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To Whom It May Concern:

Sub]ect: Addendum
Raychem Report #71100, Revislon 1-
Heat Shrinkable Products for Wuclear Power

In order to clarify certain product testing (WCSF), the

. following notation to subject report should be added:

whnnﬂll

All WCSF*type parts tested in accordance with Raychem
Report No. 71100, Revision | were coated type =N adhesive

designated by Raychem type S-1024,

Al An
Market Manager
Power Distribution Products

*Per our Thermof|t Specification #1508 dated May, 1974, Revision 1.
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ABSTRACT

Raychem Corporation Is In the process of evaluating many of its products
for use in nuclear power plant containments. Using the Institute of Electrical
& Electronics Engineers “Prnpnsed Gulde for Type Tests of Class | Cables
and Connections Installed Inside the Containment of Nuclear Power Generating
Stations'' as the test basis, 5 and 15KV high voltage terminations (HVT's)
aﬁd 600-2000 volt in-line splices were found to withstand loss of coolant
accident (LOCA) conditions of a design basis event (DBE) either early or
. late in their anticipated use life. HVT's remain usable, having excellent
tensile strengths and elongations, even after 200 Mrads (2 x 108 Rads) of
gamma radiation in alr. Properly applied HVT's form ﬁn environmental seal

around the cable protecting it from high pressure steam, moisture, and boric

acid spray.
Thermof | t Report 71100
Revision 1
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INTRODUCTION

The current energy crisls and increased power consumption have created
a demand for more power plants. When these factors are combined with our
current ecological awareness and the need to prevent additional damage to
the environment, nuclear power plants emerge as viable candidates to satisfy
our power needs. As of September 30, 1971, 10,040,800 kilowatts of electricity
could be generated in the United States by nuclear power plants; additional

. capacity of 45,773,000 kilowatts were being built; and 51,571,000 kilowatts

of nuclear power were being pianned‘. This growth attests to the Increased
attention belng given to nuclear power as a source of energy., While the
ultimate purposes of a nuclear power plant are the same as those of a fossil
fuel plant, the requirements and demands placed upon electrical Insulating
materials are different. In a fossil fuel plant, the engineer needs to know
the electrical properties of the Insulating materials, how these properties
change with time, and the effects of moisture and oxygen upon electrical
and physical properties. For nuclear power plant use, in addition to the
aforement ioned properties, the engineer also needs to know how the materials
are affected by nuclear radiation over a fi0-year 1ifetime.

1.I'1rtua|l.!~u,lr all organic materials are known to be affected by radiation.
In some cases where the radiation can be controlled, the property profiles
of many organic materials are improved by exposure to radiation. In these

cases, the msterial [s exposed to gamma or electron beam radiation under

| YNuclear Reactors Built, Being Built, or Planned In the Unlted States
as of December 31, 1971", National Technical Information Service, '
Report Number TID-8200 (25th Revision). /
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carefully controlled conditions for specific lengths of time and a materia)
with an improved property spectrum results. These improved materials have
graater tenslle strength, greater stress crack }esistance, lower molsture
;ig;r.ir.nsnlsslnn, greater elastic memory, Iin addition to the other improve-
ments over thelr non-irradiated counterparts. - In a nuclear power plant, the
exposure of materlals to radlation cannot be fully cnntrniled, nor can the
length of exposure be reasonably controlled. The materials installed in a
nuclear power plant must have the highest possible resistance to the long-
term effects of heat and radiation.

In addition to inherent radiation resistance, Ehe materials used in
a nuclear power plant must alsc provide assurance that in the event of an
accident, they will maintain their Integrity so that the plant may be safely

- shutdown. This is true If the accident were to occur during start-up or
after the plant had been operating for many years. Conseguently, materials
designed for use in nuclear power plants must be evaluated under accident
conditions before and after thelr exposure to nuclear radiation,

Raychem Corporation has extensive experience In the Irradiation of
organic materials. For over 15 years, our principal business has been the
Frradiation of organic materials to enhance thelr balance of pﬁnperties.

Some of the products developed In our laboratories and extensively tested
Tn-use are our heat recoverable high voltage terminations (HVT) and 600-2000v
In-1ine splices (WCSF)., This rupﬁrt describes the evaluation of these products

for use In nuclear power plants.
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PROGRAM OQUTL INE

HVT and WCSF evaluations were divided into two phases: materials
evaluation and systems evaluation, The materials evaluation consisted of
an in-depth look at how the materials of construction behaved as a result
of nuclear radiation. Systems evaluation consisted of an in-depth analysis
of how the completely assembled parts behaved as a result of nuclear radia-
tion and how well It withstood the effects of a loss of coolant accident
before and after mxposure to nuclear radlation,

. The evaluation was based upon the Institute of Electrical and Electronics
Engineers "Proposed Guide for Type Tests of Class | Cables and Connections
Installed Inside the Containment of Nuclear Power Generating Stations', The
test sequence for materials consisted of:

|. Heat aging the materials in a forced air oven at 1212 £ 20¢ for

168 hours,
2. lIrradiation of the materials in a cobalt 60 gamma source at
0.52 HMrads per hour to total doses of 100 and 200 Mrads.

The test sequence for assembled high voltage terminatfons and in-iine

. low voltage (i.e., 600-2000v) splices consisted of:

1. Heat aging high voltage terminated cables at 121° + 39C for 168

hours In & forced alr oven.

2, frradiation of assemblies with cobalt 60 gamma radliation at

0.50 Mrads per hour for HVT's and .27 Hl;nds per hour for WCSF
to total doses of 100 and 200 Hrads..

3. Subjecting irradiated assemblies maintalned at maximum rated

Mank Fll'l;l:mcllll s PA025
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voltage to LOCA tests In a pressurized autoclave according to

the following schedule:

a@. 5 hours at 360°F, 70 psig steam.

b. 6 hours at 320°F, 70 psig steam.

c. 24 hours at 250°F, 2} psig steam, 0.2% boric acld spray,
buffered to pH of 10,

d. 12 days at 221°F, 2.5 psig steam,
e. 100 days B2129F 2.0 psig ﬁttam. : i
TEST RESULTS
Tables 1 and 2 show the results of the materials evaluation of Raychem

HVT's and WCSF sleeves, These data show that even after 168 hours at 1219C
in a forced air oven and subsequent irradlation to 200 Mrads cobalt 60 gamma
radiation In air, the products have maintained a very high degrae of mechanlecal
integrity. As an example the outer high voltage tubing and stress grading
material have maintained at least BOY and 70% elongations, respectively.
This, coupled uifﬁ the excellent tensile strengths, Indicates that thase
materials have sufficient toughness and radiation resistance to wlthstand
200 Mrads gamma radlation.

Table 3 shows the electrical parformance of 15KV HVT's during LOCA
tests. From the data, It is evident that all HVT's, those irradlated to
100 or 200 Mrads, as well as those not irradiated at all, are capable of
performing during a loss of coclant accident. Applied voltages for the
5KV HVT!s during LOCA tests varied between B.7 and 15KV, phase to ground.

Table 4 yields similar data for SKV HVT's. Here again, the Raychem
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HVT's successfully withstand LOCA tests before and after irradlation. The
5KV HVT's were subjected to applied voltages between 5 to B.6KV phase to
ground during the LOCA saguance,

Table 5 shows electrical parformanc; of a series of In-line splices
made on 600, 1000 and 2000 volt class cable and subjected to continuous

maximum cable rated voltages.

SUMHARY

. Data supplied In this report show that when properly assembled, Raychem
high voltage teminations and in-line low voltage splices may. be recommended
for use in nuclear power plants, The assembled terminations and splices
have successful ly withstood DBE and LOCA tests and remain functional during
the accident. They will perform so as to permit a safe and orderly shut-

down of equipment In the event of a loss of coolant accldent.
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TABLE 1

EFFECTS OF NUCLEAR RADIATION UPON

RAYCHEM HVT MATERIALS

Initial eluug;tinn, b 4

Elongation after 168 hours at
121°C plus 100 Mrads, 2

Elongation after 168 hours at
121°C plus 200 Mrads, X

Initial temsile strength, psl

Teneile atrength after 168 hours
at 121°C plus 100 Mxads, psi

Tensile strength after 168 hours
at 121°C plus 200 Mrads, psi

Initial hardness, Shore D

Hardness after 168 hours at
121°C plus 100 Mrads, Shore D

Hardness afrer 168 hours at
121*c plus 200 Mrads, Shore D

: :n'aamf:“i-"“:"'fa"l'w? e 34025
h ar FiA
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Outer
Tubing

260

126

80
2Z90

3025

3020
43

a7

RAYCHEM

Stress

Grading
236

140

70
1560

2015

1665

37

30
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TABLE 2

EFFECTS OF NUCLEAR RADIATION UPON
RAYCHEM WCSF MATERIALS

. WCSF
WCSF Slab Sample
Tubing Samples £.125" Thickness

Initial elongation, % 565 k4o
Elongation after 168 hours at

1219C plus 100 Mrads, 2 -- 145
*E longation after 168 hours at

1219C plus 200 Mrads, % 100 70
Initial tensile strength, psi z180 1600
Tens!le strength after 168 hours

at 121°C plus 100 Mrads, psi - 1745
Tensile strength after 168 hours

at 121°9C plus 200 Mrads, psi 1500 1685
Initlal hardness, Shore D 7 43

Hardness after 168 hours at
1219C plus 100 Mrads, Shore D A Le

Hardness after 168 hours at
1210¢ plus 200 Mrads, Share D bz g2

%Tubing samples were exposed to simultaneous heat aging and irradiation
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TABLE 3

PERFORMANCE CHARACTERISTICS (CORONA EXTINCTION VOLTAGE)
OF RAYCHEM 1SKV HIGH VOLTAGE TERMINATIONS
DURING DBE/LOCA TESTING!

RVT HVT HVT HVT HVT HVT
i #h i5 #6

Inftial CEV, KV 20 17.5 20 19.5 21.5 . 21
CEV after 168 hours at 1219C 30 25 25 24 31 19

CEV after 168 hours at 1210C
plus 100 Mrads® - - 14 15.5 - -

. CEV after 168 gaurs at 121eC

plus 200 Mrads - - _— = 13.5 16

CEV after 35 hours DBE? 17 15 20.5 21 16 16

Notes
AT

1. Crosslinked polyethylene cable, copper tape shield, extruded
semi conductive layer,

. 2. Cobalt 60 gamma radiation, dose rate of 0.50 Mrads per hour.

3. 5 hours at 3609F, 70 psig steam; & hours at 3209F, 70 psig steam,
24 hours at 2509F, 2] psig steam, 0.2% boric acid spray at pH of 10,
12 days at 221°F, 2.5 psig steam, 100 days &t 2120F 2.0 psig steam.
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TABLE &

PERFORMANCE CHARACTERISTICS (COROMA EXTIMCTION VOLTAGE)
OF RAYCHEM 5KY HIGH VOLTAGE TERMINATIONS
DURING DBE/LOCA TESTING'

HVT HVT HVI BVT HVT EVT
! #1 2 #3 f4 3 _#6
Initial CEV, Kv 4.8 4.2 5.5 3.5 5.8 5.8
CEV after 168 hours at 121°C 4.5 4.3 4.6 4.0 4.8 4.4
CEV after 168 hours st 121°C A T 5.2 4.3 i 4
plus 100 Mrads? 3
.EE‘V after 168 h:rurs at 121°c St A e S 4.2 5.0
plus 200 Mrads? ’
CEV after 35 hours DBEJ 4.5 4.1 4.7 6.5 4.8 (4)

Notes
. }. EPR cable, copper tape shiesld, tape semiconductive layer.
2. Cobalt 60 gamma radiation, dose rate of 0.50 Mrads per hour.
3. 5 hours at 360°F, 70 psig steam; 6 hours at 320°F, 70 psig steam; 24 hours
at 250°F, 2| pslg steam, 0.2% boric acid spray at pH of 10, 12 days at 221°F,
2.5 psig steam, 100 days at 2120F 2.0 pslg steam.

4. Specimen mechanically damaged before being placed In autoclave.
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TABLE 5

PERFORMANCE CHARACTERISTICS OF RAYCHEM
600-2000 VOLTS IN~LINE SPLICES TYPE WCSF
DURING DBE/LOCA TESTING

Per Table 2
Aged 168 Hours
New Hatarial €1219C & 200 Mrads
Electrical Strength
E Samp les - Volts/Mil
Minimum 312 318
Maximum 91 355
X 380 334
Wall Thickness 084" .0B&"
Volume Resistivity OHM-CMS 2.5 x 1013 1.2 x 1014 —
Flammability Per A.S.T.M. D-2B63
Oxygen Index Note Slab Data Only 35.0 37.0

Notes

L

Cable types for testing

A. 60D volt FlamerolTH
B. 2000 volt EPR/Neoprene

All samples were continuously operated at maximum current and voltage
per cable class. Current levels per |.P,.C.E.A.

Cobalt 60 gamma radiation, dose rate of 0.27 Mrads per hour.

S hours at 360°F, 70 psig steam; 6 hours at 320°F, 70 psig steam; 24 -
hours at 2509F, 21 psig steam, 0.2% boric acld spray at pH of 10,

12 days at 221°F, 2.5 psig steam 100 days at 2120F 2.0 pslg steam.

All samples passed. No electrical or mechanical fallures.
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