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1.0
INTRODUCTION

. _ _

The discussions, calculations

Electric 200 series low voltage cont ireport establish the environmental qualifiand conclusions contained in this
,

cation of the Generali

The qualification of these penetrati a nment elsetrical penetrations.
described in sensor Products Engineerions is based on test'ing
(Appendix A), hereinafter ng Memo No.

qualification levels.under the LOCA test, only Tests #1 and #2 called "the test report."994-76-018, Rev. 1In particular,
are used to demonstrate

All GE drawings, specifications
parentheses) herein are in Appendix Band part numbers referred to (in

,

which are proprietary to GE.
These two drawings are cited to, with the exception of twothis discussion. demonstrate traceability and do not

The applicability of these drawings tcontain information essential toshoreham penetrations has been established th
Installation Manual supplied to sho

o the
rough the GE

printout, which lists the subassembly dreham and the GE EIS Filepenetrations.
are also included in Appendix B. Excerpts from the manual and the EIS Filrawings related to these

e printout2.0
PRODUCT DESCRIPTION

The GE 200 series low voltage penetr
primary containment pressure integritations are required to maintaincurrent through their

conductors. y and supply voltage and

The construction and configuration
penetration modules are discussed belows of the 200

Series electric

All modules utilize the identical s
and depicted in Figure 1 '

(195B9702).

rods), wire or rod coating (insulation)Within the steel housing are solidtainless steel housing
,

conductor wire (orand epoxy sealant.
Each are discussed as follows:, spacer or potting boards,

,

The solid conductors are either
262A6853, 262A6854). wire, with diameters consistent with Acopper or thermocouple extension

,

The conductors are coated with Scot hkWG application (262A6849,(262A6669) .
c ote

The

EMR-300 and EMR-301, where the EMR 300 epoxy sealant is identical for all modules and denoted as

the stranded wires to the primarysealant in the basic module and EMR 3Cl (262A7075)
-

(272AB189) is the primary-

introduced into the EMR-300 as amodule. is used to secure
reinforcement. Chopped fiberglass is

All spacer boards are made from GE T i
glass

Pcloth base epoxy sheet. extolite (167 2534), which
'9

A.

,a
The stranded wires
polyethylene, are co(262A7898), which are insulated with cross-link d
connectors on both ends cf the modulesnnected to the solid conductors via coe

pper
, either pin type (234A9806) j,

. -
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for #12 and #8 AMG and thermocouple extension wires, or threaded
type (225A5146) for #2 through #4/0 AMG wires. All connections are
protected by Raychem Shrink Tubing (175A8230). '

In addition, there is an IR5237 (262A7076) (3M Company) rigid epoxy |

cosmetic cover at the ends of all modules, which serves' no
f unctional purpose. Failure of this epoxy will not adversely effectoperation of the penetration. i

'

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. In 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). In
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 ENVIRONMENTAL QUALIFICATION

4.1 Design 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 4224Temperature (*F) 340 320 250 200 150
Pressure (psig) 48 48 15 15 10
Humidity 1004 100% 100% 100% 100%

This information is taken from Figure D-1 in Ref erence 1.

The test profile (Tests #1 and #2 on page 32 of the test i

report) was as follows for the first 24 hours of testing: *

'
; Duration (hours) 3.5 3.5 17

.

Temperature (*F) 340 328 275Pressure (psig) 103 80 26
Humidity 10 0% 100% 100% h

.
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The postulated and test temperature profiles are shown together
for comparison on Figure 3.

For the first 24 hours of the test, the test profile envelopes
the shoreham 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 02) which represent all low voltage
modules (see section 2.0).

The test setup is as shown in Figure 2 The penetration
modules remained helium leak tight to less than 1 x 10-6 ee
He/sec. (Test Report, page 34) which satisfies the IEEE
Standard 317-1976 guideline of 1 x 10-2 cc N /sec.2

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 eff ects of

2the thermocouple module (I R) 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 postulated 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 internal
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 demonstrated the ability of the
penetration modules to withstand extreme external pressure (103
psig) at elevated temperatures (340*F peak) without loss of any
structural integrity.

*
.

The modules were satisf actorily 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
340*F. The ability of the penetrations to maintain containment
integrity given a postulated peak accident pressure of 48 psig

-3-
.

-- - .-.- y ._- - g g. .----_--.~.e_-__ __

. . -.



"* " di .N p .h5. k._,,. if, ,,k./ :. Y. . ~ " ~~
- 4 .

.
- - - ~ - - ~ - ~ ~ -

.

%

is demonstrated with a tested leak rate less than 1
which is more than twice the 48 psig peak postulatedcc/sec. (Test Report, p. 34) at a tested pressure of 103

x 10-6
psig,,

pressure.
Subsequent to attaining the 48 psig peak ac id
postulated containment pressure decreases to 15 psi

c ent pressure,

which will not be exceeded for 180 days (section 4 1)and to less than 10 psig within 4 days (FSAR Figure 6 21 1
'

g in 6 hours
.-2),

Internally, the Series 200 penetrations are
.

. .

pressurized with nitrogen to 15 psig. normally
hours of accident initiation, and for 180 daTherefore, within 6internal N ys thereaf ter, the
greater than the postulated containment pressure 2 penetration pressure is likely to be equal to or

.

Pressure integrity was demonstrated for the seri
plus 13 days (Test #2). penetrations during the above testing for 1.25 hours (tes 200

during which the device was energisedThe first 24 houls of this testing,
est #1)

years beyond the 180-day accident profile (sea sectiwas extrapolated to 4.7
,

5.0).
The remaining 289.25 hours of testing providesons 4.3 and

additional 1,76 years, when extrapolated at the norm lan
temperature of 150*F. a maximum

Therefore, the series 200 penetrations have b

boundary f unction during postulated accidentto retain their structural integrity and pe feen demonstrated
r orm their pressure

conditions.4.3 Operating Time .

These penetrations are required to withstand th
accident conditons discussed in section 4 1 above postulated

capability and containment (pressure) integrity fmaintain their required safety functions of ele t i
*

e and still
.

cr cal

the duration of the accident (180 days) or at least
these requirements, the first 24 hours of thin order to meet.

Section 4.1 above), during which this devi e test profile (see
utilizing Arrhenius methodology. electrical capability and pressure integrityce demonstrated both, was extrapolated

-

4.3.1
Determination of Activation Energy

It is assumed that only non-metallic materials
construction are sensitive to thermal aging of

indicate that they will be unaffected by the ranstructure and relatively high melting points of metal
IThe rigid.

s

An evaluation of the construction of these p ntemperatures with which we are concerned in thi
ge of

s study.

(see Section 2.0) resulted in the followie etrations ,

regarding the non-metallic components contained withing. conclusions
this device. -

n.
*

,
. a.

Ethylene Propylene Rubber (EPR)
'O' - Rings

This component establishes the seal between th
~

individual modules and the header plate and i
*

!e i

required for maintaining pressure integritp only
s

.
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A curvey of available lit
.

materi
2, p. >al has an activationerature indicates that thi4).

energy of 1.28 eV (Ref
. s"-

P 3a_=em
,

.

This,

material is
*

insulation is not req iwires into the penetratito pot the stranded co
.

used

on assembly. nnection

stranded wire insulationepoxy but rather by the R
u red Electrical

aychem Shrinkto be maintained by tht'
EMR-300 e

pressure (integrity.see below) which is requiaddition, it is the
In Tubing and.

will not effect the abilitDegradation red to maintain
,

perform its
this device toof this material

y of
will not be safety functions.

considered in this Therefore, this epoxyc.
Textolite Spacer Board analysis,

s
This

component is
maintaining the used to aid in
potting process (spacing of the manufa turing byc

163C1790).to perform itsmaterial would not affectDegradation of thisconductors during thethe
material will not besafety function. ability of this device

considered in thisTherefore, thisd.
xys237_Eyoxy analysis, '

This
material is

assembly and servapplied as a

this material will not bno safety function. cosmetic finish to the
es

analysis, e
considered in thisTherefore,e.

Flamtrol or Vulkene S
tranded WireThe

cable supplied fora

(Attachment 2) . cross-linked polyethylencustomer
connections

A survey of available lie (XLPE) insulationutilizesindicates that this
energy of 1.23 eV (Refmaterial has terature

Raychem Shrink
. 2, p.B-8).an activationf.

Tubing

The shrink tubing providthe

stranded wire, and for thconnection between the electrical insulation f
es

conductor
the EMR-301 side of

or

the spacer boardat part of theand theflexible tubing showspecification RT-ll36 (Aconductor IB
on

ttachment 3) for poly l
Raychem.

50% of its dielectrics that
strength and 70% of itsthis tubing must mainttensile strength aft

o efin,
.

and 60*

ain !days er
exposure to 7 lArrhenius at 134*C.-

,

days
activationequation (Ref. 2, EqUsing this data in theat 158'c t

energy of 1,35 ev. 4-16) yields an em
!

.
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g. Scotchkote Coating

This coating is applied to the conductors to
maintain electrical resistance between them. whilethis coating is no longer manufactured, its
properties are considered similiar to scotchcast
5230 (Attachment 4). This substance maintained 50%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 1.49eV.

h. ERR-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
critical 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. Due 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 will
normally be exposed 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 oxidizingatmosphere.

4.3.2 Extrapolation of the Test Profile

Since thermal degradation is a cumulative process, the
test profile discussed in Section 4.1 above can be ;

regrouped for convenience as follows:
I

Duration, Hours
Temperature, 'F ( *K ) "

,

3.5
340 (444)

..
' '

O.25 334 (441) (Avg.)| 3.25
1 328 (437)0.5 301.5 (423) (Avg.) I I,

. ~
1
1

l
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Duration, Bours
_ Temperature, 'F (*K)

0.75
300 (422) (Avg.)1.5

14.25 287.5 (415) (Avg.)
275 (408)

Total = 24 Hours

The Arrhenius equation is as follows:

7 1 1t, = t, exp I
-

T T Reference 2,
s a

where Equation 4-16

ts = Service Time

ta = Test Time

Ts = Service Temperature ('K)

Ta = Test Tertperature ('K)
)

# = 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.

; I I I I i l
|

|T , F(*K1 |Ta, *F(*K) | t | Calculated t | Required |

s
| | | 1 | Time |

a s '

| | l I I I

|

I I I I340 (444) 340 (444) | 3 hours | 3 hours | 3 hours |

,

3 ;
| | | 1 1 I

l | 1 I I I i| 320 (433) | 340 (444) | 0.5 hours | 1.13 hours | 3 hours || | 334 (441) | 0.25 hours | 0.45 hours | || | 328 (437) | 1.05 hours | 1.42 hours | || | | | Subtotal =3 hrs | || | 1 I I || | | | | | 8| 240 (394) | 328 (437) | 0.51 hours | 18 hours | 18 hours |1 I I I I iI i i I | |

,

.) 200 (366) | 328 (437) | 0.13 hours | 73.42 hours 'l 72 hours |

.

1 1 I I I |

-

| | | | | || 150 (339) | 328 (437) | 0.34 hours | 178.71 days | 176 days |
e| | | | .I I

I 1Total = | 183 days |
I !-7- -
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The results are graphed in Figure 4 !

the extrapolated test profile envelopes th, which shows that

hours of electrical operability test time a d 1 accident conditions for at least 183 days with 18
e postulated

.22
pressure integrity test time not used. 2 days ofn

be used in Section 5.0 to justify an ap rThis margin will
surveillance interval for this equipmentp opriate

4.4 Radiation .

The postulated radiation inside the contai
of the electric penetrations is: nment in the vicinity

P_eriod
Dose (rads)

Reference40-year Normal _

1.8 x 107
180-day Accident FSAR Table 3.11.2-1 and

Reference 1, Figure D-13.87 x 107
SWEC Calculation SNPS-1-
URB-25-A, Revision 1

Prior to LOCA Tests #1 and #2, the 200 S
modules were successfully tested to (Test Reeries penetration

_ Module port , p. 13 ):
Serial No.

Dose
4/0 AWG
2 AWG TG-8
8 AWG TG-7 5.3 x 107 rads
12 AWG TG-6 9.8 x 107 rads
T/C TG-5 6.7 x 107 rads

SRM/IRM TG-3 6.0 x 107 rads
TG-1 5.0 x 107 rads

6.1 x 107
The only test exposures less than the

rads

are for the T/C and 4/0 modules. maximum postulated dose
established in Section 2.0, the other modulDue to the similarity
" Shield Building Seal" referred to ir threpresentative of these for the purpose of t

es are
ype testing. The

module separate from and independent of the test report is a

to the penetrations installed at Shorehas described on page 3 of the test report and ie Series 200 module,s not applicable
am.4.5 Conductor Heating

The current-carryigg penetration condu t
investigated for I R heating. c ors have been
determined to be less that the 1 R heatiThe actual I R heating was

2
2

qualification tests (see Attachment 5)
,

ng in the
.4.6 Dielectric Strength ,

"

:
The power assemblies (#2 AWG,
VDC or 120 VAC are qualified by similarit#8 AWG, #4/0 AW) utilizing 125
thermocouple assemblies which were en r iy to the #12 AWG and *

carrying current throughout the IDCA qualificatie g zed at 250 VAC and2.0).
on (se'e Section

8--

,
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Power assemblies utilising 480 VAC and requiring operability
for 70 minutes are qualified by the power assembly LOCA Test #1
(Test asport, pages 32 and 33), wherein the conductors were
energized at 500 VAC and carrying current for 75 minutes. ;

Power assemblies utilizing 480 VAC and requiring operability
for 180 days require special consideration.

The test conducted
on the thermocouple module provided a voltage stress of 250 VDC
across a minimum dielectric thickness of .0555= (163C1790) or4.5 volts / mil. The #2 AMG 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 lowdielectric stresses. Typical dielectric strength for epoxy
resins varies from 425 to 2000 volts per mil (Reference 3)
depending upon dielectric thickness. At LOC;. hveratures,
dielectric strength will be approximately 200 volai/ mil
(Reference 5), well above the required 6.2 volts / mil.
the required dielectric strength is very small compared to the

Because

above epoxy resin dielectric strength, the assemblies using 480VAC will function as required.
5.0 SURVEILIANCE PROGRAM

A maintenance and surveillance program will be performed to monitorpenetration integrity. Periodicity will coincide with required
leakage tests per Appendix J to 10 CFR 50 (Type B tests).

A maintenance and surveillance program will also be perf ormed to
monitor the electrical characteristics of these penetrations.
periodicity of this surveillance is justified by extrapolation ofThe

the 18.22 hours of test time remaining from the calculations in
Section 4.3.2 to an equivalent time at the maximum normal ambienttemperature of 150*F.

Time ToTest Duration Test Temperature, 'F (*K) Equivalent Damage
1.22 hours 328 (437)5 hours 641 days

301.5 (423).75 hours 89 days
300 (422)1.5 hours 123 days
287.5 (415)14.25 hours 140 days
275 (408) 735 days

Total = 1,728 days
= 4.7 years

Therefore, a surveillance interval of less than approximately 4 7
-

D

years is justified. The electrical surveillance testing will be
.

.

* performed during each refueling outage.
*

on a sample of installed spare modules. Measurements 'will be made,

!

I

The surveillance program will consist of a leakage resistance
measurement made at not more than 500 volts to preclude damage e
consequent to the test.

will be recorded. Leakage resistance and ambi,ent, temperature i

-9-
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The rejection criterion will be a marked decrease in resistance with
time, which cannot be accounted for by tesperature variations
that any specific resistance measurement is essentially meaninglNote.

but a rapidly decreasing series of resistance measurements impliesess,

that degradation may have taken place.
.

'6 . 0 ANOMALIES
4

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

An arbitrary 30% of module connectors to be energized was
established at the onset of the test program.were as follows: The actual numbers

Size Available
(Module) Conductors _# Tested _P_ ercent4/0

42 3
10 75

8 6
30 60

12 15
85 50

28 33
The following two anomalies occurred:

1.
In test #1, a dummy module blew out of the autoclave and caused
a 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 modules shorted t
the autoclave wall due to steam buildup within the autoclaveo

Removal of those 2 cables reduced the sample size to 40% .

.

In test #1, the module which blew out was an old one (not 200
Series) which was used as a plug to fill the 7th hole in thheadplate.
qualification of the 200 series test specimens.Therefore, the blowout has no significance for the

e '

It should be noted that in anomalies 1 and 2 above
inside diameter had only a matter of 1 or 2 inches clearance fr

, the autoclave

and that any movement of the cables would likely cause a shortuninsulated cable connections external to the test specimen modules
om

, i

This condition had always been known by the test engineers .

i

associated risks were taken. , and the
The close clearance and uninsulated .

'

connections are not representative of the actual installation '

B

Therefore, the shorting has no significance for the qualificati. '
'

the test specimens. on of .
'
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ATTACHMENT 1

'

PENETRATIONS MOUNTED FROM INSIDE PRIMARY COffrAINMENT

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:

1. 1T23*z-WC4, Class IE, control circuits - No.12 AWG.

2 1T23*z-WDl, Non-Class lE, instrumentation, SRM, IRM, and LPRM,
No. 12 AWG.

3 1T23-z-WB1, Non-Class lE, low voltage power - No. 2 and No. 4/0
AWG.

4. IT23-z-WB6, RPI, instrumentation - No.12 AWG.

5 1T23-Z-WC6, RPI, instrumentation - No.12 AWG.

Of these, only one serves class lE equipment control circuits whose
operability is safety-related. These circuits are energized at 120V
and carry low current.
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PRODUCT DESCRIPTION . ride. He elimination of the fibrous coverings simplifies ter..

General Dectric Vulkene Type SIS switchboard wire, mination, saves space and improves the appearance of the
originally introduced in December 1%1, is now accepted w2re with no sacrifice in technical properties.
and is used by all major electric switchboard and control
apparatus manufacturers. The Vulkene insulation, which re. APPROVED WIRING FOR SWITCHGEAR
quires no braid or other fibrous covering, allows smaller ne Power Switchgear Assemblies Group of the Switch-
diameters and lighter weight than formerly possible in such gear Section of NEMA has revised its Standard Publication
wire. for Power Switchgest Assemblies, SG5, to read as follows:

PRODUCT DATA *

sG5 5.os small Wiring
Vulkene Type SIS switchboard wire consists of a tinned

Insulated wire, not less than No.14 AWG stranded, with
solid or stranded copper conductor, a paper se{e extrudedinsulation complying with Section 384 9 of the National -arator for
easy stnppmg and Vulkene msulation-a sing Decnol Code 1%2 e latest revision thereof, shall be

,

wall of chemically cross. linked. filled polvethylene. Vulkene,r

invented in the General t.lectric Lompany s rtesearch and used on small wiring. Where solid wire is used, the minimum

Development Center and developed as an insulation in the size shall be No.:12 AWG.He internal wiring of component,

Wire and Cable Department s laboratones, in the result of devices or parts shall be in accordance with the applicable

years of testing many methods of compounding, processing industry standards.

and extrudmg to provide the proper balance of properties For wiring of su rvisory and annunciator circuits, small
needed m a supenor wire msulation. Vulkene is a therm * wiring may be u provided it is adequately a pported and

setting insulation with excellent thermal and electncal pr,op.
will meet the voltage and current requirements of the circuit."

erties, chemical and moisture resistance, and mechanical G.E Vulkene switchboard wire is listed by Underwriters'-
toughness that make it superior to any other general purpose .I.aboratories, Inc., as Type SIS for wiring switchboards and.- *

insulation. He fact that the insulition is thermosetting and other industrial control panels in accordance with ArticleO, * not thermoplastic means that temporary overloads will not 384 of the National Electrical Code. His switchboard wireV melt the insu' anon as the case may be with polyvinyl chlo. is recognized by NEMA as approved wiring for switchgear.

VULKENE TYPE SIS. SWITCHBOARD WIRE
%SI.57275 T'

m -- W- l V Uud_M U w 1_ M P F_ M ' M L -

Single Conductor 600 Volt 8 90 *C Conductor Temperature
*

CONSTRUCTION:
Two-cycle tinned copper conductors, paper separator. Vulkene insulation. Standani color is dark gray. Black, white. green. red,

yellow or blue available on special order. listed by Underwriters'l aboratories. Inc. as Type SIS in Sizes No.14 AWG and larger.

lasvle96en I Appres Ig gg g,, w,

la e * la ac es
18 1 / 30 f

* ;g *y*I '
, .11 10

18 7 30 e .11 11
18 14 30

*

G' ( ,1 I .11 11

s .11 11
18 41 30
16 1 30 s ,| *[ .12 14-

16 7 JO | f p .13 15
le 26 30 g s .13 15
14 1 30 e .13 19314 7 30 * .14 20' 14 41 30 .14 20
12 1 30 .15 28 -

12 7 30 . .16 28 f.
*

12 45 * 30 ! .16 28
- 10 r I ' 30 .17 41

10 7 t 30 .18 42
10 105 .19 43
8 1 45 .23 49
8 7 45 .25 70
8 133 45 .27 75 *

m 6 1 80 .30 110
) 6 7 80 .32 113

,/.* 6 - 133 80 .33 119*

4 1 80 .34 142'3
4 7 80 .37 164
4 133 59 .40 175

* Rerutered trade mark et General Electne Compan7

GEN 23AL E L'' CT R I C WIRE AN ABLE PRODUCTS DEPARTt,'ENT

BRIDGEPORT, CONNECTICUT 06602
.- . . ~., - ..
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TA.BLE I

COMPARATIVE DATA-5 WITCH
1.

4

BOARD WIRE
t 4

TYPICAL VALUES
.

Test \
.-

EMPERATURE RATING TM
Em rcencyratingMgximum operating temper tType TBS

Volkenea ure
shtri circuit rating-30 see Typests

90 *C *

110*C 90'C
CTRICAL PROPERTIES

150 *C 110*C
* -

150 *C 90 *C
*

F

culxtirn :sistance 125 'Cr
200 *C

Dry ct rated temperature M
-

-

eguhms-M ft

1 CAL PROPERTIES
1.4 I 'i

yino! 0.6 .

wife stren 33.2
ing: tion gth, psi

.

%
-

2300' oir bimb,42 hr 80
-

0.-280
site strength-% of originalpsi,127 *C 2300

-,
-

275 6

9ttun-% cf original 2000.

300 200

eir avin,60 days, 30 *C
'

100
le strtngth-% of original

100
100 ;

atun~% cf original
1

109

flaw-wsund around 128" ,!rei;ht 50 100.

mandret 83
'

'n-Kilsvalta l
1 *

hr tt 135% rated current ,

'lun) t;st

[" 8 *" p*8888 8
, .

-

p
nee Panes '

None
Passes-

*

_ .

~
,

None *

None *

Cood :
(shght trace) Good I a

(slight trace)
Excellent

*

(no trece) * i

|~ -.
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TABLE 11

COMPARIS,0N OF VULKENE WITH PVC
_

-

Single impact M Vullione Type 515
PVC

>

Pounds to failure ' __ X" Wall t X" Wall$" rod
%" rod

-

Slow compression 2.0
' Pounds to failure 2.0, 0.5

1.0

Penetration test-90 degree sharp edge 8

Load in grams to penetrate insutstion in 10 minut 190 \
,

152 i

lisulation resistente
Megohms-M ft es after 10 minutes preheat at 90*C !*

6800
Original 1300

'

1 day
7 days @@ 97*C

-

97'C 3975

insulation flow-wound around.128"m
32024

Breakdown-volts andrel with 6 lb weight 0.M
23 0.41

Original

7. After 1.hr. at 135% rated current
Abrasion resistance-Sandpapsr 150 grit B with 3 lb

.

# 27+ -

Inches to failure '19.8 27+ -

weight 0.8

t Cut.through .025" steel strop wound around insul ti (
% deformation ofinsulation

.

40 -

'

Start e 25'C a on with 10.5 lb weight 34

1hre 25'C
10 hr e 25 *C -

50 hra 25 *C 9.5
100 hr a 25*C 13 16

14 32

t Cut-through .025" steel s' trop wound around insulati14 34.5

% deformation ofinsulation 15 34.5
|

Start e 90 *C on with 3.5 lb weight 35
I hre 90*C
10 hr e 90*C
50 hr 0 90 *C
100 hr e 90*C

~ 27
27 38 '

29 50
t H.* w.r n 30 57

30 59
60

*

platic. asbestos (Type TA and the thermoplastic c ttEx:mination of the data in Table I comparing VulkCOMPARISON DATAc

equ21s cr exceeds these ex)ellent wires in every i. o on braid (Type TBS) shows that Vulkene Type SISene Type SIS switchboard wire with the conventio
'

!

he:vily wired switchgear leakage to ground will be
!c

nal thermo.j

mportant property. The improved insulation resistanswitchb:ard wire are an indication of the physic l t
'

switchboard wire

minimized. The high tensile strength and elongationoughness so essential to successful factory and rep iof Vulkene Type SIS
switchb:ard wire ce helps insure that in
insulati:n was so. Another significant property is the excellent flame resistance

a

setting insulation without an outer covering co ld becially developed to obtain the flame resistance so
necessary for switchboard wire. Lp to now no thof this Vulkene compound. This Vulkenea r shop usage of

For

The cut through resistance of Vulkene Type SISwire. Ex: greater economy some users are tempted to use straight PVC (poly i
u

e used for this application. "

mination of Table II shows Vulkene Type SIS switchb ermo, e
v nyl chloride) as.

embirnt temperatures. Even under the most adve sThis excellent balance of physical, electrical and thoard wire to be superior to PVC in every importthe insulation for switchboardswitchboard wire is superior to PVC both at room te
r e wiring conditions adequate insulation wall will b

ant respect.
cutst:nding choice for this application. mperature and at high

ermal properties make Vulkene Type SIS switchb
,

e maintained.
oard wire an

, .y- -
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GUIDE SPECIFICATION
VUI.KENE SWITCHBOARD WIRE AN,D CABLE

sli k d
This specification covers single conductor switchboard wire and cable insulated with filled chemically cross. n e1. SCOPE ' h ll be suitable for operation

polyethylene in sizes No.18 through No.4 AWGeopper conductors.The wire or cable s aNo.141.1

ct conductor temperatures of 90'C or less in dry locations at a maximum voltage rating of 600 volts. Sizes
.

d i e

AWG and larger shall be listed by the Underwriters' Laboratories. Inc.. as suitable for switchboar w re us ..
.

2. CONDUCTORS
' i

Canductors shall be coated copper meeting the applicable requirementsSf the IPCEA-NEMA Standards Publicat onh ll be solid of

(IPCEA Publication No.S-66-524. NEMA Publication No. WC 7-1971 or latest edition). Conductors s a2.1
.

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

l

A separator. when used. shall consist of a helical or longitudinal wrap of paper or other suitable material direct y over3. SEPARATOR ,

3.1
the conductor.

*

The insulation shall consist of an extruded wall of gmically gosf.finkg,. plied p'5fyethylene, dark gray in color 6 of IPCEA S-66D4.~theShsulation shall meet the
, , , . _

4. INSULATION
.

'

4.1
unless otherwise specified. When tested in accordance with

-

following requirements: h

Tensile Stren gth, minimum psi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1800 Dong ation, minimum percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150
PHYSICAL REQUIREMENTS

AGING REQUIREMENTS-After Air Oven Test at 121:tC for 168 Hours 70

Tensile Strength, minimum percenta5e of unaged value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .70

Dongation at rupture. minimum percent of unaged value . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
Insulation 7hickness. De 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.

. .

g

INSULATION THICKNESS
~ CONDUCTOR SIZE-AWG INSULATION THICKNESS-Mila

30
18-10 45

8 60
64

.

5. TESTS
ne completed wire sh3dl meet the following requirements:
5.1.1 Flame Test. A 22. inch specimen of the wire shall meet the vertical flame test require' ment described in 6.19 5 of5.1

l i

5.2 Voltage Test. The insuhilon on a 12. inch specimen of the wire shall withstand for .one minute the a ternat ngh ll be wrapped in metal foilIPCEA S.19 81.
i

vitta;te indiested in the fewing table. The central 6. inch pordon of the spec men s a
.

,

and the yohage shall be rpplied between the conductor and the foil.
CONDUCTOR SIZE-AWG AC TEST VOLTS

150018 10 .,
200084

.

.
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VERSAFIT*TU8ING
.

POLYOLDIN. FLEXISLE. HEAT.SHRINKASLE PLAME METARD NTA

1. SCOPE

This specification covers the requirements for one type of fleaible el
tubing whose diameter will reduce to a predetermined siectncaJ tasuladas, extruded
Il3 *C (1J9'F). VersaFit is IJL recognized, meeting all the req ize upon the application of beat in eacess of}

.

|

f257'F) flexible, heat shrinkable, polyolefin rubins with VW 1 ratinu rements of UL 224 for 125'C,

cordance with Bu!!etin 933.
'

g and is CSA cerufied in ac.
*

2.
APPUCA8"LE DOCUMENTS

the latest issue of referenced documenu applies ThThis specification takes precedence over docucmts referenced h
| --

erein. Unless otherwise spectied.speciScation to the extent specined herein. e fo!!owing documenu form a part of this
.

2.1

( UNDERWRITFJtS LABORATORIES. INCORPORATED -

UL Subject 224 - Extruded lasulating Tubing
f

(Copies of UL publications may be obtained from Und
Whitman Road. Melville. Long Island. New York 11744 )erwnters Laboratories. Inc.,1285 Walt

2.2

CANADIAN STANDARDS ASSOCIATION
.

Sn!!stin 983

Polyethylene Insulating Tubing Rated at 123 *C and 600 VoltCSA Certi5 cation Reqviremenu for Heat. Shrinkable Irradiated Crosslinked ,

Boulevard. Rendale. Ontario Canada M9W IR3.)(Copies of CSA publications may be obtained from Canadi
s

an Standards Assocation 187 Readaje
2.3

OTHER PUBLICATIONS 1

American Society for Testing and Materials (ASTM)
D 2671

Standard Methods of Testing Heat.Shnnkaze Tubing for Elect
(Copies of.~ ASTM publications may be obtained fro ncal Use 8

Matenais.1916 Race Street. Philadelphia. Pennsylvania 19103 )m the American Society for Tesung and.
.

3.
. REdUIREMENTS

i 3.1 MATERIAL| *

j un

Thetubing sha!! be fabncated from thermally trabdized flame reta dj

shall be crosslinked by trradiation. It shall be homogeneous and essr ant, modilled polyoletin and{
, .

defecu, pinholes, bubbles, seams. cracks, and inclusionsj
.

entially free from (laws.u

\

_
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.~32 PROPERTIES .

'

The tubing shad mee: the requirements of Table 3.1

3.3 COLOR

The tubing shad be available in black and white.

4.
QUALITY ASSURANCE PROVISIONS

4.1
CLASSIFICATION OF TESTS

4.1.1 Q_ ualification Tests
. . _

uct and shad consist of aD tests listed in this specincation.Qualifcation tests are those performed on tubing submstted for qualircadon as a satisfactory prod-
4.1.2 Acceptance Tests

'-

Acceptance tests are those performed on tubing submitted for acceptance under contract Accept.
uhimate eTongadon, flammability, and heat shocLance tests shad consist of the following: dimensions, longitudmal change (4.3.1), tensile strength

.

,

, 4.2
SAMPLING INSTRUCTIONS

( 4.2.1 Qualification Test Samples s

!

Qualificadon of one size or color shall qualify all sizes and colors. Qualification test samples shall consist of 50 feet (13m) of tubing of the size and color specified.
4.2.2 Acceptance Test Samples

Acceptance test samples shall consist of not less than 16 feet (J m) of tubing selected at random
from each lot. A lot shad consist of all tubing of the same size from the same production run andoffered for inspecnon at the same time.,

.

4.3 TEST PROCEDURES

dnless otherwise specified, tests shall be performed on specunens which have been fuDy recovered
by conditioning in accordance with 4.3.1. Prior to all testing, the test specimen (and measurement
gauges, when applicable) shad be conditioned for 3 hours at 23 = 3'C (73 = 5'r/ and 50 = 5
percent relauve humidity. All ovens shall be of the mechanical convection type in which air passes
the specunens at a velocity of 100 to 200 feet (30 - 60 m/ per minute.

4.3.1 Dimensions and Longitudinal Change
'

Three 6-inch (150 mm) specumens of tubing, as supplied, shall be measured for length, to an ac.
-

-

curav of = 1/32 inch (= 1 mm/ and inside dism:ter in accordance 'with ASTM D 2671. The
*

s+>edscas then shall be conditioned for 3 minutes in 200 = 3 'C (J92 : J 'F) oven, removed from
.

'
'

.

, ,

I
e

. . N

' _ _ _ . . . . _ ..,n . . . . . . .
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the oven . cooled to 23 = 3*C (7J = J'F) remeasured for length, insida diameter, and waU
thickness in accordance with ASTM D 2671. The longitudinal change shall be calculated asfoUows:

.,:
; - CmLI - 4 x 100'

4.

Where: i

C = Longitudinal Change [ percent!,

!;
;

L0 = Length Before Conditioning [ inches (mm/]
I

L3 . Length After Conditioning (inches (mm)]

4.3.2 ' Tensile Strenoth and Ult! mate Elongation

The tensile strength and ultimate elongation of the tubing shau be determine [in accordance v;ith
ASTM D 2671 using I inch (25 mm) bench marks and a 1 inch (25 mm) initial jaw separation. The
speed of jaw separation shall be 20 = 2 inches (500 = 50 mm) per minute.

~~

4.3.3 Cooper Stability

Sia bach (1J0 mm) specimens of tubing shall be slipped over a snus fitting, straight, clean, bare
'

- -

copper conductor. For tubing sizes I/4 and smaller a solid conductor shall be used; for rubing stres
3/8 and larger a solid or tubular conductor shall be used. The specimens on the conductors shan be(
conditioned for 24 hours in a desiccator or similar humidity chamber at 90 to 95 percent re!ative
humidity and 25 = 3 *C(77 = J'F). Three specunens shan be condiconed for 7 days at !$8.0 =
1.0*C (316.4 = 1.d*F) oven and three specumens shad be condiconed for 60 days in a 13a.0 =
1.0*C (273.2 = 1.d*F) oven. After conditioning, the specunens shall be removed from the oven!

and cooled to 23 = 3 *C (73 = J'F). The copper conductor then shah be removed
from the tubing, and the tubing and conductor shall then be examined. Darkening of the copper
due to normal air oaidation shad not be cause for rejection. The tubing then shall be condiuoned
at room temperature for 16 to 96 hours and tested for ultimate elonganon in accordance with4J.2.

4.3.4 Dielectne Withstand. Breakdown, and Strenoth

The dielectne strength of the tubing shall be measured under oilin accordance with ASTM D 2671.
Frve 6. inch (150 mm1 specimens of tubing shall be recovered over a metal mancfrei by condiconmg

'

for 3 minutes in a 200 = 3 *C(392 = J'F) oven. The mandrei diameter shah be slightly larger than
the fully recoveredinside diameter of the tubing being tested. The metal mandrei shall serve as one
electrode and a 1 inch /2J mm) wide stnp of lead foil wrapped around the ouuide of the tubing asthe other ciec: rode. The test voltage shau be applied at a rate of nse,of 500 volts per
second. Thickness measurements for calevlaung diefectnc strength shall be made adjacent to the
post of bresidown. Specunens for dielectric withstand shah be held for 60 seconds at 2500 volts.

4.3.5 Corrosive Effect ..

~

.

Six specimens of tuoing shall be testen for copper contact corrosion in accordance witn ASTM D
~

2671. Method B. Three specimens saan be cond;tioned (or 7 days in a158.0 = 1.0*C IJ16.J1.d*F) oven and three spectmens shall be condiuonec for 60 days in a =
13 8.0 = 1.0*C (273.2 =

1.18'F) oven. After conditiomng, the spectrnens shah be visually e.sammed for evider.cc of corro.sion.
',

.

|
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4.4 REJECTION AND RETEST

*
Failure of ani sample of tubing to conform to any one of the requirements of this specification
shall be cause for rejecdon of the lot represented. Tubing which has been rejected may be replaced
or reworked to correct the defect and then resubmitted for acceptance. Before resubmitdag. full
particulars concernmg the rejecuon and the acdon taken to correct the defect shall be furmshed to
the inspector.

5. PREPARATION FOR DELIVERY

5.1 FORM - - - - - - -

''

The tubing shall be supplied on spools, unless otherwise specified. .

.

5.2 PACKAGING

Packaging shall be in accordance with good commercial practice. -

~ ~ " ~

5.3 MARKING

Each container of tubing shall oc permanently and legibly marked with the size, quanuti,
..

manufacturer's idendficaden, specificadon number, and not number.
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TABLE 1 |
-

.,

TUBING DIMENSIONS NE
.

AS SUP'UED | RECOVERED

| | wen n . um. .== -== -
.. ..

man..w.e | inen | umwee.e { saa aneas | w .n..
enen ,

!.017 R43 .023 0.J# .020 0.J1 y
3/32 .093 2.J4 .046 1.17

1/8 .125 J.18 .062 f.J# .017 0.43 .023 AJS .020 0.J/

3/16 .187 4.75 .093 2.J6 .017 0.45 .023 0.J# .020 0.J1

1/4 .250 6.JJ .325 J.18 .022 0.56 .028 0. 71 .025 0.64

3/8 .373 P.JJ .387 d. 75 .022 0.J6 .028 a71 .025 0.64
~

1/2 .500 12.70 .250 6.35 .022 RJd .028 0.71 .025 0.64

3/4 .750 19.05 .375 9.53 .027 ad9 .033 0.34 .030 0.76 -

.

.

..

.-

.

,

.

TA8LE 2

MANDREL DIMENSIONS FOR BEND TES71NG

Twaine Stae otsmeier av woneres nacnee umienevesi

3/32 to 1/4 indusive 5/16 7.P
,

3/8 to 3/4 indusive 3/8 9.J

,

t.

.

.
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TABLE 3 -
.

.

REQUIREMENTS.
.

METMoD ospro *EmTY Utt!T REQutREMENT Tts?
PHYSICAL Secuen 4.3.1

Dunettsens lacan imme ir. accoroance with labw I ASTM D 287

Dunensenal Recovery lacho tems in accoraance witt. Tabee i Secuen 4J.I
ASTM D 2671

LantnunmatChange Secuen 4.3.1
ASTM D 2671 Percent - 1. - 10 ASTM D 2671
UL 224 Percem - 3. - 3 UL 224

Tensue Suength pin (M Psj 1500 mununum (10.Je Secuen 4.3.2
ASTM D 201

Ukunate Lonsauon Peroem 200 msnmum Secuan 4.3.2
ASTM D 201

56 cant Modulus psi (MPs/ 1.5 m 10* mammum (10J/ ASTM D 2678
,

Deformaien ai 123 T (257'Es Pernem 50 manmum UL 224

La= Temperature Ficaibiln>
I bour si - 30'C t-22*F1 ho crackm : UL 224

"

Heat Shock
i nour at tie *C (7mr. M e,=n.~ 1" m

Heat Asm
1 eavs at 158'C 'Jif *h UL224to says at IM *C (27J'ri

I Folawed by tests for:
Tensite Strungth paJ (MP4/ 70% minunum of ongmaj 5ecuen 4.3.2Ulumane Longauor. Percem 100 muumum Secuori 4.3.2
Fuzibibt> No cracus: UL 224Duactpc Withstand Seconds 60 muumum Secuon 4.14
Deertnc Bisakoown Volu $09. mmunum of unaged specamcas Secten 4.3 4Dalectric Strengt.n Woh.s/ Mil (Fotu/mm/ 500 mammum (17.6#0/ ASTM D 2671

Coppet 5tabil tt No brut'eneu, slaans cract.mg Secuoe 4.3.3
1 Davs at 138'C (3fi'T/ or severe ducomrauen of tutang ASTM D 267)
40 Davs at 114'C 4271*T/ No prtung or blackerung of sopper.Folded by test for:

Ulumate Lonsaten Percem 100 mmunum Secuoe 4.3.2,

Ilestncted Sntsnkare Pau UL 224
LL.S::TRtCAL Secuon 4.3 4

*

Dalectne Wsthstand at 2500 v Seconds 60 muumu.vi UL 224.

Diciectne suength Volu/ Mil (Fosurmmi 500 mmanuar (19.640/ h_en 4.3 4
Volume Resistivit3 Ohm-Crr 10** mmamme | ASTM D 2671

CHEMICAL
,

Carroerve Effect NoncorTossve Secuen aJ.3 61 days at IS8'C (Jis'71
680 enyn at iM'C (271*T/

. ~<~

F'ammaoihet- Pass UL 224. vw.I $.
*

*

* Water ADeofpten Percum 0.5 mammum ASTM D 2678
| . 24 hours si 23 *C (7J're

-
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. eds$ nuclear FILE: 0630-001-671
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NK W ardO PY:
. RECORD OF CONVERSATION

C Meyer (3-M)-

.

x Telephone Meeting Other r

TO. Curt Meyer FROM:
Steve Pauly ATE 11/29/82

Y '
3-M Product Information Center 612-733-6739

COMPANY: PHONE NO.:

Scotchkote Resin 2006SUBJECT:

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 specificr
gravity of 1.62 for Scotchkote 2006. h e lower specific gravity of the'

Scotchcast 5230 would probably make heat aging data for Scotchkote 2006
conservative. He Scotchcast 5230 was exposed to the following condition
to achieve 504 breakdown in dielectric strength:

2000 hrs at 180 C
7500 hrs at 1620C
400 hrs at 2000C

(see attached Arrhenius plot)
.
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ATTACHMENT 52
.

I R HEATING CONSIDERATIONS

JUSTIFICATION FOR SELECTING A " CONT
PENTTRATION (TIFF 200 SERIES) FOR IY ENER3IZED** ELECTRICAL

(HEAT. LOSS) CALCULATIONS

The time constant (time to chieve a stablePenetrations are aspecity rated based on carrying current continuously.-

trical apparatus, including penetrations temperature rise) of elec-
thus loads which are intermittently energ,is d fis typically about 1/2 hour,
minute do not contribute significantly to the bulk tor periods less than onee
the penetration.

using continuous ampacity ratings, giving very mode t hFurther, intermittent loads ()OV's, etc) are a
emperature rise of

tions. pplied
eating contribu-

.

s

All type 200 series penetrations are de' sign d
whether the loads are class IE or non-class IEand tested the same waye

difference which penetration is selected fo Thus, it makes no.

uously energized conductors.vided the criterion is met; it must contain similr heating calculations pro-

drawings and the electrical motor load listlations represents the worst case as selected fThe penetration selected for Iarly loaded contin-
|
-

esicu-
rom formal TE-36 series|

.

See the attached SWEC Calculation No. E-56.
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