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1.0 SUMMARY

Six Raychem test specimens each consisting of two nuclear motor
connection kits (N-MCK) were subjected to a test program based
on the guidelines of IEEE Standards 323-1974(1) and 383-1974(2)

to determine their suitability for service within the
containment of a nuclear power generating station.

The test program consisted of:

1. Thermal aging (O, 1000, 1500 hours @ 150°C)
2. Radiation exposure (200 - 290 Mrads)
3. Simulated loss of coolant accident combined with main steamline
    break (LOCA/MSLB) conditions while the specimens were energized
    at rated current and voltage. (25 Arms, 1000 Vrms)

The electrical integrity of the specimens was evaluated by:

1. Insulation resistance measurements at 500Vd-c 2. Voltage
    withstand tests at 3600 Volts rms for 5 minutes 3. The ability
    to maintain electrical loading at rated voltage and current
    during the simulated LOCA/MSLB.

The N-MCK kits demonstrated satisfactory performance in this
test program. All specimens had a high insulation resistance
and were capable of passing a voltage withstand test at the
conclusion of the test program.

The test program was conducted by Wyle Laboratories, Norco,
California during the period of August, 1979 to February, 1980.

2.0 TEST SPECIMENS

Each test specimen was comprised of two nuclear motor connection
kits forming a test loop as shown in Figure 1. The materials
used to make the connections are also listed. A total of six
specimens, or twelve N-MCKs, were used for the test program.
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3.0 TEST PROGRAM

3.1 Pretest Inspection

The specimens were visually inspected upon receipt at Wyle
Laboratories. There was no evidence of damage due to
shipping.

3.1.1 Functional Test (Baseline Data)

Each specimen was immersed in water and given a voltage
withstand test of 3.6kVrms a-c for five minutes. Both
N-MCK's on each specimen loop were immersed during this
test. The voltage was applied between the specimen
conductor and the grounded tank or vessel. All specimens
passed the test.

While still immersed for the above test, the insulation
resistance (IR) of each specimen was measured at 500V d-c.
These results are given in Table 1 on page 14.

The continuity of each specimen loop was also
verified with a low voltage ohmmeter.

3.2 Thermal Aging

Two of the six specimen loops were wrapped onto a 20-inch
diameter stainless steel mandrel and tied in place. The
mandrel and specimens were placed in an air-circulating
oven operating at 150°C (302°F) for 500 hours. At that
time, two additional specimen loops were added to the
mandrel, and the oven aging continued for another 1000
hours. After removal from the oven, the two remaining
specimen loops were then added to the mandrel.



58442-3

Page 4

Thermal Aging
Specimen No. (Hours at 150°C)1

3-1 1500
3-2 1500
3-3 1000
3-4 1000
3-5 Unaged
3-5 Unaged

After the thermal aging, it was observed that the factory
sealed end had disbonded on one of the two N-MCKs on
specimens 3-1 and 3-3. The two affected N-MCKs were
removed, and the specimen loop spliced together to continue
the test. The splice in the specimen loop where the N-MCK
was removed was insulated with WCSF-N heat shrinkable
tubing. Therefore, only one N-MCK motor connection was left
on specimen loops 3-1 and 3-3 for the remainder of the test
program. The modified specimen loops are shown in Figure 2.

FIGURE 2. Modified Specimen Loop

1. Both 1000 and 1500 hours exceed the required aging
times to simulate 40 year life for the cable.
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A discussion of the cause of the disbondment of the
N-MCKs is included in Appendix C (provided by Raychem).

The mandrel, with the specimens in place, is shown
in Figure 3.

FIGURE 3. Mandrel and Samples (Specimens 3-1 through 3-6
are located at the extreme right of the mandrel.)

Note Several other types of product specimens were also
tested in this program and are shown on the mandrel
along with the N-MCK specimens. This report covers
only the N-MCK specimens. The other specimens are
the subject of separate reports.
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3.2.1 Functional Tests

The mandrel with the specimens in place was immersed in
water, and the insulation resistance measurements made.
This was accomplished by splicing long extension leads to
each end of the test loops. The splices between the
specimens and the extension leads were covered with WCSF-N
heat shrinkable tubing. The mandrel immersed in water is
shown in Figure 4.

All specimens again passed the five minute, 3.6kV a-c
voltage withstand test. The insulation resistance values
are given in Table 1 on page 14.

FIGURE 4. Mandrel and Samples Immersed in Water
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3.3 Radiation Exposure

The specimens, while still on the mandrel, were
subjected to gamma radiation from a Cobalt-60 source.
The total dose given the specimens ranged from 2.0 x 108

to 2.9 x 108 rads. The dose rate was between 0.32 and
0.47 x 106 rads per hour. The certificate of radiation
dose is shown in Appendix A.

3.3.1 Functional Tests

The functional tests were again performed as described
in 3.1.1. All specimens passed the voltage withstand
test. The insulation resistance values are given in
Table 1.

3.4 Loss of Coolant Accident and Main Steamline
Break (LOCA/MSLB) Environmental Exposure
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3.4 Loss of Coolant Accident and Main Steamline
Break (LOCA/MSLB) Environmental Exposure (continued)

The specimens on the mandrel were placed in a test chamber
capable of exposing the specimens to the steam and
chemical spray environment shown in Figure 5.

The extension leads were brought out through penetrations
in the vessel to allow the specimens to be energized
during the exposure. The specimens were energized at 1.0kV
a-c to ground and carried a current of 25 amperes at 25°C
ambient at the start of the simulated accident. The
current was allowed to drop as the resistance in the
conductors increased at elevated temperatures. Current
values during the test are recorded in Table 2 on page 15.

Fuses were installed in each specimen circuit so that
during the exposure a breakdown in the insulation of one
specimen would not affect the voltage applied to the
others. Schematics of the test chamber and energizing
circuit are given in Figures 6 and 7 respectively. All
data acquisition instruments used in the test program are
listed in Appendix B.

The chemical spray consisted of 6200 ppm of boron, 50 ppm
of hydrazine buffered to a ph of 10.5 with trisodium
phosphate. The spray was applied at the top of the vessel
through a horizontal spray header at a rate in excess of
0.15 gpm/ft2 (actual flow varied from .26 to .81 gpm/ft2).
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FIGURE 6.  LOCA/MSLB Pressure Vessel and Auxiliary Equipment

FIGURE 7.  Test Schematic for Energizing Specimens
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3.4.1 Test Results

During the course of the LOCA/MSLB environment exposure,
all specimens held the rated current. The capability to
supply voltage continuously throughout the test was
impaired due to insulation failures in the test loop other
than at the splice specimens themselves. The 1.0kV a-c was
necessarily terminated on these specimens when the fuse
opened. A complete discussion of the anomalies associated
with the loss of voltage is given in 3.4.2.

Insulation resistance values measured at selected times
during the LOCA/MSLB exposure are given in Table 1 on
page 14.

3.4.2 Post LOCA/MSLB Inspection

At the conclusion of the test profile (Figure 5), the test
vessel was flooded with tap water. The specimens were then
given a voltage withstand test, and the insulation
resistances measured. The results of the insulation
resistance tests are given in Table 1. The vessel was then
opened, and the cause for some of the specimens being
unable to hold rated voltage investigated. The test vessel
with the specimens in place is shown in Figures 8 and 9.
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FIGURE 8.  Test Chamber and Samples

FIGURE 9.  Mandrel After Removal from Vessel
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3.4.2 Post LOCA/MSLB Inspection (continued)

The extension wires were cut inside the vessel so that the
mandrel could be removed. This also allowed the
penetrations to be inspected. It was found that some of
the wires in the penetration had a low insulation
resistance and would not pass the 3.6kV a-c voltage
withstand test. The specimens associated with the
penetration wires having a low insulation resistance were
retested. The retest of specimen 3-3 showed high values of
insulation resistance, and the specimen passed the voltage
withstand test. The low value previously measured on this
specimen can therefore be attributed to the penetration
and not the specimen.

Specimen loops 3-1, 3-2, and 3-4 had cracks in the wire
insulation near the N-MCK samples. These loops were
removed from the mandrel and tested with the N-MCK's
immersed in water. The cracked wire insulation was kept
above the water for these tests. All the N-MCK's yielded a
high insulation resistance value and passed the voltage
withstand test thereby demonstrating that the previously
low insulation resistance values were caused by insulation
failure elsewhere in the test loops.

Visual examination of the N-MCK's showed surface
degradation and some crazing. This was most apparent in
specimens 3-5 and 3-6.

A summary of the findings is given in Table 3 on page 16.
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4.0 CONCLUSIONS

Six test specimen loops, each containing two N-MCKs (except
3-1 and 3-3 which had only one N-MCK), were subjected to an
extensive test program including thermal aging, radiation
exposure, and simulated LOCA/MSLB environmental exposure.
During the LOCA/MSLB exposure, the specimens were energized
at rated current and voltage.

All specimens demonstrated satisfactory electrical
performance at the conclusion of the test program. Wire
insulation cracks and low resistance of some wires in the
test vessel penetrations caused apparent low values in
some of the specimens, but subsequent testing
substantiates the ability of these N-MCKs to maintain
electrical integrity throughout the test program. All
specimens had high insulation resistance values and passed
the voltage withstand test at the conclusion of the
program.

The results of this comprehensive test program confirm, by
type testing, the adequacy and suitability of the Raychem
N-MCK nuclear motor connection kits for use on Class IE
systems within the containment of a nuclear power generating
station.

REFERENCES

(1) IEEE Standard 323-1974, "IEEE Standard for Qualifying
IE Equipment for Nuclear Power Generating Stations".

(2) IEEE Standard 383-1974, "IEEE Standard for Type Test of
Class IE Electric Cables, Field Splices, and Connections
for Nuclear Power Generation Stations."
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LIST OF DATA ACQUISITION INSRUMENTS
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R
DISCUSSION OF DISBONDMENT

At the conclusion of the thermal aging portion of the
environmental qualification test program conducted by
Wyle Laboratories (Wyle Job Number NDQ-58442), it was
observed that two of the twelve N-MCK cap samples being
aged evidenced disbonding of the factory sealed end. The
two affected N-MCK's were removed from the test, and the
testing continued. The ten remaining N-MCK nuclear motor
connection kits successfully completed the LOCA
environmental qualification program. This discussion
summarizes the results of Raychem's investigation into
the cause and nature of the disbonding and the subsequent
actions taken.

The bonded end cap for the N-MCK consists of a length of
WCSF tubing which has been factory sealed or bonded at
one end. The bonded cap is coated with Raychem's nuclear
grade adhesive and functions as an insulating and sealing
cap for the motor connection kit. The same type bonded
end cap has been used in the commercial version of the
MCK product since 1978.

The investigation conducted by Raychem involved analysis
of the two samples returned from Wyle in conjunction
with tests conducted on large numbers of samples taken
from inventory and production. All aspects of the
bonding process were evaluated.
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DISCUSSION OF DISBONDMENT, (continued)

The investigative efforts led to the following
conclusions:

- The disbonding of the N-MCK caps during heat-aging in
the Wyle test program was anamolous. The cause of the
disbonding resulted from a deviation from the
specified manufacturing process.

- Improvements in the control of the process were necessary
to preclude deviations from the manufacturing
specification which could result in unsatisfactory
bonds.

Corrective actions to incorporate quality control
improvements have been implemented. The manufacturing
specification has been rewritten for N-MCK bonded caps
incorporating beneficial changes in the process that were
discovered during the investigation to further improve bond
strength and reliability. All testing subsequent to
implementing the modified manufacturing procedures has
confirmed consistently good bonds with no evidence of
disbonding, including tests to duplicate the accelerated
aging conditions under which the initial samples disbonded.



58442-3

Page C3

R

DISCUSSION OF DISBONDMENT, (continued)

In summary, ten of the twelve N-MCK nuclear motor
connection kits successfully completed the LOCA
environmental qualification program conducted by Wyle
Laboratories (Test Report No. 58442-3) confirming the
adequacy and suitability of the Raychem N-MCK design. The
investigation, conducted to determine the cause and
significance of the disbonding of two of the twelve
bonded N-MCK caps, resulted in improvements to the bonding
process and control of the manufacturing methods used to
produce the N-MCK caps.

All caps supplied by Raychem for N-MCKs are
manufactured using these improved methods.


