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TEST SUMMAR

The Rockbestos Company FPirewall III wire and cable constructions have
successfully completed the test program outlined in Test Plan TP-4804 in
support of Qualification for Class 1E Service in Nuclear Generating
Stations.

The primary insulation material wused in these constructions was a
Ch-n%cally Cured, Flame Retarded Cross-linked Polyethylene designated
KXL-760D.

Cable samples tested included Power, Control, Instrumentation
(Signal) and Thermocouple Extension.

Samples were subjected to a sequence of thermal conditioning,
Irradiation conditioning, environmental exposure simulation of a LOCA, and
Post LOCA testing, within the guidelines established by IEEE Std.
323-1974 and 1EEE Std. 383-1974.

By successful completion of the test and conditions described herein,
it has been concluded that the subject wire and cable is suitable for 1its
intended application and during design basis event postulated to occur at
any time during the design life of forty years.
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Referenced Documents:

11.
12.

13.
14,

IEEE 323-1974 ~ Standard for Qualifying Class 1E Equipment for
Nuclear Power Generating Stations.

IEEE 383-1974 - Standard for Type Test of Class lE Electric
Cables Field Splices, and connections for Nuclear Power
Generating Stations.

ICEA-8-66-524 -~ Cross-linked Thermosetting Polyethylene
Insulated Wire and Cable for Transmission and Distribution of
Electrical Energy.

ICEA~§~19-8]1 = Rubber Insulated Wire and Cable for the
Transmission and Distribution of Electrical Energy.

National Electrical Code 1984.

The Rockbestos Company, Technical Manual for Class lE
Qualification Tests - July 9, 1984 Rev. 5.

Nuclear Regulatory Commission Guide 1.13]1 dated August, 1977.
The Rockbestos Company, Qualification Test Procedure Manual.
Nuclear Regulatory Commission Guide 0588.

Nuclear Regulatory Commission 10 CPR Part 50, App. B.
R§S-3-021

Test Plan 4804 in Support of Qualitication; PWIIl Chemically
Cross-linked Polyethylene, Generic Nuclear Incident, Class lE
Service in Nuclear Generating Power Stations.

Sandia National Laboratories Report SAND 81-2027/1 of 2.

EPRI Final Report EL-938.
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THE ROCKBESTOS COMPANY
FW 111 CHEMICALLY CROSS~LINKED WIRE
NUCLEAR INCIDENT
TEST REPORT 5'0‘

PART 1 IIVIRONMIITAL

1 OBJECTIVE

To conduct a program of predetermined conditions and tests to support
the use of chemically cross-linked insulation material for Class 1E
applications as outlined in Test Plan 4804.

The results of this test program are intended to demonstrate the
suitability of Rockbtestos Company trade name Firewall-IIl1 wires and
cables, for Class lE Service for Nuclear Generating Stations as outlined
by standards IEEE-323-1974 and IEEE-383-1974. Results will also be
utilized to reinforce the conclusions of previous Rockbestos Class lE
reports of similar constructions including:

QR'807, R, Rl, R2,
QR1811 QR1813 QR1Bl4 QR2B02 QR2B03 QR2B04

2 REPRESENTATIVE CABLES:

Products of interest fall into four categories. Power, Control,
Instrumentation (Signal), and Thermocouple Extention. A design variation
in insulation thickness for individual conductors of sone control cable,
.030" and .025%, results in a fifth basic construction of interest.

3 CABLE DESCRIPTIONS

Cables described below are Standard cables. For accounting internal
charge purposes, Rockbestos Product Codes are preceeded by "E* to reflect
their use as an engineering qualification project rather than customer
product.

Cable *A"

7/C 414 AWG Contrel Cablc 600V 90 Degrees C
Rockbestos Product Codo E41-0114

7 x 1/C 014 AWG 7 Strand x .0242° Tinned Copper
«030" PW 111 Chemically Cross-linked Flame Retardant
Poly cthllcno EXL=760D Cabled with
«002* Nomex Binder Tape,
045" Neoprene Jacket
ICEA Print Method 4
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Cable *B*

7/C 414 AWG Control Cable 600V 90 Degrees C

-~

Rockbestos Product Code E41-0112

7 x 1/C #14 AWG 7 Strand x .0242" Tinned Copper

Cable *C*

.025" FW 111 Chemically Cross-Linked Flame Retardant
Polyethylene KXL-760D Cabled with

002" Nomex Binder Tape,

.045" Hypalon Jacket

ICEA Print Metho 4

2/C 420 AWG Type KX Shielded Thermocouple Extension Cable
90 Degrees C

Rockbestos Product Code E41-0102

1/¢C

1/C

2/¢

#20 Solid Chromel
.020" PW 111 Chemically Cross~Linked Flame Retardant
Polyethylene (Yellow) KXL-760D

#20 Solid Alumel
«020" FW 111 Chemically Cross-Linked Flame Retardant
Polyethylene (Red) KXL-760D

Cabled with Flame Retardant Polypropylene
Fillers

1/C 420 AWG 19 Strands x .008* Tinned Copper Drain Wire

002" Aluminum/Mylar Shield Tape (.001/.001) Overall
002" Nomex Binder Tape
045" Hypalon Jacket
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Cable *D*
2/C 416 AwWG xnstrnnontotion Cable JOOV ’0 Degrees c

Rockbestos Product Code E41-0108

2 x 1/C 416 AWG 7 Strand x .0912" Tinned Copper
.020" PW 1II Chemically Cross~Linked Flame Retardant
Polyethylene KXL-760D

2/C Cabled with Flare Retardant Polypropylene
Fillers

1/C #18 AWG 16 Strands .010" Tinned Copper Drain Wire

.002% Aluminum/Mylar Shield Tape (.001/.001) Overall
.002* Nomex Binder Tape
.045" Neoprene Jacket

Cable “E*
1/C 16 AWG Power Cable 90 Degrees C

Rockbestos Product Code B41-0115

#6 AWG 7 Strand x .0612" Tinned Copper
+045*% PW 111 Chemically Cross-Linked Flame Retardant
Polyethylene KXL-760D

4 SAMPLE SELECTION:

All samples were selected at random from completed cable which had
ouccocsfullI completed normal production Quality Control tests. These
include all tests for dimensional, physical, and electrical requirements
for insulation and jacket materials described in ICEA-S5-66-524, 8-19-81
and Rockbestos RSS5-3-021.

Certified Test Reports containing results of normal production tests
are found in Data Section 1.

A, B, and E Samples ~ For the environmental portion of the IEEE-383}
suggested Type Test, single conductor samples are representative for the
Power and Control cable types, and were utilized for this program,
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D Samples - "or the environmental portion of the I1EEE-383 suggested
Type Test, 1 pair shielded is representative for Instrumentation (Signal)
cable and was utilized of this program.

C Samples - For the environmental portion of the IEEE-383 suggested
Test, 2/C #20 AWG is representative of the Thermocouple Extension
cable and was utilized for the program.

TEEE-383 further requires demonstration that samples be subjected to
the most severe postulated conditions. For possible synergistic effects
upon the electrical, chemical, and mechanical performance, *most severe®
is interpreted as the other constructional extreme.

For contrel cable, the other constructional extreme from the IEEE-38)
ouggcstod Type Test is completed cable. The difference in potential
failure mode, between control cable singles and completed cable, is
Created by the interaction of completed cable components. Since the cable
components are of proven industry design, verified by such as U/L, the
major anticipated potential failure mode variation is mechanical. This
will be created by the interaction of nent expansion and/or
constriction during thermal excursions. On that sis, the largest volume
expansion, therefore, greatest potential for change, will occur in the
control cable with the thicker insulation. The completed Contiol Cable
c;rp:o therefore, was the construction utilizing 030" insulation
thickness.

Considering the Instrumentation and Thermocouple Extension cable
together, since both utilize .020* insulation thickuess, single conductors
from the Instrumentation cable were chosen as the other constructional
extreme. Again, completed cable components are of proven industry design.
The singles from the Instrumentation cable were chosen on the basis of
slightly larger exposed insulation surface area, due to conductor size.

Only single conductor Power cable was tested. Constructional
variations between single conductor Power and multi-conductor Power, are
similar to those involved in Control cable. However these variances are
manifested to a greater degree in the 7 conductor control cable than a
typical 3 conductor power cable. Synergistic effects due to
constructional extremes for Power cable were not evaluated separately by
testing.
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Items for this program were manufactured under a standard production
order utilizing normal manufacturing techniques and materials of
construction. Completed cable lengths were sufficient to provide a
selection consistent with random sampling philosophy.

All samples were approximately 15 feet, including terminations, taken
from completed cable.

*A* Sample Environmental Profile (LOCA)

TP-4804 Al. Completed cable section
TP-4804 A2. Completed cable section
TP-4804 A3. Single conductor removed from cable
TP-4804 A4, Single conductor removed from cable
TP-4804 AS. Single conductor removed from cable
TP-4804 A6. Single conductor removed from cable

*B" Sample Environmental Profile (LOCA)

TP-4804 Bl. Single conductor removed from cable
TP-4804 B2. Single conductor removed from cable
TP-4804 B3. Single conductor removed from cable
TP-4804 B4. Single conductor removed from cable

"C*" Sample Environmental Profile (LOCA)

TP-4804 Cl. Completed cable section
TP-4804 C2. Completed cable section

*D* Sample Environmental Profile (LOCA)

TP-4804 D1. Completed cable section
TP-4804 D2, Cempleted cable section
TP-4804 D3. Single conductor removed from cable
TP-4804 D4, Single conductor removed from cable
TP-4804 D5. Single conductor removed from cable
TP-4804 D6. Single conductor removed from cable

"E* Sample Environmental Profile (LOCA)

TP-4804 El. Completed cable section
TP-4804 E2. Completed cable section
TP-4804 E}., Completed cable section
TP-4804 B4, Completed cable section

.7-
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S PRELIMINARY SAMPLE EVALUATION

Samples were evaluated for physical and electrical integrity prior to
test initiation, to assure mechanical damage had not occurred in storage,
transfer, or in the removal of single conductor samples from completed
cable. Since normal production acceptance tests were previously
performed, verification only was necessary to demonstrate suitability.

See Data Section 2 for detailed evaluation results. The evaluation
results were all satisfactory.

6 TEST PROCEDURE - ENVIRONMENTAL

Testing was conducted in accordance with procedures outlined in the
latest revision of the Rockbestos Technical Manual and applicable sections
in the Rockbestos Qualification Test Procedure Manual.

7 SAMPLE CONDITIONING

Preparation: Completed cable sections from all cables were obtained.
Completed cable sections from cables "A®, "B®" and "D" were disassembled to
obtain the necessary single conductor samples. Care was exercised during
disassembly so as not to damage the single conductor samples.

Each sample, single conductor and completed section, had a permanent
metal tag affixed, each embossed with the appropriate sample number.

All samples had termination points prepared, i.e., exposed metal
conductor at each end of the sample.

Thermal Aging: For those samples which required it, thermal aging was
accomplished prior to irradiation aging. [Results reported by Sandia
National Laboratories SAND 81-2027/1 of 2, indicated comparable final
results, whether condi*’'oning is accomplished simultaneously or in either
sequence of thermal an. irradiation conditioning.
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121 Degree C Aging - Jacketed samples TP-4804-Al1, A2, C1, C2, D1, D2,
were placed in a hot air circulating oven at a temperature of 121 Degrees
C for 168 hours. The samples were arranged on perforated shelves located
in the center one-third of the oven space. They were in coil form with an
approximate diameter of 20 inches. IEEE 383 is not specific for coil
diameters during aging. Post LOCA performance tests include a 40X
diameter bend. By inference, 40X should be more severe than prior test
portions.

The temperature and time for these samples were selected as a
compromise for the aging capabilities of the jackets. The thermal aging
utilized does not represent end of life condition for the complete cable.
It does represent significant aging for the jackets. This is based upon
thermal aging parameters outlined in ICEA S-66-524 which requires 50% or
65% retained elongation after thermal aging of 168 hours at 100 degrees C
for Neoprene and Hypalon respectively.

By the increase in temperature, (121 degrees C) the thermal aging
utilized was intended to demonstrate that “"significant® aging of the
jackets occurred. Therefore, any effects upon cable performance by
interaction of the jacket material has occurred and would be manifested in
final test results.

150 Degree C Aging - Single Conductor Samples TP-4804-A3, A4, Bl, B2,
D3, D4, El, and E2 were placed in a hot air circulating oven for 941 hours
at 150 degrees C plus 12 hours at 148 degrees C for a total thermal
exposure of 953 hours. The samples were mounted on a metal mandrel
consisting of two circular rings, supported by eight equally spaced 1/2°
stainless pipe, resulting in an approximate circumscribed diameter of 20
inches. Samples were supported along the surface of the pipes by metal
hooks. The mandrel was placed on a shelf in the oven such that the
mandrel was located in the center- half of the oven space. The
tengorature and time for these samples were utilized on the basis of
Arrhenius aging characteristics for the primary insulation material. A
normal operating service te perature 90 degrees C was adopted as this is
the industry recognized temperature for cross-linked polyethylene.

This thermal aging to represent end-of-life conaition for a 40 year
postulated life, with margin, for the primary insulation material.

At 150 degrees C, the intersection of the Arrhenius plot for the
primary insulation is 850 hours. 941 Hour. of exposure represents in
excess of 45 years at 90 degrees C with further small increase represented
by 12 hours at 148 degrees C aging. This represents in excess of 10%
above the postulated 40-year life. Reference Data Section 3.

For normal operating temperatures below 90 degrees C, margin is
increased.
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Irradiation Aging:

All samples, thermally aged and not thermally aged, were Irradiation
aged. Those samples thermally aged at 150 degrees C remained on the
mandrel. The unaged samples and the samples aged at 121 degrees C were
mounted on the mandrel. Care was exercised during the mounting procedure
to avoid damage. The mandrel and samples were suitably protected from
damage during transportation to and from Isomedix Inc.

Irradiation was performed by Isomedix Inc., Parsippany, NJ, and they
documented dose rate, time of exposure and total dose.

While still on the mandrel, all samples were exposed to Gamma
radiation from a Cobalt 60 source in air at a rate of .47 megarads per
hour for 427.6 hours, resulting in a total accumulated dose of 200.97
megarads. Refer to Data Section 4 for Isomedix report.

Samples were not exposed to Beta radiation. Industry accepts that
for purposes of demonstration of damage, equal doses of Beta or Gamma
produce egual damage. Gamma radiation therefore, satisfied irradiation
conditioning requirement.

-10-
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8 POST CONDITIONING EVALUATION

Upon completion of the irradiation conditioning of the samples a
visual examination, and an electrical evaluvation consisting of Dielectric
Withstand and Insulation Resistance measurement, were conducted. This was
accomplished to insure sample integrity prior to the extended
environmental exposure. See Data Section 5 for detailed evaluation
results.

9 ENVIRONMENTAL PROFILE (LOCA)

On the basis of the Post Conditioning Evaluation, one of each
configuration was selected for the LOCA. Duplicate samples were withdrawn
from the program at this point.

Samples to be subjected to the LOCA test were selected on the basis
of physical condition first, Insulation Resistance second, and Conductor
Resistance third, or random in the case of comparable evaluation. See
Section 5 for explanation of evaluation, and part A of “Unanticipated
Variations."®

Preconditioning Summary:

LOCA Samples

——————————-——

Sample Thermal Aging Irradiation Aging
TP-4804-Al 121 Deg C/168 Hours 200.97 Megarads
A3 150 Deg C/941 Bours '

AS None "

Bl 150 Deg C/941 Bours .

B4 None Y
c2 121 Deg C/168 BHours "

D2 121 Deg C/168 Hours -

D4 150 Deg C/941 Bours -

D5 None »

El 150 Deg C/941 Bours o
E3 None a

Preparation:

An extension lead consisting of a multi-conductor control cable, was
utilized to connect the samples within the vessel, to exit the penetration
of the environmental test vessel. Connection was made by crimp connectors
covered by nuclear grade heat sealable shrink tubing to complete a water
tight connection.

-11-
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LOCA

General - Samples were loosely coiled on the perforated steel grating
located approximately 1 foot from the bottom of the cylindrical vessel.
All samples were connected to an extension lead. All electrical
connections to the samples under test were made external to the test
vessel through the extension leads.

Jacketed samples were placed on the grating first. Single conductor
samples placed on top. All samples were arranged to expose the majority
of their surface area to the environmental conditions. Crossover of
various samples was present resulting in numerous contact points within
individual, and adjacent samples.

-]2e
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All input data to the Data Logger was scanned at the fixed design
rate of every two (2) seconds. 1In addition, the initial transients of the
first and second peak thermal excursions were monitored by a continuous
recording thermocouple measurement instrument.

Inputs to the data logger and continuous recorder are analog voltages
developed by the various instruments used for the various test parameters.

Print cycles were varied and were dependent upon the change rates of
the measured parameters. Maximum print rate was utilized during profile
ramps. Lesser print rates were utilized during extended stabilized
profile portions. Printed data represents trends for the selected print
cycle time periods.

Profile - The intended LOCA profile is described in IEEE-323-1974
Appendix A Fig. Al, combined PWR/BWR.

When the maximum temperature of the first transient of the profile
was achieved, a chemical spray was initiated and continued for Z4 hours.

Total cumulative environmental exposure was 105 days.

See Data Section 6 for tabulated data acquisition of all Data Logger
channels for environmental parameters. Also refer to Unanticipated
Variations sections B and C.

With the exception of the Insulation Resistance measurements, which
were planned, and other short-term unanticipated interruptions, samples
were electrically energized at their rated voltage and current as
described by the National Electric Code - 1984, See Data Section 7 for
tabulated voltage and current loadings.

Insulation Resistance measurements were made on each sample through
the extension cables during the environmental profile at the various
temperature levels. See Data Section 8 for tabulated measurements.

10 POST LOCA TESTS

Upon completion of the enviromental profile, the samples were allowed
to cool to room temperature and were removed from the test vessel. After
resolution of difficulties encountered in preparing the samples for POST
LOCA TESTS (Refer to section B, Unanticipated Variations), the samples
were tested as below. Prior to the voltage withstand test, each sample
was straightened and wrapped around an approximate 40X diameter metal
mandrel, secured in this orientation, removed from the mandrel, and placed

in room temperature tap water.

-] 3=
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ist Test, After 1 hour Soak (See Section E, Unanticipated Variations
for Samples TP480¢4-Bl, B4, C2, D4, DS5)

Sample 40X Wraps 80 v/mil Active
(inches) (360 deg.) (5 minutes) Length (feet)

TP-4B04-A1 18.75 2 - 10
Cndr $2 Pass -

§4 Pass -

£6 Pass -
TP-48L4-A3 5 6 Pass 10
-AS 5 6 Pass 10
TP-4804_D2 11 3 - 10
Cndr §1 Pass -

2 Pass -
TP-4804-E1 11 3 Pass 8
E3 11 3 Pass 8

2nd Test, After 18 hour Soak

Sample 80 v/mil Insulation Resistace Temperature
5 minute Megohms - 1000 feet (Deg. C)

TP-4804-A1 -~ - -
Cndr $#2 Pass 3,900 23

¢4 Pass 4,200 .

$¢6 Pass 4,400 "
TP-4804-A3 Pass 10,000 e
A5 Pass 7,000 -
TP-4R04-D2 - -
Cndr #1 Pass 5,000 "

$§2 Pass 5,100 "
TP-46804-E1 Pass 5,600 x
E3 Pass 2,600 o

=)=
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After completion of the 2nd test above, sample TP-4804-E3 was tested
at 5000 Vac (111 v/mil average) for 1 minute. The sample withstood this
test.

The modified samples (Refer to section E, Unanticipated Variations)
were tested as below. Prior to the voltage withstand tests, each sample
was wrapped around an approximate 40X diameter metal mandrel for the
second time, secured in this orientation, removed from the mandrel and
placed in room temperature water.

After 3 hour Socak

Sample 40X Wraps 80 v/mil 100 v/mil Active
(inches) (360 Deg.) (5 minutes) (1 minute) Length (feet)
TP-4804-B1 4 “ Pass Pass 10
B4 4 9 Pass Pass 10
TP-4804-C2 - - - - -
(3 Ft) Red 5 2 Pass Pass 3
Yellow 5 2 Pass Pass 3
(6 Pt) Red 11 2 Pass Pass 6
Yellow 11 2 Pass Pass 6
TP-4804-D4 3 11 Pass Pass 9
D5 3 12 Pass Pass 10
After 6 hour Soak
Sample Insulation Resistance Temperature
Megohms - 1000 feet (Deg. C)
TP-4804-B1 7600 25
B4 5600 25
TP-4804-C2 - -
3 feet Red 8400 25
Yellow 7500 25
6 feet Red 6600 26
Yellow 5400 26
TP-4804-D4 4800 25
D5 4500 25

]S=
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Test Variations:—- The established criteria for final FOST LOCA tests
1is a single sequence of a 40X diameter bend and withstand of 80 v/mil for
S minutes. As documented i1n section E of Unanticipated Variations,
several unsatisfactory results were obtained upon performace of the
defined testing.

These unsatisfactory results were determined to be anomalous due to
primarily mechanical damage. This damage predicated & variance 1n active
length: reduction from 10 feet, and samnple configuration: severely damaged
areas wrapped with tape.

To clearly demonstrate the wvalidity of the conclusion drawn and
compensate for the sample modification, significant test margin was added.
Maraqin was in different formse for various samples as noted. These
included two 80 v/mil S minute dielectric proof tests, two 40X Bends, and
100 v/mi1il or higher, 1 minute dielectric proof test.

A minor variation from the test plan also occurred relative to soal
time prior to dielectric test. The test plan indicates a minimum & hour
soak. This reguirement was derived from ICEA standards which is 1n
reference tc full reel production testing. In that vein, the intent of
the & hour soak 18 to insure sufficient time 1s given for the water to
penetrate to the 1nner layers of the reele to be tested and temperature
stabilize for Insulation Resistance measurements. For the sampl es
included in this proagram, i.e. 10-15 feet, 1mmediate water contact 1s
achieved., and 1 hour 1is sufficient for temperature stabilization.
Therefore., a minimum of 1 hour soak was adopted.

Test plan also states that each i1ndividual 1nsulated conductor will
be tested. FRockbhestos tested three of the seven conductors. refer to
Secticn S item C.

2 PASS/FAIL CRITERIA
Samples were considered to have passed the LOCA test bv:

1. Successful withstand of the continuous abpllcatlon of voltaage and
current, with the exception of Insulation Resistance measurement
time, for a cumulative 100 Days environmental exposure: and

e By successful withstand of 80 volts/mil AC RMS &0 H:r stress after
a 40% diameter bend.

Results Evaluation:

—————————— ——— v — 1 —

A1l Samples Met the established criteria and passed the test.

<16~



QR-5804

12 CERTIFIED CONCLUSION

Firewall III Chemically cured Cross-linked Polyethylene material, and
wire and cable constructions utilizing this material, have successfully
withstood the conditions and tests documented in the preceeding pages.
Therefore, it is certified that they can be expected to function in their
normal intended application and during conditions simulated herein,
postulated to occur at any time during the anticipated installed life of

forty years.
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Unanticipated Variations

A. Test Plan TP-4804 criteria for Post Conditioning evaluation included
an Insulation Resistance Constant (K) minimum requirement of 10,000.
Several samples did not meet this requirement.

The reguirement was incorporated on the basis of ICEA requirements
for "fresh"™ cable. The magnitude of the apparent effect of conditioning,
was not expected. On the basis of actual values obtained, which
represent more than adequate resistance for the products of interest, the
engineering judgement was made to proceed with the test program as
planned.

B. The first and second Peak Temperature Transient did not follow the
intended profile of Figure Al, IEEE-323-1974.

Actual Achieved Profile Transients

1lst Peak 2nd Peak
Time Temperature Deg. F Time Temperature
Initial 169 Initial 168
10 sec. 226 10 sec. 219
20 sec. 230 20 sec. 230
30 sec. 234 30 sec. 234
60 sec. 237 60 sec. 247
90 sec. 246 90 sec. 258
120 sec, 253 120 sec. 271
180 sec. 267 150 sec. 280
240 sec. 277 180 sec. 293
246 sec. 280 240 sec. 317
300 sec. 305 300 sec. 329
360 sec. 324 340 sec. 342
420 sec. 341

The intended profile included achievement of 280 deg. F within 10
seconds. The first and second peak took 246 seconds and 150 seconds
respectively. Further, the intended profile included achievement of 340
deg. F within 5 minutes (300 seconds). The first and second peak took
420 seconds and 340 seconds respectively.

The primary cause of this delay in each casc was equipment
limitations. The first peak was further delayed by technician error in
failure to close the chamber vent at the proper time. It was closed
between 45 seconds and 1 minute.

-18~-
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The purpose of the extreme thermal transients is to demonstrate
resistance to Thermal Shock effects. This type of effect would be
significant in components or assemblies which contain pressure boundaries,
such as seals.

For the chemically cross-linked polyethylene insulation being tested,
this type of effect is not a factor. The primary insulation is one
continuous layer of identical material. It does not contain pressure
boundaries or an interface of dissimilar material.

Conclusion: The wvariation in ramp profile results in a variation of
the rate of rise in temperature only. Cable performance, and thus
potential mode of failure, is unaffected by rate of temperature rise
within the established test parameters. Therefore, test plan variations
relative to ramp Thermal Transients did not affect cable performance in
either a positive or negative sense and results obtained are acceptable as
meeting outlined parameters and criteria.

C. Loss of steam pressure occurred eleven times during the course of
the 200 degree F portion of the profile. Of these, the majority were of
little significance since the temperature did not fall below the 200
Degrees F level.

Three occurrances were of significance:

The first of significance occurred during Day 32, with the lowest
measured temperature of 172 Degrees F. Time at temperature below the
planned 200 degrees F was less than 2 hours.

The second occurred during Day 56 and was the result of loss of
facility electrical power. This power Jloss also interrupted the Data
Logger monitoring system and therefore, a minimum temperature was not
measured. When the Data Logger was placed in service again, environmental
parameters were normal, as power was restored several hours prior to this.
Data Logger monitoring was lost for approximately 15.5 hours.

The third occurred during Day 9€ with the lowest measur:d temperature
of 180 degrees F. Time at temperature below 200 degrees F was less than
1.5 hours.

With the exception of the period of total power loss, each steam loss
was the result of plant boiler walfunction.

The total environmental profile was therefore extended from 100 Days
to 105 Days. Time/Temperature exposure accomplished by the 5 Day
extension more than compensated for the above variances. Thermal
excursions, minor or major are considered more severe than steady state
conditions. The variances and profile extension noted above therefore,
may be considered as positive margin.
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Conclusion: Time/Temperature exposure requirements were exceeded.

Results cbtained are therefore acceptable as meeting outlined
parameters and criteria.

D. Voltage and Current loading of the samples was interrupted at
various times throughout the profile. Loading was discontinued eight
times for measurement of Insulation Resistace, as noted in Data Section 8.
Each occurrence was approximately 20 minutes.

In addition, the following unscheduled interruptions occurred:

Approx. Approx.
Time Duration Affected Samples Voltage Current Cause

- - ———————————————————— - - ————— —————— - —————

49 Hours 10 secs. TP-4804-A1,A3,A5,Bl1, Yes No Accidental
B4,E1,23 trip during
ad justment.

11 Day 57 hours TP-4804-C2,D2,D4,D5 Yes No Momentary
TP-4804-A3,A5,B1 No Yes power loss

B4,El,E3 due to

storm.

17 Day 11 hours TP-4804-E1,E2 No Yes Faulty
external
connection
to current
source.

56 Day 14.5 hours All Yes Yes Complete
power loss
due to
storm
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In each case no indication of fault was present. In each case,
samples were re-energized without incident. From final occurrence to
Yrofile termination, all samples withstood applicable voltage and current

oading without incident.

The total environmental e.posure, voltage, and current loading, was
extended from 100 Days to 105 Days. Voltage and current loading exposure
accomplished by the 5 Day extension more than compensated for the above
variances. In addition to the extended time, minor positive margin was
added by the voltage and current transients, as transients are more
detrimental than steady state conditions.

Conclusion: Voltage and current loading exposure requirements were
exceeded. Variances which occurred resulted in minor positive margin as
transients are more detrimental than steady state conditions. Results
obtained are therefore acceptable as meeting outlined parameters and

criteria.

E. At the conclusion of the profile, removal of the samples from the
vessel and separation of the samples from each other, resulted in several
faults during the initial POST LOCA test sequence.

As the photos in Section 4 show, as installed, the samples contacted
each other and splice sleeves in a large number of places. It was
immediately apparent when removing the samples from the vessel, that these
contact points had developed significant adhesion. In general, a greater
degree of adhesion appeared between the heat shrink sleeves and insulation
surfaces than between an insulation to insulation contact point. Little
or ‘no adhesion was evidenced by jacketed samples. Extreme difficulty was
encountered in separation of the samples due to the interweaving nature of
orientation and areas of several adhesive contact points in close
proximity.

Care was exercised to the extent possible in actual separation, but
obvious damage occurred such as insulation tears. A visual examination
was conducted to identify the obvious damage with the intent of minimizing
their exposure to the POST LOCA tests. A detailed examination was not
conducted based upon the concern that the handling required to conduct a
detailed examination would increase the potential for further mechanical
damage and subsequent faults.

Samples TP-4804-Al1,A3,A5 and D2 passed the POST LOCA test sequence as
intended without incident.

Samples TP-4804-E1,E3 were tested as intended and passed, with
modification as follows; Each was immersed in water for the 80v/mil
Dielectric test. Length was reduced from 10 feet to 8 feet due to damage
as described above - tears in the insulation which exposed the metal
conductor.
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The remaining samples, specifically TP-4804-Bl1,B4,C2 (Yellow
conductor pass, Red conductor fault), D4 and D5, experienced a fault
during the initial 80 v/mil Dielectric test. While the precise voltage at
the moment of fault was not determined, each faulted during voltage
increase, at less than 1000 volts.

Recognizing the problems encountered in separation of samples, a
detailed examination of each faulted sample was conducted. Examination
primarily consisted of microscopic examination from 10x - 70x. Numerous
areas of contact, crossovers etc. were identified in each sample. These
areas were identifiable by:

1. Color - General surface of samples was black. Contact
points by comparison were gray and closely resembled the
original sample color.

2. Geometry - Determined by color outline and tangential
deposits of foreign material with the outline.

3. Surface Appearance - Majority of surface area which was
exposed to test environment i.e. away from contact points,
ranged from smooth, cratered, rust colored deposits, white
powdery deposits, and a black "membrane®™ type material with
uneven coverage. By contrast, contact points had none of the
abo:e. They had a rippled appearance with irregular sharp
peaks.

4. Damage - At some of the contact points, it was apparent
that sections, or chunks, or insulation were removed to
varying degrees. The range of damage was minor to severe,
where the conductor was exposed.

In addition to the contact areas, the indented areas caused by
Thermal Aging were also noted. (Refer to Post Conditioning Evaluation).

Examination results were:
Sample TP-4804-Bl; 17 contact points were identified with varying
degrees of damage. Numerous Thermal Aging indents were also identified.

Fault area was examined, but fault current destroyed evidence completely.
Unable to determine cause.
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Sample TP-4804-B4; 31 contact points were identified with varying
degrees of damage. Pault area was examined and fault occurred at an
identifiable contact point.

Sample TP-4804-D4; 20 contact points were identified with varying
degrees of damage. Numerous Thermal Aging indents also identified. Fault
area was examined and fault occurred at an identifiable Thermal Aging

indent.

Sample TP-4804-D5; 42 contact points were identified with varying
degrees of damage. Fault area was examined and fault occurred at an
identifiable contact point.

Based upon the considerable evidence of mechanical damage noted
above, it was apparent that a strong likelihood existed, that the faults
were a direct result of this damage. To demonstrate this, the samples
were modified as below and retested.

Sample TP-4804-Bl; The fault area, four severely damaged contact
points, and five severe Thermal Aging indents were covered by high voltage
termination tape. Twelve contact points remained uncovered.

Sample TP-4804-B4; The fault area and eight severely damaged contact
points were covered by high voltage terminating tape. Twenty two contact
points remained uncovered.

Sample TP-4804-D4; The fault area, six severe contact points, and
five Thermal Indents were covered by high voltage terminating tape.
Fourteen contact points remained uncovered.

Sample T-4804-D5; The fault area and eight severe contact points were
covered by high voltage termination tape. Thirty three contact points
remained uncovered.

Each taped area extended approximately 1 inch longitudinally. Due to
extreme damage, (exposed conductor), the active length of sample
TP-4804-D4 was reduced to nine (9) feet.

Each sample was straightened, wrapped around an approximate 40X

Diameter metal mandrel and re-tested as below, after a three hour soak in
room temperature tap water.
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Sample 40X Bend
Diameter

TP-4804-Bl 4 inch

B4 4 inch

D4 3 inch

DS 3 inch

After the
Insulation Resistance was measured.
Sample

T-4804-B1 .76 x
B4 .56 x
D4 4.8 x
DS 4.9 x

Active
Length

10 feet
10 feet
9 feet
10 feet

Measurement (ohms)

*Calculation for

minus 1 inch for

iT
100G
100G

80v/mil

QR-5804

100v/mil

S minutes 1l minute

Pass
Pass
Pass
Pass

Pass
Pass
Pass
Pass

samples soaked an additional three hours, 6 hours total,
500 Vvdc, 1 minute at 25 Deg. C:

*Megohms - 1000 feet

*Megohms - 1000 feet® utilized sample active length
area, which effectively eliminates any

each taped

contribution from the taped
conservative.

TP-4804-Bl
B4
D4
DS

10 feet
10 feet
9 feet
10 feet

minus 1
minus
minus 1
minus

1
9
1
9

area.

inches
inches
inches
inches

.28

The calculated value is therefore



QR-5804

Sample TP-4804-C2 was also evaluated. The fault area was not readily
apparent, which was to be expected since there was an overall jacket.
Sections of the jacket were removed with moderate difficulty. The basic
procedure was to cut through the majority of the jacket thickness and
remove the jacket in tension, allowing the remaining jacket to tear.

Once located, 4 feet from one end, approximately 18 inches was cut
from the sample. This was predicated on the need to separate cable
components for examination.

The fault area was microscopically examined from 10 to 70 power. The
following observations were made:

1. PFault current had destroyed all evidence as to cause.
2. Pault approximated 1/4 inch longitudinal.

3. Moderate damage to the yellow conductor insulation had
occured due to the heat of the fault.

4. Conductor was exposed 360 deg.

The immediately adjacent areas (18 inch) were microscopically
examined with the following observations:

1. Some insulation deformation had occurred in both the
Red and Yellow insulated conductor, primarily at the
contact points with the uninsulated drain wire.

- Radial examination showed the deformation was not severe
enough to reduce the insulation thickness below minimum
acceptable (90% nominal).

3. The Red conductor (initially) was bleached to near natural
color - off-white.

4. The Aluminum/Mylar shield tape was severly deteriorated.
Some residue remained.

Actual, or potential, cause of the fault could not be dete 'mined from
this examination.

Again, due to concern of mechanical damage during handling from a

detailed examination, the two sections of the sample remaining were given
a cursory visual examination, with no apparent anomalies.
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One section was a three (3) foot active length with the jacket
totally removed. The other was a six (6) foot active length with
approximately 2 feet of jacket remaining.

The unjacketed sample (3 feet) was wrapped around a 5 inch metal
mandrel. This was based upon the diameter of the unjacketed core, rather
than the original 11 inches for the jacketed sample. The sample was
immersed in room temperature tap water and allowed to soak for 3 hours.
Each conductor was tested against the other plus water at ground
potential.

TP-4804-C2 (3 ft.) 80v/mil 5 minutes 100v/mil 1 minute
Red Pass Pass

Yellow Pass Pass

After a 6 hour soak Insulation Resistance (ohms)

Red 2.8 x 1T

Yellow 2:3 % 1T

The 6 foot section with remaining jacket was wrapped around an 11
inch metal mandrel, immersed in room temperature tap water and allowed to
soak for 3 hours. Each conductor was tested as above:

TP-4804-C2 (6 ft.) 80v/mil 5 minutes 100v/mil 1 minute
Red Pault -
Yellow Pass Pass
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The Red conductor faulted immediately upon being energized. Visual
examination revealed the fault area near one end where the jacket had been
removed. This section was examined under a microscope and revealed a
small cut or slit directly adjacent, and extending to the edge of the
fault. This damage was obviously caused by a razor blade and occurred
during jacket removal. The sample was reterminated, 6 foot active length
remaining, and testing was resumed. The sample was allowed to soak for 6
hours.

TP-4804~-C2 (6 ft.) 80 v/mil 5 minutes 100 v/mil 1 minute
Red Pass Pass
Yellow Previous Test -

Insulation Resistance (ohms)

Red 3.4 B 22
Yellow 0.9 x 1T

Discussion: Single conductor samples TP-4804-Bl1,B4,D4d and DS
performed satisfactorily for the 105 Day term, with rated voltage and
current applied. Scheduled shutdowns for Insulation Resistance
measurements, and unscheduled interruptions as noted, created margin for
electrical withstand mince such excursions are recognized to be more
severe than steady state conditions.

For 101 Days (4 Day - 105 Day), the nominal temperature was above 220
Deg. F vs 200 Deg. PF required. This demonstrates considerable added
margin in thermal history and highlights the performance of electrical
withstand during the profile.

Insulation Resistance measurements remained at satisfactory levels
throughout the entire profile.

EPRI Final Report EL-938 indicates a reduction in dielectric strength
of XLPE due to temperature increase, of 70 kv/mm @ 30 Deg. C to 40 kv/mm
@€ 110 deg. C. The faults of these samples at less than 1000 volts € 25
dog. C is inconsistant with the same samples surviving applied voltage @
105 deg. C for 105 Days, without an anomaly as the cause.

It is concluded therefore, that the faults which occurred during the
first attempted POST LOCA *est sequence were the direct result of
anomalous mechanical damage to samples TP-4804-Bl,B4,D4 and D5. It is
further concluded that having successfully completed two 40X Bends
followed by 80 v/mil average stress for 5 minutes, 100 v/mil average
stress for 1 minute, samples TP-4804-Bl1,B4,D4, and D5 modified as noted,
have passed the test <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>