ENVIRONMENTAL QUALIFICATION
OF OKONITE TAPE SPLICE
(T-95/No. 35) UNDER LOCAL SUBMERGENCE
FOR POWER AND CONTROL APPLICATIONS

COMMUG. «WEALTH EDISON COMPANY
DESIGN SUPPORT ENGINEERING
1400 OPUS PLACE
DOWNERS GROVE, IL 60515

CALCULATION REPORT NO. 92-0018

NOVEMBER 1992

080205 921121
g%l‘az ADOCK 05000456
a PDR



1.0

2.0

3.0
4.0
5.0
6.0

7.0

8.0

9.0

TABLE OF CONTENTS

Summary

Okonite Tape Splice Materials of Construction and Their Water
Absorption/Repellency Characteristics

2.1  Okonite T-95 Insulating Tape

2.2 Okonite #35 Jacketing Tap?

Circuit Applications Where Okonite Tape is Used
Okonite Tape Splice Configurations

Potential Failure Modes of the Splices
Postulated Worst Case Line Break Accicant
Type Test Results

7.1  Summary of Appendix A Test Results
7.2 Summary of Appendix B Test Results
7.3 Summary of Appendix C Test Results
7.4  Summary of Appendix D Test Results
7.5  Overall Type Test Summary

Test Margins

Conclusion

Appendix A

Appendix B

Appendix C

Appendix D



Calculation Report No, 920018

Environmentai Qualificanor

Ud
of Okonite Tape Splice
(T-95/No. 35) Unde ocal Submergence

For Power and Controi Applications

Summary

iental qualincauon o1 OKonite ap

I
Okonite tape splices are used 1r
I'he In-Lin¢ splices are used u

i

ontrol applications (120VAC/125VDC). The "V*
ations as the In-Line splices with the exceptior

splices are not recommendaed by Commonwealt!

18, and therefore, are not

used

s accident conditions, Okonite tape

line break accident, and potentially,
T'he environmental qualification of
REG-0588 Category | requirements was

DoOxes

ukonie @ape splices are

details based on their physica

N ASS(X conngur

nodes of the splices

these conhgurations were
ed to I'he as-tested configurations wers
resentat f the as-installed configurations which would expenence
na

e 4 el
gvailauon arc

acceplance




2.0

2.1

2.2

3.0

Calculation Report No.  92-G1S

Okonite Tape Splice Materials of Construction and Their Water
Absorption/Repellency Characteristics

Okonite T-95 Insulating Tape

The T-95 high voltage insulating tape is an ethylene-propylene based thermosetting
polymer. It is designed as a high voltage, high temperature splicing tape, that is
recommended for insulating splices and terminations on high voltage cables that are
insulated with ethylene-propylene, butyl, oil base and thermoplastic and cross-linked
polyethylene compounds. The insulation tape is similar to a true cable insulation or
jacketing compound, formulated and designed for use with electric cable. The insulating
tape has a dielectric strength of 600V/mil. The insulating tapes’ self-fusing capability
(i.e., the ability to self-unite as one homogeneous, void free mass), makes the tape layers
mold into a completely solid material, similar to the cables’ original insulation and
jacket. In this condition, physically there are no layers which can delaminate; there is
no adhesive to encourage "oozing," drying-out or unwrapping of the tape. The tape is
heat and moisture resistant. The tape has a nominal thickness of 20 mils. In regard to
moisture exposure, the tape is essentially non-hydroscopic as evidenced by its negligible
gravimetric water absorption guaranteed value of 10 MG/SG.IN. maximum after 7 days
@ 70°C (ASTM D-470).

Okonite #35 Jacketing Tape

The Okonite #35 jacketing tape is designed to provide mechanical protection to the T-95
splices for neoprene, plastic and other synthetic rubber-like cable jacket materials for all
voltage applications. When wrapped, it fuses into a homogeneous, void free wall that
has resistance to weathering elements such as rain, wind, and sun normally found in
nature. is resistant to the splashings of moist oils, chemicals and acids and has good
electrical properties (i.e., a dielectric strength of 500V/mil.).

Circuit Applications Where Okonite Tape is Used

As previously summarized the tape splices are used in both In-Line and "V" type splice
applications. The In-Line splices are used u. power (4kV/600VAC/250VDC) and control
applications (120VAC/125VDC). The "V" type splices are used in the same applications
as the In-Line with the exception of 4kV power. (Accordingly no 4kV power splice
connections are contained in junction or pull boxes.) In addition, no Okonite tape splices
are used in EQ related instrument loop applications.

-
-
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penetrating betw -en the cable insulation and the T-95 tape. This leakage current is
attributed to moisture/condensate penetration between the cable insulation and the T-95
tape. This leakage current is possible only when the acceptable splice configuration is
doviated from and/or mechanical adhesion of the splicing tape to the cable insulation

occurs. This leakage current will be large since the leakage path only depends upon the
conductivity of the conder.sate and the path length between the bare metal inside the
splice and the ground plane. In fact this type of leakage will usually result in blowing
a fuse which is electrically equivalent to a "short to ground.” A properly installed splice
would, therefore, not experience this failure.

Postulated Worst Case Line Break Accident

For inside containment applications, the enveloping accident profile (all possible line
breaks) including demineralized/chemical spray are postulated. For outside containment
applications, the enveloping accident profile for all possible line breaks excluding spray
are postulated.

Type Test Resuits

Appendices A through D of this report describe environmental qualification testing that
sddress the following:

A Environmental Qualification of Okonite (600 V) In-Line and "V" Type Splices
and (5kV) for Inside BWR/PWR Containment Applications.

B Environmental Qualification of Okonite 600V Power and Control Splices for
Inside BWR Containment Application While Under "Local Submergence.”

C Environmental Qualification of Okonite 600V Power and Control Splices for
Inside PWR Containment Application While Under "Local Submergence.”

D Environmental Qualilication of Okonite 600V Power and Control Splices for
Outside Containment Applications for both PWR/BWR Stations While Under
"Local Submergence.”

Summary of Appendix A Test Results

The test results evaluated in Appendix A establish that the Okonite In-Line Splices (600V
and SkV) are environmentally qualified for inside BWR/PWR containment applications.
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mmmmmmmm: The dielectric test under tap water established that
the electrical circuit integrity of the splice had been maintained. Also the insulation
resistance (IR) and dielectric tests performed prior to the accident exposure demonstrates
that the Okonite tzpes do not degrade their electrical characteristics during the normal
40 years installed life. This test estab’ hes that the T-95/No. 35 splice 1s a qualified
material for the worst case enviionment postulated at BWR/PWR nuclear plants.

summary of Appendix B Test Besults

The test results evaluated in Appendix B establish that the Okonite 600V In-Line and "V"
type splice are environmentally gualified for inside BWR containment low voltage (600V)
power and control applicatio®.s Mmmmmmmmmmw
juncti - inage. The test results demonstrated that
the In-Line and "V" type splice have the same electrical performance characteristics
although their physical configurations are different (i.e., In-Line type vs "V" type
splices). In addition the test configuration in the test vessel allowed direct impingement
of demineralized water spray and steam to enter the ‘unction box. During the ‘est,
cpproximately 1/4" of water accumulated inside the junction box cesulting in spiices
being partially submerged. mmmmmn_mhﬂ.xﬂmﬁlm
- | % 15 ™ ioeable ic )

Summary of Appendix C Test Results

The test results evaluated in Appendix C establish that both Okonite In-Line and "V*
type splice are qualified for inside PWR containment low voltage power and control
applications when il svecimens maybe physically altac ! a Limil

switch compartim v_not have drainage. The test results demonstrate that the
In-Line and "V" type splice have the same electrical performance characteristics although
their physical configurations are different. The test established that the Okonite T-93
tape will maintain its ele [ica : hars en W he N

i ] _ In addition the tested configuration allowed for the Limitorque switch
compartment to be open inside the test vessel which allowed direct impingement of
chemical spray and steam to enter the Limitorque switch compartment. During the test
approximately 1/2" of water accumulated inside the switch compartment resulting in the

splices being partially submerged. The splices continued to hold the applied voltage (632
throughout the entire DBE exposure.
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as a result, the increased inventory of water, is more conservative with respect to the
postulated accident scenario. The test configuration is more conservative than actual
conditions which would be experienced during a postulated acciden: for both inside or
outside containment applications.

As previously stated, the amount of condensate inside the boxes is expected to be limited
by the lip height, subsequently, any excess volume of condensate exceeding this height
does not degrade the qualification of the splices submerged by the condensate. This was
indeed experienced in all the tesis run for boxes without adequate drainage.

thns leakage current wnll not be capablc of malfuncuomng control dcvuxs As described
earlier in Section 5.0, the leakage due to lack of mechanical bonding between the cable
insulation and the T-95 tape is not expected to occur to result in a short circuit.
Therefore, the leakage under "local submergence" for the Okonite Inw voltage splice
would occur through the insulation (i.e., T-95) tape and not due to lack of mechanical
bonding between the cable insulation and the T-95 tape. The splices were partially
submerged due to the quantity of water trapped inside the box which was limited by the
lip height. This is representative of that which would be fully submerged. The electrical
circuit integrity continues to he maintained because in either case, the splices do not
degrade their mechanical bonding capability. This is due to the fact that all the partially
submerged specimens maintained their circuit integrity which is representative of a fully
submerged condition. Considering the sample size (more than 20 test samples), if there
was a mechanical bonding problem, if would have been identified. Since the tape is
uniformly applied, the mechanical bonding characteristics would not behave differently
irrespective of mechanical bonding occuring above or below the level of submergence.

Conciusion

As discussed in Section 8.0, the leakage under "local submergence” for the low voltage
power and control splices is due to the dielectric insulation property ¢f the T-95 tape and
the dielectric insulation property is acceptable. As shown in Section 7.0 and 8.0, the
tested accident profile i1s more severe than the postulated DBE profiles in the BWR/PWR
nuclear plants, and is therefore, enveloping the DBE conditions. In Appendices B, C and
D, environmental qualification of low voltage power and control splices under “local
submergence” 1s demonstrated. Therefore, the low voltage power and control Okonite
tape splices are environmentally qual:fied under "local submergence” due to a postulated

-9 .



( a
K.l
culat
Oon R(';)\IH \
L INO) 92
'_ (K!,"\

P\!
reax
;vr" ]
] 10CH
N'FRSO. ¢
EOGASKX (
aleyp
egory
g and
$418] 1"‘ }
123
e ]\"\"
-

!
ements




A0

A.l

A2

AJd

Calculation Report No.  92-001S

Appendix A

Environmental Qualification of Okonite In-Line and *V" Type Splices (600 V) and In-
Line Splice (5kV) for Inside BWR/PWR Containment Application

Purpose

The purpose of this section is to summarize the environmental qualification of Okonite
EPR insulated In-line and "V" type splice assemblies consisting of Okonite T-95 insulating
tape, No. 35 jacket tape and T-95 nuclear grade cement for 600 V power and control and
SkV pr ver applications, to perform their intendvd safety-related functions during the
normai service and DBE/Post-DBE conditions in accordance with 10 CFR 50.49, NUREG-
(0588 Category I, IEEE 323-1974, and IEEE 383-1974 requirements.

References

A.2.1 Okonite Engineering Report 407, *LOCA Qualification of 600 Volt Splices,"
Rev. None, dated 01-21-85

A.2.2 Okonite Report NQRN-3, "Nuclear Environmental Qualification Report for
Okoguard Insulated Cables and T-95 and No. 35 Splicing Tapes," Rev. 04,
dated 10-24-88

A 2.3 Okonite Splicing Instructions/Drawings

A.2.4  Okonite Company Form G-3, "Qualification of Okoguard Ethylene Propylene
Rubber Insulation for Nuclear Plant Service," dated 06-28-79

Specimen Tested
A.3.1  Okonite 660 V In-Line Splices

The test specimens used in the qualification test of Okonite 600 volt In-Line
splices were configured as described below (Ref. A.2.1, Para, 1.4.1.1, Page 1):

Four 7 ft. samples: 2 non-aged, 2 thermally aged (Drawing D11845, Ref.
A2.l)
Cable Description - 2kV A/C #6 7TX AC, insulated with extruded 0.055:

Okonite (EPR) and 0.030" Okolon (CSPE), 90°C
rated conductor temperature with 130°C overload
rating.

A-1
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Splice - In-Line (straight) splice utilizing Okonite T-95 and No. 35 tape and T-95 cement
constructed per Okonite Instruction in Appendix 1, Reference A.2.1,

This configuration used a 2kV raied cable, However, the splices made are 600V splices,
Therefore, all thicknesses are based on 600 V cable (see Page 2 of Ref. A.2.1).

Okonite SkV In-Line Splices

The test specimens used in the qualification test of Okonite 5kV In-Line splices were
configured as described below (Ref. A.2.2, Para. 1.4.1.1, Page 3):

Two 15 ft. cable samples: one non-aged, one thermally aged

Cable Description - SkV, #6, 7X BC, extruded semicon, 0.090" Okoguard extruded
seraicon, 0.005" x 1" BC shielding tape, 12 1/2% lap, no jacket.

Splice - In-Line (straight) splice using T-95 and No. 35 tapes and T-95
cement constructed as shown in Appendix 1 of Reference A.2.2,
Drawing 11489 with the following exceptions:

Test Configuration Conditions:

+ The specimen cable had no jacket. However, jacketing tape No. 35 was
applied over the splice.

¢ Grounding siraps and tinned copper perforated strips were not used.

¢ A compression connector was used in lieu of a solder connection.
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Similarity Analysis

The subject Okonite In-line splices are installed in various Class 1E low voltage
power and contral, and medium voltage power circuits. The splices tested in
References A.2.1 and A.2.2 were single conductor In-line splices st table for
Okonite/Okoguard (EPR) insulated and Okolon jacketed cables. Per Reference A2,
multi-conductor splice configuration utilizes the identical Okonite T-95 insulating and
No. 35 jacketing tapes and T-95 cement which were tested in References A.2.1 and
A.2.2 qualification reports, It should be noted that Okonite utilizes the same tapes for
both 600V power and control and SkV power applications (see Page 2 of Reference
A.2.4). Also multi-conductor splices have an additional layer of protective splicing
tape applied over the entire splices which provides even greater protection the against
external environment. Therefore, qualification applies to both single and mulu
conductor In-line splices constructed using Okonite instruction/drawings. The "V"
type splices for low voltage power (600 VAC/250 VDC) and control (125 VDC, 120
VAC) use the same material except that the splice is a back-to-back bolted
connection. Therefore, qualification of these splices are established by the
qualification of In-line 600V splices. Qualification for the configuration of "V" type
splice is established in Appendix B.

Splice Qualified

a. Okonite Company Drawing 11485, Rev. 1, Instructions for straight splice for
600 V single conductor Okonite insulated, Okolon jacketed, non-shielded
nuclear station cable.

b. Okonite Company Drawing 11492, Rev. B, Drawing for straight splice for 600
V multi-conductor Okonite insulated, Okolon jacket and overall Okolon jacket,
nuclear station cable.

Okonite Company Drawing 11489, Rev. B, Drawing for straight splice for
single conductor SkV Okoguard insulated, Okolon jacketed, shielded nuclear
station cable.

(e}

d. Okonite Company Drawing 11559, Rev. A, Instructions for straight splice for
SkV. multi-conductor Okonite insulated, Okolon jacket nuclear station cable.

A-3
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Activation Energy
Item Construction . Safety Failure
Value | Ref. Basis Function Mode
(eV)
Insulating Okonite T-95 1.089 | A.2.1 | Retention Provide Insulation
Tape A22 | of Electrical | that
[EPR Based Elongation | Insulation | Causes a
Thermosetting and Loss of
Compound] Environ- | Circuit
mental Integrity
Seal
Necessary
to Protect
Circuit
Integrity
Jacketing Okonite .
Tape No. 35
[Neoprene)
Adhesive Okonite T-95 e
Cement

* Jacketing tape No.
properties. This t@a

for environmental qualification.

35 is used for mechanical protection and provides fire retardant
pe is not used to provide insulation and hence, no credit is given

«* The cement used in the splice is also an EPR compound in adhesive form. Once the
cement is dry, both tape and cement have the same chemical structure and are rated
for continuous service of 90°C. Therefore, the safety function and failure mode are
the same for both the cement and the T-95 insulating tape.

A-4



A7

Calculation Report No. 920018
Test Sequence

The subject Okonite 600 V and SkV In-line splices were type tested in accordance
with the test sequence of ITEEE 323.1974 and IEEE 383-1974 (Para. 1.4.1.5, Page 3,
Ref. A.2.1, and Para. 1.4.1.5, Pages 4 and 5, Ref A.2.2). Additional electrical and
mechanical tests in excess of the requirements of IEEE 3231974 and/or IEEE 382+

1974 were also performed.
Thermal Aging and Qualified Life Evaluation

Component aging is based on the organic materials used in the construction of the
Okonite In-line splices. Thermal aging follows an Asrh_nius relationship of the form:

[N

(& ( 1
t = XD = |=— = =
”w et ’ IL Kk ( Tur TurJ

Where:
- = Duration of aging in hours
L = Duration of service in hours (i.e., qualified life)
Tos - Aging temperature (*K)
T = Service temperature (°K)

k = Boltzmann's Constant (8.617 x 10° eV/°K)
® = Activation energy (eV)

The tested In-line splice configurations (600 V and SkV) utilize Okonite T-95 tape as
the primary insulation. Therefore, it is the limiting factor far splice degradation.
Okonite No. 35 jacketing tape is used only for mechanical protection and is not
included as the basis for qualification. The T-95 insulating tape is an EPR based
material. The EPR base in T-95 tape is similar to the EPR in the other QOkonite
insulations which are thermoset materials (i.e., cable insulation), thereby aging
characteristics are expected to be essentially the same. Based on this similarity, the
activation energy of T-95 tape is 1.08%V.

Using the Arrhenius equation, the qualified life of the Okonite T-95 splicing tape is
determined by utilizing the above caiculated activation energy, the test specimen
thermal aging data, and the maximum normal ambient emperature of any nuclear

station.

Per References A.2.1 and A.2.2 (Paragraph 1.4.1.5), the test specimens were

A-5
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thermally aged for 3 weeks (504 hours) at 150°C temperature.

Substituting into the Arrhenius equation yields the following qualified fife:

Eyer = 504 oxp[ 2,002 - ....1..)

1

8.617 x 10°S (366.80 423
« 354604 .13 hours @ 165°F (346 .88°K)
= 40.45 years @ 165°F (346 .88°K)

At 165°F (73.88°C), the thermal aging as shown above, results in an equivalent
gualified life of at least 40 years. However, the subject Okonite splices require
qualification ( t Sv°C conductor temperature which includes heat rise. Appendix 2 of
References A.2.1 and A.2.2, demonstraies the qualitication of Okonite EPR insulation
at 90°C conductor temperature 101 a qualified life of 40 years.

Radiation Aging

The test specimens (600 V and SkV In-line splices) were irradiated in a Cobalt-60
field of gamma radiation to a minimum total integrated dost (TID) of 2.00 x 10" rads
«t a dose rate of less than 1 x 10 rads/hour (Appendix 4, Ref. A.2 1 and Appendix
3. Ref. A.2.2). This dose rate meels [EEE 383-1974, Section 2.3.3.3 requirement.
The TID requirement for CECo's PWR and BWR plants for €0 years normal and 1
year accident operation is 2 x 10* rads of gamma radiation, which includes the margin
as required by IEEE 323-1974.

Therefore, the radiation tes! parameters envelon the TID requirement for all six CECo
stations.

DBE (LOCA Exposure) Evaluation

Test LOCA Profile (600 V Ir-line Splices)

Temperature (°F) @ 346 335 315 265 212
Duration ; Jhrs. 3hrs. 4 hrs. 81 hrs. 3,024 hrs.
Pressure (psig) : 116 101 76 26 0

Rel. Humidity (%) Steam  Steam  Steam  Steam/100% Steam/ 1007

The initial peak of 346°F for 3 hours provides additicnal mergin to the postulated
DBE profile. The test parameters shown above are actual test data per Appendix 3 of

A-6
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Reference A.2.1. This test profile and chemical spray envelops the worst case postulated
DBE for inside containment application.

Test LOCA Profile (SkV lo-Line Splices)

Temperature (°F) ! 335 335 316 265 212
Duration ! 3 hrs. 3 hrs. 4 hrs. 82 hrs. 3,021 hrs.
Pressure (psig) - 114 101 74 26 0-2
Rel. Humidity (%) : 100 100 100 100 100

The initial peak of 345°F for 3 hours is used as additional margin. The test parameters
shown above are actual test data per Reference A.2.2, Figure 1 of Appendix 4. Ti:s test
profil: and chemical spray envelops the worst case postulated DBE for all CECo wiations
inside containment application.

Electrical Integrity

Per Paragraph 1.4 2.4 (Ref. A.2.1 and Ref. A.2.2), throughout the LOCA exposure the
Okonite In-line splice specimens were energized with their respective rated voltage of 600
V and SkV and loaded with 80 amps initially. As the temperature changed, the current
was re-adjusted to maintain 80 amps. Insulation resistance measurements were performed

profile.

Performance Test/Acceptance Criteria

The accentance criteria for the subject Okonite In-line splices is that they must be able to
maintain the rated load throughout the entire LOCA profile, and must withstand a post-
LOCA voltage withstand test as outlined in Section 2.4.4 of IEEE 383-1974.

High Voltage Withstand Test (Hi-Pot.)

At the conclusion of 30-day and 130-day post-LOCA simulation, ti:e test specimens (i.e.,
cables including splicing tapes) were straightened and wound around a mandrel at 40 times
of cable diameter, and immersed in water. The test specimens passed the high voltage
w.thstand test for § minutes at 80 VAC/mil, while immersed in the water per IEEE 383-
1674, Section 2.4.4 [Para. 1.4.1.6 (b), Ref. A.2.1 and A.2.2).

A-7
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Conclusion

Based on the test results and the evaluation presented above, it is concluded that the
Ukonite "n-line splice tapes are environmentally qualified for power (4kV, 600 VAC,
250 VD7) and control (120 VAC, 125 VDC) and "V*" ty,e splices 2re qualified for
power (600 VAC, 250 VDC) and contrel (120 VAC, 125 VDC) application for all
nuclear stations.

A-8
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e. The splices was constructed accordance with Reference B.2.1

procedure.

Specimens 2A, 2B,

2C, 8A, 8B, and 8C (" overlap), Figure B.2

a. Steps la. and 1b. were repeated.

b. Two half-lapped layers of Okonite T-95 tape, starting the wrap 4" past
the end of the lug, proceeding over the bolted splice and returning to
the starting point of the wrap.

S Steps 1d. and le. were repeated.

B-3
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Specimens 3A, 3B, and 3C ('4" overlzp), Figure B.3

a. Two lengths of Okonite #2 AWG wire were used for these splices.

b. Step 1b. was repeated.

& Single layer of Okonite T-95 tape was applied starting 4" past the lug
and proceeding to the splice. Additional layers were applied over the
beit connection for softening.

d. Steps 1d. and le. wrre repeated.

Specimens 4A, 4B, and 4C (3/4" overlap), Figure B.4

a. Steps la. and 1b, were repeated.

b. Step 3¢ was repeated, except start the wrap 3/4" past the end of the
splicing lug instead of 4" past the end.

c. Steps la. and 1b. were repeated.
5. Specimens SA, 5B, and SC (0" overlap), Figure B.S
a Two lengths of Okonite #14 AWG wire were used for these specimens.
b. Step 1b. through le. were repeated.
6. Specimens 6A, 6B, and 6C (4" overlap), Figure B.6
a. Step Sa. was repeated.
b. Step 1b. was repeated.
¢. Step 2b. was repeated.
d. Steps 1d. and le. were repeated.

These specimens Were prepared using the same construction as that of the "V" splices
installed at . aSalle County Station (LSCS).

B-5
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Test Sequence
The LOCA test was performed in two phases. All specimens listed above went
through the first phase of testing. In addition, specimens 4A, 4B, 5C, 6A, 6B, and
6C went through the second phase of testing.
a First Phase Sequence (Reference B.2.2)

. Inspection and specimen preparation

. Functional test
. Accident simulation (24 hours)
. Functional test
¢ Post-test ir spection
b. Second Phase Sequence (Reference B.2.3)
. Inspection
. Functional test
. Accident simulation (72 hours)
¢ Functional test
. Post-test inspection

Mounting and Orientation of Specimens

a. The specimens were mounted in two NEMA 12 enclosures. Specimens 1A, B,
C through 6A, B, C were mounted in enclosure #1. Specimens 7A, B, C and
8A, B, C were mounted in enclosure #2. The difference between these two
enclosures is that enclosure #2 had a %" weep hole in its bottom (Figure B.7).
The specimens locations inside the enclosures were as follows (Photographs

B.] and B.2):

. The ‘A’ specimens Jocated at bottoms of enclosures.

. The ‘B’ specimens located at sides of enclosures.

. The ‘C’ specimens suspended at random inside of enclosures.

B-10
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Flexible conduits were entered the top of each enclosure from pull box, Both
enclosures were inserted into LOCA chamber.

B.6 Electrical Powering and Monitoring

a.

The following table illustrates the powering of these specimens (Figure B.8):

1A, 1B, I1C 6.7 528 |
2A, 2B, 2C 6.7 528 !
A, 3B, 3C 15 528 3
4A, 4B, 4C 15 528 4
5A, 5B, 5C 6.7 132 5
6A, 6B, 6C 6.7 132 6
7A, 1B, 1C 6.7 528 1
8A, 8B, 8C 6.7 528 8

628 VAC (+10, -0 VAC)
132 VAC ( +5, L VAC)

All circuits input voltage and current were monitored as well as chamber
pressure, temperature, and water flow.

B.7 LOCA Test

Numerous testing performed on Okonite tape splices conclude:

1. The tapes went through numerous testing in both *V* and In-line
configurations, having passed the tests successfully.

r Failure of the splices may occur only in conditions of high tempeiwiure
and humidity.

Based on these findings, only & LOCA accident simulation test was performed.
This test was performed 10 verify tapes used in splice "V* configurations
under extreme conditions of temperature/humidity and "local submergence,”
will pass the test.

After visual inspection, the specimens were submitted to the function test.
The test consisted of measurement of insulation resistance (IR) by applying
500 VDC for a minimum of 1 minute; prior to measurement of the resistance
between conductor and ground, at ambient temperature after the specimens
were installed in the test chamber.

B-13
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Post-Test Inspection

Following Phase 2 of this program, the specimens were removed from the test vessel
and visually inspected. There was a light coat of white and brown residue covering
all <urfaces of the specimens. There was upproximately 1/4" of water in the NEMA-
12 enclosure (there was no provision for a drain of condensate). All test specimens
were damp to the touch (Photographs B.8 and B.9).

The NEMA-12 enclosure only accurmulated 1/4" of water confirming that the volume
of the water insiae the enclosed is limited by the lip height. The "V* type splices
maintained their circuit integrity under the “local submergence” inside the NEMA
enclosure.

Conclusion
The LOCA tests performed (References B.2.2 and B.2.3) establish that the Okonite
splices for low voltage power and control application are environmentally qualifed and

will maintain their circuit integrity even when Jocally submerged due 10 condensate
from steam/dsmin.ralized water spray exposure.

B-21
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Appendix C

Environmental Qualification of Okenite 600V Power and Control Splices Inside
PWR Containment While Under "Local Submergence"

Purpose

The purpose of this section 1§ 10 establish environmental qualification of 600V power
and control Okonite In-line and "V* type splice (consisting of Okonite T-95 insulating
tape and No. 35 splicing tape) under "local submergence” for inside PWR
containment applications.

References

C.2:1.

Wyle Test Report No. 17947-01, *Qualification Test Program on
Splices Fabricated with 3M Scotch Super 33+ Vinyl Plastic Electrical
Tape and Okonite Splicing Tapes No. 35 and T-95 for the Alabama
Power Company for Use in the Farley Nuclear Generating Stations,"
dated October 8, 1987

Test Specimen Description

The test specimens consisted of 14 different splice constructions as listed below.
Three of each specimen were built (4 of Specimen 10) with the XX.1 specimens
undergoing the full test sequence. The XX.2 and XX.3 specimens were spares which
were aged and irradiated but were noi subjected to the LOCA test. The test specimens
were constructed by Wyle Laboratories’ technicians using materials provided by the
Farley Nuclear Generating Station and under the supervision of Alabama Power
company technical representatives.

Specimen Splice™  Test Test
_No.___  Cable Size(s) Configuration” Qverlap VYoltage  Current
1.1, 1.2, 1.3+ 1010 1/0 AWG NTO2 172" 633 VAC 27A
2.1.2.2, 2.3+ 1/010 20 AWG NTO3 34" 633 VAC 27A
1.1, 32,334 1/0t0 8 AWG NTO6 1" 633 VAC  27a
4.1, 4.2, 4.3+ 2/0102/0 AWG VTO2 12" 633 VAC  130A
5.1,5.2 53+ 2/0102/0AWG VTO3 38" 633 VAC  130A
6.1, 6.2, 6.3+ 2/01to 1/0 AWG VTO6 § 633 VAC  130A
7.1,72,73 1/0 10 12 AWG TO2 12" 633 VAC  20A
8.1,82,83 B8tw8AWG TO3 34" 633 VAC  20A
9.1,9.2,93 gto 12 AWG TO6 " 633 VAC  20A
10.1A, 10.1B, 12 AWG to ASCO NTO! 1/4* 137.5 VDC 200mA ™

10.2, 10.3 Lead

C-l
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Specimen . . Splice™  Test Test

. | Cable Size(s) Configuration’ Qverlap Yoltage Qurrent

11,1, 11.2,11.3 12 AWG to ASCO VTO! 1/4" 137.5 VDC 200 mA™
Lead

12.1, 122,123 12AWG WL ASCO TO! 1/4" 1375 VDC 200 mA™
Lead

13.1, 13.2, 13.3 12 AWG 10 ASCO NO3 1/4* 137.5 VDC 200 mA™
Lead

14.1, 14.2, 143 12 AWG 10 ASCO NO6 14 137.5 VDC 200 mA™
Lead

Notes:

+ Specimens 1-6 will be dropped from further discussi~n as they were tested
inside an enclosure with adequate drainage.

T = OKONITE T-95 Insulating Tape. Applied in 2 half-lapped layers.

N = OKONITE No. 33 Jacketing Tape.
Applied in 2 half-lapped layers over T-95 tape.

v = 3M Scotch Super No. 33+ Vinyl Jacketing Tape.
Apptied in 2 half-lapped layers over T-95 tape.
. Overlap refers to distance from end of lug to end of T-95 tape (Specimens 1-
12) or No. 35 tape (Specimens 13 and 14). When jacketing tape Was used, it
was applied 1/2" beyond the end of the T-95 tape.

Circuit load was an ASCO 125 VDC Solenoid Model No. HV202301 - 23
watt provided to Wyle from Farley Nuclear Generating Station.



Figures C.] through C.9}
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approximarely 73% of its initial width: as it was applied.

Okgnite T-95 insulating tape (Specimens 7-12) of Okonite No. 35 tape
(Specimens 13 and 14) was appiied to the cable insulation in two half-lapped
layers ‘¢ the overlaps listed below. These overlaps were mounted from the
end of the cable insulation and not the end of the lug. 1t should be noted that
no attemnt was mads to clean the cable surfaces during assembly. This was
fesl 10 be the mos! conse.vative approach with respect 10 adhesion of the tape.
The T-95 or No. 35 tape was tensioned to 75% of its initia! width as it was
anplied.

Specimen Overlap
Numbers Disiance
7 12"
8 /4"
9 s
10 1/4"
11 1/4"
12 1/4"
13 3/4"
14 "

Okonite No. 38 or 3M Scotch 33+ jacketing tapes were applied over the
Okonite T-95 tape to the following listed overlap distances. These tapes were
also tensioned to 75% of their initial width prior to application.

Specimen Type of

Numbers lacketing Tape Qverlap
7 None N/A
8 None N/A
9 None N/A
10 Okonite No. 35 12"
11 3M Scotch Super 33+ 12"
12 None N/A
13 None N/A
14 None N/A

Specimens 10.1A and {0.1B, 10.2 and 10.3, 11.1 and 12.1, 11.2 and 12.2,
11.3 and 12.3, 13.1 and 14.1, 13.2 and 14.2, and 13.3 and 14.3 were
mounted inside 3/4-inch Type C condulet fittings. The leads were routed such
that the 18 AWG ASCO wires penetrated one end of the condulet and the 1/C
12 AWG wires peneirated the other end. The 8 condulets were tie-wrapped 10
a 33" L x 30" W x 4" H ladder rung cable tray for handling during the
radiation expusure.
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8. Spocimam‘l.l.l.l;nd 9.1 were mour.\adinuﬂ'w:w‘l.xb'!{ubu
tray for Baseline Functional tests and radiation exposure only. For thermai
aging and i€ LOUA Tes,, they wers inside the housing of a Limitorque

actuator.

Test Sequence

The test program consisted of the following test sequence:

.

Receiving Inspection
§perimen Preparation
Baseline Funzional Test
Radiation Exposure
Functional Test

Thermal Aging
Functional Test
Accident Simulation

Post-Test Inspection
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Figure ¢.1: Specimens 7.1, 1.3,
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C.6 Thermal Aging

C.7

C.s8

The test specimens, mounted in their respective tray, condulet or enclosure, were
placed inside two medium sized test chambers and aged as described below.
specimens 7.1, 8.1, and 9.1 were removed from the cable tray and mounted to a
Limitorque actuator fixture.

Specimen Aging Time
ho. Temperawre (Hours)
7.1,81a.l9.1 110°C 114
10.1A to 10.3 110°C 112
11.1t0 12.3 110°C 110
13.1t0 14.3 150°C 253

Radiation Aging

The test specimens were indicated to a TID of 22 Megarads.

Loss of Coolant Accident Test

C.8.1 Test Specimen Preparation
The test specimens scheduled for the LOCA Test (Specimens 7.1, 8.1, 9.1,
10.1A, 10.1B, 11.1, 12.1, 13.1, and 14.1) were removed from the enclosures
used to age the specimens and train the wiring. The specimen leads were

connected to Wyle-supplied 1/C Teflon-insulated leads through splices
insulated with Raychem nuclear insulating sleeves as indicated below:

Specimen Specimen Wyle Test’ Raychem WCSF-N
~No. Lead Size(s) Lead Size Sleeves Used =
7.1 1/0 AWG 10 AWG 115/300 w/500

12 AWG 10 AWG 070 w/200
8.1 8 AWC 10 AWG 115 w/200

8 AWG 10 AWG 115 w/200
9.1 8 AWG 10 AWG 115 w/200

12 AWG 10 AWG 070 w/200
10 - 14 ASCO 14 AWG 050 w/115

12 AWG 14 \WG 070

C-15
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: Wyle leads were 1/C 1000 Volts, 200°C, Teflon leads (10 AWG and 2 AWG) and
1/C 600 Volts, 200°C, Teflon (14 AWG).

**  Indicates shim sizes applied to smaller cable and overall sleeve size. For example,
*115/300 w/500" indicates WCSF-N-115 and 300 sleeves over the Wyle 10 AWG
and an overall sleeve of WCSF-N-500 applied over the shims and the 1/0 AWG

test specimen lead.

***  Indicates that Okonite T-95 tape was applied over the sharp edges of the bolted
connection. all other connections used uninsulated butt splices.

After splicing to the Wyle test leads, the specimens we ‘e re-installed in their enclosures
as noted below:

Specimen No. Enclosure Type

7.1, 8.1 and 9.1 15%" x 10%" x 8%" Limitorque cover bolted to a '4" thick steel
plae. the Limitorque gasket was installed and there was no drain
in the cover. The ¢, acimens were routed through a 1'42-inch Myers

hub and 90° elbow pointed downward. The splice rested on the
cover approximately % inch below the bottom of the conduit entry

(Figure C.10).
10.1A, 10.1B, %-inch condulet fitting with cover and gasket. One end of
11.1, 12.1, the condulet was attached to FNGS-supplied % -inch flexible
13.1 and 14.1 conduit (Anaconda Type EF) and the other end was attached to an

LB fitting through a 6-inch nipple. The LB fitting contained another
6-inch nipple pointed dowrward (Figure C.11).

C-16
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e— 74" ConDULET
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Pigure C.11: Typical of 3 Condulets for Specimens
10.1A, 10.1B, 11.1, 12.1, 13.1, 14.1
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Chamber Preparation

The test specimens, mounted on their respective test fixtures, were attached to
carbon steel frames and installed inside a 60-inch diameter, 60-inch long (flange
to flange) LOCA test chamber, The fixtures were tack welded to the chamber to
ensure a solid connection to ground existed for the leakage current circuits. The
Wyle-supplied Teflon wiring was carefully routed out multiple chamber penetration
assemblies in the rear of the chamber. The 125 VDC wiring was segregated from
the 632 VAC wiring and exited in a separate penetration assembly. The chamber
penetrations were sealed with a Scotchcast No. 9 potting compound per Wyle
Laboratones standard practice.

The chamber water level control system was adjusted to ensure that the specimens
did not become submerged during the chemical spray period in the test. In
addition, the chemical spray flow rate was adjusted to deliver 3.75 gallons per
minute (0.15 gpm per square foot over a 25 foot square area).

Specimen Operability (Figures 6.12 and 6.13)
Specimen No, Yoltage Current .. Operations

7.1, 8.1, 9.1 632 VAC 20.2A Powered for the first 65 minutes.
De-energized until the 46-hour
point then re-energized for 2
minutes.

10.1A and 10.1B  137.5 vDC 200mA*®  None. Continuously energized.

11.1 and 1
1

1, 137.5 VDC  200mA”° Powered for the first 60 minutes.
13.1 and 1

De-energized for remainder to
test.

2.
4.

* Loading provided by an ASCO Model HV2023013U Solenoid Valve (23 Watt,
125 VDC) provided from the FNGS.

C-19
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C.8.4 Accident Simulation

C.85

The test specimens were subjected to two temperature/pressure profiles. The
first profile (Main Steam Room Test) was performed as shown in Figure C.14.
The temperature requirement of 323°F was met in 15 seconds and the pressure
requirement of 6.4 PSIG was met in 2 seconds during this test.

The second profile (containment) is as shown in Figures C.15, C.16 and C.17.
The temperature peak of 393°F was met in 109 seconds and the peak pressure
requirement of 53.3 PSIG was met in 217 seconds. Temperature was held
above 393°F for 304 seconds prior to the temperature decay. Chemical spray
was initiated at the 61-minute point and continued to the 25 hour 8 minute
point in the test. The two test profiles were performed one after the other.

DBE Test Results

All of the test specimens demonstrated the ability to conduct the specified
currents, at the specified voltages, throughout the LOCA tests.

The recorded leakage currents to ground were:

Specimen Leakage Current
No. to Ground (mA)
10.1A and 10.1B 0.00
11.1 and 12.1 1.20
13.1 and 14.1 0.00
Conclusion

All the test specimens maintained their circuit integrity throughout the DBE exposure.
The test specimens (7.1 through 9.1) were immersed with 'A" of water (Photograph
C.1). The test specimens (10.1 through 14.1) inside the conduits had no signs of
arcing or insulation breakdown (Photographs C.2 and C.3). Therefore, it can be
concluded that the Okonite low voltage tape splices (with and without O-35 jacketing
tape) are enironmentally qualified and will perform its safety function (i.e., maintain
circuit integrity) even when "locally submerged" due to a postulated LOCA
environment for PWR Nuclear Power Plants.
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PHOTOGRAPH c.1

POST-LOCA VIEW OF SPECIMENS 7.1-8.1,

THERE WAS ABOUT 1/2" OF WATER INSIDE THE LIMITORQUE COVEF
AND ALL THREE SPLICES WERE WET UNDERNY*™H. NOTE THE
CHEMICAL SPRAY DEPOSIT AND CORROSION JUST BELOW THE

MYERS HUB, THERE WAS NO EVIDENCE OF INSULATION
BREAKDOWN OR ARCING ON ANY OF THE SPLICES.
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PHOTOGRAPH c.2

POST-LOCA OVERALL VIEW OF
SPECIMENS 10,1 TO 141

PHECTOGRAPH c.3
POST-LOCA CLOSEUP VIEW OF SPLICES INSIDE CONDULETS.
ALL CONDULETS CONTAINED RUST INSIDE. THERE WAS

AF ARCIN OR INSULATION BREAEKDOWN

NO EVIDENCE
mw 'V QDT IV
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Environmental Qualification of Okonite 600V Power and Control Splices Outside
PWR/BWR Containment While Under "Local Submergence"

Purpose

The purpose of this section is to establish environmental qualification of low voltage power
and splice assemblies consisting of Okonite T-95 insulating tape and No. 35 splicing tape
for outside containment applications under "local submergence” at PWR/BWR Nuclear
Stations. The “local submergence” may result due to accumulation of condensate inside
junction/pull boxes without adequate drainage for the condensate.

References

D.2.1 Wyle Lab Test Report No. 17961-01, Revision 00, dated 06-20-88; "Qualification
Test Program for Okonite Taped "V" and In-line Splices for Commonwealth
Edison Company for Use in LaSalle County Nuclear Power Station”

D.2.2 Commonwealth Edison Procedure No. LEP-GM-137, Revision 03, dated 12-07-87,
"Methods of Taping Terminations”

Similarity Analysis
The tested splice assemblies (test specimens) were constructed to:

ks Reflect installed splice assemblies at LSCS which were made per CECo procedure
LEP-GM-137, Revision 03 (Reference D.2.2). These are Specimen Sets 12, 13
and 14,

rJ

Reflect installed splice assemblies ai LSCS which were found during a field
walkdwon. These are Specimen Sets 1-4, 6-11, and 15-21.

- Reflect interface with various miscellaneous cables which were manufactured by
vendors other than Ononite Cable Co. This was done to prove material
compatibility of the Okonite splice assembly to various cable materials. These are
Specimen Sets 4, 11 and 1-21. Note: Specimen Set 15 was built per Okonite
drawing No. D-11485,

Therefore, the tested splice assemblies are identical in form, fit, function and
materials of construction to those splice assemblies installed in LSCS after 2-22-83.
For existing and future installation of these splice assemblies traceability to the
correct T-95 insulating type and 0-35 splicing tape is ¢ iblished from the Wyle
Lab test specimen inspection sheets: (Reference D.2.1, Page 1-7)
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Okonite T-95 insulating tape (tested) = Okonite P/N 602-25-5010
Okonite 0-35 ¢plicing tape (tested) = Okonite P/N 602-35-7010
D.4  Equipment Description (Reference D.2.1, Pages 1-7 and VII-4)
The equipment to be qualified consists of various Okonite tape splice configurations
located in various outside containment areas at LaSalle County Nuclear Power Station,
The cable and connectors used in the construction of the splice assemblies are
qualified ssparately and are not part of the test specimens for the purposes of this
analysis. The representative test specimens are 20 specimen sets, each consisting of
three specimen subsets, as defined in Tables I and 111, and Figures 2 through 6,
Reference D.2.1, Section VII.
Each splice assembly was constructed using the following splice tapes:
Okonite T-95 insulating tape = Okonite P/N 602-25-5010
Okonite O-35 splicing (jacketing) tape = Okonite P/N 602-35-7010
D.5 Performance Requirements/Acceptance Criteria
D.5.1 Baseline Function Test (Reference D.2.1, Page VII-13)
Each splice assembly shall have its insulation resistance (IR) measured while
in contact with a grounded metal surface by application of 500 VDC between
its conductor and ground, for a minimum of one minute. The IR is then
recorded for information only (i.e., no acceptance critenia is specified).
If the IR measured for any test specimen is equal to or below 5.0 x 10° ohms
the megohmeter output voltage shall be reduced until the IR value is
measurable (usually 1.0 x 10° ohms).
D.5.2 Intermediate Function Tests (prior to DBE)

The same requirements outlined in Section D.5.1 of this analysis also apply for
these tests (Reference D.2.1, Pages VII-14 and -15).

D.5.3 Accident (DBE) Test'Post Ac-ident (Post-DBE) Test
D.5.3.1 Function Test (Reference D.2.1, Pages VII-18 and -19)

Each test specimen (remaining in the test program) shall be IR-tested as
described in Section D.5.1 of this analysis at the following times:"

D-2



Calculation Report No. $2-0018

Pre-test ambient temperature

Pre-test pre-heat chamber temperature

Peak DBE temperature

Accelerated Post-DBE temperature (212°F) at t = 13, 26, 39 aud
54 hours

Ambient tempecature upon completion of DBE/Post-DBE tes!

. - " 0
Except for Specimen Sets 3, 8 ;

Acceptance Criteria (Reference D.2.1, Page VII-18 and 19)

[he test specimens shall demonstrate electrical integrity during DBE and Post-DBE
testing. This is accomplished by connecting all test specimens to the appropnate
fused cirnuits (Figure 7.7). Current loads shall be applied to the test specimen sets
as shuwn in Reference D.2.1, Tab' 111 (Pages VII-43 through 48)

During al! times of the DBE/Post-DBE test (except when measuring IR) the leakage
currents shall be measured and recorded for all specamen sets for information only

D.6 Qualificz’ion Test Sequence
est specimens were subjected to the following type test sequerce per IEEI 323-1974

Receiving Inspection

Test Sample Preparation (Wyle)

Visual Inspection

Baseline Functioral Test

Normal Conditions Radiation Exposure (40-Year Integrated Dose)
Functional Test

Thermal Aging

Functional Test

Accident Radiation Exposure (includes 10% mx
Functional Test

Additional Thermal Aging

Functional Test

Accident/Post-Accident Simulation

Functional Test

Post-Test Inspection
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D.7 Evaluation of Qualification Test Reswlt-

D.7.1 Test Specimen Receipt Inspection, Prepar=tivn and Baseline Function Testing

A visual inspection of the specimen equipment, parts and components was
conducted. The purpose was to document manufacturer and model numbers
of the equipment, components and parts to be tested and any noticeable
damage. The inspection items were tagged with Quality Assurance "Test
Specimen” tags to facilitate identification during the preparation activities
cot.ducted prior to testing. Photographs were taken of the cable splice
specimens and a "Test Specimen Inspection” report recorded any defects
noted (Reference D.2.1, Pages 1-7 through 9).

Three specimen splices for each of 20 specimen sets were prepared in
accordance with CECo LEP-GM-137 (Reference D.2.2) or splicing/taping
methods were used during specimen preparation to reflect as-installed splice
configurations. Metal identification tags were applied to each specimen
such that 1A, 1B, 1C, 2A, 2B, 2DC, etc., were used for the remairder of
the test program for identification purposes.

The specimen sets were either "V" or In-line splices fabricated from
metallic and non-metallic narts. Okonite rubber cement and tapes were
used in the fabrication of each splice. Each specimen set of three splices
was assigned to a test group:

|
EE
E

1 Vv Group 1
2 Vv Group |
3 \' Group 2
4 v Group 1
- .
6 In-line Group |
7 In-line Group |
8 In-line Group 2
9 In-line Group |
10 In-line Group |
(1 v Group 1
12 % Group 1
13 v Group 2
14 In-line Group 1
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15 Y Group 1
16 In-line Group 1
17 v Group |
18 In-line Group |
19 v Group |
20 In-line Group |
21 Vv Group |

Of the Specimen Sets | through 21, Specimen Set 5 was not prepared because
procurement of Rockbestos No. 14 AWG cable (Product Code E41-0114),
with neoprene jacket, was not possible. Specimen Set 5 was then excluded
from this and all remaining sections of the test program and all remaining
specimen splices were prepared as listed below:

Specimen 1st 2nd In-line Bolt

Sat_ Lead" Lead"  Splice Connector  Size
1 1 2 No 3 11
2 l 2 No 3 1i
3 4 4 No 5 12
4 2 p No 3 i1
6 1 2 Yes 3 11
7 1 2 Yes 3 11
8 4 4 Yes 5 12
9 p. 2 Yes 3 11
10 2 2 Yes 10 12
11 6 6 No 7 11
12 2 2 No 10 12
13 4 4 No 5 o
14 1 2 No 10 12
15 1 2 Yes 10 12
16 8 8 No 10 12
17 8 8 Yes 10 12
18 9 9 No 3 11
19 9 9 Yes 10 12
20 1 ! No 10 12
21 1 1 Yes 10 12

*See Notes below for description of specimen set leads.
Notes:

1. Reliance thermofit Spec. 4824-6CM (Nomex) No. 14 AWG.
i Okonite EPR insulation, Okolon Jacket No. 14 AWG.
- 8 PIDG ring terminal, 14-16 AWG, No. 10 stud, blue stripe.

D-5



Calculation Report No. 92-001S

Okonite EPR insulation, Okolon Jacket No. 2 AWG.

Burndy lug terminal, N60, 2 STR CU., brown die,

Market flex lead (Belden silicone rubber) No. 18 AWG.

PIDG ring terminal, 16-22 AWG, No. 10 stud, red stripe.

Rockbestos firewall Specimen, No. 14 AWG,

Rockbestos B8483, No. 16 AWG.

PIDG ring terminal, 14-16 AWG, 5/16" stud, blue stripe.

#8-32 x 1/2" round head machine screw, #8 internal tooth loc.. vasher.
#8-32 hexagon nut (all !8-8 stainless steel).

1/4" x 3/4" round head machins screw, 1/4" flat washer(s), 1/4"
internal tonth lockwasher, 1/4"-20 hexagon nut (all 18-8 stainless ...<l).

—— D 08 <2 O\A &
b IR S S

—
*J

Fabrication Methodology (Reference D.2.2, Pages VII-24 through VII-28,)
(Figures D.1 through D.5):

Specimens 1A, 1B, IC - T-95 tape - two half lapped layers - no overlap of
wire insulation O-35 tape - two half lapped layers
-lape extends '4" past end of lug barrel.

Specimens 2A, 2B, 2C - T-95 tape - two half lapped layers - overlaps
terminal lugs 4" O-35 tape - two half lapped
layers - tape extends 'A4" past end of iug barrel.

Specimens 3A, 3B, 3C - Single half lapped over cable insulation extending
1/3" -T-95 tape - two half lapped layers over
connection area on lugs - 0-35 tape extends 3/4"
past end of lug barrel,

Specimens 4A, 4B, 4C - T-95 tape - two half lapped layers extends 4"
past end of terminal lug barrel.

Specimens 6A, 6B, 6C - In-line splices - same overlap as 1A, 1B, 1C.

Specimens 7A, 7B, 7C - In-line splices - same overlap as 2A, 2B, 2C.

Specimens 8A, 8B, 8C - In-line splices - same overlap as 3A, 3B, 3C,

Specimens 9A, 9L, 9C - In-line splices witho:t T-95 tape overlap over
wire insulation. Tape O-35 overlaps 4" past end
of lug barrel.

specimens 10A, 10B, 10C - Same as 4A, 4B, 4C.

Specimens 11A, 11B, 11C - Same as 4A, 4B, 4C.

D-6
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f. An insulation resistance measurement was performed to satisfy the baseline
functional test requirement. 500 VDC for 1 minute was applied between a
conductor of the splice and ground. Resistance was recorded for each
specimen. Lowest resistance was 9 x 10° ohms for specimen 10B; highest
resistance was 5.8 x 10" ohms for Specimen '8A (Reference D.2.1, Pages I-
23 and 1-24),

Normal Radiation Exposure Test

The test specimens were irradiated in two groups which were mounted in two metallic
cable trays. The total dosage was 6.0 x 10° rads (gamma) from a Cobalt 60 source
(cuinulative TID) at a rate of 3,78 x 10° rads/hr. The test arrangement was:
(Reference D.2.1, Pages II-1 and 5)

Specimen Sets Cable Tray
3, 8, 14, 15, 16, 17, 18, 19, 20, 21 1
1,2,4,6,7,9, 10 11, 12, 13 2

Visual inspection was undertaken after completion of normal radiation exposure.
Inspections looked for physical damage on other visible defects (Reference D.2.1,
Page 11-2),

There was no evidence of degradation of the specimens sets due to radiation exposure
of the other specimens. The observations noted are not significant in effecting
specimen electrical integrity.

Thermal Aging Test
The test specimens mounted in metal trays as noted in Section D.8 were placed in a

thermal aging chamber at a temperature of 130°C (266°F +9° -0°) for the test
periods stated herein: (unenergized state)

Total Aging
Specimen Sets Times (hours)
3,813 336.5
1,2,4,6,7,9, 10, 11, 12, 14 196.2<
15, 16, 17, 18, 19, 20, 21
11 170.25

D-7
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Povaut atesd Frne Pomnee: Limi L The !
el = 2 Ty, 0, 14 M Sirasy
WML o aguiv, ) NOo . L4 ARG (Ao, Tu® g

/

Ukomibe W, 1A
(Arypvrex. 15" 1engd

- . o ——

. — - ——

thonite T9% insulation Tape < ™wo talf=Lapywd Lty virn,
Tape Khall Mot ‘worlap Insulation,

o le oo 05 Jdacketing Tape « Two Half=lapqmd tansern,
Tognr Shatl txeemd 172% rast bnd of Torminal lLay,

Figure D.1l: Specimens 1A, 1B, 1C, 2A+, 2B+, 2C+, 6A*, 6B*, 6C+,
TR++, TB++, TC++, 14A**, 14B**, 14C++,
x’goot, 1’..-., 15CHwe

Noles: |, Okonite cement to be soplled prior to taping,
2. *In-line splices with the same overlap aa 1A, 1B, IC, CECo to specify connectors.

). **Same configquration as LA, 1B, & IC splices; ¢ half-lapped layers of T-95 tape with
1* overlap, 2 half-lapped layers of No, 3% tape with 1-1/2" overian.

&, *+**Same confiauration as 6A, 6B & 6C splices: § half-lapped layers of T-93 tape with
l=2/8" overlapn, 2 half-lapped layers of No. )3 tape with 2«3/R" averlar,

+Same configuration as 1A, 18, IC splices; T-95 tape overlap of 1/4%,
t#sin-line splices with the seme overlap aa IA, 2B, 2C splices

D-8
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Pundiabuu Hiiyg TOMue
Terminals = 2 Typ.
(AMP PIDG or Euuiv.)

2 2 = Lenyth Approx. 15° long (Hoty

1/72%1

okonite T+-9% Insulation Tepe - Two Half-Lapped Layers.

Tape Shall Overlap Wire Insulation 1/4°-

okonite Mo. 18 Jacketing Tape = Tvo lalf-Lapped Layoers.
Yapo shall Extend 1/72% Past gnd ot Terminal Lug.

Pigure D.2t

Notes 1

Specimens 4A, 4B, 4c, SA, SB, SC, 10A, 108, 10¢,
11A, 118, 11C

Okonite cemant 10 be Applied PHor 10 WARING.

10A, 'mawmmwmummum.
CECe o specity connectors.

Two lengths of Okonite No. 14 AWG for Specimens 4A, 48. 4C and 10A. 108, 10C.

Two lengths of Rackbestos No 14 AWG Cable mmwi‘\mmmmmm
mmmmwuum

rnmdmmwc&(mm)nwnu 18 1C

D-9
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sHesbdsve RA by Ty
Terminals - 2 Typ.
(AMP PIDG or Bguiv.)

—d 1° T-9% Tape

' Okonite No. 14 Awl
(Approx. 5% tong)

/

-

%2

Ukonite T-95 Insulation Tape -~ Two Half-Lapped Layuvrs,
Tape Shall Overlap Wire Insulation ¥

okunite Mo, 15 Jacketing Tape - Two Half~Lappod Layurs.
Tapw Shall Extend |-1/F Past End of Terminal lLuy.

— RS S—————— L ————————

Figure D.3: Specimens 12A, 12B, 12C, SA*, 9B+*, 9C+

Notes: 1} Okonite cement to be applied prior te testing.

2) *In-line splices without T-95 tape overlap over wire insulation and with tape
No. 35 overlap of 1/2" over the wire insulation past end of terminai ivg.

J) CECo to specify connectors

D-10
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fnsulated Ring Tonsee
terminals = 3 TYp.
AR PTG or Bguiv.)

2 < Lenath Appres . 15% taawy Lwoate @

okenite T=93 insulation Tape < Twe Hall-Lapmped Laycrs,
Tape Shall Mot Overlap Insulation,

Okonite No. 1% Jacketing Tape = Two nalf-Laped Layers,
Tapo Shall Extend L/4° Past gnd of Terminal Luy.

rigure D.&! Specimens 16A, 168, 16C, 17A%, 178+, 17C*,
18A, 18B, 18C, 19A%, 198+, 19C*,
20A, 208, 20C, 21A*, 218+, 22C*

Notos: 1) Okonite cement to be applied prior to taving.
7) Two lenaths of 818 switchboard wire J114AWG for specimens 16A. 168, 16C and
{7A, 178, 17C
Two lengths of Rockbestos S84L3 # 16 AVG for specimens 18A, 188, 185, W@ 194, 198 19C.
Two lenaths of Nomex FL4ANG for specimens 20A, 108, 30U, and 20A, 21m, 2IC

31} *in-line splices with the eaes Aume ]l an and nomhe nf tarsa' lavers

4) CECo to speciiy connectors

D-11



Calculation Report No. 92-0018

Usy Burmly or bjuivalent
Ring Tongue Terminalis=-2 Typ.

S
2
2

Vhonite No. 2 AWML - 2 Ty,
(Amrox. 12" Lonw)

-V
okonite T-9% Insulation Tajpe ~ Single Halfl=tapmmd Layor,
Tape Shall Uverlap Wire inswlation L/3°.

- W — T —

okonite Mo. 18 Jacketing Tape - Two lall-tappod Layers.
Tae Shall Extend }/4% Tast gnd of Terwminal L.

Figure D.5: Specimens 3A+, 3B+, 3C+, BA*, 8B+, 8C*
13A%%, L3Bes, L3C*s .

Notes: 1) Okonite cament o De ADPHEY PO 10 NG
2 "nding splices with the same overiap CECO to spacity connetons.
.onnumwwalm*mmuwuulmmmmm

ki) *The same configuration as 3A 38 & 3C splicen & hatt-dapped layers of T-85 tape with 1° overiap, 2 haitiappec
\ayers of No. 38 tape with 1-1/2 ovenap

4 + Singie halt-apred cnly Over CAbI® INBUIETST. Two hall {apped Ayers Ovel SONNBCHON Aea.
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3 ng 90° Elbows

Hoffman NEMA 12 Enciusure

g Y

‘A" Spec'm

Moftman NEMA 12 Enclosure with 3 sweeping 90° Elbows and 1/4° weep how in bottom
‘1" Spscirmen touching batiom
"B Specimen uShing wie wal

T Speoimen suspended in &

Figure I'.6: Typical Location of Test Specisens inside
the Hoffman llc.\nm.‘
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800:S VOLT
TRANSFORMER

120 V2 VAC ﬂlg %”E ‘[ DAS
5:20 PN
DA, Ok
A gin ) €1

CHAMBER WALL
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Cas § HI00:5 CT

—~
o —0 o

12C VAC 4.1 3“{
o -

20AP WOoAW
OR I0ALIP  (URRINT
VARIAC TRANSEGRMER

THREE LOOPS THROUGH CT RESULTING IN A 335 RATIC
AC/DU CONVERIER

CIRCUITS 1-20; | 20AMP VARIAC PER S ISOLATION TRANSFORMHERS
CIRCUIT 21; 1 1SAMP VARIAC

ISOLATION TRANSFORMERS — CIRCUITS 1-20; 120:600 VOLT
CIRCOIT 21 120:480 VOLT

® P2»

Figure D.7: Electrical Power Circuwit
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As each specimen sets completed their total thermal aging periods, they were removed
from the test chamber and visual inspections and functional tests were conducted
(Reference D.2.1, Section I, Paragraph 2.2).

Post-Thermal Aging Functional Test

Insulation resistance was measured at 500 VNC for 1 minute between a splice
conductor and g round resistance was recorded for each specimen lowest resistance
reading was 1.8 x 10'° ohms for specimen 14B. (Reference D.2.1, Pages V-15
through V17)

Accident Radiation Exposure Test

The test specimens were irradiated in the same manner described in Section 7.8 of
this analysis. The specimens received a TID for t his test phase of 4.01 x 10° rads of
Cobalt-60 (gamma) radiation at a dose rate of 2.42 x 10° rads/hour. (Reference
D.2.1, Pages IV-1 and §5),

The TID for the specimens is 6.00 x 10°rads + 4.01 x 10° rads = 1.01 x 107 rads.
This satisfies the outside containment requirement for a TID of 1.0 x 107 rads for all

Z20nes,

Post Accident Radiation function Tests revealed a minimum IR value measured of 2.5
x 10" ohms (Specimen 1C) which is well within acceptable values. (Reference
D.2.1, Pages IV - 14)

Additiona! Thermal Aging Test

Due to insufficient thermal aging, the test specimens were additonally thermally aged
at a temperawure of 130°C for the following durations: (Reference D.2.1, Page V-1)

Additional Total Aging
P el \gine Time 0 Time d
3, Cand 13 1,095.6 1,432
1,2,4,6,7,9, 70.25 266.5
10, 12, 14, 15, 16,
17, 19, 20 wnd 21
11 Not Required 170.25

Post Thermal Aging Function Tust

The lowest IR measured for any specimen was 1.8 x 10'° ohms (Specimen 14B)
which is well within an acceptable range of IR values. (Reference D.2.1, Pages V-15

through 17)
D-15
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D.12  Accident/Post-Accident Test

D.12.1

D.12.2

Test Configuration (Reference D.2.1, Pages VI-1 through 4)

Group 1 Specimen Sets, with each specimen set ~ \nsisting of specimen
splices A through C, were connected to Wyle test leads (No. 14 AWG
Teflon wire) using butt splices. The specimen/lead splices were sealed
using Raychem WCSF-N heat shrink tubing. the splices of each
specimen set were mounted in a Nema 12 enclosure, of dimensions
36"H x 48"L x 12"W, such that splice A was in contact with the
bottom of the enclosure, splice B was in contact with the side of the
enclosure, and splice C was suspended free in air (Figure D.6). A
weep hole for the Nema 12 enclosure was sealed in order (o allow any
condensation on the inside of the enclosure to accumulate in the
bottom. The Wyle test leads for the specimen sets were routed out of
the Nema 12 enclosure through two 2-inch Myers hubs connected to 2-
inch sweeping 90° conduits. The Wyle test leads for each specimen
circuit (specimen splices A, B, and C) were intentionally routed such
that all lzads of a given circuit entered and exited the Nema 12
enclosure through the same 2-inch penetration (Photographs D.1, D.2,
D.3, D4, DS D6 D7, DS,

Electrical Powering

The Wyle test leads were routed through a Wyle chamber penetration
and the penetration sealed as per Wyle Laboratories’ standard practice.
The Wyle test leads were connected to terminal locks outside of the
test chamber and electrical loads were applied as shown in Figure D.7
(Reference D.2.1, Section VI). With the electrical loads connected to
the test specimen set circuits, the voltages were adjusted to 305 VAC
with a tolerance of +10%, 0% and the currents were adjusted to 2.0
amps (Specimen Set !1) and 6.7 amps (all remaining specimen sets)
with tolerances of +10%, -0% during the transient and +5%, -0% for
the remainder of the accident simulation.

D-16
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with each specimen set consisung of Specimen Sphces A
scled 10 Wyle test leads (Yo, 2 AWG Teflon wire) using
n/lead splices were sealed using Raychem WCSF-N
ices of each specimen set were mounted in a Nema
O"H x 48"L x 12"W, such that splice A was in
the bottom Of the enclosure xplnr B was 1n contact with the side
and splice C was suspended in free air (Figure D.6). A weep
Nema 12 enclosure was sealed in order to allow any condensation
side of the enclosure to accumulate in the bottom. The Wyle test leads
imen sets were routed out of the enciosure U‘H‘H; h three 2-inch
to 2<inch sweeping 90° conduits. the Wyle test leads for
(Specimen Splices A, B, and C) were intentionally routed
a given circuit entered and exite! the Nema 12 enclosure

nch penetration (Photographs D.9, D.10, D. 11, D.12)

Accident Portion of Test

the first six hours of testing for both test groups reveals that all
were exposed to test temperatures in excess of the required

in (Figure D.8B). (See Pages VI-71 and VI-101, Reference

nt part of the DBE/Post-DBE test

cal power to the specimen sets was applied in the manner depicted in the

report (Reference D.2.1, Appendiz I1 of Section VI, Figure 1), voltage

current and leakage current were moratored continuously and recorded

Reference D.2.1. Table 111 of Section V1)

1est Current (A) specimen Sets (No.)

| through 10
12, 14 through 21
)

64 U

Ihe test specimens were subjected 10 an insulation resistance test at the start

Ol

immed.ately after Radiation, Thermal Aging and

portions of the program




Calculation Report Nee,  92-0018

Peak Leakage Current Data

All environmental channels were monitored during the \ccident simulation
test phase of the program.

Group 1' Heat Rise Peak Leakage
Specimen No. L0 Current (mA)

1 s 6

2 35 21

4 35 19

6 35 11

7 35 23

9 is 13

10 3.3 9

11 0.0 17

12 35 8

14 35 59

15 35 Y

16 35 1

17 35 1

18 is 10

19 3.5 7

20 35 27

21 s 8

* Figures D.9 through D.25

Group 11™* Heat Rise Peak Leakage
Specimen No. L0 Current (mA)
3 17.3 1
8 17.3 6
13 17.3 3

** Figures D.26 through D.28

D-18
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PHOTOGRAPH D.1

GROUP I ACCIDENT TEST SETUP
NEMA 12 ENCLOSURI

PHOTOGRAPH [

GROUFP I ACCIDENT TEST SETUP
SPECIMEN SETS MOUNTED IN ENCLOSUR}
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PHOTOGRAPH D.3

GROUP I ACCIDENT TEST SETUP
SPECIFIC MOUNTING OF SPLICES
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PHOTOGRAPH D.4

p 1| ACCIDENT TEST SETUP
ING OF SPLIC ES

GROI1
SPECIFIC MOUNI
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PHOTOGRAFH .5

GROUP | ACCIDENT TEST SETUP
SPECIFIC MO NTING OF SPLICES

PHOTOGRAPH D.6

GROUP I AL CIDENT TEST SETUP
SPECIFIC MOL NTING OF SPLICES
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PHOTOGRAFN D.7

GROUP | ACCIDENT TEST SETUP
SPECIMEN SETS IN ENCLOSURI PRIOR 1 MOUNTING IN TEST CHAMBER
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PHOTOGRAPH p.9

GROUP 11 ACCIDENT TEST SETUP
SPECIMEN SETS MOUNTED IN ENC LOSURE

e p—

PHOTOGRAPH D.10

GROUP 11 ACCIDENT TEST SETUP
SPECIFIC MOUNTING OF SPLICES
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PHOTOGRAPH p.11

GROUP 11 ACCIDENT TEST SETUP
ENCLOSURE MOUNTED IN TEST CHAMBER WITH
I/C NOS. 2 ANDL ) ATTACHED

PROTOGRAFPH p.12

GROU 2 11 YOST-TEST INSPECTION
SPECIMEN SETS MOUNTED IN ENCLOSURE
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CROUP 12 ACCIDENT SIMULATION LEAXACE

SPECIMEN SET o1 ) (88 HOUR DURATION)
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D.13  Post Test Disassembly

Group 1

Test specimen assemblies (i.e., splice plus connected cables) that had been removed from
test circuits because of failure during the accident test, were located and notice was made
as to potential areas of failure on the individual splice components. The enclosure was
allowed to dry and the specimen sets were removed so that photographs of each specimen
set could be taken (Ph~tographs D.13, D.14 and D.15). Group I consisted of Specimen
Sets 1, 2, 4, 6,9, -1 1421, Note the accumulation of water at the bottom of the
junction box.

Upon completion of the inspection, the failed specimen assemblies were subjected to hi-pot
tests to verify that the suspect areas of the splice assemblies were actually the weakest
points of the individual splice assemblies.

Group 11

Upon completion of the post-test functional test, the test specimens (Sets 3, 8 and 13)
visually inspected (Photographs D.16, D.17 and D.18). The NEMA 12 enclosure door
was opened, with the enclosure mounted in the chamber, in order to determine the depth
of the accumulated moisture in the bottom of the enclosure. The enclosure wzs then
removed from the chamber and photographs were taken. The weep hole of the enclosure
was unplugged and the accumulated water was allowed to drain out. The enclosure was
allowed to dry and the specimen sets were removed so that photographs of each specimen
set could be taken,

D-48
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PHOTOGRAPH p.13

GROUP I POST-TEST INSPECTION
SPECIFIC MOUNTING OF SPLICES
NOTE MOISTURE ACCUMULATION IN BOTTOM OF ENCLOSURE

PEOTOGRAFE D.14

GROUP | POST-TEST INSPECTION
SPECIFIC MOUNTING OF SPLICES
NOTE MOISTURE ACCUMULATION IN BOTTOM OF ENCLOSURE
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PHOTOGRAFH D.15

GROUP 1 POST-TEST INSPECTION
SPECIFIC MOUNTING OF SPLICES
NOTE MOISTURE ACCUMULATION IN BOTTOM OF ENCLOSURE
AND INDICATED FAILED AREA OF SPECIMEN 11A
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\ ! ,' ‘;
A

PHOTOGRAPE D.16

GROUP 11 POST-TEST INSPECTION
SPECIFIC MOUNTING OF SPLICES

PHOTOGRAPH p.17

GROUP 11 POST-TEST INSPECTION
SPECIFIC MOUNTING OF SPLICES
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PHOTOGAPH D.18

GROUP 11 POST-TEST INSPECTION
SPECIFIC MOUNTING OF SPLICES
NOTE MOISTURE ACCUMULATION IN BOTTOM OF ENCLOSURE
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D.14  Qualification Test Anomalies Wyle N.O.A, No. 2 (Reference D.2.1, Pages VI-13 and
14)

During the specified post-DBE conditions of the Group 1 specimens accident simulation,
Specimen Splices 1A, 21A and 21C exhibited leakage in excess of | amp and were
necessarily removed from their respective circuits (Specimen 21C at 9.5 hr., Specimen
21A at 31.5 hr., and Specimen 1A at 36.5 hr.). During the post-test visual inspection, it
was determined that each failed specimen splice was constructed using at least one
Reliance thermofit (Nomex) lead wire and that a bumed/darkened area existed on the
braided material of this lead wire on each specimen splice. Additional hy-pt testing
verified that the burned/darkened area(s) on the braided material of the lead wire(s) were
the weakest poinis of the specimen splices (Photographs D.19, D.20, and D.21). It was
felt the Specimen Splice 21C had come into physical contact with the enclosure internal
thermocouple No. 4, during the accident simulation, and that this contact was the cause
of the excessive leakage exhibited through the lead wire to ground. This was caused by
application of the initial DBE pressure transient which caused this free-to-swing specimen
to move and come into contact with the enclosure.

Specimen Splices 1A énd 21A were determined to have been at least partially immersed
in water (Photographs D.13, D.14 and D.15), upon initiation of saturated conditions,
during the accident simulation thus allowing a leakage path to ground through the lead
wires of the failed splices. 1t should be noted that Specimen Set Numbers 2, 6, 7, 14, 15
and 20 were constructed using the same Reliance thermofit (Nomex) lead wire and
maintained electrical integrity throughout the accident simulation.
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Calculation Report No. 920018

Specimens 1A and 21A, using Nomex lead wire supplied by Reliance
Electric Company in accordance with their Specification #4824-6-CM,
exhibited excess leakage currents during the accident simulation. A post-
test examination of these specimens isolated the cause of the excess leakage
current to the Nomex leads (Photographs D.19, D.20, and D.21), both of
which were immersed during the accident simulation. Specimen 21C excess
leakage currents was judged to have been inadvertently caused by contact
of the Nomex lead with the metal-sheathed thermocouple in the junction
box. This happened during the initiai essure transient which caused the
free-to-swing Specimen 21C to move such that its Nomex cable came into
permanent contact with the thermocouple. Hence excess leakage current
was the result and a leakage path to ground occurred via the thermocouple.

D.15 Conclusion

Based upon the above evaluation, Okonite low voltage power and control splices
are environmentally qualified for BWR/PWR on outside containment while under
"local submergence."
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PHOTOGRAPH D.19

GROUP I POST TEST INSPECTION
SPECIMEN SET w1
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PHOTOGRAPH D.20

GROUP | POST TEST INSPECTION
SPECIMEN SET »11
NOTE DARKENED/BURNED AREA

PHOTOGRAPH D.21
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SPECIMEN SET »21
NOTE DARKENED/BURNED AREA



