SHOREHAM NUCLEAR POWEK STATION

QUALIFICATION REPORT

GENERAL ELECTRIC 200 SERIES ELECTRIC PENETRATIONS

December, 1982




e L T S R SR .

.
v A L et &
s v P i N 2 e

Y

5 1 ¥l 200 v e
( 5O\ s . 2

¥, - i
By o d Bl —~

P TN 24 - & & gt T - b PR -

5.0

7.0

SHOREHAM NUCLEAR POWER STATION
M

QUALIFICATION REPORT

GENERAL ELECTRIC 200 SERIES ELECTRIC PENETRATIONS
———— e TR TENETRATIONS

TABLE OF CONTENTS

Section

INTRODUCTION

PRODUCT DESCRIPTION

INSTALLED VS. TESTED CONFIGURATION
ENVIRONMENTAL QUALIFICATION

4.1 Dpesign Basis Event

4.2 Pressure Integrity

4.3 Operating Time

4.4 Radiation

4.5 Conductor Heating

4.6 Dpielectric Strength

SURVEILLANCE PROGRAM

ANOMALIES

REFERENCES

FIGURES

Figure 1 - Typical Penetration Assembly
Figure 2 - Test Setup

Figure 3 - Accident vs, Test Profile
Figure 4 - Temperature Profile Comparison

ATTACHMENTS

1. Penetrations Mounted from Inside Primary
Containment

- GE wire and Cable Product Data sheet, Vulkene
Type SIS Switchboard Wire, September 28, 1973

3 Raychem Specification Rr-1136

4, Record of Conversation, S.R. Pauly to C, Meyer,
dated November 29, 1982

S, IR Heating Considerations

APPENDICES

11

12

Appendix A - Sensor Products Engineering Memo, No. 994-76-018,

Rev, 1
Appendix B - General Electric Company Drawings

e



under the LOCA test
Qualification level

All gp dravinqo. sp
Parentheges) herein
which are Proprieta
demonstrate traceab
this dilcussion. T
Saoreham Penetratjo

ponetrations. Exce
are also includeq i

All modules Utiljize
(19559702). Within
Yods), wire or rod
and epoxy Sealant

The €poxy sealant i
EMR-300 ang EMR-30)
Sealant in the basji
the Strandeqd wireg

introduced into the

All spacer boards a

+ Only Tegtg L3
s,

tions ig based on testing

eering Memo No, 994.
the test Teport.,»
and #2 are used to

ocification-. and part Numbersg refe
&re in Appendix B, with the except

Ty to GE, Thes

TPts from the Manual and the EIS ri

N Appendix p,

the identijca)

the stee} housg
Coating {insula
Each are discuy

§ identjca) for
+ where the EMR
€ module ang EM
to the Primary

e made from GE

9lass cloth base €poxy sheet ,

The Strandeqg Wiresg

(262A7B98), whi

polyethylcne, &re connectegq to the
Connectors on both engs ©f the mog

Btainlesg 8teel hoys
ing are 8olid condue
tion), Spacer or pot
Bsed as follows:

-300 (262A7075) is ¢
R-3C1 (272A8189) is
mocdule, Chopped £i),
einforcement.

Textolite (16722534
ch are 1nsulated wit

8olig conductorg vi
ules, either Pin typ

76-010, Rev, )
n Particular,
demonstrate

to these
le Printout

ing
tor wire (or
ting boards,

used to Sccure
erglass jg

h Cross-linkeq

a copper
€ (234n9806)



b 0, S o S i L e
pi-:‘- T

R - —— ..

.o = S =
- .;.wr% .l-‘_.-. e

2 - e - S
L s LTl A e e ik i e ki e e iR

for #12 and #8 AWG and thermocouple extension wires, or threaded
type (225A5146) for #2 through #4/0 AWG wires. All connections are
protected by Raychem Shrink Tubing (175a8230).

In addition, there is an XR5237 (262A7076) (3M Company) rigid epoxy
cosmetic cover at the ends of all modules, which serves no

furnctional purpose. Failure of this epoxy will not adversely effect
operation of the penetration,

Therefore, all 200 Series penetrations employ the same materials and
same basic configuration and can be considered similar for the
purpose of equipment qualification,

3.0 INSTALLED VS. TESTED CONFIGURATION

The electric penetration header plates are welded to the containment
nozzles in a horizontal attitude. All but five (5) penetration
header plates are mounted on the outside wall of the primary
containment (Attachment 1). Junction boxes are installed on both
ends of all penetrations and enclose the penetration modules,

In the test configuration, the module is installed in a vertical
attitude as shown in Figure 2. No junction box protection is
provided. 1In the test configurations, the modules, wire, and
connections are directly exposed to the saturated steam environment,

The test configuration is, therefore, more severe than the installed
configuration since it has no protection by the junction box and is
exposed to direct saturated steam conditions (see Section 4,1), 1In
addition, the autoclave is not a heat sink like the containment
wall, therefore allowing the penetration to be heated up somewhat
more rapidly than in the actual installation.

4.0 :NVIRONMENTAL QUALIFICATION

4.1 Dpesign Basis Event

The postulated profile of environmental conditions for the LOCA
event for Shoreham is as follows for inside the drywell:

Duration (hours) 3 3 18 72 4224
Temperature (°F) 340 320 250 200 150
Pressure (psig) 48 48 15 15 10
Humidity 100% 100% 100% 100% 100%

This information is taken from Figure D-1 in Reference 1,

The test profile (Tests #1 and #2 on page 32 of the test
Feport) was as follows for the first 24 hours of testing:

. Duration (hours) 3.5 3.5 17
Temperature /°p) 340 328 275
Pressure (psig) 103 80 26
Humidity 100% 1009 100%

el B LT —— . T et - S - .y -



The postulated and test temperature profiles are shown together
for comparison oa Pigure 3,

Por the fiist 24 hours of the test, the test profile envelopes
the Sshoreham postulated profile in pressure, duration, and
temperature,

During the first 24 hours of the test, simultaneous voltage
(250 VAC) and current (2.5 amps) were continuously applied to
both the #12 AWG and thermocouple modules (Test Report, pages
32 and 33, Tests #1 and #2) which represent all low voltage
modules (see Section 2.0).

The test setup is as shown in Pigure 2. The penetration
modules remained helium leak tight to less than 1 x 10~® c¢
He/sec. (Test Report, page 34) which catilfic- the IEEE
Standard 317-1976 guideline of 1 x 1072 cc Ny/sec,

The over-testing described above is adequate to extend the
Qualification for both pressure integrity and operability over
the remaining period to cover 180 days (see Sections 4.2 and
4.3 below),

In addition, the dielectric strength test of the #12 and
thermocouple modules is adequate to qualify the remaining
modules as discussed in Section 4.6, and the heating effects of
the thermocouple module (Izn) are in excess of plant
applications as discussed in Section 4.5,

4.2 Pressure Integrity

The 200 Series low voltage containment penetration is designed
and constructed to maintain containment pressure boundary
integrity during all plant posculated normal and accident
environmental conditions,

The 200 Series penetration is mechanically structured to
prevent "blow out" of the modules and a subsequent loss of
containment integrity. As shown in Figure 1, the irternal
components rest against a lip on each side of the steel
penetration housing to prevent "blow out"” initiated from either
direction,

Environmental qualification testing (Test Report, page 32,
Tests #1 and #2) has demonstratad :he ability of the
penetration modules {o withstand extreme external pressure (103
psig) at elevated temperatures (740°F peak) without loss of any
structural integrity.

The modules were satisfactorily tested to demonstrate pressure
integrity during postulated post-LOCA pressure and temperature
conditions subsequent to sequential testing for thermal cycle
stress aging and radiation, External test pressures ranged
from 20 to 103 psig with corresponding temperatures of 210°F to
330°F. The ability of the penetrations to maintain containaent
integrity given a postulated peak accident pressure of 48 psig
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Pressurized with nitrogen to 1§ psig. Therefore, within ¢

Pressure Lntogrity was demonstrated for the Serijes 200
Penetrations during the above testing for 1,25 hours (test 1)
plus 13 days (Test #2). The first 24 hows of this testing,
during which the device Was energized, was extrapolated to 4.7
years beyond the 180-day accident profile (8e:2 sections 4.3 ang
5.0). 7The Temaining 289,25 hours of testing provides an
additional 1,76 Years, when extrapolated at the norma) max imum

These pPenetrations are required to withstand the postulateg
accident conditons discussed in Section 4.] above ang still
maintain thejr required safety functions of electrical
Capability ang cAntainment (pressure) 1ntegr1ty for at least
the duration of the accident (180 days), 1n order to meet
these Tequirements, the first 24 hours of the test pProfile (gee
Section 4.) above), during which this device demonstrateqd both
electrical capability ang Pressure 1ntegr1:y, Was extrapolateq
utilizing Arrhenjus methodology .

4.3.1 Determination of Activation Energy

construction are sensitive to thermal aging, fThe rigid
8tructure ang Telatively high melting points of metals

Tegarding the non-metalljc Components contained within
this device,

4, Ethylene Propylene pubber (EPR) '0' - Rings

This component establishes the Seal between the
individual modules and the header plate and is
required for naint.ining Pressure 1nteqrxty only,
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9. Scotchkote Coating

This coating is applied to the conductors to
maintain electrical resistance between them, while
this coating is no longer manufactured, its
Properties are considered similiar to Scotchcast
5230 (attachment 4), This substance maintainec 504
of its dielectric Stength after exposure to 400
hours at 200°C, 2000 hours at 180°C, and 7500 hours
at 162°C. using this data in the Arrhenius equation
results in an activation energy of 1.49%ev,

h. BEMR-300 Epoxy

This epoxy forms the primary seal for these
penetration modules. While its activation energy is
not currently known, a review of the activation
energies typical of epoxies which exhibit similar
properties (e.g., 2.04eV for GE's N229) indicates
that the limiting activation energy for the other
materials contained within this assembly should be
much lower, and therefore bounding for this epoxy .,

Therefore, the limiting activation energy for the
c€ritical materials contained within this device,
specifically EPR, XLPE, Raychem shrink tubing,
Scotchkote and EMR 300, is considered to be the 1,23 ev
for XLPE.

It should be noted that the activation energies listed
above are for materials exposed directly to air. pue to
the nature of the construction of these penetrations,
the EMR 300 epoxy, Scotchkote, and Raychem shrink tubing
are either sealed from any gaseous environment or wiil
normally be expcsed to nitrogen only, Since it is
generally considered that oxidation is one of the
dominant mechanisms for thermal degradation (Reference
4), the activation energies presented here are
considered conservative due to the lack of an oxidizing
atmosphere,

Extrapolation of the Test Profile

Since thermal degradation is a cumulative process, the
test profile discussed in Section 4.1 above carn be
regrouped for convenience as follows:

Duration, Hours Temperature, °fF (°k)
3.5 340 (444) ;
0.25 334 (441) (Avg.) ,
3.25 328 (437) L
0.5 301.5 (423) (Avg.)

TR . . - - - - -



Duration, Hours Temperature, °p (°x)

0.75 300 (422) (Avg,)
1.9 2B7.5 (415) (Avg.)
14.25 275 (408)

————

Total = 24 Hours

The Arrhenius equation is as follows:

ta exp T Reference 2,

Equation 4-16
where:

tg = Service Time

ta = Test Time

Tg = Service Temperature (°x)

Ta = Test Temperature (°k)

P = Activation Energy = 1,23 ev

k = Boltzman's Constant = 8,617 x 10~5

The above equation is used to extrapolate the test
profile to envelope the postulated accident temperature

profile by determining conditions of equivalent
degradation as shown in the table below.

ITar °F(°K) | alculated t, Required

Time

3 hours

1.13 hours
0.45 hours
1.42 hours
Subtotal=3 hrs

18 hours

hours 73.42 hours

3.71 days

Total = 183 days

|
|
!
|
|
I
|
|
|
I
|
I
!
-
|
|
|
l
|
|
|
|
|
|
I
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The results are graghed in Figure 4, which 8hows that
the extrapolated test profile envelopes the POstulateg
accident conditions for at least 183 days with 18,22

be used in Section 5.0 2 justify an @ppropriate

Perjiogd Dose (rads) Reference
40-year Norma) 1.8 x 107 PSAR Table 3.11.2-]1 ang

Reference v I Figure p-]
180-day Accident 3.87 x 197 SWEC Calculation gyps. ).

URB-25-p, Revision 1

Module Serial No, Dose

08¢
4/0 awg G-8 5.3 x 107 raas
2 Awc %-7 9.8 x 107 rags
8 Awc TG-6 6.7 x 107 rags
12 Awc 7G-5 6.0 x 107 rags
T/C G-3 5.0 x 107 raqgs
SRM/IRM -1 6.1 x 107 raas

The only test exposures less than the max i mum POoStulated doge
are for the 1/¢ and 4/0 modules. pye to the limilarity
established jin Section 2.0, the other modules are
TFepresentative of these for the Purpose of type testing, 17he
"Shield Building geal~ Teferred to i, the test Teport jg a
module Separate from and independent ©f the Serjes 200 module,

The power assemblies (#2 AWG, #8 AWG, #4/0 AWG ) utilizing 125

VDC or 120 VAC are qualifjeq by linxlarity to the #12 AWG ang
thoraocouple assemblies whjich Were energizeqd at 25p VAC ang
Carrying current throughout the rLoca qualification (8ee section
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Power assemblies utilizing 480 vac ang requiring operability
for 70 minutes are qualified by the pover assembly LOCA Test #1
(Test Report, Pages 32 and 33), wherein the conductors were
energized at 500 VAC and carrying current for 75 minutes,

Power assemblies utilizing 480 VAC ana requiring operability
for 180 days require Special consideration, The test conducted
on the thermocouple module provided a voltage stress of 250 voc
across a minimum dielectrijc thickness of ,0555+ (163C1790) or
4.5 volts/mil, The #2 AWG modules which carry the load for the
480V circuits require a dielectric Strength of 480V across
0.077* (163c1790) or 6.2 volts/mil. Although the test value
did not exceed the required value, these are exceedingly low
dielectric stresses. Typical dielectric Strength for epoxy
resins varies from 425 to 2000 volts per mil (Reference 3)
depending upon dielectric thickness. At LOC? Leperatures,
dielectric Strength will be approximately 200 vol. e/mil
(Reference 5), well above the required 6.2 volts/mil, Because
the required dielectric Strength is very small compared to the
above epoxy resin dielectric Strength, the assemblies using 480
VAC will function as required,

5.0 SURVEILLANCE PROGRAM

A maintenance and Surveillance program will be performed to monitor
penetration integrity, Petiodxcity will coincide with required
leakage tests per Appendix J to 10 CFR 50 (Type B tests),

A maintenance anrd Surveillance program will also be performed to
monitor the electrical characteristics of these penetrations. The
periodicity of this surveillance is justified by extrapolation of
the 18.22 hours of test time remaining from the calculations in

Section 4.3.2 to an equivalent time at the maximum normal ambient
temperature of 150°F,

Time To
Test Duration Test Temperature, °p (°k) Equivalent pamage
1.22 hours 328 (437) 641 days
.5 hours 301.5 (423) 89 days
.75 hours 300 (422) 123 days
1.5 hours 287.5 (415) 140 days
14.25 hours 275 (408) 735 days

Total = 1,728 days
= 4.7 years

Therefore, a surveillance interval of less than approximately 4.7
years is justified. The electrical surveillance testing will be

performed during each refueling outage, Measurements will be made

on a sample of installed Spare modules,

The surveillance program will consist of a leakage resistance
measurement made at not more than 500 volts to preclude damage
consequent to the test. Leakage resistance and ambient temperature
will be recorded.

- P e
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ANOMALIES

Sensor Products Engineering Memo No. 994-76-018, Rev. 1 (Appendix
A), is the basis for qualification. 1In that report, anomalies
observed during the testing were recorded,

An arbitrary 304 of module connectors to be energized was
established at the onset of the test Program. The actual numbers

Size Available
(Module) Conductors # Tested Percent
4/0 4 3 75
2 10 6 60
=] 30 15 50
12 85 28 33

The following two anomalies occurred:

In test #1, a dummy module blew out of the autoclave and caused
& severe energy release which bent the uninsulated wire
connections of the power modules to short to the wall of the
autoclave when high voltage was applied,

2, In test #3, 2 of the 10 cables of the #2 AWG modulee shorted to
the autoclave wall due to steam buildup within the autoclave,
Removal of those 2 cables reduced the sample size to 404,

In test #1, the module which blew Out was an old one (not 200
Series) which was used 45 a plug to £ill the 7th hole in the
headplate. Therefore, the blowout has no Significance for the
qualification of the 200 series test Specimens,

and that any movement of the cables would likely cause a short,

This condition had always been known by the test engineers, and the
associated risks were taken., The close clearance andg uninsulated
connections are not representative of the actual installation,
Therefore, the shorting has no significance for the qualification of
the test Specimens,
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ATTACHMENT 1

PENETRATIONS MOUNTED FROM INSIDE PRIMARY CONTAINMENT
M—

Only five 200 series low voltage electrical penetrations were
installed with the header plate for the penetration modules on the
inside of the primary containment wall, These are identified below:
- 1T23*2-wC4, Class 1E, control circuits - No. 12 AWG,

- 18 1T23*2-wWDl, Non-Class 1E, instrumentation, SRM, IRM, ané LPRM,
No. 12 AWG.

3. 1723-2-wWBl, Non-Class 1E, low voltage power - No. 2 and No. 4/0
AWG.

4. 1723-2-WB6, RPI, instrumentation - No. 1. AWG.
S. 1T23-2-WC6, RPI, instrumentation - No. 12 AWG.
Of these, only one serves Class 1 equipment control circuits whose

operability is safety-related. These circuits are energized at 120V
and carry low current,

- —— - e L —




PRODUCT DESCRIPTION

General Electric Vulkene Type SIS switchboard wire,
originally introduced in December 1961, is now accepted
and is used by all major elsctric switchboard and control
apparatus manufacturers. The Vulkene insulation, which re-
3uires no braid or other fibrous covering, allows smaller
iameters and lighter weight than formerly possible in such
wire.

PRODUCT DATA

Vulkene Type SIS switchboard wire consists of a tinned
solid or stranded copper conductor, a paper separator for
easy stripping and Vulkene insulation—a single extruded

P> wall of chemically cross-linked, filled polvethylene. Vulkene,
invented in the (ﬁneu: Electric Company's Research and

Development Center and developed as an insulation in the
Wire and Cable Department’s laboratories, is the result of
years of testing many methods of compounding, processing
and extruding to provide the proper balance of properties
needed in a superior wire insulation. Vulkene is a thermo-
setting insulation with excellent thermal and electrical prop-
erties, chemical and moisture resistance, and mechanical
toughness that make it superior to any other general-purpose
insulation. The fact that the insulation is thermosetting and
not thermoplestic means that temporary overloads will not
melt the insula’.on as the case may be with polyvinyl chlo-

VULKENE TYPE_SIS
s

ATT@Lu MENT 2

VULKERE ol L/
i TYPE SIS,/

stitcusosso vne /</5/ €€

Poge 1 of &4
September 28, 1973

Sepersodes issves dated Seprtambar 1 1988

ride: The elimination of the fibrous coverings simplifies ter-
mination, saves space and improves the appearance of the
wire with no sacrifice in technical properties.

APPROVED WIRING FOR SWITCHGEAR
The Power Switchgear Assemblies Group of the Switch.
gear Section of NEMA has revised its Standard Publication
for Power Switchgear Assemblies, SGS5, to read as follows:

“$G5-5.08 Small Wiring

Insulated wire, not less than No.14 AWG stranded, with
insulation complying with Section 384-9 of the National
Electrical Code 1962 or latest revision thereof, shall be
used on small wiring. Where solid wire is used, the minimum
size shall be No.12 AWG.The internal wiring of component
devices or parts shall be in accordance with the applicable
industry standards

For wiring of supervisory and annunciator circuits, small
wiring may be used provided it is adequately supported and
will meet the voltage and current requirements of the circuit.”

G-E Vulkene switchboard wire is listed by Underwriters’
Laboratories, Inc., as Type SIS for wiring switchboards and
other industrial control panels in accordance with Article
384 of the National Electrical Code. This switchboard wire
is recognized by NEMA as approved wiring for switchgear.

SWITCHBOARD WIRE

5727575

| —————=]
Single Conductor

CONSTRUCTION:

600 Volts

NE N

90 *C Conductor Temperature

Two-cycle tinned copper conduciors, paper separator, Vulkene insulation Standard color is dark gray Black, white, green, red,
yellow or blue available on special order. Listed by Underwniters' Laboratories. Inc. as Type SIS in Sizes No. 14 AWG and larger

Size
AWG

1L
8
8

| No. of
|
|
{
i |
1
l
|
!
{

Strands

1

|
|
—— —
|
|
|

—
-

16
16
16
14
14
4
12
12
12
10

-~
pe N T L

-

>l nTu ";:Ui
Thicknew
in Mils

Approx
oD |

in Inches

Net W1
h/M K
P— -

1
n
n
T4
15
15
134
20
20
i
e
20
4)

b |
.
s :
WD . - -+

220 2.2 BB 2.3 %.2.2.3.1

10
10

42

B
\
\

—
.
o

]
7
&3
1
’
oS
1
7 45
13
1
7
3
1
7

—
s

* Repisiered trademark of General Eleciric Company

GENEAAL E) ELISTRIC |

WIRE AND CABLE PRODUCTS DEPARTIMENT
BRIDGEPORT, CONNECTICUT 06602
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TA..'.E I
C OMPARA TIve DATA -Sw) IC, HBOARD WiRe
TYPICAL VAL,
Vulkoﬂo
&9 Type TA Type Tas Type Sis
PERATURE RA"NG
Mam’mum oporaﬁng 'omporomn 0 °c E 90 °¢ - 0 °c
Emoraohcy fating 110°¢c 110°¢c ' 125 ¢
hort Circuiy fating_30 sec 150+c ' 150°c 200°c
Rica PROPERTIES
suletion resisig
™Y Al raieqg lemperatyre Megub"u\M ft lg 0.6 332
Al PROPERT‘ES
sile stren h. psi 2300 2300 2000
N2ation e% 280 275 200
ir bomb, 42 he, 80 Psi, 127 b ;
ile nrength~',( of original 100 100 98
Eation—oy o Origing) 100 100 100
It oven, ars, 80 *¢
~% of Origing] 109 100 100
tion—gq of Origing) 50 83 76
low—y, udcround 128~ mandre)
Kilovols
274 274 274
Tatl3sq rated Current 20 20 198
oOme tegy Pagges Passes Passes
None None None
Excgllent
(shohy trace) (slight trace) No trace)




PD.;
YULKENE TypE SIS
SHITCHBOARD VIRE

Poge 5 - 4
September 28, 1973

. Vulkene Type SIS PvVC
Test 3" Wall ¢ ) X" wall
— -
Single impact
ounds to failyre
He"r 20 1.0
%" rod 20 0.5
Slow Compression
Pounds ¢ failure 190 152

ad in grams penetrate insulation i 10 Minutes after 10 minytes preheat at 90 °C 6800 1300

Insulation resistence
Megohms— ft

Original 3975 320
lday @ 974¢ 24 041
7days @ 979¢ 23 0.8¢4

Insulation How-wound Qround .128” mandrel with & Ib weighy
Breakdown —volts

Original 274 274
After ] hr. o 135% rated current 19.8 0.8

Abrasion rosi"unco—Sandpop‘:r 150 grit B with 3k weight
Inches to failure 40 34

t Cu'-fhrough~.025" steel strap wound around insulation with 10.5 |p weight
% deformation of insulation

Stant @ 25°¢ 9.5 16
I hrg25°c g 13 32
Ohr@ 25°C 14 45
50 hr @ 25°C 14 345s
100 hr @ 25 °C 15 35

t Cu'-'hrough—.Oi’S" steel strap wound around insulation with 3.5 1p weight
eformation of insulation

27 38
lhre90'C 27 50
10 hr @ 90°C 29 §7
hr @ 90°C 30 59
100 br @ 90 °C 30 60

t New folwﬂ.ﬁ.a

COMPARISON DATA

Examination of the data in Table 1 comparing Vulkene Type SIS switchboard wire with the conventional thermo.
Plastic.asbestos (Type TA) and the lherrnophsticconon braid (Type TBS) shows thay Vulkene Type SIS switchboard wire
equals or exceeds these excellent wires in every important Property. The improved insulation resistance helps insure that in
heavily wired Switchgear leakage to 8round wil] pe minimized. The high tensile strength and elongation of ulkene Type SIS
switchboard wipe &re an indication of the physical toughness 5o essential 1o successfy] factory and repair shop usage of
switchboard wige. Another significant Property is the excellen: fame resistance of this Vylkene compovad. This Vulkene
insulation wgs specially developed 1o obtain the Aame resistance so necessary for switchboard wire. 1 P 1o now no therme

wire. Examingtion of Table IT shows Vulkene Type SIS switchboard wire 1 be superior 1o PVC in every important respect
€ cut-through resistance of Vulkene Tyne SIS switchboard wire js Superior to PVC boh 8t room temperature and at high
ambient lemperatures. Eyen under the mog adverse wiring conditions adequate 'nsulation wal] will be maintained.

is excellent balance of physical, electrical. gnd thermal Properties make Vulkene Type SIS switchboard wire o
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GUIDE SPECIFICATION
VULKENE SWITCHBOARD WIRE AND CABLE

1. SCOPE
1.1 This specification covers single conductor switchboard wire and cable insulated with filled chemically cross-linked
polyethylene in sizes No. 18 through No.4 AWG copper conductors. The wire or cable shall be suitable for operation
st conductor lemperatures of 90°C or less in dry locations &t a maximum voltage rating of 600 volts. Sizes No. 14
AWG and larger shall be listed by the Underwriters’ Laboratories, Inc., as suitable for switchboard wire use.

2. CONDUCTORS ; .
2.1 Conductors shall be costed copper meeting the applicable requirements of the IPCEA-NEMA Standards Publication
(IPCEA Publication No. §-66-524, NEMA Publication No. WC-7-1971 or latest edition). Conductors shall be solid or

stranded. Class of stranding shall be specified by the user. - .

3. SEPARATOR
3.1 A separator, when used, shall consist of » helical or longitudina! wrap of paper or other suitable material directly over

the conductor.

4. INSULATION . L
4.1 The insulation shall consist of an extruded wall of gn.grmiqnll 'oss-linl@.,g_lled' ﬂ!yejzylene, dark gray in color
uniess otherwise specified. When tested in accordance with Fan 6 of ITPCEA S-66-524“thevhsulation shall meet the

following requirements:

PHYSICAL REQUIREMENTS
S arite Sl SIS PO vt o645 e soninsnssnnnbasss sbersinvasiansyant RO L, 1800
ok g oo SN St 150
AGING REQUIREMENTS—After Air Oven Test at 121=C for 168 Hours

Tensile Strength, minimum percentage T 70

Elongation st rupture, minimum percent o unaged SEID + o s scienssssravsnsoriatslssnisvansasssnnieonns 70
Insulation Thickness. The sverage thickness of insulation shall not be less than that given in the following table. The
minimum thickness shall not be less than 90 percent of those values.

\ .

INSULATION THICKNESS
CONDUCTOR SIZE-AWG INSULATION THICKNESS-Mils

18-10 30
® 45
6-4 60

5. TESTS
51 The completed wire shall meet the following requirements:
5.1.1 Flame Test. A 22-inch specimen of the wire shall meet the vertical flame test requirement described in 6.19 5 of
IPCEA 51981
52 Voliage Test. The insulstion on & 12-inch spec:men of the wire shall withstand for .one minute the alternating
voltage indicated in the joliowing table. The central 6-inch por.ion of the specimen shall be wrapped in metal foil
and the voltage shall be spplied between the conductor and the foil.

CONDUZTOR SIZE-AWG AC TEST VOLTS

18-10 1500
84 2000

. ap———— Ll -

- - ————— P S — S — | p———— —— —— ———
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SPECFCATON RT-1 136
s iSsuE: SSUE 1
DaTE 10CTORER « LI
REPLACES: NONE

Cordance with Bulleun 985

APPLICABLE DOCUMENTS
This specificas
e latest issye
UNOERWRITERS LABORAVORIES, tNCORPORATEO
UL Subject 22¢ . Extruded lasuaung Tubing

(Copies of UL Publications may pe obtuned from
Whitman Road, Meiville, Loog Isiang. New York |

CANADIAN STANDARDS ASSOCIATION

Bulletin 985 CSA Certification Regr
Polyethylene lnxum.m;

1745.)

Jements for He
(Copies of CSA Publications may be obtaned from
Boulevarg, Rexdale, Ontario, Canada Mow IR3.)
OTHER PUBUICATIONS

American Sociery for Testing and
D 287) Standarg

(Copies of AST™M publicanions may be
Matenals, 1916 Race Streer. Phuade;

Matenals (AST™M)

Obtaned from
Phia, Pennsylvan
REQUIREMENTS

MATERML

Tbetubm; shall be fabrcated from

shall be crosslinked by uTadiaton
defecus, Pinholes, bubbies. seams,

thermally stabilized. Na
It shail be

STacks, and inclusions

Tubing Rated & 125°C and 600

Methods of Tesung Heat-Shnnka-

the Amencan
1a 19103

fomogeneous ang essentially

1D excess of
wrements of UL 224 for 125°C
faung and is CSa cerufied in ac.

berein. Unless otherwise specified,

lowing documents form & part of wus

Undervniers

lrradiated Crossiinked
Volis

ar-Shrinkable

Canadian Standards Association, 187 Rexdale

¢ Tubing for Electncal Use

Society for Tesung and

ed polvolerin and
free from Naws

me-retardant, modifs

Ve




Soe Mication RY.113¢ LTI

PROPERTIES

The tubing shall mee: the requirements of Table 3
COLOR

The tubing shall be available v black and white

QUALITY ASSURANCE PROVISIONS
CLASSIFICATION OF TESTS

Qualification Tests

Qualifi;avon tests are those
ua and shall consist of all

Acceptance Tests

SAMPLING INSTRUCTIONS
Qualification Test Samples

Qualif;
Qualifi

Cauon test samples shall consist of 50 feex (15

Qauon of one s12e or eoior

Acceptance Test Samples

Acceplance test sam
from each lot. A Jot
offered for

shall consist of al) tubing of the
INSpecuon ar the same tme.

TEST PROCEDURES

Unless otherwise specified, tests sh
by condivoning 1n Accordance with 4.3.1. Prior 10 all
§auges, when applicable) shall be conditioned for
percent relauve bumidiry. Al ovens shall be of the
the specimens a1 a veioc

Dimensions ang Longitudinal Change

Three 6-inch (150 mm) specimens of tubin
curssy of = 1/32 inch (= mm), and i»
s»erens then shall be condiuoned for

side diam

performed op tubing submitted
tess Listed in thus specificavon.

shal qualify all sizes

ples shall consist of Dot less than

all be performed on
Jhoursat 23 = 3

mechanical co
Ty of 100 1o 200 feet (30 - 60 m) per minute.

B. & supphed, shall be measured for

3 mioutes 10 200 = 3°C

for qualification as a sausfaciory prod-

m) of tubing of the size and color specified

anc colors

16 feet (S m) of tubing selected a: random
Same size from the same production run and

fpecumens which have been fully recovered
tesung, e test specimen (and measuremen:
*C(73 = 5°F)and S0 s
DVECUOD fype ib whuch air passes

leagth, 10 an ac.
ercance with ASTM D 2671 The
(392 = 5°F)oven, removesd from

Sler I ace




Specilication AT-1128, issve | Pagel

432

433

434

435

‘Tensiie Strength and Ultimate Eiongation

the oven, cooled o 23 = 3°C (73 = 5°F), remeasured for length, inside diameter, and wall
thickusinmrduummleﬂ.helonp‘md.indcummuwcumedu
follows:

C=L - lox 100

Where: C = Longrudinal Change [percent)
Lo = Length Before Conditioning [inches (mmy))
L) = Leogpth After Conditioning [inches /mm))

The tensile strength and ultimate elongaton of the tubing shall be demm’ne& In accordance v ith
ASTM D 2671 using | inch /25 mm) bench marks and a | inch /25 mm) imioal jaw separavon. The
speec of jaw separanon shall be 20 = 2 inches /500 = J0 mm) per minute.

Copoper Stability

Six 6-wch 1150 mmy speamens of tubing shall be slipped over a snug firung, stcraight, cleas, bare
copper conductor. For rubing sizes | /4 and smaller a solid conductor shall be used, for rubing sizes
3/8 and larger a solid or rubular conductor shall be used. The specumens on the conductors shall be
conditoned for 24 hours in a desiccator or similar humidity chamber at 90 10 95 percent relatve
bumidity and 25 = 3°C /77 = J*F). Three specumens shall be condinonet for 7 days at |$8.0 =
'.0°C 73/6.4 = 1.8°F) oven and wiree specumens shall be condinoned for 60 days ina 1340 =

and cooled to0 23 :J‘CITJ:J‘F).necomconduaormmmumoved
from the rubing, and the tubing and conductor shall then be examined. Darkenung of the copper
due to normal air oxidarion shall not be cause for rejecuion. The rubing then shall be conditioned

Dieiectnc Withstano, Breakdown. ang Strength

The dielectne sirength of the tubing shall be measured under oil in accordance with ASTM D 2671,
Five 6-i0ch 7150 mm) specumens of tubing shall be recovered over a metal mandre! by condiucning
for 3 minutes in a2 200 = 3°C /392 = J°F) oven. The mandrel diamerer shall be siightly larger than
the fully recovered insice diameter of the fubing being tested. The metal mandre! shall serve as one
electroce and a |-inch 125 mm) wide strip of lead foil wrapped around the outside of the tubing as
the other ciecirode. The tes: voitage shall be applied at a rate of nse of 500 voits per
second. Thickness measurements for calculaung die‘ectnc strength shall be made adjacent (o the
powmt of breaxdown. Specimens for dielectnc withstand shall be heid for 60 seconds at 2500 voits.

Corrosive Siec:

Six spesimens of tuoing shall be testea for zopper contac: SOrTosion in accordance witn S STM D
2671, Method B. Three specimens snall be cond.uoned for * days in a 158.0 =1.0°Cr3/64 =
1.8°F) oven and thres specimens shall be conditoned for 60 davs n 2 134 02 10CN2 =
1.18°F) oven. After conditioning, the specimens shall be visuaily examined for evidercs of zorro-
si0n.

- — g

3¢
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Specticanon RT.1136 tssve '
&4 REJECTION AND RETEST
" Failure of any sampie of tubing 10 conform 1o any one of the requirements of this specificanion
shall be cause for reyecuon of the lot represented. Tubing which has been rejected may be replaced
or reworked 10 correct the defect and then resubminied for accepiance. Before resubmitung. full
paruculars concerning the rejecuon and the acuon taken 1o correct the defect shall be furmisned 1o
the inspectior.
§. PREPARATION FOR DELIVERY
5.1 FORM P
The wm shall be supplied on spools, uniess otherwise specified.
52 PACKAGING
Packaging shall be in accordance with good commercial pracuce
53  MARKING LI

Each contuner of tubing shall be -permanentlv and legibly marked with the size, quanury,
manufacture:’s identficauon, specificauos number, and lot number.




Speciicaton AT-1138. ssve |

3’32
178
3/16
1/74
/8
172
/4

TABLE 2

MANDREL DIMENSIONS FOR BEND TESTING

Tubing Size Dlameter of Manare: (Inches Millimewes)

3/32 w0 1/4 wclusive
3/8 10 3/4 wnclusive

ggBBEBE
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TABLE 3

REQUIREMENTS

METHOD OF
N REQUIREMENT TES”

PHYSICAL Sesuor ¢} )
Dimension: Ir. accoroance with Tabie ) ASTM™ D 267
Dumensiona Recover Secuon 4.} )

ASTM™ D 26

Secuon 4.3 )

ASTM D 267

-) UL 2«

PROPERTY

In accoraance wair Tabke |

Longnuaina' Change
ASTM D 267) . “l. =)0
UL 2« -

Tensue Suengih 1500 murumum (/0.3

Unhumaie Elongavon 200 munamum

Secan: Modulus 1.5 » 10* maumum (/03

Deformauven m 120 °C 217°F, 0 manmum

Los Temperature Flexibilin
| hour &t = 30C 7« 22°F

Hea: Shock
| hour 81 136°C 277°F
I

No eraciung

Do aciung

Ha' Apng
T oavi at 150°C 1i6°F
60 davs a1 1M A7 F,
Foliowed by wesus for
Tensile Strength

Vlumaie Elongauor
Fiexibiliny

Drerectne Withsuane
Divsesine Bicakgown

Percen
Seconds

% minumur of onpna
100 munumum

Mo cracking

60 munomur

Volu 50% muumum of unaged specumen:
Vors/MU Vols/mm 00 mummum 779 680
—

Duweiecine Suengr

Copp= Swabiiny
T Davs u 158°C BIEF,
60 Davs mi 1M4°C 272%F,
Foliowed by ten for
Ulumaie Elonganor

No prrung or blackerung of copper

100 muumwm

Resinored Shrnkape Pau
ELECTRICAL
Diciecrne Withpand m 2500 \ Seconds

&0 munimur

Dwetesine Suength Volu/Mil /Vois/mm

500 mmunure (70, 680

Volume Remstivin Onm-cr

CHEMICAL
Corropve Effect
Tdays @ 158°C ICTF,
60 dayy & 134°C 272°F

10 minmy e

1wne

Noncorrosive

UL R le Al

L Fammamibn Pass

“Waer ABSOrpuion o
24 houns a1 21°C M2°F;

d
r —
s © &
Acrvatw Enmiy ¢ _:‘ - L C7l“’" o = )35eV
wibae = sl

0.4 maumum

Mtoted I 1ISA

wthen

407 43l

Prinet by Raycne™ Printing Services
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0630-001-671
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FILE:
An impell Corporation Company

RECORD OF CONVERSATION OIY: ' Teadeiod

C Meyer (3-M)

[x] Telephone O Meeting [ other

TO: _Curt Meyer FROM: Steve Pauly ATE 11/29/82

- i 2-733-6739
COMPANY: 3-M Product Information Center PHONE NO.: 61 33-673

SUBJECT: Scotchkote Resin 2006

Summary of Conversation:

Mr. Meyer stated that 3-M no longer produces this coating. However, from
the description of the properties listed on G.E. Drawing No. 262A6669,

this resin is probably most similar to Scotchcast 5230. In particular, the
specific gravity for Scotchcast 5230 of 1.5 is close to the specific
gravity of 1.62 for Scotchkote 2006. The lower specific gravity of the
Scotchcast 5230 would probably make heat aging data for Scotchkote 2006
conservative. The Scotchcast 5230 was exposed to the following condition
to achieve 508 breakdown in dielectric strength:

2000 hrs at 180°C

7507 hrs at 162°C
400 hrs at 200°C

{see attached Arrhenius plot)




|
)
|
1
|

P

e ——
—
—

o e
1

A

it

1
|
]

——
% o

W T
b 1

U
-
31

T
]
|
_|L L

b~ —

—_—

-t b
-+

g, [

‘ — TR *
| i 3 o 7
| .3 | ) L m»
: T i b TH
__ HA o kwslad |
A , .r _ ! ....._“_ r~+~
. AR S S—— . ' WM‘T*
3 : g 1t
i | _ .~. vl LB
g f _T H i

SSn Fasam v
| By

Q ;b
a - IA. “wy e Aty St
] ! ' 58 =
- .e a m i lwlr { \ »A“P.,......__
_ A ERE L HIE
‘ : 24 NiE
| 1
SR | - * | :
w ! , o |
. 5 3
© ‘ 1
. SR A
) " L N
b _ R b A | m_ LA IS
! 114 P - .... w! 5405 .
It Tw ,. 133 bevha B IR
N 1 ;A; bk e 5! A sa am B !
b b i o i P
i f rL *WJ. + J_,ﬁ-. :
' g ﬁh?ﬁ: E ready _
| HY] B8 & = 188 o
11 H 11+ 4 : 0¥
SRETLEWE v o8 B 4 L i) o
- —... .1 4 vy gl -
iy ] s { ,1«4. 3
m9875

(N




ATTACHMENT 5
IZR HEATING CONSIDERATIONS

JUSTIFICATION FOR SELECTING A ”CONTQNUOUSLY ENERSIZED" ELECTRICAL

PENETRATION (TYPE 200 SERI®S) FOR T R _(EEar LOSS) CALCULATIONS

) of elec-

about 1/2 hour,
less than One

Perature rige or

termite 8, etc) are applied
ampacity ratings, giving Very modest heating contribu-

§ pro-
vided the criterion is met; {t¢ _ loadedscontin-
uously energized conductors., T elected for I R calcu-
lations Tepresents the Vorst case as Selected from forma) FE-36 i
dravings and the electrical motar load list,

See the attached swee Calculation No. E-5¢
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CALCULATION TITLE PAGE
PSEE INSTRUCTIONS ON REVERSE $IDE
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PAGE 1 0'/‘?

CALCULATION TITLE (indicative of the Objective):
IR (o33ES IN G& 20O 3er'CS RERCTIDE ConyrAmmMenT”

DETERMINE ACTURL.

QA CATEGORY (V)
gx -~ NUCLEAR

Fars ETRATIN SAFETY RELATED
Oo DOm0
OTHER
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