATA SHEET 6-
,

Paga No. V-28
,

Customer OUR6 P ow G P WYLE LABOR ATORIES
g gj { f ,

Part No. * 31 Pse i 5 6 o l O ) Amb. Temp. 71 Jcb No. H f % 6 4 o 2-f 11 T
-

Spec. Photo Al 0 Report No.--

Para. Test Med. A FR Start Date 23-i1'~

NMd''

SIN Specimen Temp.
NOGSI

CH RA S A SIO W 9 v As c.+1 o u A LTest Title ,1

l

J~.R Tsu u keMu oc a c nua .., L a -4 ed A.L L e?Hcn I

|ConJm4aan 4sr 1 .L o c r . u u ,I n -1- co u v n r

Co nduch a T (2 Co nJ41u v e-I- y

A l . S X lo''' Ok

8 f.TX s o'% OK

C t . 2. x i s' ' ^- 0K

D I . 3 x Io''-^- oK
0 i . 4 X l o ' '^- CIC

F I . + x l o''-^- og

6 I.2.,X lo'* A oK

M I . 2. x I 0 '' n- ol(
| o.(, X lo'l a- ok

] I. I X l o' OX

k' l . o X i o ' ' ^- OR
%( ) . 3 X 16 og ..

i

i

I' b44EC Date: I' 3 -S 2.Specimen Faileo Tested By

5:ecimen Passed Witness Date:
b / _ ofNO A Written Sheet No.

Approved A

W H - 61.t A



PAGE NO. VI-1
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SECTION VI

ASSEMBLY OF CABLES / PENETRATION UNIT

1.0 PROCEDURE

Following radiation exposure, the penetration unit was installed into
the test chamber dome (containment wall mockup) and the cables
connected to both sides of the penetration unit. The assembly work
was conducted by Duke Power personnel. A Baseline Elec*rical
Functional Test was conducted on the assembled modules.

2.0 RESULTS

The insulation resistance of all conductors was greater than 100
megohms and all circuits exhibited continuity. See Appendix VI-I
for complete data taken during the Functional Test.
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SECTION VII

ACCIDENT TEST

1.0 PROCEDURE

1.1 Test Arrangement

Steam Chamber

A steam chamber as shown in Figure VII-l of Appendix VII-I was used for
the Accident Test. The wall mockup was bolted to the chamber. Pene-
trations for six (6) cables and twenty-five (25) thermocouple wires
were provided at the opposite end of the chamber from the wall mockup.
Superheated steam and/or saturated steam, as required, was introduced
into the chamber from the end of the chamber opposite the wall mockup.
A manifold distributed steam evenly across the end of the chamber.
Chemical spray was provided along the top of the chamber and a chamber
drain was provided at the bottom of the chamber.

Annulus Mockup

An environmental chamber was erected around the penetration mounting
and wall mockup. This chamber was supplied with heating and/or cooling,
as required, to maintain the specified annulus temperature. Cables
supplied by Duke Power Company were routed from the electric penetration
test specimen through the environmental chamber wall to a junction panel
located outside of the environmental chamber.

Instrumentation

Forty-five (45) temperature measurements were made using Type K thermo-
couples and were located as shown in Table VII-I of Appendix VII-I.
Chamber pressure and thermocouple measurements No. 2, 6, 10, 18, 19, and
20 were recorded at the following sample rates:

1 sample /second for the first 5 minutes.
1 sample / minute from T = 5 minutes to T = 150 minutes.
1 sample /15 minutes from T = 150 minutes to T = 60 hours.
1 sample / hour from T = 60 hours until T = 7 days.

The voltage and current at modules C, D, E, F, and L the leakage
current at module K and the remaining 39 thermocouples, as shown
in Table VII-I of Appendix VII-I were recorded at the following
sample rates:

1 sample / minute for the first 150 minutes.
1 sample /15 minutes from T = 150 minutes until T = 60 hours.
1 sample / hour from T = 60 hours until T = 7 days.

WYLE LABORATOMES
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.

1.0 PROCEDURE (Continued)

1.1 Test Arrangement

Chemical Spray Composition

The chemical spray solution for the first 30 minutes of the Accident Test
was made from potable water by adding sufficient quantities of Boric Acid
to provide 2100 ppm of Boron. The chemical spray solution for the rest
of the Accident Test was made from potable water with 1922 ppm of Boron as
Boric Acid and NaOH were added as required to maintain the pH between 6.0
and 10.0. New batches of the chemical spray solution were made up at
least once every 4 days and replaced the old chemical spray solutions.

Test Specimen Electrical Power

The conductars of Modules C, D, E, F, and L were wired in series to
form six (6) current loops. Each loop was independently energized
to the voltage and current specified in Table VII-I of Appendix VII-I,
using the polarization voltage method as shown in Figure VII-2. The
conductors of Module K were energized at 120 volts and zero amps.

1.2 Accident Test Sequence and Procedure

The accident test was conducted in the following sequence and manner:

1. A Baseline Electrical Test was conducted just before
admitting steam to the chamber.

02. The chamber was heated internally to 120 F with a forced
air heater.

3. Electrical power was applied to Modules C, D, E, F, L, and
K as shown in Figure VII-2 of Appendix VII-I. The
electrical power was applied throughout the 7-day Accident
Test, except during the brief periods when insulation
resistance readings were taken.

4. Steam was introduced into the chamber to maintain the
temperature-pressure-time profile shown in Figure VII-3,
Appendix VII-II. The annulus mockup temperature was main-
tained as shown in Figure VII-4, Appendix VII-II.

5. At 10 seconds after initiation of the steam ramp, chemical
spray solution flow was initiated and the flow maintained
throughout the Accident Test. The flow was directed
vertically downward at a flow rate of 0.15 gallon / minute /
ft.2 of specimen area or specifically 0.75 gallon / minute.

WYLE LABORATORIES
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1.0 PROCEDURE (Continued)

1.2 Accident Test Sequence and Procedure (Continued)
-

6. Insulation resistance, as described in. paragraph 1.1 of
Section III, and a high potential test of Modules C and F
conductors at 1000 VAC were conducted when the chamber
temperature was stabilized at 300 F, at 2500F, and at 80

hours after start of the steam ramp; at 16 hours, at 24
0hours, and when the temperatura was stabilized at 228 F.

Subsequently, insulation resistance and high potential
tests were conducted on a daily basis during the 7-day
Accident Test.

7. The electrical tests of paragraph 6 were repeated at
the end of the 7-day test, after the modules had cooled
to room temperature, but prior to their removal from the
chamber.

1.3 Results

1.3.1 Summary

The required electrical power was maintained throughout the 7-day
Accident Test except for periods when leakage current exceeded 0.5
amps and blew 0.5 amp fuses on Modules C, E, and L, involving a
total of 5 ccnductors out of a total of 50.

The required Accident Test steam pressure-temperature profile was
maintained within tolerance throughout the 7-day Accident Test with
the exception of excursions occurring at time zero and at 2 hours
after start of the initial steam ramp.

1.3.2 Electrical Results

The Functional Test results of the insulation resistance measurements
are summarized in Tables VII-I through VII-VI of Appendix VII-III.
The required applied voltage and current per Table VII-I, Appendix
VII-I, was maintained throughout the 7-day Accident Test with the
following exceptions:

Module C

Leakage current exceeded 0.5 amps (blew 0.5 amp fuse) at
approximately 142 hours after start of the Accident Test. The
problem was isolated to Conductor No. 3, which was removed from
the circuit and power re-established to the remaining conductors
of Module C. Conductor No. 3 was placed back in the circuit on
the seventh day, but the 0.5 amp fuse blew in approximately 23
minutes. On the seventh day, water droplets were observed forming
at the cable splice of Module C, which indicated steam was being

WYLE LABORATORIES
Huntsville Fac4hty
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1.0 PROCEDURE (Continued)

1.3.2 Electrical Results (Continued)

Module C (Continued)

forced through the cable (along the wire, between insulation and
conductor). This indicated a strong possibility of a break in
the cable insulation somewhere inside the accident chamber. As
these cables had been subjected to accelerated therral aging and
radiation, the necessary handling and flexing during installation
could have produced a crack in the insulation.

Module D

Just prior to start of the steam ramp, at time zero, Conductor
No. 4 had an insulation resistance of 2.2X107 ohms at 500 volts
DC. See Notice of Anomaly No. 5, Appendix VII-II.

Module E

Leakage current exceeded 0.5 amps (blew 0.5 amp fuse) at
approximately 84 hours (4th day). The problem was isolated to
Conductor No. 1, which was removed from the circuit and power
re-established to the remaining conductors. At approximately
144 hours, Conductor No. 1 was replaced in the circuit and power
re-established until the end of test.

Water was observed at Conductor No. 6 splice at approximately
96 hours (4th day). See water discussion, Module C. Leakage
current exceeded 0.5 amps (blew fuse) at approximately 168
hours (7th day). The problem was isolated to Conductor No. 6
which was removed from the circuit for the remaining few-hours
of the test.

Module L

Leakage current exceeded 0.5 amps (blew 0.5 amp fuse) at
approximately 25.5 hours. The problem was isolated to Conductor
No. 9, which was removed from the circuit and power re-established
to the remaining conductors of the module. At approximately 34
hours, the fuse blew again and the problem was isolated to
Conductor No. 8, which was removed and power re-established to
the remaining conductors. No attempt was made to re-establish
power to Conductors 8 and 9 until at 144 hours. At this time,
Conductors 8 and 9 were placed back in the circuit and power was
maintained until end of test.

See Notice of Anomaly No. 6, Appendix VII-II, for more information
on electrical problems. The times shown in Notice of Anomaly No. 6
are not as precise as those shown in the above discussion, which
reflects a more detailed inspection of the data.

WYLE LABORATORIES
HuntsvtHe Facmty
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1.0 PROCEDURE (Continued)
y

1.3.2 Electrical Results (Continued)

Module L (Continued)

No problems were encountered with Modules D, F, and K.

1.3.3 Environmental Results

Chemical Spray

Chemical spray solution flowrate and pH were monitored daily. The
flowrate was maintained at 0.75 gallon / minute and the pH maintained
between 6 and 10.

Steam

The required Accident Test steam pressure-temperature profile,
Figure VII-3 of Appendix VII-I, was maintained within tolerance
throughout the 7-day Accident Test with the exception of excursions
occurring at time zero and at 2 hours after start of the initial
steam ramp. These excursions are discussed in more detail in
Notice of Anomaly Nos. 3 and 4, Appendix VII-II.

Chamber pressure and all temperature measurements are shown in plotted
format in Appendix VII-III.

WYLE i annmaTORIES
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POLARIZATION The method utilized for th2 application of polarization
VOLTAGE voltage and high current to the test items is described

in the following paragraphs.
\/ %f 4/

o The required test currents are produced by
current transformers, isolated to produce-

g
g) ,}, loop current through the test items.

[88 ['I
o The required polarization voltages are produced

4 ,'

SPECIMENS by high-voltage transformers, isolated to pro-

g duce polarization voltages between the test items
O

|
and the ground plane.

C [ o Polarization voltage is applied with the source

G_
_

i ! polarization power supply. in the event leakage

| current exceeds a specified amount, the line fuse Ij g.

i 1 is blown, indicating that test item degradation
C | has occurred.

_{g e. o The required current loads are monitored electri-
ally f r indications of test item discontinuities.

| 3-- o. C

< 0- I H o All test items requiring the same current and

g | A voltage will be connected in series with termina-
M tions exterior to the test chamber.g g

I B
I EC

- ',

N '- [o] b d _
o-N
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t I aa
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i g* j
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FIGURE VII-2. SPECIMEN ELECTRICAL CONVERTERS
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TABLE VII-I

MODULE ELECTRICAL REQUIREMENTS j

MODULE CONDUCTOR VOLTAGE CURRENT

C 1 600 VAC 150 Amps (110 amps)
2 600 VAC 0 Amps

3 600 VAC 150 Amps

D 1 600 VAC 25 Amps (1 2 amps)

2 600 VAC 25 Amps

3 600 VAC 50 Amps (1 3 amps)

4 600 VAC 50 Amps

5 600 VAC 25 Amps

6 600 VAC 25 Amps -

E 1 600 VAC 3 15 Amps (1 2 amps)

2 600 VAC .' 15 Amps

3 600 VAC . 15 Amps
I'

4 600 VAC 15 Amps

5 600 VAC 15 Amps

6 600 VAC 15 Amps

7 600 VAC 15 Amps

8 600 VAC 15 Amps

9 600 VAC 15 Amps

10 600 VAC 15 Amps

11 600 VAC 15 Amps

12 600 VAC 15 Amps

F 1 600 VAC 30 Amps (1 3 amps)'

'2 600 VAC 0 Amps

3 600 VAC 30 Amps

K 1 120 VAC 0

2 120 VAC 0

3 120 VAC 0
~

_ - - __ .__ _-
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TABLE VII-I (CONTINUED)
|

|
|

MODULE CONDUCTOR VOLTAGE CURRENT

K 4 120 VAC 0

5 120 VAC 0

6 120 VAC 0

7 120 iAC 0

8 120 VAC 0

9 120 VAC 0

10 120 VAC 0

| 11 120 VAC 0

| 12 120 VAC 0
1

13 120 VAC 0'

14 120 VAC 0;
|

I L 1 600 VAC 5 Amps (+ 1 amp)

2 600 VAC - 5 Amps

3 600 VAC
-

5 Amps

4 600 VAC 5 Amps

5 600 VAC } 5 Amps .

6 600 VAC 5 Amps

7 600 VAC 5 Amps

8 600 VAC 5 Amps

9 600 VAC 5 Amps

10 600 VAC 5 Amps

11 600 VAC 5 Amps

12 600 VAC 5 Amps

NOTE: Tolerance on 600 VAC is + 10V, and on 120 VAC + 5 VAC
Tolerances on currents are noted above and appTied to each

.

conductor requiring that ampacity.



_

Page No. VII-14
Repo--t No. 45869-1

Y

4...

bd.!
' !r

yr
.

|n 1
..

^

;

'

i

,

- 4 -y~
I

'~

[

hw ' '('
.

,

*

. Q)1
; , ,. g. ,

._

s-
-

. . ./
, -

.

%, *--,

4 W-3 G

4. .

s

_ _

e L.; [a m.- + m@dI N. fji:. e, e.a.: a.,4, ._ . --r_ ,.,%
r :

t . ,; .: e.- m. - .

x.
' ~YWh YN&*kk;; LSD4;,,,. ,_. _

- .

h,-
. , p, M Y

< - ,: 2. ~ : ,; . , .:n m.n e x3:t79;wu.g - -

. g.

:a9 .
... - f:9 w- ;.8 >;;~; ;;3gy;v?g._ ~gyygy.q'~g; ,? -(:-

<;,-y y:@_
,

__ "
_

,

st; 3,. y.; _ . ; r.;;;.+v;_y
- - - > ~ k_ :_ v'n . . , .. m 3,:;s ,'

~

, e
IY' -- -- ,,~ $*r4 L

# , '
. h

9

1
i

Pilo'IOGRAPH VII-l

TEST SETUP SHOWING ANNULUS MOCKUP

i

|

_ _ _ _ _ ___ _ . _ _ . . _ - _ - _ - _ _ . _ _ _ _ _ _ . , _ _ _ _ _ _ _ . - _ _ , _ . . , _ , . -



Page No. VII-15
Report No. 45869-1

r-we y ;qj
$esthi I

t/. g #
.

./~ -

TN . *[ kg,s.
'

* -
,

,
,- e, - ..

' * '%' t,. - ~y . . <,o

:

tpw ... 1. . . y . .

- -

.

d.~Mk ^ I.t , . ' . . . . ' t ,. k* ~

) i<~ -

,y . .- . nt.

., m 1
g' '

,./ ,'g2 ];3 ',., L :
1 . . , .

, . ( . | -

t ..* -
-'_,:y.'

.s ,.
. ,,

7 . ;; s . _, ,

\; . . +-A
Q +.

, ./ -. . . .
- -

-

.

,. .

% e ; 3 f . ,: .g A4
,

-

. ..r
. f

.

. . ;.nr .,s. ge . .
.

-

-
.

"

~V E M,[ ' ,.s
. i~' ,/' / s:.;s. , .

.

. , . . .. - ,,. , . . .

* '

] [ .
,

-

_

0% s i f h 4"s. 4 ;
--y.

,
,

- >u ' ...ise A &-, e :.,a-.v. w.; s. s

PHOTOGPAPH VII-2

STEAM MANIFOLD

_ _ _ . _ _ _ _ . . _ _ _ _ . _ . . ._ . . _ _ . _ _ _ _ _ _ _ _ _ , _ . _ ___



._ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - _ _ _ . _ . . __

Page No. VII-16
Report No. 45869-1

i

'

. ,
h

- . .

g

_. . . a, , - e - g
_

_..

a .,
, ,

#.

.
' ge.

u : y1 g.

'5dj
'

\e
~

6

: .
# 4 , *

'

-

..
>

N,

#' '

3 "j/ Q:
.

e. e ,: -

'A'
,

:
'

.}
\ t :, ,

, , \s i 1
'
''

;. . .

, .
a,

s' . .

*

$ ,s .

1
.-

.. y'' -

..
., %; ,-

,

,y a 4
_

. % - *, :-.
.

'
' '' - f< . | %

-

f(
S -

.

.

,
. %'* ' ^'s,

. !! ' ' / ;, 7 p g | .,_
'

i^
|

xw Q, z .
.,

' .

/ a}
yi ',

; :, , sc .

. , ' *Q ( y|-

:. ,
_

., _,,

L'J Laib2 Adb'iredl * -

.
J , %%:2 :4c A

Plf0TOGRAPl! VII-3
|

INBOARD SIDE OF PENETRATION LNIT AND
TIIERMGCOUPLES NO. 12 AND 13

r
I

-- _ _ _ _ _ _ _ _- - - - _ __..,,-e- re-,n,=,*---,-ga



|

Page No. VII-17
Report No. 45869-1

,

L

. ,-.w p.

Y

s

.. A e

.

. .
..'

' .

.

- .q
.. '

*
p. \' , g

.} . ,& . . .e., .'
'

,. [_ ? f d,
_f'

.

. ~,
.

g.Y : .

;
:L 4.; - w ,

,

<~. ;3 . . y. _ ?Q,,- "? ; y
'

.

4 . ,, w .1
, . .. ,

.

; # o;m u.,y..q
.

.

-

y pg,. ggfg(. 3, zu.t
m. .

~ .. ( . ay
..

9*
..

s .

.

,vny 3, y xgh y..

.
. q .

-.. f _ ._ _ c ;
-

, . v r. e ' 1

4 : S,. ., , ' .a . ,
. . .e u .*

*

' I %
* I s.,;42[ . '[ i.'' ir

.

d > hh & ::t?h , ~ , '
' m ,.n??. . .L.s-.M?.7 |76WJ,EPH ',

' ' * , .

'

.,
* '

.

nN-?.., . .
. .

.
.

-( ;asy 3, .. n.n m m - ; a e

.'<p , .* : I f.[1.D[M/4?iiY,*' ~ ' I
., ,

g
- ~

-

>

mw : hit;l ,.
a. . .

;,'; .%.< .

Y' - - ) .['I.b[
.

N8

|f
.-

:
.n:aanmywa.

-

[ [
1 .$ .. m} wg: n a n. g w +. w ef ,

<.7

, . 3 -
. oA ,.,. -- - y .

..
..

.

,e,,
-

. ng;.. pc q. ,, - , c . yf f 9.. .

- A..,q. 2 ,~v. c
y q:, y;: . . y< ;. ~ w e., p

,1 y $. 5. y>+ e 'v' t, Y(-3 c s . - . . t ,y 4 ,c,.
f [ j < 'si; -j :.iig .5 ' '[. L'), ,. L #id ''y, Y f r .je *.

, ' f r ..

- ? V L.
*/s

.. w : . s,r - i

\ m?t :,3%;e, p g3'?g
. , ' ? ,7.% r -

-

,.

n1% .. s

,

, .

:q ; e:i . e . s.,
' *

'

n . 4,! ' Y w,G=v
,

. : d,%s;ra;3 y, s '1 3%y
.? - W .',^. ; q

'-

~ |,;;V|[11f h(t%%Qh? ~h $ d f ?sh '~ , '
T ..

. ' * 'q
i. C ,2 5'

:. cy

wmp%eg;n,.(
i. k (, . g g- 7

v . n p' 3 ~p4y,. y af;,y g gU,,rs.,a u,;. y
, .,<

2..
.,

, ; ., s ;,, ,,.*, y n. b. . , i. ,- a y-
.

.

.,_ ~ @% f A ;m;f;p:\ >4
4, .w, j, / cy g t, ; ;7.s , y

. p
.

. . . . , ;g-4 ,g
g.: %ir . -. , . s

:. r p pi.. . w..n. 3 c

. A. L .;e y . I ~n - .c

,[fz ff,_ ':Y )g'jh. m,y,
.

. _ |, CN ' ^ p[ , ! , _ ' h ;y |!..f;2
,

4s .4. ' ~ -
>..'c,s . .- . ; ~-

- ya .
?,; a V. w^ L

g ',. y'V f d~ - 2 1

. . . }% r L .

<-
.

)n ,. p
.

.C.
.. . . . ' -M

.

!- ..

.

0 -;.j$ p
~ h ] ,

PHOTOGRAPH VII-4

DETAIL OF THERMOCOUPLE NO. 12 INSTALLATION

_ -_ _ . . _ _ . . - _ _ _ _ _ _ . _-. _ _ . - - _ _ _ _ _ _ . _ _ .



_ _ _ _ _ _ _ _ _ _ _ _ ___

1

Page No. VII-18
Report No. 45869-1

4 -

F g%q,n & ,r yp},s.-[k, M ;[' d ;tQF,, g/;y p'";..% ''' .q * . , ,' ,[.- ' y,*-.,j ' . ; '
y. _ yji. ?t'- V'**~' 4 'C

, - N5 , .7, $ D+
. yex

p . 's- .. - "- . , ' ,:<.- . . . .

y%
-

- ~ .- . . -.% 'y; 'n. . . .scN.i$y . JP .O . ..x, . ^' .'7.'f- + ,:

z. y s_| f'A - ;-f ''' j _ ,.: ' [' "$ 'i- | .. :) | A. :\ " h i T,. , "

. . . .'. , ig 3., & . . l, h ' N ' , k'" .e * "* \ , ~.. . . " . - 4 , . , f' . .m ,' . , ..; . . . f
~ '* .% ,g . ' '

, , :. :, ' ' '
,~.w

. |

t y
-n- %. .: e y -

'.4'g,'''f,v<i' h s' . .' _ .f, : =,''..}','
'

' '' . ' 19
. 3 e M.. 3 . i4R}y |-|n| +.: ; ~ ' ' . .

-
-

- ' p|
. .

%
..

_

-

. M . ;. g *
-

>
-

q
.

.4

x. . _ A .-.- > , _
- -

'3', . i

.

'

.- "...A
.

A. ._. a . ,..v... : ,4.. .. w - e >
. c ., ., e.

' . -c | . : 1. , k.
. . ' *g ' * ,-.,

"

"
y ? p$,6% % % :f' |eg . g , .7 . ;'1. s ' y,. .. , '

_v ? ~ (q #,.

,n

:,, .. I\ ^-
-

,.'. .,. ', .}i
' # :

'
- ? '

b''..,: ( ,2.,, .*'..% , . z- e,M h n q .. ...'.,,e - .*
- x : :. - r . .. - - ;- ->

.

. .i .!. .,. s. +- . . 6. ' =' fW @, %. +fy fA,F,s*s.tya. ? ".. +,, : . ..
, ' .

y , ..J . ;f .,'{.'.e ,h,.)
. ..v.-- :

* '. '..,wn; ,
-

,. J , . . - 1. ., ?
4 .J . -

=..:.,..N,- ...f c = . s ; : .$f'6
D ' p. m'- + .. ' . . . , , - [ ;.;A. ,4.

s ., ' /. 9 -
,- s e

g -

.;
- .

i 4
"

* <
.u -

yy ** [.r, t'.
.-~>

~ % ' * y ,:.g -e. ;._ .. - . 1

4 '? i .a. % * . ,, - .| - n '. . . , . ~ , ~ '% 7, j , -
a..' ~, . ~y 3: +

, 4g ;N . . pj f.y.' *|^[, gt.-Q '

. ,,;q . ,

, .rw..k< 4 . 4w
. < ' . :. ; s: , . . .- . . .

.- , f. 3.3 w . ' | : -' c -
1 o,. 4 . .e !.. j , .| . . , ..

a
.-- .es w , .c y*

.

J- ~
,.

, _ %[* g -a.q , , . ; ; f,, , _ ,. }~V . ;f''i;}z , ..

gg.;,a .a. w ..D.. .V .- :
g N .

<
,;.'

s .- .*e-- '- ,. ' . a" , .#-
''

--1 .,-r,.
-

,
-

r.. . - > :
s

:.ppy: :- . u., . |. . : :;

. y 4. ..
t 1 : x .-.= x u .o., .e ..

4h . . 2 . [ ., ,;
. .{ ..

. . .. ..

.' ' / ., -
,

'

.

,.,
.

p p ,_ ,[ ^ .c

,. ~ . .

" ^..' - .?q -

' ~

_

e . 'y * -|! .
- '?' j f ,|-

'
_

-g '

M+ s. . . W. ;z(
, S eb- NfD' .-tb'

.
.

- *N" . . ,
,

aa :
$ ., .(

V
'

-

2 ,

: p . .
n

_

.
,- -

. . . . . N- .- . .N, -.. g -

. . <

... N AM&;p..Nw
. .,

p-.
-

yi (o
pg@n -

.

. p e s
.

_qy%y. ./ . .: ;Q : . 4 W42Wg2WJ c. . ~ 4 4j
%9 $ w . s w.e ,..

i - . . ;Q
'

''

.|(g . ..%

. , , .

: i ?~
.

. y....-. .

.
- (. ys1. '( |g y*f

%
.

y3ifj -

f_ .
,

i:-4g?:" ::+s4a ,* g g+,. _;.- [ g .,j..:w mum w+.a. .-

7 y;; , n.pyy; ,g QQ..
._

n f4 , c 9y3+. p,y,.g:r;.;. m
g x%'(m .-w* ' w^w.<wg u a sg.my p,.

Wh W_;. y ;i13-u,O
;+a

yR , .y
.

-

f b ddm.S* '+ "s r up . . .,.n. m+:., m X , 4:m M J W y ,' a
'

#

G 4 PM..L;.
ap a .y x1 cm:

w ? w @i: 7;.;Q H ;%. . . . % .p:a, ~m
p=w

y . -

.. .u.

f. f'^" Jh , v7
wj. c,. m. .- " , . ,s

,: mL; ,,3. ' J: ,
--

p -A, :-+
%3y9..M %%; -, ,~ y. y%g. 55 L +$ h:gg %r' |>, .- -

h"
. ' Mq , . Q *a

. m > 7,,y g ,j g. -yu y pp aw :p g
n. n... ,. . n- . v s . .a ~ ... +:n . www~

. ,c:
, .w ,

I 'y
+k ~ ?? sf;;m| ; Y} 4 ' g, ;g i |

r . . :4cw 2

- y ~t %~ . ,

e
1

|

PHOTOGRAPH VII-5
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WYlf M (Eastem Operations)

NOTICE OF ANOMALY 3- 9-82

3 8828.05-3PM N/ANOTICE NO: P.O. NUMBER: CONTRACT NO:

Duke Power Company 45869CUSTOMER: WYLE JOB NO: 3

Paul McBrideNOTIFICATION MADE TO: NOTIFICATION DATE:

H. Smith VerbalNOTIFICATION M ADE BY: y,g

CATEGORY: O SPECIMEN O PROCEDURE O TEST EQUIPMENT ANOMALY-
~

LOCA SystemPART NAME: P ART NO.

LOCA !^TEST. 1.D. N O.

WLTP 543/6124-2/DK, Rev. BSPECIFICATION: ***' * *
PAR A. NO.

REQUIREMENTS:

The environment chamber shall be initially heated to 120*F using heated forced air.
The first steam transient shall be from 120*F to 340*F in 10 seconds.

DESCRIPTION OF ANOMALY: --

The chamber air temperature was approximately 200'F just prior to initiation of
the first temperature transient (340' in 10 seconds) and not 120*F.

I

i

DISPOSITION COMMENTS . RECOMMENDATIONS:'

|

The higher than specified temperature was due to slight leakage into the chamber i

through the exhaust system valves which were apparently subjected to a back
pressure from the superheat bypass flow connected to common exhaust piping. Con-
sequently, the 340*F ramp was initiated at 200*F and not 120*F. By extrapolating
the ramp data back to 120'F, the ramp time from 120*F to 340'F was 8 seconds,
well below the required time of 10 seconds.

VERIFICATION: PROJECT ENGIN EER: A ^

TEST WITNESS: PROJECT MANAGER:-

INTERDEPARTMENTAL M
REPRESENTING. COORDINATION:

-

QUALITY ASSURANCE I
F

WRE Form WM 1066. Rev. Jan. $1
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WTlf M (Eastern Operations)

^''
NOTICE OF ANOMALY 3-29-82

NOTICE NO: 4 P.O. NU M B ER: 8828.05-3PM CONTRACT NO: N/A

CUSTOMER: Duke Power Company WYLE JOB NO: 45869

NOTIFICATION MADE TO: Paul McBride NOTIFICATION DATE: 3-24-82

NOTIFICATION M ADE BY: H. Smith VIA: Verbal

DATE OF
CATEGOR): O SPECIMEN OPROCEDURE G TEST EOUIPMENT ANOMALY. 3-24-82

PART N AM E: LOCA System PART NO. N/A

TEST: LOCA 1.D. NO. N/A

SPECIFICATION: WLTP 543/6124-2/DK, Rev. B PARA. NO. 3.8.11

REOUIREMENTS:

The chamber shall be maintained at a saturation condition of 250*F and 15 psig
beginning at 120 minutes into the LOCA Test.

DESCRIPTION OF ANOMALY:

At approximately 120 minutes into the LOCA Test, the chamber pressure decayed
from 15 psig to zero over a 19-minute period and chamber air temperature
decayed to 210*F.

DISPOSITION COMMENTS. RECOMMENDATIONS:

The problem was due to improper wiring of the saturation system inlet solenoid
valves. The wiring error was corrected, steam flow initiated, and chamber condi-
tions brought within specification. The internal chamber metal temperatures and
specimen metal temperatures dropped a maximum of 5 degrees, indicating minimal
thermal changes to the specimen during the 19-minute period.

The test was continued with Customer concurrence.

A IVERIFICATION: PROJECT ENGINEER: - e

~
VEST WITNESS: PROJECT M ANAGER:

INTERDEPARTMENTAL,,,._

REPRESENTING: COORDINATION: .

OUALITY ASSURANCE:
- ^^

/
W7LE Form WM 1064. Rev. Jea. 41

1 1Page of

.. . _ _ _ . - - - . _ . _ _ _ . - - _ . - _ _ - . _ _ _ _ _ .__ _ _ - __ _. _ _
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WVE N (Eastom Operations)

ATE:NOTICE OF ANOMALY 4-12-82

NOTICE NO: 5 P.O. N UM B ER: 8828.05-3PM CONTRACT NO: N/A

CUSTOMER: Duke Power Company WYLE JOB NO: 45869

NOTIFICATION MADE TO: J. Tannery NOTIFICATION DATE: 3-24-82

NOTIFICATION MADE BY: H. Smith VerbalVIA:

DATE OF
3-24-82CATEGORY: USPECIMEN OPROCEDURE O TEST EOUIPMENT ANOMALY.

Module D ~~~
PART N AME: PART NO.

Insulation Resistance ~ ~ ~ ~TEST: I.D. NO.

SPECIFICATION: WLTP 543/6124-2/DK, Rev. B PARA. NO. 3 * 7 * 2

REOUIREM ENTS:

The insulation resistance (I.R.) of each conductor and all other conductors tied
to ground shall be 100 megohms or greater at an applied voltage of 500 VDC.

DESCRIPTION OF ANOMALY:

Just prior to the start of the LOCA test, Conductor No. 4 of Module D had an I.R.
of 2.2x107 ohms at 500 volts DC.

DISPOSITION COMMENTS . RECOMMENDATIONS:

Per Customer direction, no changes were made and the LOCA test was initiated.

VERIFICATION: PROJECT ENGINEER: M A

TEST WITN ESS: PROJECT M AN AGER:
INTERDEPARTMENTA #

REPRESENTING: COORDINATION:

OUALITY ASSURANCE: th ,-

/
WYLE Form WM 1066. Ites. Jan. 81

1 1Page of

I
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WVII N (Eastem Operations)

^ ' ' '
NOTICE OF ANOMALY 4-13-82i

6 P.O. N U M B ER: 8828.05-3PM CONTRACT NO: N/ANOTICE NO:

45869CUSTOMER: Duke Power Company WYLE JOB NO:

NOTIFICATION M ADE TO- J. Tannery NOTIFICATION DATE: See Below*

NOTIFICATION MADE BY: H. Smith Verbal and TeleconVIA:

DATE OF See BelowCATEGORY: T SPECIMEN O PROCEDURE O TEST EQUlPMENT ANOMALY.

Modules C, E, L ~~

PART N AME: PART NO.

Electrical Functional during LOCA ---

1.D. NO.TEST:

WLTP 543/6124-2/DK *4*SPECIFICATION: PARA. NO.

REQUIREMENTS:

Electrical circuit integrity shall be maintained during and after the LOCA test.
Leakage current shall be monitored with a 0.5 amp fuse.

DESCRIPTION OF ANOMALY:

The following conductors exhibited leakage current in excess of 0.5 amp (blew 0.5
amp fuse) during the LOCA test:

*

' ' ~ Time, after' start Date of Date of

Module Conductor of LOCA, Hours Anomaly 'Jotification

L 9 27 3-25-82 3-25-82

L 8 45 3-26-82 3-26-82

E 1 94 3-28-82 3-28-82
C 3 142 3-30-82 3-30-82

E 6 167 3-31-82 3-31-82

DISPOSITION COMMENTS RECOMMENDATIONS:

All of the above conductors were jumpered out of the circuits when the fuses were
found blown and power was then reapplied to the remaining conductors of the
affected modules. At the completion of LOCA testing and after the LOCA chamber
had cooled to ambient conditions, the leakage current was less than 0.5 amp. A

post-test circuit investigation was inconclusive in precisely locating the current
leakage. It is not presently known if the current leakage was loca':ed in the
penetration unit, which is the test specimen, or in the cabling used to complete
the circuit in the LOCA chamber. Power was restored to some of the above circuits
periodically during the test.

Further analysis and tests are planned to determine if the current leakage was in
the penetration unit or the cables, or both.

VERIFICATION: PROJECT ENGINEER: A e

TEST WITN ESS: PROJECT MAN AG ER:-

INTERDEPARTMENTAL / /
-

REPRESENTING: COORDINATION:
_

OUALITY ASSURANCE M h -

K
WFLE Form WM 1004. Rev. Jan. 41

1 1Page of

, . .-. _. _ _ - _ _ _ _
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|
| TAbil VII-1. MODUIE C E!JXNHICAL DATA DURING ACCIDENT TEST

1

6-

INSU!ATION RESISTANCE, OIMS

TIME, FleOM START OF STEAM RAMP

ZERO 40 MIN. 2 1600RS 8 HOURS 16 HOURS 24 IBOURS 48 HOURS 58 IBOURS 72 IiOURS % HOURS L 20 Il0URS 144 HOURS 168 IKXJHS 192 HOURS
CONIAJCTOR 300 F 2500r 2500r 250W 2504 250 F 228 F 2284 2284 2284 2284 228*r 700F0 0 0

3-24 3-24 3-24 1-24 3-25 3-25 3-26 3-26 3-27 3-28 3-29 3-30 1-11 4-1

9 8 7
1 7.0x10 5.0x!O 9,oggo 1.4x10 1.3x10 1.2x10 4.5x10 4.5xlO 1.2x10 2.0x10 1.8x10 1.7X10 1.8x10 4.5x10

7
2 H.6x10 1.3x10 1.0x!O 1.3x10 1.0x10 7.5x10 3.0x10 2.6x10 3.0x10 1.8x10 1.5x10 1.5x10 8.6x10 3.5x10

8 II
3 1.0x10 2.0x10 1.5x10 1.6x10 4.0x10 2.OX10 4.0x10 3.5x!O 1.8x10 1.6x10 1.5xlO 1.9x10 3.OX10 9.8x10 ,,

*5Ee
N if
fIIIGH Pt TENTIAL 1KST, MICH WEPS

H

I 485 490 675 2300 700 700 700 700 700 700 700 5000 750 430 $; 8;'

2 600 510 700 750 700 700 700 700 _ 700 700 700 5000 725 450 $

3 t,00 510 675 800 680 700 700 700 700 3200 700 5000 5000 435 e

.

(1) Uluw .5 emp fuse at approximately 142 hours. Removed Conductor No. 3 from circuit.

(2) blew .5 amp fuse when Conductor 3 was placed back in circuit. Replaced fuses blew 23 minutes later. Removed conductor
trosa circuit.

( 3) Splieu on Wire No. 3 (located between test table and inboard side of chamber) had water drippiruj at splice.

.- . . . . . .. - - -~
_
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table VII-IV. Mc MXJil: F ELitTRICAL DATA IXJR7NG IDCA TEST

INSULATION RESISTANCE, OletS

TIME, FitOM START OF STEAM RAMP

16HODRS])4ilOURS48 IBOURS 58 HOURS 72 HOURS % HOURS L 20 IKXJk.s 144 HOURS 168 HOURS 192 ItuukS
ZERO 40 MIN. 2 HOURS 8 ilOURS

Cot 00CMR jogoF 2500P 2504 2504 '250 r 250 4 2284 2284 2284 2284 2284 228 r 700r
0 03-24 3-24 3-24 3-24 3-25 3-25 3-26 3-26 3-27 3-28 3-29 3-30 3-11 4-1

1 1.8X10' l.3XIO 1.2X10 1.3X10 7.4X10 2.0X10 6.4X10 1.2X10 1.2X10 2.4X10 4.5X10 5 or10 3.4y,g $_g,,g
6 6 7

6 6 0 6 72 5.0X10 5.8X10 6.7Xio 5.0X10 5.0X10 1.8X10 3.0X10 1.7X10 1.8X10 1.0X10 1.6X10 3.0X10 1.OX10 4.0x10
3 2.0Xio 1.5XIO 1.2X10 5.2X10 5.8X10 9.OXIO 1.1X10 1.4X10 8.4X10 7.6X10 6.6X10 8.6X10 6.2X10 2.4x10 e

a s
E-
=4

, HIGH I4yrkNTIAL, M1 IROAMPS
_ g

_
1 350 365 370 390 370 420 460 650 650 900 900 1100 1400 _

390 0
2 J2L 385 400 420 410 600 800 1000 950 1200 5000 950 1800 650 M

i _ }70 385 400 420 410 500 460 700 850 700 700 600 600 360

3
'



| TAh!.E Vil-V. M(4x11.E E E!JX?THICAL DATA DUNING IDCA TEST

INSUIATION RESISTATE, OttMS W 500 VDC

--.

TIME, FROM START OF SSEAM RAMP

ZERO 40 HIN. 2 11003S 8 Il0URS 16 1800RS 24 tiOURS 48 HOURS $8 it00RS 72 Il00RS 96 Il0URS 120 llOUR5 144 HOURS 168 it00HS 192 stouksCotaxK".IUH 100 4 250W 2504 2504 250% 2504 228 4 2284 220 F 2284 2284 228 F 70 40
1-24 3-24 1-24 3-24 3-25 3-25 3-26 3-26 3-27 3-28 3-29 3-30 3-31 4-1

i Loxio M X.10_7_L6x10 1.2x10 1.5x10 IJX10 9.0xlO M x10 2.4x10 1.4x10 1.6x1D__ 1.2x10 1_6x10 5_HX10
9 7 7 6 6 5* 5* 5* 5* 5* 5* 5* 6

2 4.5x10 6.0x10 4.0x10 2.6x10 1.5x10 ~ 8.0x10 2.6xlO 1.2x10 1.tx10 2.OX10 3.0x10 2.2x10 2.0x10 6.6X10 e2
9 7 7 7 7 6 4 6 5* 5* 5* 5* 5* 6 '8 **3 2.8x10 6.2x10 4.5x10 2.7x10 1.8x10 <.5x10 <5.0x10 2.1x10 2.6x10 1.8x10 1.4x10 2.2x10 1.8x10 8.8x10
9 7 7 7 7 O 58 5* 58 5r 5* 5* 5* 6 5 14 4.OX10 6.0x10 2.8x10 1.5x10 2.1x10 <.5x10 1.8x10 4.5x10 2.2x10 2.4x10 2.2x10 1.9x10 2.2x10 5.4x10 g.

# # # # # # # # D 6 6
5 4.0x10 5.8x10 4.0x10 4.0x10 2.3x10 2.0x10 1.0x10 1.0x10 1.1x10 2.6x10 2.0x10 1.3x10 6.0x10 2.4x10 "d |

70 0 7 6 6 6 ,,, f 3,$xgo6 4.0XIO LDX10_ 1 0x10 3.5x10 2.0x10 < 5x10 < 5. 0x l M 6.Hx10 t_1x10 2 4x10 J.5x10 j _ ,,,3 g i_

9 8 7 7 7 6 58 5* 4* 6 5* 5* 5* 7 e7 4.0x10 1.1x10 5.0x10 4.5x10 2.4x10 < 5x10 3.0x10 1.4x10 5.6x!O 1.0x10 8.2x10 4.Ox10 <.0x10 1.1x)O e.

6 *
8 4.2x!O 6.0x10 4.0x10 2.0x10 t.8x10 8.0x10 5.6x10 4.0x10 1.OX10 4.0x10 3.5x10 2.6x10 2.exl0 6.2x10

9 4.0x10 8.Ox10 4.0x10 4.0x10 2.Ox10 1.9x10 1.4XIO 1.1x10 1.0x10 2.4x10 5.OX10 2.8x10 1.7x10 2.8x10

10 3.5x10' l.2x10 1.0x10 7.0x10 1.5x10 2.4x10 1.5x10 3.0x10 1.8x10 1.5x10 1.0x10 1.1x10 2.6x10 4.OX106

*
11 2.6x10 5.6x10 4.OX10 4.0x10 1.6x10 2.1x10 1.0x10 7.6xlO 8.2x10 4.0x10 2.0x10 7.4x10 4.5x10 ~ 1.2x10

9 7 7 T 7 6 6 6 5* 5 5* 5* $* 612 1.0x10 5.0XIO 2.6x10 1.4x10 1.OX10 4.5x10 2.4x10 1.4x10 4.0x10 6.8x10 7.0x10 2.6x10 3.5x10 5.6x10
6 6 6 6 6 * #13 3.0x10 5.4xlO 4.OxlO 2.4x10 1.8x10 1.5x10 8.2x10 8.6x10 4.5x10 1.8x10 2.0x10 4.5x10 4.0XIO 1.0x10

9' 7 T 7 F f 6 C 6- 5 6 5* 5*- 614 3.0x10 5.0x10 2.5x10 2.Ox10 2.1xlu 5.6x10 3.5x10 1.2x10 2.2x10 d.6x10 1.0x10 3.5x10 4.5x10 4.5x10

*At 100 VDC.
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.

tab 1E VII-VI . '900U1E 1. EIJETHICAL DATA DURING IDCA TEST

INSUIATION RESISTANCE, OHMS 9 500 VDC

TIME, FROM START or STEAM RAMP

ZERO 40 MIN. 2 IlOURS 8 llOURS 16 HOURS 24 IfOURS 48 HOURS 58 ilOURS 72 HOURS % HOURS L20Il0URS 144 af00RS 168 liOURS 192 IM RSCONIXX; TOR 300 y 250or 2$0 r 2500r 250 r 250% 228 r 2284 228 F 2280r 2284 228 r 700r0 0 0
3-24 3-24 3-24 3-24 3-25 3-25 3-26 3-26 3-27 3-28 3-29 3-30 3-11 4-1

1 1.9x10 5.0x10 1.OX10 9.2x10 9.0x10 8.6x10 7.HX10 4.0x10 4.0x10 4.0x10 5.0x10 5.0x10 _W10 3.0x10
0 O2 3.0x10 5.0x10 1.3x10 2 OxlO 1.8x10 1.7xio 1.5x10 7.8x10 6.0x10 f.5x10 1.6x10 6.8x10 n 6x10 1.0x10

8 8 03 4.Cx10 5.0x10 8.0x10 2.8x10 1.6x10 1.3x10 1.0x10 5.4x10 2.8x10 2.6x10 4.0x10 5.0x10 3.5x10 3.5x10 >s

jj04 6.3xlO 5.OX10 1.1xlO 1.7X10 1.5xt0 1.tx10 ').0x10 5.8x10 4.5x10 4.5x10 6.0x10 5.6x10 6.2x10 8.2x10
8

5 4.0x10 3.5x10 5.0x10 1.3x10 5.0x10 4.5x10 1.8xlG 1.9x10 1.6x10 1.4x10 1.6x10 2.4x10 2.2x10 1.1Xlo E

f*8 06 3.0x10 4.5x10 1.2x10 1.0x10 1.3xlO 9.8x!O o.0xlO 2.2x10 2.4x10 2.0x!O 4.0xlO 2.4x10 2.4x10 1.0x10
7 9.2x10 5.ox10 1.3x10 6x1t, 1.4x10 1.1x10 6.8x10 3.0x10 3.0x10 2.8x10 1.5x10 4.5x10 4.5x!q 8.6x10' N
8 1.8x10 1.5x10" 5.0x10 1.4x10" 2.0x10 1.1x10 SX10 (2,1) --- --- --- --- 1.0xlO 6.8xlO <5.0x10

D 6 D 6W I I'

9 2.0x10 6.4x10 1.8x10 1.1x10 7.8x10 1.5x10II) --- --- --- --- --- 1.0x10 I* '5.8x104(2) "(5.0x10
I 8 7 7 7 7 #

1 0x10 ' l$1d E 2x10 3.0x10 7,4xyg Lgg,g Lgy,g 1_6xin 1 m n'' 7 7 7 7 1.5x1010 1.2xin t_7xin 1.1rin i_avin
0 1.5x1[ 7 5.4xlO11 2.2x10 3.5x10 7.0x10 3.1x10 4.5x10 4_5x10 A6x10 1.4x10 1.7x10 1_1x10 2.2x10 1.6x10

10 O 6 6 612 10x!O 1.0x!O 7.OxlO 9.6x10 1.6x10 2.2x10 1.8xln 1.2x10 9.2x10 7.8x10 1.0x10 _ft.6x10 8.8x10 2.6x10

. - - -

N(yrl .3: (1) blew .5 amp fuse at approximately 25.5 liours, removed frca circuit.
(2) IR measured at 100 volta, DC.
(3) ' Blew .5 amp fuse at approximately 34 hours, reaksved from circuit.
(4) Replaced cosaductor back in circuit.
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TEMPERATURE THERMOCOUPLE NO. 15
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CHAMBER AIR TEMPERATURE
THERMCOUPLE NO. 18

(CilAMBER AIR TEMPERATURI:, 6" FROM CENTERLINE FHOf4T OP JUNCTIOt3 BOX)
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CHAMBER AIR TEMPERATURE
THERMCOUPLE NO. 19

J

(CilAtibER AIR TEMPERATURE, 6" FROM CEPTI'ERLitJE SIDE OF JUtJCTIOr4 BOX, RIGHT SIDE
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! CHAMBER AIR TEMPERATURE
THERMCOUPLE NO. 19
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CHAMBER AIR TEMPERATURE
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PAGE NO. VIII-l

TEST REPORT NO. 45869-1

SECTION VIII

POST-TEST INSPECTION

Most of the planned post-test inspection was not conducted at the
end of the 7-day Accident Test. Due to some of the conductors
exhibiting leakage current in excess of 0.5 amps during the 7-day
test, Duke Power directed that the modules be subjected to another
7-day Accident Test before disconnecting the couplings and making
a detailed inspection. Post-test inspection results are reported
in Volume II.

WYLE LABOftATORIES
Huntsville Facility
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TEST REPORT NO. 45869-1

SECTION IX

WYLE LABORATORIES' QUALIFICATION PROCEDURES NO. 543/6124-2/DK,

REVISION B, DATED 3/17/82, AND REVISION C, DATED 4/26/82

The Wyle Test Procedures used to conduct this program are presented
in Appendices IX-I and IX-II. The Revision B procedure was used to
conduct all programs as shown in Volume I and the Revision C
procedure was used to conduct all the programs shown in Volume II,
which was the Extended Accident Test and Extensive Post-Test
Analysis Program.

WYLE a mannaTDftlES
Huntsville Facility
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1.
,

APPENDIX IX-I

WYLE LABORATORIES' TEST PROCEDURE NO. 543/6124-2/DK, REVISION B

WYLE a mannaTOMES
Huntswile FacHity
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PAGE NO. 2

TEST PROCEDURE NO. 543/6124-2/DK

Revision A

1.0 SCOPE

This document has been prepared by Wyle Laboratories for the Duke
Power Company and encompasses specific equipment, electric penetra-
tions, manufactured by D. G. O'Brien, Inc., for use in McGuire
Nuclear Power Generating Station.

1.1 Objecti y

The purpose of this procedure is to present the requirements, proce-
dures, and sequence to test the electric penetrations for use in
the McGuire Nuclear Power Generating Station.

1.2 Applicable Qualification Standards, Specifications, and Documents

1.2.1 Duke Power Company Specification No. MCS-1393.Ol-00-0003, July 23,
1981, Revision 1. ({}

1.2.2 IEEE 323-1971, "IEEE Standard for Qualifying Class lE Equipment for
Nuclear Power Generating Stations."

1.2.3 IEEE 317-1972, "IEEE Standard for Electric Penetration Assemblies in
Containment Structures for Nuclear Power Generating Stations."

1.2.4 ANSI N45.2.2-1972, " Packaging, Shipping, Receiving, Storage, and
Handling of Items for Nuclear Power Plants."

1.2.5 Duke Power Co. MCM 1361.00-0016, " Low Voltage Penetration Instruc-
tion Manual."

1.2.6 Duke Power Co. MCM 1361.00-0017, " Instrumentation Penetration
Instruction Manual."

1.2.7 Duke Power Co. CNM 1361.00-0010, " Low Voltage Penetration Instruc-
tion Manual."

1.2.8 Duke Power Co. CNM 1361.00-0011, " Instrument Penetration Instruc-
tion Manual."

1.2.9 Duke Po=er Co. IP-MCP-001, " Test Assembly Installation Sequence." ([)
1.2.10 Wyle Laboratories Quotation N3 543/6124-2/DK.

1.3 Equipment Descriptien

The test specimens to be supplied by Duke Pcwer Company shall consist
of the six (6) modules listed in Table 1, plus the plugs and cables
connected to each end of the modules. Duke Pcwer Company shall also
provide the penetration mounting, the wall mockup, and all dummy
mountings and modules for the Chamber Calibration Test and Accident,

Test.

WYLE LA8 ORATORIES 'M 450 * *t M
m ntsv uo aacihtyu
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TEST PROCEDURE NO. 543/6124-2-DK
Revision A

1.0 SCOPE (Continued)

1.4 Qualification Sequence,

Qualification shall be performed in the following sequence:

o Receiving Inspection

o Thermal Aging

o Assemble Plug Kits onto Cables; Perform Baseline Test ([)
o Radiation Exposure

o Functional Tests ([)
o Assembly of Remaining Components by Duke Power at Wyle ([)

Laboratories

o Baseline Functional Tests
o Accident Test

o Functional Tests

o Post-Test Inspection

2.0 QUALIFICATION REQUIREME: TIS

The test specification includes any required margins. (3)

2.1 Normal Service Conditions

The following design environmental conditions inside containment
for normal op; ration are as .pecified by Duke Power Company.

Temperature: 120*F-

- Pressure: 0 to 3 psig
- Humidity: 65-80%

4
- Radiation: 2 x 10 rads (40-year integrated

exposure)

The folicwing design environmental conditions in the annulus between
the steel containment vessel and the concrete Reactor Building are
as specified by Duke Power Company.

- Temperature: 98*T
- Pressure: Atmospheric
- Humidity: 65-80%

4
Radiation: 2 x 10 rads (40-year integrated-

exposure)

WYLE LABORATORIES * * 2 4' *f to
Hunt $wei'O F ACalsty
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TEST PROCEDURE NO. $43/6124-2/0K

2.0 QUALIFICATION FIQUIREMENTS (Continued)

2.2 Accident and Post-Accident Service Conditions

The following design environmental conditions inside containment
during and after the postulated Design Basis Event (Loss of Coolant
Accident or Main Steam Line* Break) are as specified by Duke Power
Company.

- Temperature: 340*F (Peak)
- Pressure: 15 psig (Peak)

Humidity: 100%-

8
Radiation: 2 x 10 rads (1-year integrated-

exposure)
Chemical Spray:-

First 30 Min: Boron - 2,100 ppm
NaOH - O
pH - a5

Thereafter: Boron - 1,922 ppm
NaCH - As required for pH
pH - 6-10

Figure 1 shows the temperature / pressure / time profile inside contain-
ment as specified by Duke Power Company.

The following design environmental conditions in the annulus between
the steel containment vessel and the concrete Reactor Building are
as specified by Duke Power Company.

- Temperature: 142*F (Peak)
- Pressure: Minus 0.5 inches H O to plus

2
0.5 inches H O

2
- Humidity: 65-80% g
- Radiation: 1.5 x 10 rads (1-year integrated

exposure)

Figure 2 shows the temperature / pressure / time profile in the annulus
as specified by Duke Power Ccmpany.

2.3 Other Service Conditions

Table 3 shows the 60-hertz voltage and current requirements for tue
conductors of the six (6) modules as specified by Duke Power Company.

WYLE LA80RATORIES '08" '05* 2 a" Oct 7'
MuntswHe Facihty
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TEST PROCEDURE NO. 543/6124-2/0K

2.0 QUALIFICATION FIQUIREMENTS (Continued)

2.4 Safety-Related Functions

The safety classification of this equipment is Class LE. The subject
equipment provides essential services in support of emergency reactor
shutdown, containment isolation, reactor core cooling, and contain-
ment and reactor heat removal, or is otherwise essential in provid-
ing support to prevent significant release of radioactive material
to the environment. The safety-related functions are described in
the following paragraphs.

2.4.1 Description

The electrical penetration assemblies specified will be used to per-
form various electrical functions inside the reactor containment
structure.

2.4.2 Acceptance Criteria

The test specimens shall be considered to have met the criteria of
this test specification if they complete the test sequance and still
maintain circuit integrity. Circuit integrity shall be indicated by
the test specimen being capable of maintaining the required voltage
and/or current specified in Table 3.

2.5 Safety-Related Components

All components in the subject equipment are assumed to be safety
related.

3.0 QUALIFICATION TEST PRCGRAM

3.1 Receiving Inspection

An inspection shall be performed upon receipt of the test specimen
components at the test facility. This inspection shall assure that
the equipment received is as described in Paragraph 1.3. Applicable
series, model, part, and/or serial numbers shall be verfied. Speci-
mens shall be labeled, as deemed necessary by the Project Engineer,
to facilitate identification of the specimens during all phases of
the qualification program. The results of the inspection (specimen
identification, quantities, configurations, etc.) shall be recorded.
Photographs shall be taken of the test specimen components.

WYLE LABORATORIES * 1054 7 %, oct 79
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TEST PROCEDURE NO. 543/6124-2/DK

Revision A

3.0 QUALIFICATION TEST PROGRAM (Continued)

3.2 Thermal Aging

The desired life of the subject equipment is 40 years. The test speci-
men components shall be thermally aged in two (2) thermal chambers for
the times and temperatures in Table 2 as specified by Duke Power
Company. The thermal aging temperature shall be recorded continu-
ously. The relative humidity shall be uncontrolled and shall not be
monitored. The thermal aging chambers shall be opened briefly as
required to remove test specimens after their respective thermal
aging times. Photographs shall be taken of the thermal aging test
setup before and after thermal aging.

3.3 Visual Inspection

The test specimen components shall be visually inspected. This inspec-
tion shall assure that the components have no obvious visible damage.
Photographs shall be taken of the test specimen components.

Duke Power Company persennel shall then assemble the plug kits, and ([)perform the Baseline Tests (3.7.2 and 3.7.3) on the plug kits, cables
and penetration. All other components shall be visually inspected.
(Reference 1.2.5 through 1.2.9.)

3.4 Radiation Exposure
.

The test specimeg components shall be exposed to a total integrated
dose of 2.0 x 10 rads gamma, air equivalent, minimum, using a Cobalt
60 source, at a dose rate not to exceed 1.0 x 10 rads per hour as
specified by Duke Power Company. This is the ccmbined normal and
accident dose.

3.5 Functional Tests @
The test specimen components shall be visually inspected. This inspec-
tion shall assure that the components have no cbvious visible damage.
Photographs shall be taken of the test specimen components. The plug
kits, cables and penetrations shall be checked for baseline data (3.7.2
and 3. 7. 3) .

3.6 Assembly of Components

Duke Power Company shall assemble and label the remaining components ([)
at Wyle Laborateries, using the procedures of references 1.2.5 through
1.2.9 as apprcpriate.

3.7 Baseline Functional Test

The following Baseline Functional Tests shall be performed on the
assembled medules before they are installed in the penetration mcunting
and wall =cekup.

WYLE I.ABORATORIES F0*M '05* 2 "" Oc' T1
Munt5vdle Facility
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TEST PROCEDURE NO. 543/6124-2/DK

Revision B

3.0 QUALIFICATION TEST PROGRAM (Continued)

3.7.1 Visual Inspection

The modules shall be visually inspected. This inspection shall assure
that the modules have no obvious visible damage and are labeled pro-
perly. A photograph shall be taken of the assembled modules.

3.7.2 Insulation Resistance

Insulation resistance shall be measured between each conductor and all
other conductors tied to ground at 500 VDC as indicated on Figure 4.
If the I.R. is less than the minimum scale reading at 500 VDC, then
the I.R. shall be measured at 100 VDC. The I.R. of modules C, D, E,
and F shall be 100 megohms or greater. The I.R. of modules K and L
shall be 10 megohms or greater. Duke Power Company shall be noti-
fled of any I.R. readings below these values.

3.7.3 Continuity

All circuits shall be checked for electrical continuity using an
ohmmeter or equivalent.

3.8 Accident Test

3.8.1 Mounting

The test specimen modules shall be installed in the penetration mount-
ing installed in the wall mockup at Wyle Laboratories by Duke Power
Company. Photographs shall be taken of the assembly.

3.8.2 Thermocouple Installation
B '

Thermocouples shall be attached to the test specimen assembly per
Table 4 or as specified by Duke Power Company. These thermocouples
shall be commercially available probes or shall be field-fabricated
and shall be welded or strapped in place.

3.8.3 Wall Mockup Installation

The wall mockup shall be attached to an environmental chamber sinilar
to that shown in Figure 3, and the test specimen armored cables and
thermocouple leads shall be run through chamber penetrations and
sealed per Wyle Laboratories' standard practice.

.

WYLE LABORATORIES *'*#"'*"
Huntsviele Facihty
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Revision B

3.0 CUALIFICATICN TEST PRCCRAM (Continued)

3.8.4 Steam Environmental Chamber

An environmental chamber similar to the steam environment charter
shown in Figure 3 shall be used for the Accident Test. The wall
mockup shall bolt to this environmental chamber and shall seal the

chamber. Penetrations for six (6) cables and twenty-five (25)
thermocouple wires shall be provided at the opposite end of the
chamber from the wall mockup. Superheated steam and/or saturated
steam, as required, shall be introduced into the chamber from the
end of the chamber opposite the wall mockup. A manifold shall
distribute this steam evenly across the end of the chamber.
Chemical spray nozzles shall be provided along the top of the
chamber. A chamber drain shall be provided at the bottom of the
chamber.

3.8.4.1 Chamber Temperature Control
.

The chamber temperature, for control purposes, shall be the average
of three (3) thermocouples located within 6 inches of the surface ({)
of the test specimen. These shall be ther=ocouples 13, 19, and 3
20 per Table 4.

The environment chamber shall be initially heated to 120*F, using
heated forced air. Superheated steam shall be used during the B
first temperature transient (120*F to 340*F). Saturated stean
shall be used thereafter to maintain the chamber temperature.
Chamber temperature reductions shall be at the chamber thor =al
recovery rate or slower (by the addition of saturated steam) .

3.8.4.2 Chamber Pressure Control

The chamber pressure shall be monitored with a pressure gauge and
a pressure transducer. Filtered, regulated house air shall be
provided to maintain the chamber pressure, as required, after the
initial temperature / pressure transient.

3.9.5 Annulus Mockup

An environmental chamber shall be erected to surrcund the penetra-
tion mounting and wall mockup. This chamber shall be equipped with
heating and/or cooling, as required, to maintain the annulus tem-
peratures specified in Figure 2. Cables supplied by Duke Power
Company shall run frem the electric penetration test specimen
through the environmental chamber wall to a junction panel located
outside of the environmental chamber.

WYLE LA80RATORIES * *7*'*M
MuftfSvette Facdoty
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3.0 QUALIFICATICN "'EST PROGRAM (Continued)

3.8.6 Test Specimen Energization

The conductors of modules C, D, E, F, and L shall be wired in series
as required to form six (6) current loops. Each loop shall be inde-
pendently energized to the vo'1tage and current specified in Table 3,
using the polarization voltage method as shown in Figure 5. The
conductors of module K shall be connected together and energized
to 120 VAC. B

3.8.7 Test Specimen Instrumentation
3

The chamber pressure and the thermocouples designated in Table 4 as
numbers 2, 6, 10, 18, 19, and 20 shall be recorded on a datalogger
at the following sample rates:

1 sample /second for the first 5 min.
I sample / minute from T = 5 min. to T = 150 min.
1 sample /15 minutes from T = 150 min. to T = 60 hrs.

I sample / hour from T = 60 hrs. until T = 7 days

The voltage and current at modules C, D, E, F, and L: the leakage
current at module K; and the remaining 39 thermocouples as shown in
Table 4 shall be recorded on a datalogger at the following sample
rates:

1 sample / minute for the first 150 min.

1 sample /15 minutes frem T = 150 min. until T = 60 hrs.

1 sample / hour from T - 60 hrs until T = 7 days

3.8.8 Chemical Spray

3.8.8.1 Chemical Sp2av Composition

The chemical spray solution for the first 30 minutes of the Accident
Test shall be made from potable water with 2100 ppm of Boron as
Boric Acid added. The pH is expected to be approximately 5.0. The
chemical spray solution for the rest of the Accident Test shall be ({}made from potable water with 1922 ppm of Boron as Boric Acid and
NaCH added as required to maintain the pH between 6.0 and 10.0.
New batches of the chemical spray solution shall be made up at least
once every 4 days and shall replace the old chemical spray solutiens.

WYLE LA80RATOSHES * * 7 * *' M
muntsvine Pacaa,
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3.0 QUALIFICATICN TEST PROGRAM (Continued)

3.8.8.2 Cheml:al Spray Rate

The chemical spray solution shall be sprayed continuously vertically
downward in the steam chamber from 10 seconds into the Accident Test
to the gnd of the test. The minimum spray rate shall be 0.15 (gal /
min)/ft of area of the test chamber projected onto a horizontal
plane. The spray rate shall be recorded daily by measuring the
pressure drop across the spray nozzles or by other means. The
chemical spray solution shall be recirculated. The pH of the
chemical spray solution shall be recorded at least daily. The
chemical spray solution temperature shall not be monitored or
controlled.

3.8.9 Functional Tests

3.8.9.1 Pre-Accident Test Functional Tests

3.8.9.1.1 Insulation Resistance

The Functional Tests of Paragraph 3.7.2 shall be repeated.

3.8.9.1.2 Continuity

The Functional Tests of Paragraph 3.7.3 shall be repeated.

3.8.9.1.3 High Potential Test

Module C and F conductors shall be high potential tested at 1000 VAC
for 1 minute, using a Hy-Pot or equivalent between each conductor and
ground. The leakage current shall be recorded.

3.8.9.2 Accident Test Functional Tests

The Functional Tests of Paragraphs 3.7.2 and 3.8.3.1.3 shall be
repeated on a daily basis during the Accident Test. In addition,
these tests shall be perfommed commencing before T , when the B
temparature is stabilized at 3CO*Fs when the tempeO.sture is stabi-
li:ed at 250*F, at 8 hours, at 16 hours, at 24 hours; and when the
temperature is stabill:ed at 22S*F. The measurements required at 3
the 300*F plateau may extend beyond the 300*F plateau. The measure-
ments at the 300*F point shall be taken in the following order: C,
E, K, F, D. and L.

3.8.10 Chamber Calibration

A trial run shall be performed prior to the Accident Test to deter-
mine the actual temperature and pressure ra=ps of which the chambers
are capable. A danny penetration mounting and dummy modules designed
to simulate the test specimens (volume and mass) er plugs shall be
installed in the enanters to simulate the actual test configuratien.

WYLE LABORATORIES 50" '* ? *' M 79
Munisvine Facinty
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Revision A

3.0 QUALIFICATICN TEST PROGRAM (Continued)

3.8.10 Chamber Calibration (Continued)

These dummy modules or plugs shall be provided by Duke Power Com-
pany. Photographs shall be taken of the chamber calibration test
setup. A maximum of fifteen (15) thermocouples shall be installed
for the trial run and shall be monitored by the oscillographs and

datalogger with high speed printer. Water spray shall be used during ([) .
the trial run. No energization shall be required. No Functional
Tests shall be performed.

Environmental test data from this test run shall be submitted to
Duke Power Company for review prior to the installation of the test
specimens in the penetration mounting.

3.8.11 Accident Test Exposure

The test specimens shall be installed in the wall mockup and shall
be subjected to the environmental conditions specified in Figures
1 and 2 simultaneously within the limitations of the environmental
chambers, as determined during the chamber test run.

3.9 Final Functional Test

The Functional Tests of Paragraph 3.8.9.1 shall be repeated at room
ambient temperature before the test specimens are removed from the

,

environmental chambers.

3.10 Post-Test Inspection

Upon completion of the test program, the equipment shall be visually
inspected. The equipment shall be disassembled to the extent neces-
sary to perform the inspection. The condition of the equipment shall
be recorded. Photographs shall be taken of the test specimens before
and after they are removed from the wall mockup.

3.11 In-Process Inspection

The records shall be checked for quality of performance after each
test.

The test items shall be examined for possible damage following all
tests. All important test effects shall be logged. Black and white
photographs shall be taken of any noticeable physical damage that
may occur.

WYLE LABORATORIES 50* '* ? "" kt l'

Mumsvnte Facuety
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3.0 CUALIFICATION TEST PROGRAM (Continued)

3.12 Quality Assurance

The test program shall be performed in accordance with Wyle Labora-
tories' (Eastern Operations) Quality Assurance Policies and Proce-
dures Manual, which conforms'to the applicable portions of ANSI
N-45.2, 10 CFR/50, Appendix B, and Military Specification MIL-C-
45662A.

All instrumentation used in the performance of this test program
shall be calibrated in accordance with this manual. Standards used
in performing all calibrations are traceable to the National Bureau
of Standards.

Duke Power Company Forms 930.lc and 301.4 shall be submitted to Duke
Power Company at the completion of the test program.

3.13 Report

Ten (10) copies of the test report shall be issued, describing the
test requirements, procedures, and results. The report shall be
prepared in accordance with the format requirements of IEEE 323-1974,
where applicable. Representative black and white photographs of the
test specimens and test setups shall be reproduced in the report.
The Accident Test specimen instrumentation data shall be provided
to Duke Power in computer printout form but will not be included in
the test report.

I

WYLE LABORATORIES *"5'#**'
numsvide Facurty

.



.- -

.

TIGust I .o .c
<D De(NilR0nnfulAL I(5T PROFILE 'O wsaa L
04

IN$lDi (ONI Alleihi
oz

O
Z=
0
* H

IJ A i . : .Y
rn e
CD 4

.

.n. ,
-~

r. , s.> , .
3 ec .. m

"
-

, , , , . *U
M
O
n
a.-
Na

I zu i . Ol[Ml(AL $PRAf
g&s

- -
<

,,,,,u. rmg
$ $ '''
oN

-
*?

;d mu
*

:.: s .364 - O
- 2 s

O
G Pil6 .l -

k
n

:. h 11 1 1 1 I
, ,- - -

=. 7
;.

A A" " *
. .

- - - -
.

tit yrth ' 1 ) All steady state temperatures shall be as shown, +10 , -0 F.0 0

2) Peak pressure shall not exceed 25 psig. h
3) Steady state pressure for superheat regions shall be as shown +80, -0 P.
-1 ) Por 250 P and below, the pressure shall follow the saturation curve for the temperature.
5) It is permissible for the initial 10-second ramp to extend out to 30 seconds.,

'

B



.

tIpart 2

Annulus Tenperature Profile

Combe seed Mit 8/l004
I tel .

.

.

I s.,~ Maslaus Temperature
142*f at 1604 sec2nds

.

I34. *

12e.
,

,

0

$
-

. '

#4 -115'8D [[= , o.. " O 2$ 14 ** .
hg: 'O

*' oO g.
O
L ~O p

-

QDD8 4 t886, tn W
G (D 0) CD

(b

o
. - - ~

U1 Hen . W 4:= A
@ w
46^ Ni

to 0%..

8' N
. O p

U e
N

l% s 4*b s
H .

10GI s 12f>0 s 8460 s ILLO s 1850 s 20 % s 22ix) s 244) s

.
- - . . .

. 38 NWes 6(k) s
* O

7

Tore Af ter Start of #15tR/10C4
7 days

Ht ti't h 1) Tlte test temperature profile sinall be as close to tlie above profile as practical hdttring Llie t.ransient.

2) Af ter 2400 seconds, the test teinperature shall be within +15 F, -O F.0 O

.

9



Page Po. IX-19
Report No. 45869-1 Page No. 15

Test Procedure No. 543/61i . -2/DK
, t

. . . 4

!

k *

.

m

upS h
: . > 4 s .

U i .f 's b

- . $
- : b<a *y

%
- w r

3r
4

-

' efE

o .

T -

.e

'e / <i
~

..
Z

j// o
"

.di.' /
d' &y

I.
W '' m o. e.

, ,e
-,

. m m
b =

C. -

1 .U
U

.

g
* Z

. -
m ' %

Z
C

1 I | C,

Za t i ,
.' t m
b $ *

, i , , _ _ - -

, ; e

' Ii /- I .! l I- / i l i

ii

. ,; -
.

. .

;**
| | ; ;

i |
'

i I

li .
i

. L i
.

|
= 1

1 g '
'r ;.

i C I
l

~, d
.r o n.

I |a
'

| : !

i 3 -
i

i $ '
, x
1 I

i = i
;'

,

>a

, .

e e aim enus - e eumpe - amme e sum emus e e- eeum een ==--ene - **==m- .= me ene - ee



Page No. IX-20
Rsport No. 45869 1 Paga No. 16

Test Procedure No. 543/6 -2/DK

FIGURE 4

WIRIflG DIAGRAM AtlD ItiSULATI0ft RESISTAaCE

Modules E & L Module K

I~ A I
1 A 1

2 8 22 3 2
3 C 3

3 C 3
4 0 44 0 4
5 E 55 5 5

6 h 6 f fg
8 H 88 8

'

9 0 99 J 9
0 K 1010 K 10

II L "11 L 11
12 M 1212 M 12
13 ti 13
14 P 14

\ Penetration /
' Module Conductors \

l A 1 \
2 B 2 1

3 C 3 1 A 1

4 -

E 4 2 B 2
5 F 5 3 C 3
6 G 6

Module 0 Modules C & F-

fl0TE: 1- On module O Pins C & E are 4 AWG and Pins A,B,F & G are 8 AWG

2. Insulation resistance (IR) shall be measured between each
conductor and all other conductors tied to ground.

3. Insulation Resistance shall be greater than 100 megehms for
modules C, 0, E, and F and 10 megohms for modules K and L
prior to start of testing. Readincs below these values afcer
the start of testing shall be flagged. Functional capability
of the circuits is determined by the ability of the circuics
to maintain the prescribed voltage.

3?MU39.
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lhe method utilized for the application of polarization voltage
and high current to the test items is descolhed in the following
paragraphs.

Pol AntlAlluti

lhe required test currents (IBD amperes) are pro-VolIAGL o

duced by current transformers, Isolated to produce
y u y loop current through the test items.

The required polarization voltages (TBD VAC) ase pro-oO O O
duced by high-voltage transformers, Isolated to prn-
doce polarization voltages between the test items

O U and the ground plane.
SPECIMENS

I o Polarization voltage is applied with the source
,

N -

g | polarization power supply. In the event leakage
current exceeds a specified aasaunt, the line fusen a

[ | | Is blown, Indicating that test item degradation has

{
; occurred.n y

! o The required current loads are monitored electrically, ,

for Indications of test item discontinuities.'

|
[ 3 o All test items requiring the same current and voltage

| C will be connected in series with terminations extesnaig' -

n i H to the test chamber. c7 y

f I | A S$
| H eo , z

| | B PZi

P"n "
E

l I R . .-.o e* s

~
(( ! I- 5_

1 EC
#n

: n

I mm
I $$"

( l aa
f gn rt

| f POLARilAil0H g*O ; ) ! O
| CHRRENT .H

I~-. D NO
" " '' -? O CURRENT h0H110R

VOLTAGE HOH110R A
FUSE (.5 AHP) B

/ J POLARilAll0N
1 VOLTAGE RETURN
T GROUND PLAHL

f|GuRI 5. I ONFIGilRAilota FOR APPI ICAT10H OF POLARIZAllota VOLTAGE AND lilGli LilRRfili

_.



TABl.E 1
LIST OF SPECIMENS

Inled
'

thlu le Plug Kit dothd Mark No. Cable Description

f(#(fl02) C32P1002G07 3X2G2 3/C #2 AWG, EP/llypalon insulation interlocked
C32P1002G08 3X2G2 annor, Anaconda -

'

li (f103-1) C32P1003G25 SP140X 4/C #8 AWG, 2/C #4 AllG, EP/llypalon insulation, hypalon Jacket, gC32P1003G26 SP140X SS brald, Okonite

f)lt 13) C32P1015G01 12X12G1 12/C #12 AWG, EP/ligalon insulation, interlocked annor,
'

C32P1015G02 12X12G1 Samuel Moore

I (H 12) C32P1004G07 3X10G2 3/C #10 AWG, EP insulation, interlocked
C32P1004G08 3X10G2 annor, Anaconda

K (filo) C32P1009G01 8X16G.6 8/C #16 AWG, XLPE insulation, interlocked armor, Brand Re<
C32P1009G06 8X16G.6 (2 required per plug kit) Note 1 y

a
-

c'

(''l IIl09) C32P1010G01 12X12G1 12/C #12 AWG, EP insulation, interlocked y
C32P1010G02 12X12G1 annor, Ognite

g$y
E
aE

E '5'
x-
*
g?
ET
8!
Ph,

R
C

??
?1

NOTE: 1: only 14 of the 16 conductors will tenninate in the plug N g
; 2: Interfacial seals and cable listed on Table 2 g-

W
e6
gu
f
~

l
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TABLE 2
IllEltt1AL AGirlG CRITERIA

Components Quariti ty Thermal Aging
Tempera ture/ Time Coninents

Plug Kits

~(T) C32Pl002G07 2 ea IS0*C/504 hours Entire plug kit requires thermal aging
(2) C32P1002G08 2 " " " " " " " "

(3) C32P1003G25 2 " " " " " " " "

b'

(4) C32P1003G26 2 " " " " " " " "

(S) C32P10lSG01 2 " " " " " " " "

^

(6) C32P10lSG02 2 " " " ' " " " " "

(7) 032P1004G07 2 " " " " " " " "

(11) C32P1004G08 2 " " " " " " " "

(9) C32Pl009G01 2 " " " " " " " "

(10) C32P1009G06 2 " " " " " " " "

(lI) C32P1010G01 2 " " " " " " " "
-e

(l2) C32P1010G02 2 150*C/504 hours $
" " " " " "

7
Cable

. k
" ~1 3X?G2 (Ana) 50 ft 121*C/168 hours &y

2 SPl40X (Oko) 50 121*C/168 hours i; j
3 12XJ12G1 (Sil) S0 121*C/168 leurs B =~
4 3X10G2 (Ana) 50 150 C/504 hours P ~om

5 !!X16G.6 (LIR) 100 150*C/168 hours @ ui

6 12X12GI (Oko) 50 IS0*C/504 hours T$ 5.

s
Penetration 1 IS0"C/504 hours Unit is 19 inch 0.0. x 20 inch long Sy

oo
I'dle bediS N

~-(l)~C32C2060P03 3 IS0*C/504 hours Module C inside end D
(2) C32C2060PO4 3 hours Module C outside end "a "

(3) C32C2060POS 3 hours Module D inside end" "
,,

(4) C32C2060P06 3 hours Module D outside end ,@ $
a "

(S) C32C2060P0/ 3 hours Module E inside end R*" "

(6) 032C2060P00 3 Module E outside end "&
" "

(/) C32C2060P09 3 Module F inside end" "

B E'
(11) C32C2060P10 3 Module F outside end B 'E

" "

(9) C32C2060P19 3 Module K inside end $; O" "

(10) C32C2060P20 3 Module K outside end $"" "

(11) C32C2060Pl7 3 Module L inside end ?" "

(12) 03202060 Pill 3 Module L outside end" " "

Ilot ta : All tempera tin e/ Lime valises above are for 40 year ei taivalent life
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TABLE 3 Revision B
s

MODULE ELECTRICAL REQUIREMENTS

.

Modul e Conductor Vol tace Current
C 1 600 VAC 150 Amps '(+ 10 amps)

2 600 VAC 150 Amps

3 600 VAC 150 Amps

0 1 600 VAC 25 Amps (;;2 amps)
2 600 VAC 25 Amps

3 600 VAC 50 Amps (+ 3 amps)

4 600 VAC 30 Amps

5 600 VAC 25 Amps

6 600 VAC 25 Amps

E 1 600 VAC 15 Amps (+ 2 amps)

2 600 VAC 15 Amps

3 600 VAC 15 Amps

4 600 VAC 15 Amps

5 600 VAC 15 Amos

6 600 VAC 15 Amps

7 600 VAC 15 Amps

8. 600 VAC 15 Acps

9 600 VAC 15 Amps

| 10 600 VAC 15 Amps

11 600 VAC 15 Amps

12 600 VAC 15 Amps

: 1 600 VAC 30 Amps (1 3 amps).

2 500 VAC 30 Amps

3 600 VAC 30 Amps

K 1 120 VAC 0
B

2 120 VAC 0

3 120 VAC 0

4 120 '/AC 0

5 120 7AC 0

6 120 VAC 0

7 120 y:C 0

|
I

-

- _ _ - - - - - - - - - ,
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TABLE 3 Revision 5

Mcdule Conductor Vol tace Current

K 8 ~ 120 VAC 0 B

9 120 VAC 0

10 120 VAC 0

11 120 VAC 0

12 120 VAC 0

13 120 VAC 0

14 120 VAC 0,

.

L 1 600 VAC 5 Amps (1 1 amp)
2 600 VAC 5 Amps

3 600 VAC 5 Amps

4 600 VAC 5 Amps

5 600 VAC 5 Amps

6 600 VAC 5 Amps

7 600 VAC 5 Amps

8 600 VAC 5 Amps

9 600 VAC 5 Amps

10 600 VAC 5 Amps

11 600 VAC 5 Amps

12 600 VAC 5 Amps

.

NOTE: All voltages + volts AC
Tolerances on currents are noted above and applies to each *

conductor requiring that ampacity.

07/31/31
PMM/csc

-_ _ ._ _ -. . _ . .
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Thermccouple Locations
' #

Inside Steam Chamber

1 On exterior face of junction box cover

2 Air temp inside junction box
3 In backshell of module C

. .. " "
D4

,

5 E
" " " "

" " " "
6 F /

7 g. a .

.. .. a .'3 L
t

9 On outside of junction box mtg ring (360*)
10 On face of flange near module C
11 On face of flange near module K or L
12 On 3/4 inch chamber flange plate at 360* ',

13 90*" " " " "
,

14 180*" " " " "

4

15 270*" " " " "

"

16 Under armor on 3X10G2 cable from module F

17 Under armor on 12X12G1 from module L

18 Chamber air temperature, 6" from centerline front of junction box B

19 Chamcer air temperature, 6" from centerline side of junction box, righ side 8
,

facing chamber

20 Chamber air temperature, 6" from bottom, centerline or junction box B

21 On receptac]e of module E

22 On receptacle of module D -

23 Chamber air temperature (F" above centerline junction box) B

B

'
Outside Steam Chamoer

26 On exterior face of junction box cover

27 Air temperature insice junction box

B23 In backshell of module C
B29 In backshell of module D

20 E
'' ' "

31 ;.. .. ,.

22 <
'' " a -

22 L' '' -'

_ . _ _ , _ ._ _ _ _ . _ . _ - _ . . _ . . __ -._ ._ . , . . _ . .
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TABLE 4 Revision B

Thermocouple Locations

34 Inside nozzle air temperature
- 35 On face of flange near module C

36 On face of flange near module K or L
37 On 3/4 inch chamber flange plate at 360*

" " " " " ' 90*38

39 180*" " " " "

40 270*" " " " "

41 Under armor on 3X10G2 from module F
|

42 " 12X12G1 from module L" "

43 Annulus air temp (high)
44 Annulus air temp (center), control B

45 Annulus air temp (low)

| 46 On receptable of module E

47 On raeantacle of module 0

( - B

i

( ,.
.

|

.

- _ . _ _ _ _ _ . - _
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Revision A

1.0 SCOPE
f

This document has been prepared by Wyle Laboratories for the Duke
Power Company and encompasses specific equipment, electric penetra-
tions, manufactured by D. G. O'Brien, Inc., for use in McGuire

; Nuclear Power Generating Station.

I 1.1 Objectives

The purpose of this procedure is to present the requirements, proce-
dures, and sequence to test the electric penetrations for use in
the McGuire Nuclear Power Generating Station.

1.2 Applicable Qualification Standards, Specifications, and Documents

1.2.1 Duke Power Company Specification No. MCS-1393.01-00-0003, July 23,
1981, Revision 1.

(A)
1.2.2 IEEE 323-1971, "IEEE Standard for Qualifying Class lE Equipment for

Nuclear Power Generating Stations."

1.2.3 IEEE 317-1972, "IEEE Standard for Electric Penetration Assemblies in
Containment Structures for Nuclear Power Generating Stations."

1.2.4 ANSI N45.2.2-1972, " Packaging, Shipping, Receiving, Storage, and
Handling of Items for Nuclear Power Plants."

1.2.5 Duke Power Co. MCM 1361.00-0016, " Low Voltage Penetration Instruc-
tion Manual."

1.2.6 Duke Power Co. MCM 1361.00-0017, " Instrumentation Penetration
Instruction Manual."

1.2.7 Duke Power Co. CNM 1361.00-0010, " Low Voltage Penetration Instruc-
tion Manual."

1.2.8 Duke Power Co. CNM 1361.00-0011, " Instrument Penetration Instruc-
tion Manual."

1.2.9 Duke Power Co. IP-MCP-001, " Test Assembly Installation Sequence." ($)

1.2.10 Wyle LaLcratories Quotation No. 543/6124-2/DK.

1.3 Ecuipment Description

The test specimens to be supplied by Duke Power Ccmpany shall consist
of the six (6) modules listed in Table 1, plus the plugs and cables
connected to each end of the modules. Duke Power Company shall also
provide the penetration mounting, the wall mockup, and all dummy
mountings and modules for the Chamber Calibration Test and Accident
Test.
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1.0 SCOPE (Ccntinued)

1.4 Qualification Secuence

Qualificatien shall be perfor:ned in the following sequence:

o Receiving Inspection

o Ther:nal Aging

o Assemble Plug Kits ento Cables; Perfor:n Baseline Test h
o Radiation Exposure

o Functional Tests h
o Assembly of Remaining Compcnents by Duke Power at Wyle @

Laboratories

o Saseline Functional Tests

o Accident Test

o Functional Tests

o Post-Test Inspection

2.0 QUALIFICATICN RECUIREMENTS

The test specification includes any required margins. @
2.1 Normal Service Conditions

The folicwing design environmental conditions inside containment

for nor=al operation are as specified by Ouke Power Ccmpany.

Temperature: 120*F-

Pressure: 0 to 3 psig-

- Humidity: 65-80%
4

Radiation: 2 x 10 rads (40-year integrated-

exposure)
.

The following design envircnmental conditions in the annulus between
the steel centainment vessel and the concrete Reacter Building are
as specified by Ouke Pcwer Company.

- Temperature: 98*F
- Pressure: At=ospheric
- Humidity: 65-80%

4
- Radiaticn: 2 x 10 rads (40-year integrated

exposure)
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2.0 QUALIFICATICN REQUIRZMENTS (Continued)

2.2 Accident and Post-Accident Service Cenditions )

The folicwing design environmental conditions inside centainment
during and after the postulated Design Basis Event (Loss of Coolant
Accident or Main Steam Line Break) are as specified by Duke Power
Company.

Temperature: 340*F (Peak)-

Pressure: 15 psig (Peak)-

Humidity: 100%-

8
Radiation: 2 x 10 rads (1-year integrated-

exposure)
- Chemical Spray:

First 30 Min: Beren 2,100 ppm-

NaCH - O
a5pH -

Thereafter: Boren - 1,922 ppm
NaCH As required for pH-

pH - 6-10

Figure 1 shows the temperature / pressure / time profile inside centain-
ment as specified by Duke Power Company.

The follcwing design environmental conditions in the annulus between
the steel containment vessel and the concrete Reactor Building are
as specified by Duke Power Ccmpany.

Temperature: 142*F (Peak)-

Pressure: Minus 0.5 inches H O to plus* -

2
0.5 inches H oy

Humidity: 65-80%-

g
Radiation: 1.5 x 10 rads (1-year integrated-

exposure)

Figure 2 shcws the temperature / pressure / time profile in the annulus
as specified by Duke Power Company.

2.3 Cther Service Cenditiens

Table 3 shows the 60-hert: voltage and current requirements for the
conducters of the six (6) modules as specified by Ouke Pcwer Cc=pany.

)
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2.0 QUALIFICATICN REQUIREMENTS (Continued)

2.4 Safetv-Related Functions

The safety classification of this equipment is Class lE. The subject
equipment provides essential services in support of emargency reactor
shutdewn, containment isolation, reactor core cooling, and contain-
ment and reactor heat removal, or is otherwise essential in provid-
ing support to prevent significant release of radioactive material
to the environment. The safety-related functions are described in
the following paragraphs.

2.4.1 Description

The electrical penetration assemblies specified will be used to per-
forn various electrical functions inside the reactor containment
structure.

2.4.2 Acceptance Criteria

The test specimens shall be considered to have met the criteria of
this test specification if they complete the test sequence and still
maintain circuit integrity. Circuit integrity shall be indicated by
the test specimen being capable of maintaining the required voltage
and/or current specified in Table 3.

2.5 Safetv-Related Components

All components in the subject equipment are assumed to be safety
related.

3.0 QUALIFICATICN TEST PROGRAM

3.1 Receiving Inspection

An inspection shall be performed upon receipt of the test specimen
components at the test facility. This inspection shall assure that
the equipment received is as described in Paragraph 1.3. Applicable
series, model, part, and/or serial numbers shall be verfied. Speci-
mens shall be labeled, as deemed necessary by the Project Engineer,
to facilitate identification of the specimens during all phases of
the qualification program. The results of the inspection (specimen
identification, quantities, configurations, etc.) shall be recorded.
Photographs shall be taken of the test specimen components.

WYLE LABORATORIES 50m 05*14' Oct 79
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3.0 QUALIFICATICH TEST PROGRAM (Continued)

3.2 Thermal Aging

The desired life of the subject equipment is 40 years. The test speci-
men ecmponents shall be thermally aged in two (2) thermal chambers for
the times and temperatures in Table 2 as specified by Duke Power
Ccmpany. The therzal aging temperature shall be recorded centinu-
cusly. The relative humidity shall be uncontrolled and shall not be
scnitored. The thernal aging chambers shall be opened briefly as
required to remove test specimens after their respective thermal
aging timss. Photographs shall be taken of the thermal aging test
setup before and after thermal aging.

3.3 Visual Inscection

The test specimen components shall be visually inspected. This inspec-
tion shall assure that the ecmponents have no obvious visible damage.
Photographs shall be taken of the test specimen components.

Duke Power Ocmpany perscnnel shall then assemble the plug kits, and @perform the Baseline Tests (3.7.2 and 3.7.3) on the plug kits, cables
and penetration. All other components shall be visually inspected.
(Reference 1.2.5 through 1.2.9.)

3.4 Radiatien Excesure
.

The test specimen ecmponents shall be exposed to a total integrated
dose of 2.0 x 10 rads gamma, air equivalent, minimum, using a Cobalt
60 scurce, at a dose rate not to exceed 1.0 x 10 rada per hour as
specified by Duke Power Company. This is the cc=bined normal and
accident dese. '

3.5 Functional Tests @
The test specimen components shall be visually inspected. This inspec-
tien shall assure that the ecmponents have no cbvious visible damage.
Photographs shall be taken of the test specimen components. The plug
kits, cables and penetratiens shall me checked for baseline data (3.7.2

,

and 3.7.3).

3.6 Assembiv cf Cceronents

Cuke Pcwer Company shall assemble and label the remaining ccepenents @at Wyle Laboratories, using the procedures of references 1.2.5 thrcugh
1.2.9 as appropriate.

3.7 Baseline Functional Test

Se follcwing Baseline Functicnal Tests shall be performed on the
assembled modules before they are installed in de penetration scunning
and wall mcckup.
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3.0 QUALIFICATICN TEST PROGRAM (Continued)

3.7.1 visual Inspection

The modules shall be visually inspected. This inspection shall assure
that the modules have no obvious visible damage and are labeled pro-
perly. A photograph shall be taken of the assembled modules.

3.7.2 Insulation Resistance

Insulation resistance shall be measured between each conductor and all
other conductors tied to ground at 500 VDC as indicated on Figure 4.
If the I.R. is less than the minimum scale reading at 500 VDC, then
the I.R. shall be measured at 100 VDC. The I.R. of modules C, D, E,
and F shall be 100 megehms or greater. The I.R. of modules K and L
shall be 10 megehms or greater. Duke Power Company shall be noti-
fied of any I.R. readings below these values.

3.7.3 Continuity
,

All circuits shall be checked for electrical continuity using an
ohmmeter or equivalent.

3.8 Accident Test

3.8.1 Mounting

The test specimen modules shall be installed in the penetration mount-
ing installed in the wall mockup at Wyle Laboratories by Duke Power
Company. Photographs shall be taken of the assembly.

3.3.2 Thermocouple Installation
3

Thermocouples shall be attached to the test specimen assembly per
Table 4 or as specified by Duke Power Ccmpany. These thermocouples
shall be commercially available probes or shall be field-fabricated
and shall be welded or strapped in place.

3.3.3 Wall Mockup Installation

The wall mockup shall be attached to an environmental chamber similar
to that shewn in Figure 3, and the test specimen armcred cables and
thermocouple leads shall be run through chamber penetrations and
sealed per Wyle Laboratories ' standard prac-J,ce.
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3.0 QUALIFICATICN TEST PROGRAM (Continued) *
.

3.8.4 Steam Environmental Chamber

An environmental chamber similar to the steam environment charter
shown in Figure 3 shall be used for the Accident Test. The wall
mockup shall bolt to this environmental chamber and shall seal the
chamber. Penetrations for six (6) cables and twenty-five (25)
thermccouple wires shall be provided at the opposite end of the
charter from the wall mockup. Superheated steam and/or saturated
steam, as required, shall be introduced into the chamber frcm the
end of the chamber opposite the wall scekup. A manifold shall
distribute this steam evenly across the end of the chamber. 4

Chemical spray nozzles shall be provided along the tcp of the
chamber. A chamber drain shall be provided at the bottom of the
chamber.

3.9.4.1 Chamber Temperature Control

The chamber temperature, for control purposes, shall be the average
of three (3) thermocouples located within 6 inches cf the surface @of the test specimen. These shall be thermoccuples 10, 19, and 3
20 per Table 4.

The environment chamber shall be initially heated to 120*F, using
heated forced air. Superheated steam shall be used during the 3
first temperature transient (120*F to 340*F). Saturated steam
shall be used thereafter to maintain the chamber temperature.
Chamber temperature reductions shall be at the chamber ther=al
recovery rate er slower (by the addition of saturated steam).

3.8.4.2 Chamber Pressure Control

The chamber pressure shall be monitored with a pressure gauge and
a pressure transducer. Filtered, regulated house air shall be
provided to maintain the chamber pressure, as required, after the
initial temperature / pressure transient.

3.5.5 Annulus Mcekup

An envircnmental charter shall be arected to surround the penetra-
tion scunting and wall mockup. This chamber shall be equipped with
heating and/or cocling, as required, to maintain the annulus tem-
peratures specified in Figure 2. Cables supplied by Duke Pcwer
Ccmpany shall run frem the electric penetration test specimen
thrcugh the environmental charter wall to a junctico panel located
cutside of the environmental charter,

WYLE LA80RATORIES 50" 1050 4' Oct 79
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3.0 CUALIFICATICN TEST PRCGRAM (Continued)

3.8.6 Test Specimen Energiration

The conductors of modules C, D, E, F, and L shall be wired in series

as required to form six (6) current loops. Each loop shall be inde-
pendently energized to the voltage and current specified in Table 3,
using the polarization voltage method as shown in Figure 5. The
conductors of module K shall be connected together and energized
to 120 VAC. B

3.8.7 Test Specimen Instrumentation 3

The chamber pressure and the thermocouples designated in Table 4 as
numbers 2, 6, 10, 18, 19, and 20 shall be recorded on a datalogger
at the following sample rates:

1 sample /second for the first 5 min.
1 sample / minute from T = 5 min. to T = 150 min.
1 sample /13 minutes from T = 150 min. to T = 60 hrs.

1 sample / hour from T = 60 hrs, until 7 = 7 days

The voltage and current at modules C, D, E, F, and L; the leakage
current at module Ks and the remaining 39 thermocouples as shewn in
Table 4 shall be recorded on a datalegger at the following sample
rates:

1 sample / minute for the first 150 min.

1 sample /15 minutes from T = 150 min. until T = 60 hrs.

I sample / hour from T - 60 hrs until T = 7 days

3.8.8 Chemical Spray;

3.8.8.1 Chemical Sprav Ccmposition

The chemical spray solution for the first 30 minutes of the Accident
Test shall be made frem potable water with 2100 ppm of Baron as
Boric Acid added. The pH is expected to be approximately 5.0. The
chemical spray solution for the rest of the Accident Test shall be @made frem potable water with 1922 ppm of Boron as Boric Acid and
NaCH added as required to maintain the pH between 6.0 and 10.0.
New batches of the chemical spray soluticn shall be made up at least
ence every 4 days and shall replace the old chemical spray solutions.

WYLE LABORATORIES 50" '05C "'' Oct 3

Muf11$welle Facility

__ _ - _ _ _ _ _ _ _ _ _



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
. _

Paga No. IX-40
Report No. 45869-1 ,

PAGE NO. 10 '

TEST PROCEDURE NO. 343/6124-2/DK
Revision 3

.

3.0 CUALIFICATICN TEST PRCGRAM (Continued)

3.9.8.2 Chemical Scray Rate

The chemical spray solution shall be sprayed continuously vertically
downward in the steam chamber from 10 seconds into the Accident Test
to the gnd of the test. The minimum spray rate shall be 0.15 (gal /
min)/ft of area of the test chamber projected onto a horizontal
plane. The spray rate shall be recorded daily by measuring the *

pressure drop across the spray nozzles or by other means. The
chemical spray solution shall be recirculated. The pH of the
chemical spray solution shall be recorded at least daily. The
chemical spray solution temperature shall not be monitored or
controlled.

3.8.9 Functional Tests

3.8.9.1 Pre-Accident Test Functional Tests

3.8.9.1.1 Insulation Resistance

The Functional Tests of Paragraph 3.7.2 shall be repeated.

3.9.9.1.2 Continuity

The Functional Tests of Paragraph 3.7.3 shall be repeated.

3.8.9.1.3 High Potential Test

Mcdule C and F conductors shall be high potential tested at 1000 VAC
for 1 minute, using a Hy-Pot or equivalent between each Ocnductor and
ground. The leakage current shall be recorded.

3.8.9.2 Accident Test Functional Tests

The Functional Tests of Paragraphs 3.7.2 and 3.8.9.1.3 shall be
repeated on a daily basis during the Accident Test. In addition,
these tests shall be performed commencing before T , when the 3
temperature is stabilized at 3CO*Fr when the tempeSature is stabi-

| li ed at 250*F, at 8 hours, at 16 hours, at 24 hours; and when the
!

temperature is stabili:ed at 22S'F. The measurements re<uired at 3
the 300*F plateau =ay extend beyond the 3CO*F plateau. The measure-
ments at the 300*F point shall be taken in the folicwing crder: C,
E. K, F, D. and L.

3.9.10 Chamber Calibration

j A trial run shall be performed prior to the Accident Test to deter-
mine the actual temperature and pressure ramps of which the chambers
are capable. A dummy penetration scunting and du==y modules designed
to simulate the test specimens (volume and mass) or plugs shall be
installed in the cha=ters to simulate the actual test configurati:n.
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3.0 QUALIFICATICN TEST PROGRAM (Continued)

3.8.10 Chamber Calibration (Continued)

These du:nmy modules or plugs shall be provided by Duke Power Com-
pany. Photographs shall be taken of the chamber calibration test
setup. A maximum of fifteen (15) thermocouples shall be installed
for the trial run and shall be monitored by the oscillographs and

datalogger with high speed printer. Water spray shall be used during @
the trial run. No energiraticn shall be required. No Functional
Tests shall be performed.

Environmental test data from this test run shall be submitted to
Duke Power Ccmpany for review prior to the installation of the test
specimens in the penetration mounting.

I

3.8.11 Accident Test Ex=osure

The test specimens shall be installed in the wall mockup and shall
be subjected to the environmental conditions specified in Figures
1 and 2 simultaneously within the limitations of the environmental
chambers, as determined during the chamber test run.

3.9 Final Functional Test

The Functional Tests of Paragraph 3.8.9.1 shall be repeated at room
ambient temperature before the test specimens are removed from the
environmental chambers.

3.10 Post-Test Inspection

Upon completion of the test program, the equipment shall be visually
inspected. The equipment shall be disassembled to the extent neces-
sary to perform the inspection. The condition of the equipment shall
be recorded. Photographs shall be taken of the test specimens before
and after they are removed from the wall mockup.

3.11 In-Process Inspection

The records shall be checked for quality of performance after each
test.

The test items shall be examined for possible damage following all
tests. All incertant test effects shall be logged. Black and white
photographs shall be taken of any noticeable physical damage that
may occur.
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3.12 Quality Assurance

The test program shall be performed in accordance with Wyle Labora-
teries' (Eastern Operations) Quality Assurance Policies and Proce-
dures Manual, which conforms to the applicable portions of ANSI
N-45.2, 10 CFR/50, Appendix 3, and Military Specification MIL-C-
4566 A.

All instrumentation used in the performance of this test program
shall be calibrated in accordance with this manual. Standards used
in performing all calibrations are traceable to the National Bureau
of Standards.

Duke Power Company Forms 930.1C and 301.4 shall be submitted to Duke
Power Company at the c:xnpletion of the test program.

3.13 Recort

Ten (10) copies of the test report shall be issued, describing the
test requirements, procedures, and results. The report shall be
prepared in acccrdance with the format requirements of IEEE 323-1974,
where applicable. Representative black and white photographs of the
test specimens and test setups shall be reproduced in the repcrt.
The Accident Test specimen instrumentation data shall be provided
to Duke Pcwer in computer printout form but will not be included in
the test report.

I
!

|
|
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FIGURE 1.

WIRIflG DIAGRAM AtlD !.'lSULATICfl RESISTAi1CE

Modules E & L Module .<

I~ A I
1 A 1

2 B 22 3
,
- ,

C 33 C 3 j 0 41 0 1

5 E 5 g [ 5

r 66 F 6
7 G 7-

8 N 88 8.
9 0 99 J 9
10 K 1010 K 10
II II

.h11 L 11
12 1 1212 M 12
13 N 13
14 P 14

Penetration /
/ Module Conductors i

1 A 1 \
2 3 2 1

3 C 3 1 A 1

4 E 4 2 B 2
5 .: 5 3 C 3 1

,

6 G 6
,

!

Module 0 Modules C & F-

l

NOTE: 1- On module O Pins C & E are 4 AWG and Pins A,3,F & G are 8 AWG

2. Insulation resistance (IR) shall be measured between each j
conductor and all otner conductors tied to ground.

3. Insulation Resistance shall be greater than 100 megonms for
modules C, 0, E, and F and 10 :egahms for codules K and L
orior to start of testing. Readings below these values after
the start of testing shall be flagged. . unctional cacability:

of tne. circuits is determined by the ability of the circui:s
to maintain the ;:rescribed voltage.

: yf.: c.
i

_ . . _ . _ _ _
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TAtti E 1
1IST OF SPECIMENS

Inled
|-n ulule Plug Kit iklifal .. ark No. Cable Description'

C (f48/) 032Pl00260/ 3X2G2 3/C #2 AWG, EP/llypalon insulation interlocked
032P1002608 3X2G2 armir Asiaconda

ti (1101-1) C32P1003G25 SPl40X 4/C #8 AWG, 2/C #4 AllG, EP/llypalon insulation, liypalasi Jacket, g
032P1003G26 SPl40X SS brald, Okonite

I (il13) C32P1015G01 12X12G1
~

12/C #12 AWG, EP/ilypalon insulation, interlocked aiwar,
C32Pl015G02 12XI2G1 Samic] Hoore

1 (il12) C32P1004G07 3X10G2 3/C #10 AWG, EP insulation, interlocked
C32P1004G08 311062 annor Anaconda

K (1810) C32P1009G01 8X16G.6 8/C #16 AWG, XLPE insulation, interlocked arwor, Brand Hex y
C32P1009G06 8X16G.6 (2 required per plug kit) Note 1 *

a wm
I (fil'J) C32Pl010G01 12X12G1 12/C #12 AWG, [P insulation, interlocked ? .$*

C32P1010G02 12X12GI arm)r, Okosit te 8m R*
E5 "5
% *. 8'
*8 *M.

e' s,,il
i

! "E7
DL
>74

R
R

,

NOTE: 1: only 14 of the 16 conductors will terminate in tiie plug
2: Interfacial seals and cable listed on Table 2

1

___ __ _ __ ____ _
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TABIE 2
Ill[itt1AL AGING CRITERIA

Cennponents Dad:itity liierisial Agisig
Tenipera ture/T inie Consnents

Pluy Kits !

~~|2))C32Pl00260fl
I T ~C32P1002607 2 ed 150*C/504 liours Entire plug kit requires tiiermal aging
I, 2 a = = = = = = = "
i|3) C32P1003G25 2 " " = = = = = =

||4)C32P1003G26 2 @
*" " = = = = = =

| b) C32P1015G01 2 a = = = = = = =

f6 C32Plul5G02 2
'" " = . = = = = =

'

I,/ C32P1004G07 2 = = = = = = = =

||11 C32Pl004600 2 = " = = = = = =
i,9) C32P1009G01 2 " " = = = = = =

(10 C32P1009G06 2 = " = = = = = =

(lI C32Pl010G01 2 " " a = = = = =

k.(12 C32P1010602 2 150*C/504 liours " " " " " "

,

II|o .E
91 3 e. .

3' a
1,

2 0*I 3X2G2 (Ana) 50 ft 121*C/168 liours
2 SPl40X (Oto) 50 121*C/168 liours ay "8

12XJ12G1 (Sil 50 121*C/168 liours
aj g*3

3X10G2 (Ana)) *ya 2 ..4 bu 150*C/504 liours yPy g j,
b OX16G.6(BR) 100 150*C/168 hours < u. m*

| 6 12X12G1 (Oko) 50 150"C/504 liours 7 (* y
{ Penet ra t ioni 1 150*C/504 hours Unit is 19 inch 0.D. x 20 incli long Ey "

I'dte sedls .

~-(l) C3202060P03 3 150*C/504 hours Hodule C instale end D
,

(2) C32C2060PO4 3 liours Hodule C outside end *" "

(3) C32C2060P05 3 liours Ndule D inside end* "

(4) C3202060P06 3 liours Hodule D outside enda =

(b) C32C2060P0/ 3 hours Module E inside end" "

(6) C32C2060 Poll 3 Module E outside end
" "

(/) C32C2060P09 3 Module F inside end" "

B
(11) C32C2060P10 3 " " Module F outside end a(9) C32C2060Pl9 3 N dule K inside end" "

;

(10) 03202060P20 3 Module K outside end
" "

(11) C32C2060Pl7 3 m dule L inside end* "

(12) C32C2060P18 3 Hodule L outside end" "

11011 % : All teinperdlui e/tinie values alunve are for 40 year ei uivalent life

_
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Piga No. IX-50
Report _No. 45869-1

Page No. 20 dage 1 Of 2
Test Procedure No. 543A -2/0K

TABLE 3 Revision S

MODULE ELECTRICAL RECUIREMENTS

Mccule Conductor Voltace Carrent
C 1 600 VAC 150 Amos (+ 10 amps)

2 600 VAC 150 Amps

3 600 VAC 150 Amps

0 1 600 VAC 25 Ames ( ;2 amps)
2 600 VAC 25 Amps

3 600 VAC 50 Amps (1 3 amps)
4 600 VAC 50 Amps

5 600 VAC 25 Aeps

6 600 VAC 25 Amps

E 1 600 VAC 15 Amos (t 2 amps)
2 600 VAC 15 Amps

3 600 VAC 15 Amps

4 600 VAC 15 Amos

5 600 VAC 15 Amos
i

6 600 VAC 15 Amps

7 500 VAC 15 Amps

8 600 VAC 15 Amos

9 600 VAC 15 Amos i

10 600 VAC 15 Amps

11 600 VAC 15 Amps -

12 600 VAC 15 Amps

F 1 600 VAC 30 Amps (1 3 amos) l

2 600 VAC 30 Amos i

3 600 VAC 30 Amos
1

!

< 1 120 VAC 0 l
3 ;

2 120 VAC 0 1

3 120 VAC 0 |
|

4 120 VAC 0 |
l

5 120 VAC 0
l

6 120 VAC 0

7 120 VAC 0
1

1

i

.- ._ . ,



Ptga No. 21 Pt.ga No. IX-51
*

Test Procedure No. 543/61: /DK Report No. 45869-1
TABLE 3 Revision 8

Module Conductor Voltace Current

K 8 120 VAC 0 8

9 120 VAC 0

10 120 VAC 0

11 120 VAC 0

12 120 VAC 0

13 120 VAC 0

14
,

120 VAC 0
,

L 1 600 VAC 5 Amps (+ 1 amp)

2 600 VAC 5 Amps

3 600 VAC 5 Amps

4 600 VAC 5 Amps

5 600 VAC 5 Amps

6 600 VAC 5 Amps

7 600 VAC 5 Amps

8 600 VAC 5 Amps

9 600 VAC 5 Amps

10 600 VAC 5 Amps

11 600 VAC 5 Amps

12 600 VAC 5 Amps

.

NOTE: All voltages + volts AC
Tolerances on currents are noted above and applies to each
conductor requiring that ampacity.

07/31/31
PMM/csc

.

e- - , - - - - - -, - - , .-. -~ - - -,-,
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Test Procedure No. 543/612. 2/0K Revision B

7Ag(g 4 Page No. IX-52
Report No. 45869-1

Ther=oc:uple Locations
Inside Steam Chamcer

1 On exterior face of junction box cover

2 Air tamp inside junction box

3 In backsnell of module C
4 ,, ,. " "

0

5 E
" " " "

5 p .a .

7 g.. a

3 L
" * " "

9 On outside of junction box mtg ring (360*)
10 On face of flange near module C
11 On face of flange near adule K or L
12 On 3/4 inch chamber flange plate at 360*
13 90*" " " * "

14 " " " " " 180*

15 270*" " " " "

16 under armr on 3X10G2 cable from =odule F
17 Under armor on 12X12G1 frem mdule L
la Chamcer air temperature, 6" from centerline front of junction box B

19 Chameer air temperature, 6" frem centerline side of junction box, righ side B

facing chamber

20 Chamber air temperature, 6" frem bottom, centerline or junction box B

21 On receptac k of module E

22 On receptacle of module 0

23 Chamber air temperature (f" above centerline junction box) B

B

Cutside Steam Chancer

26 Cn exterior face of junction box cover

27 Air temcerature inside junction box
25 In :ackshell of module C B

29 In backsnell of mdule 0 3

30 E
'' " ''

3; p1 .. ..

39 gs a .

3a
e a o

.



.. Ptg3 No. IX-53Page No. 23.

Report No. 45869-1
Test Procedure No. 541/612*-2/nx

TABLE 4 Revision 8

Thermoccuple Locations
,

24 Inside nozzle air temperature
35 On face of flange near macule C
36 On face of flange near module K or L
37 On 3/4 inch chamber flange plate at 360*
38 90'* " " " "

39 " " " " " 180'
.

40 " " ' * * 270*

41 Under armor on 3X10G2 frem module F
42 " 12X12G1 f >m module L" "

43 Annulus air temp (high)
44 Annulusairtemp(center), control 8

45 Annulus air temp (low)
46 On receptable of module E

47 On receptacle of mdule 0
.. _

.. 8

. .

.

I

.
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Paga No. IX-54
R1 port No. 45864-1
PAGE NO. 24

TEST PROCEDURE NO. 543/6124-2/K
Revision C

F

\

i

|

ACCENCUM NO. I

TO

WLTP 543/6124-2/CK REVISION B

E.'CTENDED ACCIDENT TF.ST

AND
!
.1

PCST TEST ANALYSIS OF PENETRATICN

UNIT AND ASSCCIATED CABLES
1
1

.

/ 1

l

- i

i

!

l
,

I

I

I
|

|
'

\

l

:

WYLE LABORATORIES 'cau 1054-7 %v 3ct 79'
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Paga No. IX-55
Report No. 45869-1*

PAGE NO. 25
,

TEST PROCEDURE NO. 543/6124-2/DK

Kevision C

1.0 INTRCDUCTICN

Following completion on 4-1-82 of a Qualification Test Program of an
Electrical Penetration Unit conductor per Wyle Test Procedure 543/
6124-2/DK, Revision B, it was decided by Duke Power to extend the
test program. This Addendum describes the test procedure to be used
during this extended program. The extended test program consists of
(1) an extended accident test and (2) a post test analysis of the
penetration unit and associated cables. Portions of (2), the post
test analysis evaluation, may be deleted at Duke Power's discretion
based on the results of (1), the extended accident test. The Quality
Assurance and Reporting Provisions of WLTP 543/6124-2/DK, Revision B,
shall also apply to this Addendum.

2.0 EXTENDED ACCIDENT TEST

2.1 Test setap

Cables will not be used inside the accident chamber, as during the
original accident test conducted per WLTP 543/6124-2/DK, Revision
B. All single conductors inside the accident chamber shall be
spliced by Duke Power personnel and sealed with Rachem Shrink
Tubing. The K module plug on the contaimnant side (inside the
accident chamber), will be removed for analysis, and replaced with
the K plug that had been used on the annulus side. A new K plug
for the annulus side will be fabricated and installed for the ex-
tended accident test by Duke Power personnel. These K plug tasks
shall also be performed by Duke Power personnel. The penetration
assembly shall be wired per Figures 4A and SA. This technique
minimizes a cable or wire failure in the steam environment affecting
the test results. The test facility shall provide steam, electrical
power, chemical solution spray, and measurements, as required by the
ra==4 ning paragraphs of this procedure.

2.2 Steam Recuirements
.

The containment side of the electrical penetration unit shall be
subjected to steam at saturation conditions, and shall be as
shown in Figure lA.

2.3 Chemical Scrav Recuirements

The initial chemical spray solution shall contain, as a minimum, 1922
ppm boron. The pH shall be between six (6) and ten (10) , and it is
acceptable to add NaCH, if required to adjust pH. The initial
chemical spray solution shall also contain five (5) to eight (8) ppm
of a fluorescent dye. The specific dye shall be one furnished by
the George W. Cates Company of New York with the name GPC.

The chemical spray shall be active during the period as shown in
Figure lA. New batches of the chemical spray solution shall be made
at least every four (4) days and shall replace the old chemical
spray solution.

WYLE 1.A50RATORIES * * N "' M
Muntsv.He Facuety

_. _ _ _ _ _ _ _ _ _ _ _
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PAGE NO. 26

TEST PROCEDUAE NO. 543/6124-2/DK

Revision C

2.0 EXTENDED ACCIDENT TEST (CONTINUED) -

2.4 Annulus Requirements

The annulus mockup shall be constructed as shown in Figure 3A.
The temperature in the simulated annulus located between the steel
containment vessel and the concrete reactor building shall be per
Figure 2A. The pressure shall be atmospheric and at the pre-
valling conditions at Huntsville, Alabama.

2.5 Electrical Recuirements

2.5.1 Baseline Functional Test (Prior to Accident Test)
,

Prior to the accident test, the baseline functional test
shall be conducted as follows: I

a. Visual Inspection - The electrical circuits shall
be inspected for damage and proper labeling, and
the general appearance recorded,

b. Insulation Resistance (IR) - The IR of each con-
i

ductor pair shall be measured as shown in Figure |

4A. Test voltage shall be 500 VDC. If the IR is
less than the mW== scale or the meter, the IR
shall be measured at 100 VDC. All IR's shall be j
recorded.

c. High Potential - A high potential test shall be
conducted on modules C and F, by applying 1000
VAC across each pin and ground. The leakage
cu rrent shall be recorded.

_

2.5.2 Cenditions and Tests During Accident Test

a. The modules of the penetration unit shall be en-
ergired with the voltages and currents as shown
in Table I-A

b. IR measurements per Para. 2.5.1.b shall be taken
every eight (8) hours during the first 24 hours

"
of the accident test. After the first 24 hours,
IR measurements shall be taken daily and follow-'

ing any prescribed temperature transient. High
potential measurements shall be taken per Para.
2.5.1.c each time IR measurements are taken.

2.5.3 Baseline Functional Test (After Accident Test)
The functional test per Para. 2.5.1 shall be conducted
after the accident test, and the system has cooled to
rocm temperature.

WYLE LABORATORIES 50Ree 1054 7 eiew oci *g

Muntsvide Facuity
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Paga No. IX-57
f Riport Mo. 45869-1.

) PAGE NO. 27

f TEST PROCEDURE NO. 543/6124-2/cK

Revision C

2.0 EXTENDED ACCIOENT TEST (CONTINUED)

2.6 Instrumentation During Accident Tast

2.6.1 General

Temperatures, voltages, currents, and chamber pressure shall
be recorded on a Data Logger. Chemical spray flow rate and
pH shall be recorded daily from digital readout devices.

2.6.2 Temperature Measurements

All temperatures as shown in Table 2A sEall be.. recorded ,
at a minimum sample rate of one (1) sample per 15 minutes
during the eight (8) hour transients, and a mi"4-= of one
(1) sample per hour during the ramminder of the accident
test.

2.6.3 Chamber Pressure Measurement

The chamber pressure shall be recorded at the same samp-
ling rates as the temperature measurements.

2.6.4 voltage and Current Measurements

voltage on all modules, current on modules C, D, E, F,
and L, and leakage current on all module K pins and con-
ductor No. 2 of modules C and F shall be recorded at one
(1) sample per 15 minutes during the eight (8) hour
transients, and at one (1) sample per 30 minutes during
the remainder of the ar:cident test.

2.7 Acceptance Criteria

Insulation resistances will not be used as acceptance
criteria. The test specimens shall be considered to have
met the criteria of this test specification if they com-
plete the test sequence, and still maintain circuit in-
tegrity. Circuit integrity shall be indicated by the test
specimen being capable of mainemining the required voltage
and/or current specified in Table 1A.

WYLE LA80RATORIES m ios+2 % oct n
Huntsvute Facihty

_ _ _ _
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PAGE NO. 28 ,

1

TEST PRCCEDURE NO. 543/6124-2/cK
]

Revisicn C
|

3.0 POST TEST ANALYSIS CT PENETPATION UNIT AND ASSOCIATED CABLES

3.1 Module K Plug (Plug Used in Accident Test Comoleted en 4-1-82)

Prior to conducting the extended accident test, the module K plug,
en the containment side (inside accident chamber) shall be removed, I
disassembled, a cross section cut made longitudinal, and then
examined for evidence of distertion, extrusion or other evidence

of excessive thermal expansion. The cable grommet plug sleeve
insulator leads and contact sockets shall be mounted in a fixture
supporting the plug sleeve so that it cannot rotate during the
cutting process. No oil or water shall be used in the cutting
process, and the cut should reveal a cross section or the plug

,

sleeve insulator leads, and contact sockets. Record the a - 4na- |
tion resu1ts and take photographs of each half section.

3.2 Modules D, F, and K (After Extended Accident Test)

At the completion of the extended accident test and final electrical
|

tests per Paragraph 2.0, modules D, F, and K shall be disassembled
|and inspected as in Paragraph 3.1 (plug K is not the same plug as in

Paragraph 3.1, but the one described in Paragraph 2.1) . In addition
to the inspection as described in Paragraph 3.1, the presence of
fluorescent dye in the internal portions of the plug shall be deter- j
mined by use of an ultraviolet light. '

3.3 Cable Conductors from Modules C, E, and L

3.3.1 Specimen Descriotion

This analysis is confined to the cables belcw which were
subjected to the accident test completed on 4-1-82, and not
subjected to the extended accident test per Paragraph 2.0:

Conductors Nos. 1, 6, and 7 of medule E (used insidea.

LOCA chamber)

b. Conductor No. 1 of module E (not . subjected to I4CA)
j

Conductors Nos. 8, 9, and 10 of module L (used inside
{

c.

LCCA chamber)

d. Cenductor No. 8 of module L (not subjected to LCCA)

Conductors Nos. 2 and 3 of module C (used inside LCCAe.

chamber) |
'

f. Conductor No. 3 of mcdule C (not subjected to LCCA)

All of the above conductors have been previcusly radiated,
and thermally aged per WLTP 543/6124-2/EK, Revision B.

i

l

)

wns taaouromes m .as e w i
_._

i
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PAGE NO. 29
i

TEST PROCEDURE NO. 543/6124-2/CK

Revision C

3.0 POST TEST ANALYSIS CF PENETRATICN C' NIT AND ASSCCIATED CABLES (CONTINUED)

3.3 Cable Conductors from Modules C, E, and L (Continued)

3.3.2 Speci:nen Preparation

The specimens shall be prepared as shown below:

a. Strip back the armor and separate the individual
conductors approximately 12" from each end of the
six (6) foot length used in the LCCA test and a
length not subject to LCCA but radiated and ther-
mally aged. .

b. Seal the ends of the cable with RIV furnished by
Duke Power. Allow the RTV to cure overnight.

c. Remove all of the armor from each of the cables.

d. Separate the individual conductors and carefully
mark each cable with tags as to its location
relative to the penetration pins, penetrator
designation and whether the end is the penetrator
end or test fixture end, for example: L-1-L
would designate a conductor from the L cable con-
nected to pin number 1 of the penetrator subjected
tc, the LOCA. L-1-NL would designate a conductor
from the L cable connected to Pin Number 1 of the
penetrator not subjected to the LCCA.

The conductors should now be labeled E-1-L, E-6-L,
E-7-L, E-1-NL, L-8-L, L-9-L, L-10-L, L-8-NL, C-2-L,
C-3-L, C-3-NL.

e. Remove a portion of the RTV from one end of the
conductor. Place the conductor in water with the
bare end out to serve as an electrode and measure
the insulation resistance between the conduc*ar and
water. If there is a hole or break, repair with
IC'V. Reseal the end of the conductor with RTV.

f. The conductors designated in Paragraph d shall be
placed in a bath of distilled water maintained at
130*F. Each length of conductor shall be carefully
wiped while submerged in the 130*F distilled water.
The conductors shall be removed frem the distilled
water and suspended to air drf.

WYLE LABORATORIES 50Ru '054-2 %v oct 19
Muntsyde Facudy
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TEST PROCEDURE NO. 543/6124-2/::K
Revision C

3.0
POST TEST ANALYSIS CF PENETRATICN UNIT AND ASSCCIATED CABLES (CCNTINUED)

3.3 Cable Conductors frem Modules C, E, and L (Continued)
3.3.2 Scecimen Precaration (Continued)

g. Cut a section of conductor 7 inches long frem
each end of conductors designated in Paragraph
d. Handle the section with plastic gloves to
prevent contamination of the surface. Cat the

end of the conductor one (1) inch frem the
end. This will leave a specinen six (6) inches
long for analysis.

h. Each six (6) inch icng specimen cut from the con-
ductors designation in Paragraph g above shall be
cut longitmHnally at 180* spacing around the
periphery of the insulating material on the cen-
ductor, leaving a 180* arc of the material six (6)
inches long. The separate pieces shall be marked
and placed in a plastic bag. Marking shall desig-
nate whether the conductor sample is from the pene-
tration end and/or test fixture end and also the
direction to the penetration. Mark the samples as
shown below

%
% 1.

9 .T. * i'
%- -

9
9en " atof ,q,t @'e

a.

P.E. Penetration end T.F.E. Test Fixture End

A - toward penetration A - toward penetration

8 - toward test fixture 3 - toward test fixture

After specimens have' been cut frem the conductors, the
remaining conductor lengths which were subjected to
testing shall be pressurized to five (5) psig with dis-
tilled water. The external ends of the conductors must
be sealed with epoxy and the other cpen conductor end
will be run through a potted filling in to a test cham-
ber. The test chamber which is filled with distilled
water will be pressurized to five (5) psig. External
conductors will be inspected for leaks and if leaks are
detected, water samples will be cbtained for analysis.
If leaks are not detected, cut the conductor at the
sealed end to cbtain water sample for analysis.

WYLE LABORATORIES * 1854 % kt 79
m ntsv.u. 7acnayu
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TEST PROCEDURE NO. 543/6124-2/0K j

Revision C

3.0 PCST TEST ANALYSIS OF PENETRATION UNIT AND ASSOCIATED CABLES (CCNTINUED)

3.3 Cable conductors from Modules C, E, and L (Continued) |

3.3.3 Cable Analysis :
1

3.3.3.1 X-Ray Scectroscocy |

One sample of the insulating :naterial pre-
pared in Paragraph 3.3.2.1 shall be scanned
on the conductor side of the insulation to
search for the pr%sence of boren and sodium
in other than minute trace quantities which
will nor:nally be present in the filler. The
results from the two (2) ends will be ccm-
pared as well as comparing the samples not
subjected to the LOCA. The scanning shall be
conducted with an X-Ray spectroscope, electro
micro probe, or by X-Ray imaging by EDX.

3.3.3.2 Chemical Analysis

The other 180* are of the sample of the in-
sulating material prepared in Paragraph 3.3.2.1
shall be cleaned with distilled water on the
conductor side of the insulation and the dis-
tilled water subjected to chemical analysis for
the presence of boron. The distilled water
samples obtained in Paragraph 3.3.2.1 will also
be subjected to chemical analysis.

~ ~

3.4 Mcdules C, E, and L (Afterhanded iccidAnt *est)

3.4.1 Disassembly and Visual Examination

Modules C, E, and L shall be disassembled and inspected
, as detailed belcw:
!

a. After ccmpletion of the electrical test of' Paragraph
2.5.3, the electrical penetration assembly shall be
washed dcwn with fresh water to remove the dye from
the outside of the penetrators. An ultraviolet light
shall be used to excite the dye to insure that the sur-
faces are free of the dye. The flushing shall continue
until the dye has washed frem the surfaces.

b. Cut the wire on either end of the splice. Mark the
wire so that it can be identified with a particular
pin on the penetrator. Insure that markers do not
interfere with removal of coupling ring. When all
splices have been cut, remove the cable clamp from
the penetration. Unscrew the coupling ring until the
threads have been disengaged. Carefully dry the in-
side of the coupling ring with a het air blower to
prevent moisture from entering the lead ends when the
coupling ring is lifted off the plug sleeve. Use a
minimum amount of het air being very careful not to

WYLE LABORATORIES rom 1054 kvoct79
Huntsyme Fac:hty
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3.0 PCST TEST ANALYSIS OF PENETRATICN UNIT AND ASSOCIATED CABLES (CONTINUED)

3.4 Modules C, E, and L (After Extended Accident Test) (Continued)

3.4.1 Disassembiv and Visual Examination (Continued)
b. overheat the rest of the assembly. Lift the ccupling

ring off the plug sleeve.

c. Remove the plug assembly from the penetrator. Lift
off the plug assembly by grasping the leads. The
plug assembly should censist of the plug sleeve, cable
grcmmet, plug sleeve insulater and interface seal and
associated centact sockets. Use plastic gloves when
handling the components. Be very careful not to cen-
taminate the varicus pieces with dye or water from
other parts. It is possible that the interface seal
will ramain in the module. If this cecurs, the inter-
face between the plug sleeve insulator and the inter-
face seal will be exposed. Examine the interface of
the plug sleeve insulator for presence of droplets
of water, and avamine for presence of dye with an
ultraviolet light. Examine the surface for evidence

;

of tracking or creepage of electric current which
should leave a carbon tract in the epoxy glass lami-
nate surface. Before centinuing, an examinatien
should be conducted on the interface seal surface in i
contact with the plug sleeve insulator. This examina- '

tion should be conducted concurrently with interface
of the plug sleeve insulator since droplets of water I

could evaporate if present. The aramination should
censist of (a) determination of droplets of water are
present, (b) examination with an ultraviolet light

i
for presence of dye, (c) examinatien of the surface i

for evidence of tracking er channels of electric cur- |

rent. Examine the area where the leads exit from the I

plug sleeve to insure there is no extrusion of material
or necking dcwn of the conductor insulation. If there 1

is a doubt, probe the interface with a wet sponge and
500v "megger" to detect breaks in the insulation. i

d. Remove the plug sleeve. This should expose the plug I

sleeve insulator and the cable grcmmet. Use an ul ra- l

violet light en the leads and determine if there is l

dye present en the leads. If there is dye present en j
the leads extending out of the cable greemet, carefully
wash the leads in distilled water by flushing. Do not l

submerge the ends of the leads in water. Do not allcw
the distilled water to splash into the plug sleeve in- i
sulator er interface with the plug sleeve insulator

,

and cable gremmet. Handle all ecmponents with clean i

plastic gicves. Remove the leads and contact sockets ;
frcm the plug sleeve insulator. Place the marked leads 1

and centact socket in plastic bags.

)WYLE LA80RATORIES @u 1054J Sev 3ct '9
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3.O PGST TEST ANALYSIS OF PENETRATION UNIT AND ASSOCIATED CABLES (CONTINCED)

3.4 Modules C, E, and L (After Extended Accident Test) (Continued)

3.4.1 Disassembly and Visual Examination (Continued)

e. Removal of the leads will allow the cable grommet to
be separated from the plug sleeve insulator. Mark
the side of the cable grommet exposed to the environ-
ment (not in contact with the plug sleeve insulator)
prior to removal from the plug sleeve insulator. Note
the condition of the cable grommet, for evidence of
extrusion through the plug sleeve. Use plastic gloves
and only handle the side of the cable grommet, do not
pick up by the interface surface. Handle the plug
sleeve insulator by the side not the interface surfaces.
Rest the plug sleeve insulation on its side not the
interface surface. Separate the cable grommet from the
plug sleeve insulators. 5'vamtne the interfaces between
the cable grommet and the plug sleeve insulator should
be marked to indicate the cable grommet side.

f. Evamine plug sleeve insulator for the following:

(1) droplet of waters

(2) presence of dye by means of ultraviolet light

(3) tracking on the plug sleeve insulator and the
cable grommet.

Examine the side of the cable grommet for evi-
decce of dye by an ultraviolet light. Place
the cable grommet in a plastic bag that fits
tight so the grommet cannot turn in the bag
and contaminate surfaces,

g. The plug sleeve insulator should have the rammining
i surface examined for evidence by dye, by the use of ;

ultraviolet light. Place the plug sleeve insulator
in a close fitting plastic bag.

WYLE LABORATORIES '0" M* r %, act ts
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3.0 POST TEST ANALYSIS CF PENE*RATICN UNIT AND ASSCCIATED CABLES (CCNTIZIED)

3.4 Mcdules C, E, and L (After Extended Accident Test) (Continued)

3.4.1 Disassembly and Visual Examination (Con *dnued)

h. The last surface to examir.e is the interface be-
tween the interface seal and the glass to metal seal
surfaces. Use plastic gloves and attempt to pey the
interface seal out of the module assembly. Attempt
to preserve as much of the interface surface *<.th the
glass to metal seal area as possible. Mark the in-
terface seal en the side to indicate the two (2)
surfaces.

Do not attempt to : nark or handle the interface areas
if possible. Handle by the side of the interface
seal. 2vamine the surface between the interface seal
and glass to metal seal area for evidence of (1) dye,
by means of ultraviolet light, (2) tracking or channels
on the interface seal material from electric current
and (3) droplets of water. Wrap the interface seal
piece in thin polyethylene film (such as " Saran Wrap"),
and then it can be put in a larger plas*de bag.

3.4.2 Penetration Unit Analysis

The penetration unit shall be analyzed per Table 3'A 'uising
X-Ray spectrosecpe, electro micro prebe, or by X-Ray imaging
by EDX.

l

1

l
1

)

|
1
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TABLE 1A

MODULE ELECTRICAL REQUIREMENTS

MODULE CONDUCTOR VOLTAGE CURRENT

C 1 600 VAC 150 Amps (1 0 amps)1

2 600 VAC 0 Amps

3 600 VAC 150 Amps

0 1 600 VAC 25 Amps (1 2 amps)
2 600 VAC 25 Amps

3 600 VAC 50 Amps (1 3 amps)
4 600 VAC 50 Amps

5 600 VAC 25 Amps

6 600 VAC 25 Amps

E 1 600 VAC 15 Amos (1 2 amps)
2 600 VAC 15 Amps

3 600 VAC 15 Amps

4 600 VAC 15 Amps

5 600 VAC 15 Amps

6 500 VAC 15 Amps

7 600 VAC 15 Amps

8 600 VAC 15 Amps

| 9 600 VAC 15 Amps

10 600 VAC 15 Amps

! 11 600 VAC 15 Amps

12 600 VAC 15 Amps

F 1 600 VAC 30 Amps (1 3 amps)
'2 600 VAC 0 Amps

3 600 VAC 30 Amps

K 1 120 VAC 0

2 120 VAC 0

3 120 VAC 0

i

_ -_ _ _ . - _ . - , _ . _ _ . _ _ _ _ _ _
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MODULE CONDUCTOR VOLTAGE CURRENT

X 4 120 VAC 0

5 120 VAC 0

6 120 VAC 0

7 120 VAC 0

8 120 VAC 0

9 120 VAC 0

10 120 VAC 0

11 120 VAC 0

12 120 VAC 0

13 120 VAC 0

14 120 VAC 0

L 1 600 VAC 5 Amps (+ 1 amp)
_

2 600 VAC 5 Amps

3 600 VAC 5 Amps

4 600 VAC 5 Amps

, 5 600 VAC 5 Amps

6 600 VAC 5 Amps

7 600 VAC 5 Amps

8 600 VAC 5 Amps

9 600 VAC 5 Amps

10 600 VAC 5 Amps

11 600 VAC 5 Amps

12 600 VAC 5 Amps

NOTE: Tolerance on 600 VAC is + 10V, and on 120 VAC + 5 VAC
Tolerances on currents are noted above and appTied to each
conductor requiring that ampacity.

.
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TABLE 2A

Thermocouple Locations

INSIDE STEAM CHAMBER

1 's exterior face of junction box cover
2 temp inside junction box'

? . backshell of module C
4 " " " "

D

5 E
" " " "

6 F
" " " "

7 K
" " " "

8 L
" " " "

09 On outside of junction box mtg ring (360 )
10 On face of flange near module C
11 On face of flange near module X or L

012 On 3/4 inch chamber flange plate at 360
013 90

" " " " "

U14 " " " " " 180

15 270
" " " " "

~ 16 Chamber air temperature
17 Chamber air temperature
18 Chamber air tenperature
19 On receptacle of module E
20 On receptacle of module 0
21

22

23

OUTSIDE STEAri CHAISER

24 On exterior face of junction box cover
25 Air temperature inside junction box
25 On backshell of module C

JST/csc

_ _ _ _ _ _ _
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Thermocouple Locations

27 Inside nozzle air temperature

28 On face of flange near module C
29 On face of flange near module K or L
30 On 3/4 inch chamber flange plate at 360
31 90" " " " "

32 180" * * " "

033 270" " " " "

34 Annulus air temp (high)
35 Annulus air temp (center)
36 Annulus air temp (low)

,

i

1

l

1

l

1
1

1

l

|
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1

l

l

1

|
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TABLE 3A PENEIRATION UNIT ANALYSES
!

Sl19ftfil 10CATInti TEST PilRPOSE
_

lead Wire Conductor side of lead wire Illtra-violet Presence of wa ter lay dyeinsulation X-ray spectroscopy or deposits.
Electron Micro Probe Presence of water lay horon
Analysis delvisi ts

falste raroimiet Interface with plug sleeve X-ray spectroscopy or Presence of water by haroninsulator Electron Micro Probe deposits
Analysis

Plug Sleeve Insulator liiterface with cable groamiset " " " " "

Plug Sleeve insulator Interface with Interface Seal " " " " "

Interface Seal Interface with Plug sleeve " " " " "

insulator gg
m e, .o 'o a
a 11.2 51 *Interface Seal Interface with glass to inetal C.""5" " " " "

'

seal surface
'o' '' E $ 'Dh-QPlug Sleeve Insulator Internal Surface " " " " "

' ' .O: .s $ k
'

and direClion that Water $*
- noved if located., y, , ,

i r

t
e
IA

,

I

*
.

I

1

,
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FIGURE lA

ENVIRONHENIAL TEST PROFILE
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FtGURE 2A

ANUULUS TEnpEgAyUNC VROFILE
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Hult5: (1) The test temperature prottle shall be as close to the atsove profile as practical durints
the tsansient.

(2) After 2400 seconds, ti,e ecst temperature shall be within +15*F, -0*F.
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WIRIflG OIAGRAM AfiD Iti5ULATIOff RESISTAilCE

Podules E & L Module K,

.

_

- . . .

1 A 1
1- A l

2}2 8 2 2 B
'

3 C 1 C 3

3}4 04 0 4
5 E s,

6 F 6),

6

7 G 7 ? ^^ G l'

O)8 H 8 N

9 d 979 J 9)l 10 X 10 10 K 10

11 II L II11 L
12)12) 12 N12 M

13 fi 13
14 P 14

'Penetra tion /( Module Conductors
.\1 A l

2}
.

2 -- -- B t

3 C 3 1 A 1
'

E 4 2 B 2
-

5 F ST 3 C 3
; 6 G 6/ ~

|

Module O Modules C 4 F
'

|

l fl0TE: 1- On module D Pins C & E are 4 AWG and Pins A,B,F & G are 8 AWG

2. Insulation resistance (IR) shall be measured between-each
! conductor and all other conductors tied to ground.

3. Insulation Resistance shall be greater than 100 megohms for
i modules C, 0, E, and F and 10 megahms for codulers K and L '

| prior to start of testing. Reading below these values after
the start of testino shall be acceptable . Functional, capabil i ty
of the circuits is determined by the ability of the circuits
to maintain the prescribed voltage.

.
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