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P URP OS E
The purpose of this test program is to demonstrate that
Firewall® III electric cables will function during a
loss o1F coolant accident (LOGA) Postulated to occur at
any time during 40 years of operation under conditions as
prescribed by IEEE 383-1974.

TFTSAMPLEDESCuIPTIOINS

Insrumen tati on Cable

Single Conductor #16 AWG, 300 volt ,20 mils of
flame retardant XLPE insulation, identified as
Rockbestos Firewall®a III.

*Control Cable

* Single Conductor #12 AWG, 6001volt, 30 mils of
flame retardant XLPE insulation identified as
Rockbestos Firewall® D i

Power Cable

single Conductor #6 AWG, 600 volt, 45 mils of
flame retardant XLPE insulation identified as
Rockbestos Firewall®) III.

*Also qualifies Firewall, SIS (NEC Type STS).



PROCEDURE

I. R.Pference IEEE 383 Paragraph 2.3.3.]

TThree samples ("A," "B." and "C") each made up of two 10 ft.
pioces of cable, were rprepar ~for Firewall III instrumnenta-
tion, control and power cables described co- Page I. All

~mpleswere formed into test coils.

11. Reference IEEE .333, Paragraph 2.3.3.2

The "A" and "B" samples were thermally aged in a circulating
air oven for 1300 hours at 150 0C in order to simulate 40 year
installed life at a continuous operating temperature of 90*C..
This simulation was based on the attached Arrhenius data.
Exposure time of 8.50 hours dictated by the Arrhenius slope was
a .djusted to 1300 h ours to provide an adequate margin Over
,specified service temperature, as required in IEEE 323, Section
6.3.1.5.

11.1. Reference IEEE 383 Paragrap h2.3.3.3
'The "A" and "B" samples were subsequently subjected In a~ir to
gamma radiation from a coba lt 60 source at a rate of 1 x 10 6
ra-ds per hour to a cumulative dosage of -5 x 10~ rads.

IV. Reference IEEE 383 Paragraph 2.3.3.4

In order to demonstrate the serviceability of Firewall III
after normal 40 year service conditions,.the "-A" samples were
straightened and *recoiled with an inside diameter of 20 times
their 0.D.'s and immersed in tap water at room temperature.
While still, immersed, the samples were subjected to and passed
a voltage withstand test for 5 minutes at a potential of 80 V/mi] AC.



V. Reference IEEE 383 Paragraph 2.4

In order to demonstrate the s~ervilceability of Firewall III during

and after a LOCA occurring during the first days of installed life,
the 11C" samples were first subjected to a radiation dosage of
1' -~ 5 X 10 8 rads and then subjected to the LOCA profile of IEEE 323.. *

for comibined PWR/BWR while energized with rated voltage and current.
Following this exposure, the samples were straightened and recoiled
with an inside diameter of 40 times their 0.D.'s and iruinersed in
tap water at room temperature. While still i'iinersed, the samples
were subjected to and passed a voltage withstand test for 5 m inutes
at a potential of 80 V/Nil AC.

In order to demonstrate the serviceability of Firewall III during
and after a LOCA occurring during the last days of 40 year installed
life, the"'B" samples were-first subjected to an additional radiation
dosage of 1.5 x 10 8 rads, bringing the total dosage to 2 x 10 8 rads,
and then subjected to the LOCA profile of IEEE 323 for combined
PWR/BWR while energized with rated voltage and current*. Following
this exposure, the samples were straightened and recoiled with an
inside diameter of 40 times their 0.D.'s and immersed in tap water
at room temperature. While still immersed, the samples were subjected
to and passed a voltage wi thstand test for 5 minutes 'at a potential
of 80 V/Mi] AC..

* AWG: '600 VAC, 70A -

12 AWG: 600 VAC, 30A X

16 AWG: 300 VAC, 22A



In order. to further demonstrate the serviceabili Ity of Firewall III

cables after a LOCI\, the, " -B".; samples, following the post. LOCA

simulation test described ab;ove, were exposed to a 100% R1H 200 F
environment for 100 days. Following this exposure, the samples

were again straightened and recoiled with an inside diameter of

40 times their 0.D. 's and immersed in tap water at room temiperature.

While still immersed, the samples were Subjected to and passe .d a.

vol Itage withstand test for 5 minutes at a potential of 80 V/llil AC.



(CERTIFIED)_ CCLUSIOt4

Flaving9 successfully w ithstood the conditions and testsas described in the precedi .ng proce Idure, we certi~fy
that Firewall HII cables will function for at least40 Years at a conltinUuou Operating temperature (conductor
temperature) Of .90-C and after a radiation exposure of200 'fegarads and during a Postulated Loss-of-COOlant-
Accident (LOCA) Occurring at any time during the 40 years.I

Ceoge- Buettnier
Chief Engineer

es R. MIarth
Cable Engineer

STATE OF CONNECTICUT, COUNTY OF NEWl HAVEN:
Subscribed and sworn to before me this 1c--day of

1977.

Notary Public

MY Commission Expires tMarch 31, )
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August 19, 1975

Mr. J. R. Marth
Cerro Wire & Cable Co.
P.O. Box 1102
New Haven, Connecticut 06504

Dear Mr. Marth:

This will summarize parameters pertinent to the irradiation
of a mandrel of cable samples per your order 70572, dated
July 18, 1975.

The mandrel was placed in a-cobalt-60 gamma field in an uprightposition, which paralleled the long axis of the radiation source.The mandrel was exposed at each of 4 quadrents, as marked withtao e on its top. By initegjrating the dose rate at any point onthe mandrel during its 4-position exposure, an average dose ratewas obtained which, when multiplied by the total exposure time,yields total dose.

Phase I of the test required that the cables be exposed to 50 Mrad.They were exposed for a total of 78 hours at: an average dose rateof 0.65 Mrad for a total dose of 50.7 Mrad. At this point (July 21)the mandrel was removed from the irradiator, and Cerro re presentatives
removed several cables.

Phase II consisted of the mandrel and remaining cables being exposedto an additional,150 Mrad. Using the same procedure, they wereexposed for 188 hours at an average dose rate of 0.8 Mrad per hour,for a total dose of 150.4 Mrad.

Irradiation was conducted in air at ambient tempe .rature andpressure. Radiant heat from the sou~rce heated the samples somewhat,but the temperature did not exceed 1100 f ' as indicated by previous.m~easurem~ents on an oil solution in the same relative position.

Il3omedfix Inc. - 25 Eastmans Road,.Parsippany, New Jersey (201) 887-4700
Mailing Addr.,¶ii Post Office 8~ox 17?, Parsippany, New Jersey 07054

CHICAGO DIVISION * 7828 Nagle ",e. Morton CGrove, illifluis 600. 53 (312) 966-1 160



Mr. J. Marth
-2.-.August 19, 1975

Dosimetry was performed using a Victoreen Model 555 IntegratingDose Rate Meter and Probe. The unit was cali~brated onJanuary 15, 1974 by t~he "Victore~en instramenLopay usingcobalt-GO and cesium-137 sources whose calibrations are traceableto the U.S. National Bureau of.Standards. A copy of the calibra-tion certificate is available. Backup dosimetry using a RedPerspex system confirmed the Victoreen readings.

Irradiation was completed on August 1, 1975, and the mandrelwas picked up by your personnel,

Very truly yours,

G eor ge . If.ý iet'z
Manager, Radiation Services

GRD: km

. 2 -
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F-C 4033-1

TESTS OF RAYCHEM FLAMITROL? INSULATED AND
JACKE TED ELECTRICAL CABLES UNDER SIMULTANEOUS EXPOSURE

TO HEAT, GAMMA RADIATION, STEAM AND CHEMICAL SPRAY

WHILE ELECTRICALLY ENERGIZED

Prepared for

Raychem Corporation

Menlo Park, California

January 1975
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1. INTRODUCTION

S* Raychem Flamtrol insulated and .jacketed
tr ical cables (one with a splice) submitted

by Raychem were subjected to an environmental
test program based on the guidelines of IEEE
Standards 323-1974' and 383-1974' to determine
their suitability for service within thre containment
of a nuclear power generating station.

The test program commenced with a seven-day
combined thermal and radiation ag~ng period
consisting of 150'C (3021F) and 5 x 107 rads
gamma radiation dose while the specimens were
electrically energized. Some of the specimens
had been preaged for 25 (lays at 150 0 C (302 0 F)
and 12 days at 1601C (3201 F) prior to the corn-
bined thermal and radiation aging*. These aging
exposures were designed to simulate many years
of normal use. The thermal and radiation period
was followed by a si'multaneous exposure to steam,
chemical spray and gamma radiation (S/C/R).
This exposure was as follows:

1. An initial dwell at >177 0 C (351 0 F) at
a steam pressure of >70 psig for 10 hours.

2. 4.5 days at 1351C (2751F) at a steam
* pressure of 31 psig.

3. A 26 day dwell at 1001C (2121F) at a
steam/air pressure of approximately
10 psig.

*Preaging performed at Raychem prior
to submission of specimens to FIRL (infor-

inon preaging was provid~ed by

During the S/C/R portion of the program, the
specimens were exposedl to an additional gamma
radiation 'dose of 1. 5x 108 rads. The specimens
were also electrically energized during the S/C/R
exposure. This exposure simulated the in-con-
tainment environmental conditions resulting
from a Postulated Loss-Of-Coolanit Accident
(LOCA) in a generating plant having a boiling
water or* pressurized watur i-eactor, arid those
occurring during the cooldown after thle postulated
LOGA. The electrical integrity of the specimens
was evaluated by:

I1. Insulation resistance measurements

2. The ability to maintain electrical
loading during the test cycle

3. By high-potential withstand tests
performed after bending at the con-
clusion of the exposure.

The program was conducted by The Franklin
Institute Research Laboratories (FIRL) during
the period of December 1974 through January
1975.



2. TEST SPECIMENS

Table 1 presents a description of the specimens
tested and also shows the energizing Voltage

ci current levels.

Table 1 Test Spccimens
Specimen Electrical Loading

Voltage Initial CurrentDescription Number* LenEth (ft)ý Vrrs - 60 Hz) (A)____

Raychem FlamtrolTM 1000 V insulated wire i25 1000 25AWG 12, 45 mil nominail wall iX 22
Part No. W1lTC12CIO (60C0311-12)
Run No. 117-l0-1-72-6

Raychem FlamntrolT M 1000 V insulated wire 2 23 1000 65AWG 6, 45 mui nominal wall
Part No. WlTC613G (60130211-6)
Run No. P-7-9-23-71-6

Raychem Flarn-trol TM, 1000 V insulated and jacketed 3 24 1000 17.5cable, 7 Conductor, AVG 12 3X 22
30 mil nominal wall insulation
60 mil nominal jacket wall
Part No. J7TC12CIO

'Run No. P7-29-74-7

Raychem Flam'troIT" 600 V insulated a .nd jacketed 4A 27 600 8cable, 2 Conductor, AWVG 16 4AX 23
L Aluminum-polyester shield wrap with AVG 18

drain wire
0 20 mil nominal wall insulation

45 mil nominal jacket wall
Part No. F2TC16C6-C1
Run No. J14-11-6-74-6

Raychem Adverse Service Coaxial Cable 525 600 0AWG 22 conductor 5X 25
1st insulation layer - 8 mil wall of alkane-imlde

polymer
2nd insulation layer - 49 mil wall of Rayolin R`

radiation cross-link~ed polyolefin
Braided copper shield
Raychem Flaxntrolt M jacket -34 mil nominal wall
Part No. 10483
Run No. J7-5-10-72- 6

Raychem Adverse Service Triaxial Cable 6 25 6'00 0AVG 26 conductor
1st insulation layer - 4 mil wall of alkane-imide 6X 23

polymer
2nd insulation layer - 129 mil wall of Rayfoam F'

radiation cross-linked cellular polyolefin
Braided copper shield
1st jacket - 22 mils of Raychem Flamtrol'
Braided copper shield

S2nd jacket - 33 mils of Raychem Fla-mtrol'
Part No. 10495()
Run No. J7-3-1-73-6
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Table 1 Test Specimens (continued)

Spec imen ElectricalLodn

Voltage Initial CurrentDe~scription Number* Lengthi[(f!J (VrMS 7 60 111) (A

(See Nbte 1) 7

(See Note 1) 8

Coaxial Cable Splice 9x 20 600 0Same cable as Specimen Number 5 with
splice covered with ThermofiLt- WCSF-N
heat-shrinkable tubing splice cover
(Splice Illustrated in Figure 1.)

Raychem Flamntrol'~ 1000 V insulated wire 10 27 1000 25AWG 12, 45 mil nominal wvall lox 18
,Part No. W1TCl2B1O (Note 2)
Run No. P-11--7-12-74-4

Same as Specimen Number 10 except preaged 11 26 600 25before test began at 1500 C (3020 F) (Note 4)
for 25 days (Notes 2 and 3)

Same as Specimen Number 10 except preaged 12 27 1000 25before test began at 1600 C (3200 F) 12X 22
for 12 days (Notes 2 and 3)

*Cables with suffix "X" were mounted on the outer cable mandrel. See Section 4. 4.tSpecimens cut to lengths shown. Approximately 4 ft of the length extenided outside of the test vessel(2 ft on each end of the specimen),
*Initial currents were applied at room temperature, and allowed to drop to a lower level during combinedradiation and thermal aging and simultaneous LOCA-simiilation testing. See text for discussion.

Note 1 Specimens 7 and 8 were Raychem StilanTm , test results are presented in report number F-C4033-2.Note 2 Specimens 10, 11, and 12 were a-n experiment to determ-ine the effect of additional1 preaging.Specimen 10 was the control for the other two specimens.
Note 3 Information on preaging provided by Raychem.
Note 4 Raychem specified 1000V rms. Actual voltage used was 600V rmns.
'U and @ Trademarks of Raychem Corporation

Fig-ure 1. Raychem Flarntrol jacketed coaxial cable spliced with Raychem .Thermofit
WCSF-N heat-shrinkable tubing splice cover.



3. TEST PROGRAM

3.1 PRETEST INSPECTION AND PREPARATIONS

S The specimens were visually insp ected
upon receipt, identified with stainless
steel tags, and wound onto two concentric
mandrels (See FIRL reports F-C4033-2
and -3) as shown in Figure 2. The mandrels
were ass embled with the flanged head
of the 24-inch diameter pressure test vessel
and the specimens were passed through
pressure-sealing glands in thle vessel
head so that electrical measurements could
be made and electric loads applied during
the test ex posure.

Specimens 5. 5X, 6, 6X and 9X had sections
of Raychem Thermafit IVCSF-N heat-shrink-
able tubing over them in the immediate
vicinity of the pressure -sealing glands.

711

- ,-A

fT T
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f4

Figure, 2. Prts iwo et pcmn nvse

mandrels ~ ~ ~ -A wihveslhedatahd

The insulation resistance (111) of .the spec-
imens was measured with a megohmmeter
at 500V dc applied far one minute. Then
the flanged head wvith thle mandrels and
the specimens attached was installed
in the vessel.

3.2 ENVIRONMENTAL TEST FACILITY

The pressure vessel for the test was a
24-inch diameter by 48-inch steel chamber
with a flat flange head, in which there
were penetrations for the specimcns '(See
Figures 3 and 4). A perforated steam in-
let pi pe extended about 7 inches down
from the center of the head flange; this
was surrounded by a cylindrical baffle
that prevented direct impingement of
steam oil thle specimens.

A spray system was provided to spray
the specimens uniformly at an average
rate'of 0. 15 gallons per minute (gpm)
per square foot over the cylindrica~l area
approximately midway between the two
mandrels. This was accomplished by
locating, four wide-angle spray nozzles
at each of two locations along the axis
of the mandrel. The spray was directed
radially outward, part of it impinging
on the specimrens mounted onl the inner
mandrel and part of it passing through
the spaces between cable turns to impinge
on the specimlens mounted on the outer
mandrel. If it is assumed that the spray
is uniformly applied to. the interior of
an imaginary cylinder midway between
the 33-inch long inner and outer mandrels,
0.-15 gpm per square foot is equivalent
to a total rate of 1 .94 gpm . A rate of 2.5
gpm was used to assure adequate spray
formation from the eight wide-angle noz-
zles (,approximately 0.31 gpmn per nozzle).

The spray solution was collected in the
bottom of the vessel and was directed to
a drain or returned to the pump for
recirculation, as required. The spray
flow rate was measured with an orifice-
plate flowmeter.

The test vessel assembly with associated
components was installed inside a radia-
tion hot cell approximately 6-feet x 11-
feet x 9-feet high. Thle cobalt-GO source
consisted of p ellets packed .in 62-inch
long pencils and arranged into a vertical
cylindrical array which was moved around
the vessel during the test to achieve a
uniform exposure.

0~

0"

0
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Figure 4. Diagram of pressure vessel
showing salient features and location of
thermocouples.

3.3 ELECTRICAL ENERG[ZING

Shielded extension cables were run from
the exterior of the hot cell to the top of

,the vessel; and connections were made
*at this point with the ends of the specimensWwhich extended above the vessel. The

shielding, on the extension cables served
to reduce the effects of radiation on mea-
surements of insulation resistance.

Vigure 5 is a diagram of the typical ener-
gizing circuitry . The energizing cabinets
are illust rated in Figure 6. Tlable 1 gives
the specified initial current loads. Cur-
rent loads were adjusted to the initial
specified values of Table 1 prior to the
start of the environmental exposures.
With the specified current, the voltage
drops (resultinrg -from conductor resistances)
throu gh the test cables and shielded exten-
sion cables were measured and record-
ed. Thereafter, the currents were adjusted
as necessary to reestablish the initial
,voltage drop. Thle actual currents were
recorded periodically as part of the test
.data.

This method was, specified by Raychem
to be in accordance with IEEE Standard
383-1974, Paragraph 2.4.3.1, which
states, 'i.. . . they should be energized
at rated voltage and loaded with rated
service current while under the average
normal operating condition."

CONDUCTOR2

c.,aLE9(1
Wfl2029f L:

1w I/--.. _,., ý_, I, 1.. 2.
10. d .-. , 14 ., 9k9.2 V.K

Figure 5. Electrical loading circuits for energizing.
specimens during environmental exposure.

IJ LJ tcir 7

Figure 6. Vikw of electrical energizing cabinets.



3.4 INSTRUMENTATION

Chamber temperature and pressure were
monitored continuously on strip-chart
recorders. The locations of the thermo-
couple junctions were as shown in Figure 4,.

A list of the data acquisition instruments
used in the test program is included as
Appendix A.

Radi ation Dosimetry data are included
as Appendix 1B.

3.5 COMBINED RADIATION AND THIERMAL
AGING EXPOSURE

The specimens were electrically energized
as stated in Section 3.3, while simulta-
neously thermally aged at 1501C (3020F)
and irradiated to an air-equivalent dose
of 5 X 107 rads. The vessel was electri-
cally heated. :During this exposure air
was circulated through the test vessel
by an external blower. Insulation resis-
tance measurements were made during
and after this exposure.

Note: An air-equivalent dose means
that the volume occu pied by
the specimens receives an iso-
tropic flux of gamnma radiation
equivalent to th'e radiation dose
that would result if the volume
contained only air.

3.6 LOSS-OF-COOLANT~ ACCIDENT (LOCA)
ENVIRONMENT EXPOSURE

Follo wing the combined radiation and ther'-
Mal aginig exposure, the specimens were
simultaneously exposed to steani, chemical-
spray and gamma radiation (S/C/R) as
illustrated in Figure 7.

A chemical spray consisting of 3000 ppm
boron Its bjoric acid, 0. 064 molar sodium
thioISLatfatC 111d adjusted with sodium hy-
droxide to a p11f of 10. 5 at room temperature,
was applied at the rate of 0. 15 gpm per,
square foot (100 rid pei' second per square
meter) of spray area (See Section 3.2).
Fresh heated spray solution was used
for the first hour of the profile. There-
after, the spray solution was recirculated
from the reservoir at the bottom of the
chamber. The p11 was monitored periodi-
cally and was maintained within the range
of 9.5 to 11.0 by addition of fresh solution.

During the S/C/R exposure, the specimens
were- energized as indicated in Section
3.3.

3.7 BEND AND HIGH-POTENTIAL WITHSTAND
TESTS

After the S/dIR exposure, before the test
vessel was removed from the radiation
hot cell, it was filled with tap water and
insulation resistance measurements

THERMAL
AGING a-.--KRADIATION

400

350)-
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tI50*C)
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200-
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Figure 7. Temperature/ pressure profile for simulation of Loss-Of-Cool .ant-Accident (LOCA) environment.
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and preliminary high-potential withstand
tests were made on all specimens at ambi-
ent temperature. The test vessel was.drained, the mandrels with the specimens
were removed from the vessel and the
specimens were visuall y inspected. The
specimens were then removed from the
vessel mandrels and bent around test
mnandrels 40 times the cables' diameter.
The specimens (still coiled from the test
mandrel) were immersed in water and
subjected to a high-potential withstand
test for 'five minutes at the voltages shown
in Section 4.4.

4. TEST RESULTS

4.1 PRETEST ELECTRICAL MEASUREMENTS

The results of insulation resistance mea-
surements are presented in TFable 2.

4.2 COMBINED RADIATION AND THERMAL AGING

The specimens were exposed to the aging
environment described in Section 3.5.
The average temperature near the specimens

*approximated or exceeded 1501C (30211F).
The specimens maintained the electric
l6oads described in Section 3.3 and Table
ý3. Insulation resistance measurements
are included in Table 2.

4.3 LOCA ENVIRONMENT EXPOSURE

The specimens were exposed to a simultan-
eous steam, chemical-spray and radiation
environment in general accordance with
Figure 7. Minor deviations occurred as
follows:

a) The temperature of 280OF was
obtained in 25 seconds instead
of 10 seconds.

b) The temperature drop from 357OF
to ,275OF was accomplished in
two hours instead of one hour.

c) After nine days of the S/C/R
environment, occasional
clogging of the spray nozzles
and filters from chemical and
other deposits (possibly specimen
materials) caused spray rate
reductions*, which were period-
ically corrected by cleaning
of filters and two complete replace-
ments of the spray solutions.

Post test inspection and pe'rfor-
mance test of the spray.nozzles
indicated oil y three of the eight
nozzles were spraying't.'
Therefore, the spray rate was
in excess of 0.-15 gpm per square
foot of area in front of the work-
ing no zzles.. Since the three
working nozzlcs were in the
upper portion of the chamber
(See Figure 4) , there is reason-
able assurance that the imping-
ing spray splashed and flowed
onto the lower cables.

*Clogging of nozzles and filters
and replacements of spray so lu-
tions are niot uinusual occurrences
for FIRL coniducted tests of
this type.

tThe chemical sprays tend to
vaporize into steam when exiting
the nozzles and, leave chemical
deposits. leading to possible
.clogging of spray nozzles.

The specimen energizing data and the
results of electrical tests made during
the exposure are summarized in Tables
2 and 3.

44FINAL INSPECTION AND ELECTRICAL.
TESTS

Immediately after the S/C/R exposure,
before the test vessel wa s removed from
the radiation hot cell, it was filled with
water. Insulation resistance measure-
ments and one-minute high-potential with-
stand tests were made on all specimens
at ambient temperature. The results indi-
cated all specimens except 4A and 4AX
were capable of withstanding appropriate
high-voltage test potentials.

After removal of the vessel head and speci-.
men mandrel from the vessel, further
diagnostic tests indicated the insulation
on specimens 4A and 4AX were faulted
in the area of' the chainber penetration.
The specimcn 1 ; were severed immediate ly
below the penetration before conducting
the final inspection anid electrical tests.

The results of the mandrel wrap test and
high-potential withstand tests which followed
the 30-day S/G/R environment are included
in Tables 3 anid 4. Figure 8 shows a typical
test mandrel wrapped with a specimen.
Figure 9 shows the hiigh-potential withstand
test. Post test photographs of the specimens



are presented as Figures 10 and 11.
The specimens on the inner mandrel (speci-
men numbers without the "X" suffix) were
left on the mandrel an d returned to Raychemn
for additional testing by Raychem.

Table 2. Summary of Insulation Resistance Measurements (ohms)

Iuisutation reaistance (otins)a of specimen number
Elapsed Chamber

LWCA Temperature Pressure

Pre-Teat Ambient 0
Ambient 0

(Note f0 302 0
262 0
140 0
120 0

2.2 hur 353 130
9.6 hir 358 134
14.8 hr 275 31.0
4.0 da 274 31.0
4.1 da 212 6.5
7.9 da 212 11.0

13.6 da 220 10.0
12.8 da 212 12.0
21.8 da 212 12.0
24.8 da 212 15.0
29.9 da 212 15.0
Pulao Teti Ambient 0

Elapsed Chamber
LOCA Temperature Pressure
Time (- F) (oswi)

Pre-Test Ambient 0
Ambient 0

CNote f) 302 0
262 0
140 0
120 0

.2.2 hr 353 030
9.6 hr 358 134

14.8 hr 275 31.0
4.0 da 224 31.0
4.1 da 212 6.5
7.9 da 212 11.0
13.6 da 220 10.0
17.8 da 212 12.0
21.6 da 212 .12.0
24.8 da ?12 15.0
29.9 da 212 15.0
PtW TeX* Ambient 0

I Ix

2.5x10" 1.5.10"
I.Sxt&'* 2.0.(10 14

1.2x1
0 '  

1.2x10'
I .1st

0 '  
9.2x10'

1.2x10' 1.2x10'
1.2x10' I.3x10'
1.7x10' 1.2x10'
7-OxlO' 6.OxtO'
7.5xlO' 4.9x10'
5.5xlO' 7. lx 10'
1.0.1o' 1.2xlU'

1.0x10' 11lx10'
Iolso' 8.3.10,

9.5x10' 4.2.10'
9-OXIO' 4.OxlO'
8S8xlO' 4.0.10'
5.5x1

0 '  
2.OslO'

7.5x10' 7.6xlO

2 2.2( 3

6. Ox 10" 9. Ox 0" 7.n10

2. 3x10' 1 -5X 10" 3. 2x 10e
3.Oxt1

0'  
6 8x 10' 6.5xt10'

2 .Oxt10 1 ix Io' 3. 7.10'
3.Oxl0' 6.6x10' 6.4xl0'
3.7x10' 8.oxlo' 4.8xtO'
3.5x10' 7.5.10' 3.4x10'
2.Oxlo, 2.6x10' 2.3x10'
8.6X16' 2.5x10' 5.Sx10'
7.9x10' 2.9.10' 7.8.10'
t.lsxt0' 9.0x10' 6.SxlOl
9.OxlO' 6.5xi10 7.8.10,

<1.Oxlri'§ 2.4x10' 8.OxlO'
3.5xl0' 4.OxIO' 7.4x10'
3.5x10' 3.5xlO' 1.5.10'
3.7xl0' 2.0.10 8.0.10'
S.OxlO' 2.6xlt

9  
3.7x10'

Il8xt0' 1.51 (10 1.4X 1010

3

Oddc

3 . 2x It?
6 . 3x I U'
4. Oxt 1V
6.0Ox101'
8. ox 101'
3. 5. 10'
2 .5. 10'

5. 5x10'
7 .8x 10'

7. 5. 10'
7 .4x 10'
7. Ox 10j'
7 . Ox 10'

4 . 2x 10'
1.31(1190

3X

7. 5.1 o"
4. 0.O 10'
4. 5x 10'
8. 4. 10"
4. 5x 10'
4. 5x 10'

3. Oxt10'
2. lX 10'l
3 . 8x I U'
6

.O 10.l'
S. 5.x U
4. Bx 10'
5.ox 10'
4 . Ox 10'
4.8xI10'
S. 2. 10'
9. ox 101
2. 5x I oll

3X

I. 5x 1011
3. 6x 1t?
5.0Ox I01
8. 4. 10'
5 . o.10,
5. 0. 10'
2.9.l0,
2.Ixl10'
4 .2x 3 0'
6. 1lx 10'
5 . Bxi 0'o
5. 3x 106l
S5.x10,
5.3. 1o'
5.3x: 1t0'
S. 7x 10'
1 .Ox tO
1.8.101O,

b

5. ox lolt

6 . 8x 1 0'
1. 4. 10'

O . ox 10'
1.46x 10'
O Ox.10'.

O . ox 10',
lI. 10'o

9. ox 101

1 . ox I10'
I O2x: 10'

1 . Ox 10'
I .2gx10

4A 4AX 4AX
Od e d e

Ode Even Odd

5.1xtN' SBxtO' 5.3x10'
6.9 xl(? 7.4.1(P 7.Oxl0'
8.6tO' 8.4x119 1.6x10'
9.2.10' L~xlO' 9.6xl0'
I.5x10' 1l0.10J 1.5.10'
1.2x10' 7.5xl0' 4.8x10'
4.OxlO' 2.1.10' 1.1.101
.9l!Dt' 1.3x 10' 9.3x10'

3.4xlO' 1.6x10' 3.3xI0'
2.3.101 1.7.10' 1.8.101

8.5x10' 1.2x10' 1.l.lO1
4.5x10' 1.lxlO' 6.5x10'
8.01(100 3.S5xl10: 1.3.10'

4.OxlO' <1.01(101 2.Gxl0'
t.5x10' 2.0x10' (I.0x10"

Insulation resistance (ohms)a of specimen number

5 5X 6 6X 9X 10 lox 11 1L.X

1 .0X(101 1. 4.1011 2. 6x(1011 1 , X 10" 2. 7x 1011 2. 6x 101 a 2.9x1I01' 7. 8x:tI 7. Ox 10'
l.Oxlb' 1 .4x1 0' 3. 2x 10 2.Ox 1

0 1
.l4x1IC? 8. 5xtW 8 .4X 1' B. 4x 10" §.Ox 10"

2 .2x10' 2 .6x10' 1. 2x 109 2 .8XlO' 6. 2x 10' 8.4xI V B. 7x 10' 5. 4x10 I" . 4.x1 V
1 Ox l0' t1. 3Xt1' 4. OxtIOU 2. OxlIV 1. 5x 108 I . I x1 1. - XItV I . I XI I 1 .3x10'
1 .5x 10' 1 .2x 10' 3.6x 101 2. Ixl10 1.4x10' 1. 1 x:' 1. 1XIxtO 1 1 X I o' 1. 2x I '
1.3x 10" 1. 4x:l1' 5. 5x: I 4. 5x1I0' I-5X1V I slO 1 1 -5X I 1 .S6xO I ~llO 1.3.x10'
1.4x10' I .6x10' 3. 5x 10 3. 2x0O I V .5.10' 4.Sx 10 6.O8x 10" 7. 6x 10' 6.4.101
7.2x 10' B. Ox10" 2. 5x 100 1. fix I 1. 5x: 0' 5.4Ux10' 6.xIC 10 .6x 1' 7. Ox 107
5 -7xIt? 1 lxt10' 3.3x10' 2. lxl10' 1 .8x 10' 5.1.103' 4. 5x101 5. Ix10T S. 2x 10'
I A3xI0` I - Sx10' S.Ox 109 2.Gxl10' 1.B I .oxl0' .10 .I (I"O I .ix 3x I .2CtO 1. 4.x 1Lt
1.lXlO' 8 .5s10' 4. Oxl10' 2.l1x 101 1 XI so' 1. 5x(10' 3.5x:t1' 1t.2x 10' 1. 2x1I0o
I 2x 10' 9. Oxt10' 4. 2x1I0' 2. 3. 1U" 1. 7x:10' 8 - .l1' 5. Sx10' 7.5x 10' 7. Oxt10'
1l1 x 1' 1. 3X10' 3 9Y.9s10' 2. Ixl0'l? tO 1.txl ~xl0' I7 loxtO I lxsto' 1. xtO'
I 1xistO 1.41(10 4. 0.slOU 2. 2x 1O 1 .Ox i 0' 9.OxO 10 1.ox 10' 9. 5x 101 0. Ox 10'
Il.aitO0 1. 4X10" 4. 2x10' 2.2x1H? I. 7X101 2. 4x 10' 1 xtO1 oli1xt1' Ioý 9..O'
3.Ox 10' 4. 2x 10' 1. 3xtIO' 3. 3x 10' 8. 0. 1' 1 .8X1I0' I . 5XI lO 9. ox lO' B. ox t o'
7.0Ox10 1. 5- 10" 5.0Ox(10W' 5. 0.101' 3. Ox IW' 1 6 x IV 8. ox10" 9. oxlI01 6. oxlIo'

12

2 5x101
3. 3x 10"

2. 4x 10'
8.8.10,
1. 3x 10
1. 3x 10'
1I4 10l'

4. 3x 10'
4 . Gx I G'
3. 1.10'
9.0.t0'
9. ox I 0'
5 . ox I 0'
7 .ox 10'l
5.0 tox'

3 .2x 100
2. 7. 1 tO!
2.2xl10

~Y)12X

275 x-c1
3.x 510"'

6.9x 10'
3.4U 10'

I . 2x IIt
1. 2x 10'
1. 4x10'
7. 2x 10'
5 . 8X 10'
3. 91(10'
I. Oslo#
1. 41(100
4. Ox.10'
1 .51(100l
1. 5X I '
1 .2. 10"
1. 3x 10'
7. Ox 101

NOTES:

Measurements made at 500V d-c for one minute, unless otherwise indicated.
Measurements made during the combined thermal Lind radiation aging and the
S/C/H include the Ill effects of the extension leads. The IR of a dummy set

b- of extension leads measured as luw as 1.5 x 10' ohms.
Measurements made between conductors 2, 4 and 6 connected together; and
Cconductora 1. 3, 5 and 7 connected together at ground potential.

M easurements made between conductors 1, 3. 5 and 7 connected together; and
dconductors 2 * 4 and 6 connected together at ground potential .d Measuremeiita made between conductor 2, and conductor I and shield connected

e .together at g-round potential.

Utogether at ground potential.
auring combined TIhermal and Radiation Aging

WMeasurementa at 50V d-c

/09



Table 3. Electrical Loading Results

Energizing
Specimen Voltage Conductor
Number (Vrms) _____

1 1000 1
ix 1000 1
2 1000 1
2X 1000 1

3 1000 Odd
Even

3x 1000 Odd
Even

4-A 600 Odd
Even

4A.X 600 Odd
Even

5 600 1
5x 600 1
6 600 1
6x 600 1
9x 600 1

10 1000 1
lox 1000 1
11 600 1
-11x 600 1
12 1000 1
12X 1000 1

Actual Enegrizing Cut-rent (A)*
Room At #At At. At
Temp. 3001F 355*F 275 0

17 212*F

25 17 22 24 24
25 17 22 24 24
65 51 58 60 62
65 51 58 60 62
17.5 12.5 14.9 16.2 17.3
17.5 12.2 15.4 16.6 17.2
17.5 12. 5 14,9 16.2 17.3
17.5 12.2 15.4 16.6 17.2

8 6.8 7.2 7.7 7.4
8 6.0 .7.1 7.5 7.3
8 6.8 7.2 7.7 7.4
8 6.0 7.1 7.5 7.3

No
No
No
No
No
25
25
25
25
25
25

current
Current
current
current
current

17
17
17
17
17
17

Ability to fiold Electric Load
lDirin~g S/C/R EXposu re

field load for 30 days
Hield load for 30 days
fielcd load for 30 days
Held load for 30.days
lield load for 30 days
Hlde load fo r 30 days
Hfeld load for 30 days
Hldl load ltor 30 days
Lead remnovcd after 20 daysl'
Hold load for 30 days
Load removed after 16 dayst
ILoad removed after 14 dayst.
Hield load for 30 days
Held load for 30 days
HielId load for 30 days
Hield load for 30 day s
field load for 30 days
field load for 30 days
field load for 30 days
Hold load for 30 days
Hlde load for 30 days
lield load for 30 days
Held load for 30 days

*See constant-voltage drop method discussed In Section 3. 3.
*Rated servce currents are not reqJuiredi during the thermal aging phase~

Reduced currents prevented hecat input (resistive heating from current
loading) from exceeding hecat losses.

tSee Section 4. 4 and 5 for discussion of results.

Table 4. Results of Mandrel Wrap and fHigh-Potential Withstand Tests

Cable

0. D.
Mandrel

0, D.

Mandrel
to Cable Number of

0. D.
Tu rns onfCable 0 n.) 0 n.) Ratio Mandrel Visual App~earance of Cable

ix 0.19 7.5 39.5 5.5 Flexible. Minor surface cracks.
2X 0.28 11.0 39.3 3.5 Flexible. 'Minor surface cracks.3X 0.58 22. 5 b 38.3 (Note c) No apparent damage. Portions of the cable

surface has pitted texture w ith flake-lilke
material which could be rubbed off.4AX 0.32 13.0 40.6 2.5 Flexible. Cable surface crinkled and crazed.
Covered with flake-like material which
could be rubbed off.5X 0.24 9.5 39.6 4.5 Flexible. Crinkled or ra-ised suede texture.ex 0.43 17.0 39.5 2.5 Stiff bat flexible (not brittle). Cable diameter
collapsed to flat condition. Cable coil
exhibited a "set" condition and Nvas slumped
between cable supports on chamber mandrel.
Cable surface crinkled.9ix 0.24 9.5 39.6 2. 5 Cable flexible. Splice Intact. Cable surface
crinkled.

lox 0.19 7.5 39.5 4.5 Cable flexable. No apparent damage.lIX 0.19 7.5 39.4 3.5 Cable flexi ble. No apparent damage.12X 0.19 7.5 39.5 4.5 Cable flexible. No apparent damage. Sleeve
Intact.

Withstand
Potential a

(Vrins)

3600
5000
5000d]

3200e

2000
2000

2000

3600
3600
3600 .

Withstand Potential
ResulIts

All cables withstood
potentials for five
minuites. Charging/leakage
cur-rents were less than
10 mA.

-Potentials were applied between the cable conductors and a 55-gal metal drum of room temperature tUp water (at gr .ound potential) inwhich the bent (coiled) portiona of the Cables were immersed. Condu]ctOr shieldsI if present, were at ground pete-nd:al.b TIhe cabln was coiled to the insido diameter of tie 55-gal drum which was 22.5 in. in inside diamieter.C The number of coil turns was not recorded but was probably two 6n number.dFour conductors of the outer conductor lay and the center conductor were connected to ground (and water) potential.oPotentials were first applied to one conductor with the other conbi~etor and shield at ground potential, and then applied to the otherconductor with the first conductor anid Bhileld at ground potential,
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5. CONCLUSIONS

Ten Rayehem Flamtrol insulated and jacketed
electrical cables submitted by Raychem were
subjected to a test program based on the guide-
lines of IEEE Standards 3231 and 383.2 The
program was designed to simulate normal,.
service, a Loss-Of-Cuolant Accident (JOCA)
and the cooldown following the LOCA and included
combined radiation and thermal aging with
5 X 101

7 rads of gamma irradiation; and a sub-
sequent simultaneous steami, chemnical -spray
and radiation exposure with an additional
1.5 x 108 rods of irradliation. Throughout the
exposures, the specimens were energized
(except specimens which were removed from
the circuits) with potentials and currents sim-
ulating field service use. At the conclusion.
of the above sequence of exposures, each speci.-
men was subjected to a test mandrel wrap and
high-potential withstand test.

Every specimen except 4A and 4AX demonstrated
satisfactory performance during the exposures
simulating normal service, a LOCA and associ-
ated cooldown; plus demonstrating a substantial
margin of life remaining in the specimens by
withstanding post-LOCA bends and high-poten-
tial withstand tests with the specimen immersed
in water.

Based on the discussion presented below,
.specimens 4A and 4AX also appeared capable
of demonstrating satisfactory performance
during the exposures simulating normal*

service, a LOCA and associated cooldown;
plus demonstrating a substantial margin of
life remaining in the specimens by withstanding
post-LOCA bends and high-potential withstand-
tests with the specimens immersed in water.

The odd numbered conductor of specimen 4A,
and even-numbered conductors of specimens
4A and 4AX had been removed from their ener-
gizing circuits after 20, 16, and 14 days respec-
tively. However, a post-test inspection and
analysis indicated the specimens were faulted
at the point of vessel penetration and the remain-
ing portion of the specimens within the vessel
,were. capable of withstanding a high-potential
test after being subjected to the required test
mandrel bend . In addition, the vessel pene-
trations probably were not representative of
an actual installation in a generating station.
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February 20, 1973

Mr.* William Steigelmnlan
Perrformssce QualificationcLabora toryPran klin institute Resnearch Laboratories
20th and Cherry Street
Philadelphia, Pennsylvania 19103

Dear Mr. Steigelmanni

T his will suronariuc the parameter~s pertinent to the recentsimultaneous steam, ch em ical spray and radiation exposuretest conducted for the Raychem Company, under your Proj.ectC- 40 33.

Test cables were nounted on a mandrel by FIR)., assembled intoa pressure vessel, installed in the Irradiation chrambert, iandappropriately connected to an electrical load.Iraitofor the Phase 1 7. day test wan begun on December 21, 1974 andconcluded on December 20, 1974. Approximately three days afterthe start of irradiation, we were instructed to extend theIrradiation over a nin e day period, ' et still accumulate a50 mrad average dose. This wax accomp lished by moving the sourcefurther from the target for the remaining time. During Phase 1,the cables received a minimum dose of 48.4 Mrad and maximumof 54.0 Mrad. Where possible, we utilized the irradiator toprocess other products concurrently wi'], the test, lhichnecessitated occasional short periods where the radiation fieldwas reduced to zero. The log sheet reflecting timen of sourceexposure is included as tEnc. 1, and the detaIlIs of sourcepositioning, dose rates and total dosqe is shown in Fig. 1.
Phanse IS of the test began on Deccembyer 30, 1974 and concluded onJanuary 30, 1975, Du cing the app' ronimately 720 hour exposure,cables received an ad~itional minimum dose of 149.3 Mrad andmaximum dose of 155.h Mr"ad. lie log shees- reflecting exposuretires is in Endl. 2, lnd details of irradiation in Fug. 2.
In suenary, total doses to the cables over the 39 day periodranged from 197.7 Mrad (position F) to 209 .6 Mrad (position A),with an estimated source positioning error of i 5t in dose rate.

-2

Dos imet ry was perforlmed us ino a Victoreen Model 555 integratingDose RatebMeter and Probe. The unit was calibrated on January15, 1974 by the Victoreen Instrument Company, using cobalt-6Sand cesium-1l? sources9 whose calibrations are traceable to theU .0. Natlonal Bureau o f Standards. A copy of the calibrationcertificate is available. Backup dosimetry using a Red Perspex
Vsystteomeeprovuiedeidnby IAtonuc Energy of Canada, Ltd. confirmed the

Pouring the sequence, Isomedis recorded the va rious test para~me tersand IR ceadirios as designated in your tent plan. Tnese, tooetherwisth other recorded data, were provided to you under separatecover.

l)pon completion of irradiation, the chanmber was remnved fros their~radiator by your personnel at which time our role was completed.

Enclosures

GRn, 
km

Very truly yours,

r,eorge P. .Oietx z
Manager, Radiation Services

- -m-dix Inc.. 25 tE.,. Rod Ps-i'ae tw-,, 1Me 20iýas74700

~..m,.5, I, 1-1- ',

0 "OF.
0



The Franklin Institute Research Laboratories (FIRL) was estab-
lishied in 1946 as the research division of The Franklin Institute,
which was founded in 1824.

As a not-for-profit organization, FIRL undertakes research,
development, -and engineering projects for both government
agencies and private industry in the United States and abroad.

The Research Laboratories has a technical staff of approximately
300. It is organized into 20 laboratories and other subdivisions,
grouped into four operating Departments: Physical and Life
Sciences, Engfneering, Systems Science, and Science Information
Services. The Laboratories also maintain full support sorvices
which include a publications group, photographic laboratory ,
instrument repair andJ calibration shop, and a large machine shop.
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1. INTRlODUCTION~

A group of electrical cables Submitted by The Anaconda Company were
s5ubjected to a qualification test program in general accordance wi~th IEEE
standards 12including thermal aging (150'C for 1 68 [1), g~amma .irradiation
(200 Mrad) and simulation of a combined steam-line-break (SLB) accident

3and loss of-coolant accident (LOCA) while electrically energized. This
report deals specifically with four cablEs, identified as; FREP/CPE instru-
mentation cable, and single conductor FREP low voltage power and control

cable.

The simulation of the combined SLB/IOCA lasted 16-days; it included
a rapid rise in temperature to 385'F/66 p~sig, a dwel.l. at this superheated-

steam condition for 10 min, a saturated-steam exposure au several lower

temperatures and a final dwell. at 230'F/6 psig for .9 days. The electrical

integrity of the cables was evaluated by means of inisulat.ion resistance

measurements, ability to maintain electrical loading during the steam/

chemical-spray exposure, and by post-test: mandrel-bend and high-potential-

withstand tests.

The program was conducted by The Franklin Inst~itute Research Labora--

tories (FIRL) during the period from October 1,977 throug'i January 1978.

1. IEEE Std 383-1974, IEEE Standard for Type Test of Class IE Electric
Cables, Field Splices, and Connections for Nuclear Po)wer Cenieratin~f,
Stations, The Institute of Elfe-tricaL -and El-ectron-ics Engineers, Inc.,
New York, NY, 2.974.

2. IEEE Std 323-1974, IEEE Standard for Qualifying Class TE Equipment for
Nuclear Power Generatinig Staitions, Vie Institute of' Electrical and Elec-
tronics Engineers_,In-c., New Yor-k, Nf, 1974.

3. Simulated SLB and LOCA exposure requirements were selected by the
client. See Section 3.3,..
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2. SPECIM EN DESCRIPTION

Descriptions of tile cable specimens and thieir

potentials and current~s are presenced in Table 1.

requl~i redl energ~izing;

Table 1. Cable Specimens and Electrical Loading

CABLE DESCRIPTION ANID FORMULATION (a)(b)(c)

Low Voltage Power and Control Cable
1/C No. 12 AWG 7/W Tinned Copper Conduct~r,
30-mul Flame Resistant Cross-Linked Ethy-
lene Propylene Rubber Insulation (FREP),
length = 30 ft.

Cate~qoyy26

Instrumentation Cable, 2/C No. 16 AWG
7/W Tinned Copper Conductor, 25-mil Flame
Resistant Cross-Linked Ethylene Propylene
Rubber Insulation (FREP), Twist, Silicone/
Glass ]ape, linned Lopper urain wire,
Aluminun/Mylar Tape, 30-mil Chorinated
Polyethylene Jacket (CPE), length = 30 ft.

NOM INAL
OUTlS I DE
DIAMETER
( in.) )(c )

0.160
0. 160

0.325
0.325

MEA'URED
.OUT U DE
D I AiETER

(in.)

0.158
0.158

0.3600
0.300

Cable descriptions were provideo by the Anconda Company
Conductor material was copper ir all cases.
Nominal thicknesses and diameters were provided by the client.

CABLE
SPEC IMEN
NUMBER

23.01
23.02

26.4
26.5

NOTES:: (a)
(b)
(c)

REQUIRED
ELECTRICAL
LOADING.

(Va c/A)

480/25
480/25

480/10
480/10
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3. TEST PROGR:AM

The test program cons isted of, thermazl. aging, gamma radiation exposure,
simulated SLB/LO0CA and post-accident test~s. it was based on the guidelines
of IEEE Std 383-197441 and IEE•E Std 323-1974 4, which are used for qual~ifi-.
.cation testing of safety-related electrical cables for ser-vice within

the containment of nuclear power generating stations.

3.1 THERMAL AGING

The cables were v isually inspected prior to being coiled around a
20-in, diameter mandrel.. A view of the cables on the mandrel is spre-
sented as Figure 1. The cables and mandrel were immersed in tap water
at room temperature for 1 h before the insulation resistance (HR) of

each cable was measured. Following the 1"R measurement, che cables were

thermally aged at 150'C (302'F) for 168 h in a forced-ai:-co nvection

oven. A view of the cables in the oven is provided as Figure 2. Follow-

,ing the thermal aging, 4~e cables were rt!-inspected and the IR was again

measured with the cables in tap water at room temperatur.a.

3.2 GAMMA RADIATION EXPOSURE

The cables mounted on the 2O-Ln. diameter mandrel, as shown in Figure 1,
were exposed to gamma radiation from a cobalt-60 source to an accumulated

air-equivalent dose of 200 Mrad at an average dose rate :f 1.0 Mrad per hour.

This radiation dose is based on gu~delini~s provided by IEEE Standards 323
and 383 and is intended to encompa~s the radiation dose received during

normal operation (ie., 50 Mrad per IEEE 383, Section 2-.3.3.3) plus the_ dose

receiv .ed during one typical LOCA exposure described in IEEE 323 Appendix A

(per IEEE 383, Section 2.4.2). The combined dose in accardance with these

guidelines is 200 Mrad.

4-.Refer to footnotes 1 and 2 on page 1-1.
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3.3 STEAM/CHEMICAL-SPRAy EXPOSURE WITH ELECTRICAL LOADING

The four cable specimens were transferred from the 20 -in. diameter

mandrel used during thermal aging and radiation exposure to a set of

two concentric mandrels (16 -i 11. and 2 0 -in . diameters)ý. The cables on
the mandrels were instal led into a 2 4-in.-di anteter test vqssel (auto-

clave). The cables were passed to the ou tside of the veý.sel through -
metal tubes and sealed with epoxy potting, compound. Approximately 20 ft

of each cable were contained within the test vessel. ThEo ends of the
cables were-attached to electrical energi zing circuits through knife

switches, which facilitated discon nectior, for IR measurerients or other

analysis. Figure 3 is a pretest v4iew of the cables on the mandrels, and
Figure 4 is a typical view of the test arrangement including the ener-

gizing cabinets? The required electrical. energizing levelis are provided

in Table 1 and the potential- loading arrangements are shown in Figure 5.

Following a set of IR measurenents with the cables ýimriersed in tap

water at, room-temperature and atmospheric pressure, th e cables were

energized and exposed to a steam/chemical-.-spray (S/C) environment for 16

days in accordance with the profile illustrated in Figure 6.6 The test

conditions correspond tQ sviperheated steam during the first 10 min and

to saturated steam thereafter. The IR was measured at -he times indi-

cated in Figure 6. After the cool~down pe riod which followed the end of

the SLB/LOCA exposure, the IR of the cab'.es on the mandr-al was re-measured

and the specimens were re-inspected.

A list of the equipment used to monitor temperature, pressure and

electrical. load is given in Appendix A.

5, This transfer was necessary because the selection of a test autoclave
was changed after the gaimma irradiation.

6. Margin was added for pressure and temperature in accordance
with IEEE Std 323-1974. See footnote 2 on page 1-1.
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3.4 MANDREL BEND TEST

At the conclusion of the S/C exposure described in Section 3.3, all
of the cables were cut from the interior side of the vessel closure, be-
low the sealing tubes, then remioved f rom t he mandrels and straightened..
The central portion of each sample was coiled a rouLnd a mandr-el having a
diameter o f approximi t~ely 40 times the cable outer diaMiLter (OD)*. 7Tha t
portion of cable wound on the mandrels was. visually inspected for' evidence
of cracks or other lbreaks in the jacket or insulation.

3.5 HIGHI-POTENTIAL WITHSTAND TEST

The coiled cables, after being removed from the conicentric mandrels
mentioned in Section 3.4, were immersed in tap water at room temperature
for a period of one hour prior to the 5-mmn application of the high vol-
tages discussed in Section 4.6.

The conductor of the single-conductor (]-/C) cables was connected to
the energized lead of the high-potential test set with the ground lead of
the test set connected to the shield (if one existed) and to a copper
tube immersed in the tank of water containing the test specimens.

Conductor 1 of the shielded two-conductor (2/C) cableq was initially.
connected to the energized lead of the test set with the ground lead of
the test set connected to conductor 2, the shield and the immiersed copper
tube. After the 5-,mi test: period, the test set leads were reversed so
that the energized lead was connected to con ductor 2 while the shield,
condu Ctor 1 and copper tube were all connected to the ground lead.

7. The actual ratios of mandrel diameter to measured cable OD are
reported in Section 4.
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Figure 2. View of Specimens in Thermal Aging Oven
(Sane cables shown in this view are not discussed
in this report.)
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Figure 3. View of Cables and Mandrels Prior to SLB/LOCA Exposure
(Some cables shown in this view are not discussed in this report.)



>F-TEMPERATURE
5S,:1,,AND PRESSUR Eý

RECORDER

~~- TEST

t t q

~LECRICA ~ENVIRON E NTAL I
L~ ( r&P ENERGIZING L COiNjROL 'PANEL5CABINET

i '.

Fiur 4. TpclFR FaiiyfrQaiiainTs 
'gofEeticlCbe



F-C4836-3

CONDUCTOR -

MA NDR EL

Single-phase potential loading for I/C cables

V a=2.9 kVac (112 AWC) or 480 Vac .(1112 AWO)

Current load. 170 A (112 AVIG) or 25 A (#/12 AWG)

SHIELD

Three-phase potential loading connections for 2/C shielded cables

V =V = V 480OVac
a b c

Current load =10 A

Figure S. Electrical Loading Circ~uits for Energizing Cable
Samples During Environmental Exposures



-~ ELECTRICAL LOADING*

CHEMICAL SPRAY"*

500

3 85*F(196*C)/66 psig

400-

3I2*F(156*C)/65psig 300*F(J49*C)/52psiq

W300- 255*F(124 0 C)/18Psig

Cr IR 2300F(IO 0 -C)/6P5i9

I-R

LEGEND

10-----SLB POSTULATED END
PROFILE OF

TESTFIRL TEST PROFILE

01011 8 2 4 7 16
1O 120. min he

secELAPSED TIME (sec,min~hr an d day day

©REFERS TO INSULATION RESISTANCE MEASUREMENTS
*Electrical loading interrupted for short periods to permit IR measurements.
**Continuously sprayed radially outward from the center of the cable mandrel for entire test at a C,

rate of approximately 0.15 (gal/min)/-f't2 (6.1 (liters/min) /_2) attecbeloainoh
chemical solution was composed of:M

6200 parts per million boron as H BO
50 parts per million hydrazine (Ný Ný2
Na 3P0 added to make the pH between 8 .6 and 10.0 at 77'F in fresh solution storage tank.

Figure 6. Temperature/Pressure Profile for a Simulated SLB/LOCA
Steam/Chemical-Spray Exposure With Electrical Loading
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4.. TEST-RESULTS

4.1 THERMAL AGING

All of the cable samples were thermally aged at 150tC (3020F) for
168 h prior to gamma radiation exposure. The results of the IR measure-
ments made after thermal aging are included iii Table 2.1 Thcj thermal aging
.had little visible effect on cables 23.01 and 23.02 (except that the jackets
were slightly stuck together in Spc.ts) but did result in cables 26.4 and 26.5
having increased stiffness and the cable jackets having ý,mall radial splits
at the surface printing, which slifghtly Exposed the shield in spots.

4.2 GAMMA RADIATIONj EXPOSURE

The certification of the 2 0 0-4lrad gamma radiation e:?:posure, with
information on dose rate, temperature and dosime'try, is included in
Appendix B. There was no visible change in the cables afs a result of the
gamma radiation exposure.

4.3 STEAM/CHEH.ICAL-SPRAY EXPOSURE: INSULATION RESISTANCE: MEASUREMENTS

The SLB/LOCA, s team/chemi cal1-spray cixposure was provided in accord-
ance with the profile outlined in Figure 6. Figure 7 illustrates the
,actual temperature and pressure history during the first 40 s of the super-
heated-steam exposure.

Following the first 10 min of Superheated-steani exposure, the chemical
spray was initiated and the required saturated-steam temperature/pressure
dwells were provided for 16 days. Fresh solution (pl1 9.5) from a storage
tank was sprayed onto the cables for the first 8 h~ of the test after which
the solution was recirculated in a closed loop from the Wutoclave sump to
the autoclave spray nozzles. As time chemical solution in the autoclave
sump was diluted by steam condensate, the pHl dropped, neleessitating the
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periodic replacement of the recirculated solution with fresh solution.

The pH was measured twice daily except on weekends when cne me Iasurement
was made daily. Occasionally, the measured, pil was below the minimum

specified level of 8.6 after several hours of unattended operation

(e.g., overnight).

The results Of the IR measurements are, included in Table 2,

4.4 ELECTRICAL LOADING

All cables held their electrical loading throughout the 16 day SL1B/
LOCA simulatidn except when-the pow'er was removed to permit IR measurement.

4.5 VISUAL INSPECTION FOLLOWING STEAM/CI-EMICAL-SPRAY EXFPOSURE

From a visual inspection of the cables following the steam/chemical-

spray exposure, immediately after the, mardrels and cables were lifted out
of the test vessel, it appeared that the cables were in good condition but
had chemical deposits over most of their lengths. A viewj of the cables is

shown in Figure 8.

4.6 BEND AND HIGH POTENTIAL WITHSTAND TE:STS

The results of the bend and high-potential withstand tests are sum-

marized in Table 3. From a visual inspection at the timini of the high-
potential withstand test, it appeared that the cables wer~e in good condition.



ELAPSED

TIME OR EVENT

Pre-thermnal Aging

Pre-Irradiation

Post-I rradiation~f)

Pre-SLB/L OCA (g)

Second Plateau 'h'(i)

(4.4 h)

1 .9 d)

Fourth Plateau M1

(2.8 d)

Fifth Paeui
5 .8 d)

Sixth Plateau(i)
"S.- d)

Post-SLB/LOCA
(17.8 d)

Table 2. Summnary of Insulation Resistance M.easurements (a)

(All resistances are in ohms.)

-_MPER- CABLE SPECIMEN _____________

rURE PRESSURE 23.01 23.02 7_26.4 IT26.
o' ) (s g b (b)(d()

6(e) 3.x112 12 12 111226 . 0 3.5 x10 1.5 x10 9.6 x10 1.9 x101  1.2 x101

')4(e) n .0 1012 3.5 x10 12  4.5 x10 12 3.0 x10 12 1.1 x10 13  1.2 x10 13

F.(e) 0 1.2 x 10 12 1.2 x 10 12 5.2 x 10 11 4.5 x 10 11 5.4 x 10 1 1 5.1 x 10 1

10() 0 6.8 x 10 10 6.8 x 10 10 8.8 x 10 11 2.5 x 10 11 9.0 x 10 11 7. 5 x 10 1

2 68 1.3 x 10 8 1.4 x 10' 2.0 x 10'~ 1.2 x 10' 8.2 x 10' 8.4 x 10'

n C: A5 Io r n ; is Ir 17(j) 2, A ins 1 n2.8 ) 1118

5 33 1.0Ox 10 9 1.0Ox 10 9 88x1 1"68x1 8 8.x108 76x0 8

5 18 3.0 x 109  3.0 x 10~ 3.0 x 108 1.9 x 10~ 2.6 x 10 2.2 x 10'

D 6 1.3 x 10 10 1.3 x 10 10 1.5 x 109 7.4 x 10 9 1.0 x 10 10  8.2 x 10 9

5(g) 0 4.5 x 10 11 4.5 x 10 1 8.6 x 10 8 2'.6 x 10 11 2.0 x 10 11 2.2 x 10 11

-Io
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(a)Table 2. Summary of Insulation Resistance Measurements (Corit)

NOTES

a. Measurements were made after the cable was held at.500 Vdc for one,
minute unless otherwise indicated.

b. Measurements were made between conductor and ground (mandrel).

c. Measurements were made between conductor 2 (-) and conductor 1 p-lus
the drain wire (4-) at ground (mandrel) potential.

d. Measurements were made between conductor.1 (-) and conductor 2 plus
.the drain wire (+) at ground (mandrel) potential.

e.. Cables were placed in water for a period of 1 h prior to IR measure-
ment.

f. IR measurements were made prior to Installation of cables in the
test vessel and connected to the enErgizing cabinet.

g.IR measurements were made after the cables were inst-alled in the test
vessel and connected to the energizing cabinet.

h. The IR was not measured during the ecuration of the first plateau of
*the SLB/LOCA because insufficient time was available. Plateaus are
shown on Figure 6.

i. Cables were energized at rated voltage, unless otherwise noted, ex-
cept when the IR-measurements were made.

J. -Erratic meter indications.



Table 3'. Summiary of Bend and High-Potential Withstand Tests

M EA S UR ED MAXI MULM CHARGING
CABLE OD OD RATIO~a OF TURNS VISUAL APPEARANCE OF CABLE~b POTENTIAL(C) CURRENT(C

NO. (i. n) ______ON MANDREL (Vac) _ (r.L4)

23.011 0.158 6.0 38.0 9 No apparent damage. 2400. 1.6

23.02 0.158 6.0 38.0 10 No apparent damage. 2400 1.8

.26.4 0.300 11.0 36.7 6 Jacket broken and separated 2000 1.6
from cable at intervals along
the lenoth.

26.5 0.300 11.0 36.7 6 Jacket cracked along entire 2000T
lencith

NO TES: a.

b.

Ratio of outside diameter (OD) of bend-test mandrel to OD of cable.

All cables had salt deposits on the exterior surfaces.
c. Unless otherwise indicated, the potentials were applied in the manner described in

Section 3.5 and maintained for 5 minutes. Leakage/charging currents were measured
a-fter 5 minutes.
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5. CON~CLUSIONS

Four samples of electrical power and control cabl~e providjed by
The Anaconda Company were subjected to a test. programi based on the guide-
lines of IEEE Standards 38 3 and 323. 8The program was designed to
simulate a combined steam-line-break (SLB) and loss-of-coolant acci~dent
(LOCA) 7nd the cooldown period following the accident; ft included
thermal aging (168 h @ 150'C), gamma irradiation (200 Mrad) and a 16-day
exposure to superheated-st eam and sa tura ted-s tean/ ch endi cal1-s pray condi-
tions including an iniltial. IO-mi~n dwell at skiperlheatecI-steain conditions
of 385'17/66 psig.

After the 16-day exposure,, the cables were removed from the test
vessel. and subj ected to final mandrel-bend and high-potential withstand
tests.

All of the cables mentioned in this report performed satisfactorily
during the program, including a demonstration~ of substantial margin of
remaining life, by withstanding post-accident, mandrel.-bend tests at
approximately 40 times the cable OD and final. high-potential withstand
tests at 80 Vac per mil of insulation.

8. See footnotes on page 1-1
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6. CERTIFICATION

.The undersigned certify that this report is a true account of the
tests conducted and the results obtained.

Project Leader.

D. V. Paulson, Chief
Environmental Testing Section

M. M. Reddi, Vice -President
Engineering

APPROVED:

S. P. Carfagno, 1lan or
Performance Qu li~fi ation Laboratory
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INSTRUMENT NUMBER
INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
INSTR AND MEFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
INSTR AND MFR
.TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
AC CU RACY
DATE CALIBRATED
CALIBRATION DUE

LIST OF DATA ACQUI.SITION INSTRUMENTS

180ooG
GENERAL ELECTRIC, AMMETER, AC
A092 CURRENT TRANSFORMER
NONr~E
0-100 A AC
2.0 PERCENT OF F.S.
12 08 77
06 08 78

18221
ESTERLINE ANGUS SPEED SERVO 11
L 11 02S
908001
0.5 MILLIVOLT - 100 V.
0.25 PERCENT OF, SPAN
10 10 77
02 10 78

18037
NORDEN KETAY, PRESSURE GAGE
ACRAGAGE AISI 316 TUBE
A6
0-200 PSIG I PSI/DIV
1.0 PERCENT OF FULL SCALE
10 17 77
10 17 78

1 8062
AMETEK, PRESSURE TRANSDUCER
5OG2O2BC2X2Li
20583-1 R3081-1
0-50, 100, 200 PSIG
0.25 PERCENT OF 200 PSI6
10 17 77
10 17 78

18297
JOHN FLUKE MFG CO DIGITAL MULTIMETER
8800A

36076
200MV-1200V DC 2V-1200V AC 200-20M OHMS
0.02 PERCENT OR BETTER
05 13 77
05 13 78

lil1aFRANKL.IN INS1TI 1TUT IISEARClI LABOkATORIES



F-C4836- 3

INSTRUMENT NUMBER
INSTR AND MFR

.TYPE/MODEL NULMBER
SERIAL NUMBER
.RANGE FEATURES
AC C URACY
DATE CALIBRATED
CALIBRATION DUEF

INSTRUMENT NUMBER
INSIR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

LIST OF DATA ACQUISITION INSTRUMENTS

1825
MULTI-AMP AC AMMETER
165
21I02
MULTI RANGE 1O TO 10000 MA AC
0.5 PERC[NT OF F.S.
1O 10 77
04 10 78

18183
BARTON I NSTRUMENT, PRESSURE GAGE
STAINLESS STEEL
227-1I97111
.0-100 IN. WATER 6000 PSIG STATIC
0.5 PERCENT OF FS DIFF PRESS
09 02 77
09 02 78

18213
SIMPSON VOLTMETER
MODEL 59
04,309
0-750 VOLTS AC
2.0 PERCEN T OF F.S.
12 28 77
06 *28 78

18207
MIDWEST ELECTRIC PRODUCTS AMMIETER
CURRENT TRANSFORMER
NONE
0-100 A AC 2A/DIV
2.0 PERCENT OF F.S.
12 08 77
06 08 78

1 8206
MIDWEST ELECTRIC PRODUCTS AMMETER
CURRENT TRANSFORMER
NONE
0-100 A AC 2A/DIV
2.0 PERCENT OF F.S.
12 08 77
06 08 78

A- _ý

1_101ýrtm FRANKLIN INSTITIlle RESEAMI LABOWORIES
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LIST OF DATA ACQUIS-ITION INSTRUMENTS

INSTRUMENT NUMBER
INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
.INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
.INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY.
bA1l CALIBRATED
CALIBRATION DU E

INSTRUMENT NUMBER
INSTR AND MFR
TYPE/MODEL NUMBER
.SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
I NSTR AND MFR
TYPE/MODEL NUMBER
SERIAL.NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

I18200
MIDWEST ELECTRIC PRODUCTS AMMETER
CURRENT TRANSFORMER
NONL
0-100 A AC 2A/DIV
20PERCENT OF F.S.*

12 08 77
o6 08 78

18137
GENERAL ELECTRIC, AMMETER A..C.
CURRENT TRANSFORMER/A092
NONE
0-100 A AC
2.0 PERCEN4T OF F.S.
12 08 77
06 08 78

4217802
GENERAL RADIO MEGOHMMETER
1864
4368-1075
50K TO 5.T OHMS 10-1000 V DC
5.0 PCT OR LESS DEPNG ON SPAN
07 15-77
01 15 78

4217507
BECKMAN INST., INS. AND BREAKDOWN TEST SET
1600-AC/DC ITS
77145
10 KV AC/DC 1.0 MA AC/DC
3.0 PERCENT OF F.S.
09 12 77
03 12 78

18299
HIPOTRONICS AC DIELECTRIC TEST SET
715-10
76-26 386
0-15 KVAC 750 MA
2 PERCENT AT 2/3 OF SPAN
09 28 77
03 28 78

ii FR(ANKLIN INSTITUTkt RESE~ARCH AOATRE
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LIST OF DATA ACQUISITION INSTRUMENTS

INSTRUMENT NUMBER
INSIR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
I NSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY
DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT NUMBER
INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
.ACCURACY

DATE CALIBRATED
CALIBRATION DUE

INSTRUMENT.NUMBER
INSTR AND MFR
TYPE/MODEL NUMBER
SERIAL NUMBER
RANGE FEATURES
ACCURACY.
DATE CALIBRATED
CALIBRATION. DUE

~4217 779
HONJEYWIELL-BROW~lJ ,MULTIPOIINT TEMP. RECORDER
ELECTROrHK 16.1630 3856
S0355 779001
0-500 DEGREES F TYPE T T/C 0.125-1.0 IN/MIN
0.25 PERCENT OF SPAN
10 17 77
02 17 78

1IHIF~~ FRANK1lIN INSTITUTEF R.ESEARCI LABORATORIES
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CERTIFICATION OF RADIATION
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ISO 1v. =0I X December 27, 1977

Dr. S. Carfagno
Performance Qualification Laboratory
Franklin Institute Research Laboratories
20th and Cherry Streets
Phiiladelphia, PA 19103

Dear Dr. Carfagno:

Tbis will summuarize parameters pertinent to the irradiation
of tWo mandrels wrapped with cable sampl es, per your Order
32096 dated November 16, 1977. This is FIRL Project No.
C4836.

The mandrels were placed in a cobalt-60 gamma field and
exposed at each of 4 quadrants, as marked with tape on the
tops. By integrating the dose rate at any point on'the
mandrel during its 4-position exposure, an average dose-
rate was obtained which, when multiplied by the total ex-
posure time, yields total dose.

The mandrels were exposed for a period of 200 hours at an
average dose rate of 1.0,Mrad per hour, yiel~ding a minimum
dose of 200 Mrad. The mandrels. were rotated at 50-hour
intervals.

irradiation was conducted in air at ambient temperature a'nd
pressure. Radiant. heat from the source heated the samnples
sornewhat, but the temperature did not exceed 1100 F, as
indicated by previous measurements on an oil solution in
the same relative position.

Dosimetry was performed u~sing an Atomic Energy of Canad a
Limited (AECL) Red Perspex system with Type BC-2 readout.
Calibration of the Perspex is made by AECL using Ceric
dosimetry traceable to the U. S. National Bureau of
Standards.. Isomedix regularly cross-calibrates its AECL
.system With an inhouse Harwell Perspex system, and makes
semi-annual calibrations directly with NBS, using the NBS
Radiochromic Dye system. A copy of the dosimetry correla-
tion report is available upon request.

Radiation was completed on December 3, 1977.

Very truly yours,

George R). Di et z
GRD :of Manager,. Radiatio~nServices

Isornedix Inc. *25 Eastmans Road, Parsippany, Now Jersey (201) 887-4700
M &dnQ Ai~rL-SL 1hCe E3,)4 177. Pir oppany' NOW Jo, Sory U/O',4

CHICAGO DIVISION * 628 tNagIW A- h. (on Gfove, l~mous 60(r,ý3 i312) ljtG 1 10)



The Franklin Institute Research Laboratories (FTRL) was
established in 1946 as the research division of The
Franklin Institute, which was founded in 1824.

As a not-for--profit organization, FIRL undertakes research,
development, and engineering projects for both governiment
agencies and private industry in the United States and
abroad.

The Researchi Laboratories has a technical staff of approx-
imately 300. It is organized into 20 laboratories and
other subdivisions, grouped into four operating Departments:
Physical and Life Science~s, Engineering, Systems Science,
.and Science Information Services. The Laboratories also
maintains full support services which include a pub]lications
group, photographic laboratory, ins trumnent repair and
calibration shop, and a large machine shop.



ATTACHMENT

TO

FIRL TECHNICAL REPORT F-C4836

THE QUALIFIED LIFE QUALIFICATION PROCEDURE

AND

THE BASIS FOR ESTABLISHING TIME & TEMPERATURE

CONDITIONS FOR QUALIFIED LIFE SIMULATION

DATE: JANUARY, 1978

BY: Ti-I. LING

(Submitted in reference to TVA Contract 76K587232 and

FIRL Report F- C4836-3)
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Long Term Physical Aging,_Properties (Arrhe nius Plot)

U() Air oven with end-point at 50% elongation.

Test Specimen: Insulation in Tube-form procured from ER-EP
insulation cable

Test Procedure: Air Oven Test'(IPCEA'S-68-516,,Section 6.10.3-)

The aging times required to obtain the respective 50,% elongation
are:

Aging Temperature TimePeriod

15000 410 hours
13500C 1080 hours
121 00 5200 hours

(B) Arrhenius Plot

The temperature F6 time relationship is pl otted as shown
,in Figure I. The line obtained shows that the insulation
possesses ~40 years life, if the insulation is continuously
aged Around 900C. This line.,also passes the point i.e.
15000 with 168 hours.

(C) Conclusion (Qualified Cable Life)

Based on Arrhenius technique, Anaconda FR-EP insulated cablepossesses 40 years qualified life, provided the cable is
operated at 9000 or less.

Furthermore, also based on Arrhenius Plot, the aging at15000 with 168 hours, is equivalent to the life of 9000
for 40 years. This is the basis to use 150 0 C with 168
hours, as aging condition for qualified life simulation.

(D) Remarks:

(1) As stated in IEEE.-383-197'4, Section 2.3.2, "Aging-
data should be submitted to establish long term
performance of the insulation". This is the reason
that tube-form specimens of insulation, procured from'
TR-EP insulated cable, were used in the aging test.



* (D) Remarks: (Cont'd)

(2) The method adopted by IEEE Standard 383-1974 to
determine the end point of cable life is 1) bending
the-aged sample around a mandrel with 20 times the
cable O.D., then 2) immersing in water at room
temperature- 3) applying ac stress of 80 VPM for 5
minutes. The method was utilized in our 'LOCA
qualification test as reported in FIRL Technical
Report F-C4836. However, the life is influenced not
only by status of aging, but will also be effected
by other factors involved in the testing. Based
on these reasons, we trust that the slope developed
based on elongation is a better and reproducible
method for the prediction of cable life.
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