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1.0 IDENTIFICATION OF EQUIPMENT AND MATERIALS

‘ " Penet. W

Nozzle Conductor  Number of Item No. WX
Number Size Cables (Dwg. E2198) Number
H19 #16 AWG 36 conductor STQ 3 31776
H23 #16 AWG 36 ‘conductor STQ 3 31776
H25 #16 AWG 36 conductor STQ 3 31776
H27 16 A 60 conductor STP 2 31775
H28 #16 AWG 36 conductor STQ 3 31776
H33 #16 AWG 60 conductor STP 2 31775
H35 #16 AWG 60 conductor STP 2 31775
Hb2 416 AWG 60 conductor STP 2 31775
| H32 350 MCM 6 conductor 6 31892
j H37 350 MCM 6 conductor 6 31892
| ' H45 350 MCM 6 conductor 6 31892
‘ . H50 350 MCM 6 conductor 6 31892
H53 350 MCM 6 conductor 6 31892
H57 350 MCM 6 conducton_’ 6 31892 .
H36 #12 AWG 180 conductor 1 31774
H1|6 #12 AWG 180 conductor ] 31774
HA47 #12 AWG 180 conductor 1 31774
HL8 #12 AWG 180 conductor 1 31774
Hbg #12 AWG 180 conductor 1 31774
H51 #12 AWG 180 conductor 1 31774
H52 #12 AWG 180 conductor 1 31774
H55 #12 AWG 180 conductor 1 31774
H56 #12 AWG 180 conductor ] 3177.4

\




2.0

3.0

3.1

Penetration assemblies of ali .types are shown as installed in

composite drawing E2168.

Further clarification of the type (6) penetration is shown in

drawing 75-31892.

- PURPOSE OF THIS REPORT

To provide analysis and test report data to support the capability
of these electric penetrations to function under postulated accident

conditions.

QUALIFICATION TEST PLAN

The electric penetrations under test fall into two basic types,

Types 1, 2 and 3 (Dwg. E2198)

These penetrations have conductors ranging in size from #16 AWG to
#12 AWG, and are sealed with ceramic seals. Pigtails are spliced to
the seal conductors and are then potted to protect and strain relieve

the splices and seals.

All pressure retaining components are either metal or ceramics and are
not subject to ageing or irradiation effects. A test report on LOCA

performance of this design will be included. Other materials will be

identified. The effects of thermal ageing, chemical spray and irradiation

will be analyzed relative to the required function for each bg}ticular

material.




Cable qualification is included in Section 12. The cable which was

‘ used is identified as follows:
Penetration

Type Manufacturer
. ! o #12 AWG single conductor

HTK Kerite FR Jacket (600V)

2 : #16 AWG Shielded Twisted Pair
B.!.W. '""Bosrad 7" (600V)

3 #16 AWG Shielded Twisted Quad
B.I1.W. "Bosrad 7'' (600V)

3.2 Type 6 {Dwg. E41071)

This pehetration has (6) 350 MCM conductors sealed with large ceramic
seals. All functioning components are either metal or ceramics and

are not subject to ageing or irradiation effects.

A test report on the LOCA performance including chemical spray of the

. seal assembiy will be included.

The internal cable is Kerite 350 MCM HTK with FR jacket (600V). Qual-

ification for this cable is not included.

4.0 REQUIRED ENVIRONMENTAL COND!TIONS

Ly Irradiation 2 X 107 Rads gamma
4.2 Normal Ambient 50°C - 122°F

4.3 Other Requirements



" RFFEINDIX B : *

DEFINITION OF #ND EASIS FOR HOSTILE SZIFVICE CONDITIONS

‘ 1. Description of In Contzinnent Environment.
\

(a)

(b)

(c)

(a)

The'highest temperature and pressure from a LOCA is a double ended -
cold leg break (Ref FSAR Section 14.3), resulting in a Containment
temperature rise to 287°F, (See Ficure 1) and a Containment Dressure

of 40 psig. (See Figure 2)

The pressure and temperature from a steam line break is mitigated
by a "prompt redundant sgrray system", therefore LOCA conditions

are governing (Ref Guicdelines for Evaluating Environmental Quali-
fication of Class 1E Electrical Equipment in Operating Reactors).

The radiation dose for 30 days following a LOCA including normal
radiation is assumed to yield a total integrated dose of 2 X 107
Rads, (Ref Guidelines for evaluating environmental gualification
of Class 1E electrical equipment in operating reactors.)

The Containment Spray chemistry usiﬁgs40% sodium hydroxide and

2000ppm boric acid solution, vields a ph of approximately 10.
(Response to bulletin 77-04.)

~

[ 2. Description of Main Steam, Main Feed and Auxiliary Feed Pump areas outside
' Containment.

® .

(b)

{e)

The highest temperature and pressure from a break in the Auxiliary
Feed Pump Steam Line in the Auxiliary Feed Pump Room is 213°F and
0.9 psig. These are reduced to ambient within 5 minutes because of
High Temperature Trip Sensors set at 1359F, thereby isclating the
Auxiliary Steam Driven Pump Steam Line. (Ref Analysis of High
Energy Lines in letter Trosten to Giambusso dated May 14, 1973)

The highest temperature and pressure from a Main Feed or Steam Line
break in the Main Feed and Steam area is a negligible temperature
increase and a pressure of 0.42 psig.’ (Ref analysis of High Energy
Lines in letter Trosten to Giambusso dated May 14, 1973.)

Radiation integrated dose for 30 days including normal radiation is
negligible (response to NUREG-0578) and therefore is neglected.



' 3. Description of Pipe Penetraticn, Residual Heat Removal and Safety
Injection areas in the Auxiliary Building.

(2) The radiation levels in this area are very dependent upon .
- location up to a maximum integrated dose of 3.5 X 10° Rads
for 39 days. (Ref response to NUREC-0578)

(b) Temperatures and pressures do not increase because of the

accident. .
o "
—
- .
y - rd
S e e . N
&‘III’ ) -
.
v
:
e ¢
\_J
oy




i

s ea
PP

lao,‘|l'A""n

®

- CONTAINMENT ATMOSPHERE TEMPERATURE

1y’

TVA gy oy

DESIGN BASES SAFETY INJECTION

TEMPERATURE °F

. . . . .. . T R N
Oy U W Y Y SOTN -+ }»-"-fﬂ.'_._..._--l_-l_ - l‘!-' | -
1‘..1'.2.;.__.. o foe b e e ! R '...T:;;.._‘...._..... ot ——form e e ] e e | -
“‘—‘ . - . . —ﬁ-—— Sttt | ey | cttnn, || v § e | e | avnnm | e - -
; .—‘- o= - ) i ‘.T~ -—. Bt I ! . 2 et |ttt ot [ -0 0m [ ie | e | e o
[PUNY FOUEN P =~ }==]— :: == ==l ]=—f=1-{-] -~} et —
ST =l B —— PSS o M I o o ot 1
i D by = o et e ot £ o I Il e S oot o Y Dt It
afeeeef - —_ ] ot \\‘::N PR [T UGS JUU S — : - - —— - - R N
— —_tf ~
SN I I I sl B S —=z —_— R O .
Mo ol " S [l by S 1 it b ey B e |
—]] - —_ e fmte ‘\J O S —— —]-] s
. - -t . \‘ —_-‘. . A .
= B U S Dy ol ! ol B N J R PR D Y o — .
JUURY i — ==|-] - i, e B - |-
o e o SN DOl ot ! I et A Y I - . i
U O O - . SN JUSE JUN N — —| | - 3
A O _— R DU ST (U T U —IN- A g e HE |
1 b K & PO D O ol il B — °
— . R —_—— ) ol 1 o . :
o} ana. cem . ———f—— .»_‘.__ v e e ) PSRN powuy po ]
U U —— | === = - 1 ol B i
T~ R - SRS DU POV [0S A DR N
—— — See vee —-—n--—.— —4.—- s | - | comn | - B B XY USRS P, T . -1 l
bl fondt el BT - '—'—Ll ™t 1ttt ]- - : t i 1
o 60 0 N o) e B e o o B o el Y o B
JUSS _ A—i b= = = = RE
i . —— ]~ —f e = e e N
o o ol o N N o === 11
e N . . — e = ol ol 11
———p— bl Bndd T —_——i—1—t—- — - —
S . . —— e e —— ] —— . . — . -’
. - —.__T-_ S PO . - e e e e — « fo-u - -t
Y —|— ——— — - === = ]
— —_— b et e | - e I S e
e JUT —— oSy NN DIUUUN SR SN N N NN OV O e —f=]- s .:
—f —]-- R R KVWILT JUETS NG S N N N REE B ———— RSN ROV N Y O DR 1
e —1- 3 B ANGON NN DU AN MR O D OV _— =} - -
IS UUN N - [V SRVIOGU JSUNIGINN [N PR JUUN N RN N —— —— e - - -] -
. - ! - . tea e —————— . —— e —f . — - e
R - . B FPURVII ISy SRS MU ~1..]. —_— I == -
— — — ==} 17 S I I ..\‘.S\“T -
— P UURN JOW O A B — I PR . - — SRRt el el 1. -




. Y . .“.. P g l—.'.ln. ..!—!! . -

. AIKIRIN B ] N '
. \ n||m'~cm., o”..... ”4..‘ L | S, [ cobe eeses gemd ¢ R V cema o d [=]
'nl.nl“ . r—_ nua..~ 0 e e .n- -.ll_ e e . m..l- . ~ll| e jems e *.l|| '._ -HI»C.L =
. o nd nl-,.l ol eay Al.. L i idee e H !Il_l‘.. -t —._l.. ’ ..h. ..l. e e l. ._-_.IIM.. . m
,- .~ | .O..n-m..q....“u. ._“,A._". I . ~
, _ LT rrTnb e B e g L
NN OIS - : ‘]
b i TN T | ]
~..\. N T I TSI | e
. R .v-...lmﬂ...,..“..... ! : "
T vs M TR B a e ' e .
% DSOS SEEEE S FARN /e 1i
: .1
1
- -'l &
: B
i !
-.m-llul.t

. N M
i .
g
M
T
e
[ |
bailaig .
) 12
- .. .
. 1 1
, ' [ v,
| . 1 + 1
| ! R =
| ' o il
. b ’
e e e
- [l

AE TRANSIENT

L;-_..-_

; hd N % F
{ S fewed e naladilllinn
= LR R SN I IR
{ ‘u - . . .

PN R

R I A
e R

o
IRy

el omanl
e "{t .

!

1@ ese

..I.J..
T =

.
S

CONT.

l:-:

EREN

¢ § 5 .

SR
——

ctmelginn

DOUBLE ENDED BREAK

i

it it ,
; i 3y W
i Cgep e b :
S L i

=
L4
01Isd ‘Fenssxez u.ﬁ.:a,iﬁ.o.u




veJ

WESTINGHOUSE. SELECTRIC CORPORATION '

(X2

T TABLE 2 - '
\ -
' CONMTAMNMENT  STRUCTURE .
FREcLENnCES Ao MEDZ CHATzg
wiss L= 41q g Lrilaniz |0 =223ai |0 =2biole| £, 2202010 =z9.00
~OINT
P l.co ~lico | -,00712 |1 .00 -l.co 838
A 907 - &3 »578 NP1 - 158 .78
3. .801 -.197 .885 Lo15] L6917 |[-.175
4 . 683 . 283 .97 |- .578 623 LG58
. 5 570 L5328 .323 |-.e72 - .0658 Y
1~ AT 745 |- z219 |- . a4 [—.703 . 215
7 . 363 828 |- .724 LOB2T |~ 642 . @30
3 257 778 | -l.0c0 484, 56 ey
9 159 602 |- .91 | .c4o .733 .2.93
=) 0123 329 [-.513 45T .98 .68
11 o o o o o .o
g ;
¢



NIV SRkt

ronu 28577

"HESTIMGHOUSE ELECTRIC CO.\. OR‘TION

L]
-
- - -
R — - -
ot - - -
- . - -— v
. . .

- - -
- =

LUMF’ED JAASS MODEL  OF CONTAINMENT

S TPUCTU/—'?:




ALONG TH= AN | 1N THE HORIZONTAL MOCE,
- ‘HOUDNE,Q == PONSE SFECTRA \.OR//\/-\L Z:D TO 103
5TF1UCTU A= ST CONTAIN\A_NT ‘auxLD;Nc

- O TRRequency (nerTD) T - -
00 5C 333 25 20 167 1428 125 1l

: STRUCTURAL TIAMEING VALULE ¢ 2 9% e

' vl MASS PoINTT CoROUND RESPONSE

.11 ELEVATION. - 43 ~o'

; ....:_... e . . -—

) = A < ) 9. 335 ) Y NECT Y .

1 Damping 0.50 Percent .
2 Damping 1.00 Percent
3 Damping 2.00 Percent .
4 Damping 5.00 Percent

S
(N

RESPONSE ACCELERAT

/\ |

00 NTTTETT3 T4 s s o 7r o808
. ~. | PERIOD(SECONDS) TFIGIIRE R2




Vel
o

MASS PoiT s 9 . -

100

VCOELTEATION FOR DBE ZARTRQUAKRE X
TUS LonRIToHTAL MOTE

) e
VW D,
HOUSNER RESFONTE ::P""“f; R my Ty
opoNZDy Busmen I INC o T oo r"'A MOI"\IV/\/—\LL«L—- -~

10 _.lS’a
CONTAINNMENT BUILLSING .
CrAMS G VALVE ¢ 5 % '

ELEVATION.: &sto" . _

" FREQUENCY (RERTZ) T

333 2,5 20 167 1428 125

5.0

i)

G

. : o

[

3 Damping 2.00 Perce
a . : 4 Damping 5.00 Perce

o

R B A R |(\.’/‘§\|

RESPONSE ACCELERAT IO}
| |

1 Darﬁping 0.50 Percer
2 Damping 1.00 Parcz.



GT?UCTURC L
STRUCTURAL CAMSE G
MASS POINT !
T ELEVATION.:

THE

-—— 4_-3\

\\... * ———

R RESPONSE ACCELE F‘/ T'OJ\ FOR DB= CAPTH 0
- ALONG

KE .
AXIS IN THE HZCRIZONTAL MOCE,
HOUSNER P\E::.-/O\ISE 5_?:"12,& \OQ//\'\WZ;D TO NISY
. CONTAINMENT EU\LDJNG" ".T'l':'."..—.f.'_,':?
VALUE ¢ § % . —.
GROUND RESPONSE‘ ..__.‘..'_':.:':

———————— s -

- FREQUENCY (:::er) . |
10.0 $33 2.5 20 167 1428 125 LI
277 .09 21000 HEEY) tt 1 Damping 0.50 Percer -

2 Damping 1.00 Percer
3 Damping 2.00 Percer

. ()

4 Damping 5.00 Perczn .

APt
(%)

e,

; J RESPONSE s ACCELERATIQ




i
|

Uioo

REy

F5N GREPETEE BRSPS N RE O

_I-' |’—
-
l‘\..

e A — 1
\ L T L‘ \\ ‘ -~ “‘
t et A U I b et i el ~, !
WDUSWGR  PESTOMOE SPECTTA

CONTAINIGENT 2UI
Cuitia VALLE 2 5 % !
9 . .A . . .
86—0 : .

'""J(TVJFLKL
MASS
ELEVATTION

-——l.

i r‘"O’ L '

FPD&UchY (%ERT@

00 50 333 2,5 20 187

- .\A

- l’)l'—'f—l ‘—’ l

p _, I _.-_—r.\ ==y
N 'l’l \P\._OI -t | R

IR Y o B T

MOTE,

R Y

.\.)8.

._-l‘ LN

LDING

- oe oo
-

1.428 125 LI

“

AN

’ (©)

ERAT IO

- -

1 Damping 0. 50 Percer
2 Damping 1.00 Percer -
-3 Damping 2.00 Perce:
4 Damping 5.00 Percz:

RESPONSE ACCEL

7 20 N\il2e0
T AN
TN

1!

00 .

| 2.3 y:! S £
s e cranng)




.
. oo
.
.
-t .
.
.
. . .o
e - .
.
.
- 4 .
-e .

i

|

I
&t

N\

bu‘ O

it
/\me vfj/-\j
7 px\;/%\ YA ==
S =17k O o o 0 o

(.

@

T ALONG THE ° ANIS IN THE LORIZONTAL MOCE]
| HOUSNER RESPONSE SPECTRA NORMALIZED 10 .I53

6TF’~UCTU:«E HE CONTAINM”NT , BUiLDING - '.."'.__."T_'.—':'.:"

STRUCTURAL CMAPING VALUE 3 5 Y. T e
MA.)J FoiT ! GROUND RLSPONSE Y e e &
ELEVATION.: ~ 43%o! ~ == - o0 =TT .

FREQUENCY (HERT2)

100 506 3335 25 20 167 1428 125 1)l

1009 © qom Awr Ao A de? Mg paine 0050 percer
/. \ Ll . 2 Damping 1.00 Percz:
'3 Damping 2.00 Percs:-

\ v 4 Damping 5.00 Percen

7
Ei
/f

——— o+ o - - ‘e - e -0 . » %

J 27 3 a4 s 5 7. 8 9
- PERION(SEC ONDS) CilIiDe i




LT ALONG . THE - AXIS IN THE HORIZONTAL MOCE,
- HODSNER P\%DONSES cCTRA NOQMAUZED IO 108
. STRUCTORE 7 CONTAINMENT BUILDING :
. STRUCTURAL TAMPING VALUVE ¢ 2 %

MASS PoisT ! 9
E.L_EVAT}Q{\??.' 850

@ 3 - .
. . . -
. ————————— S —=

| " FREQUENCY (H RTZ} ,
100 50 333 25 20 167 1428 125 il

2.C

1 Damping 0.50 Percent -
2 Damping 1.00 Percent

b\“f | 3 Damping 2.00 Percent
= 4 Damping 5.00 Percent
e 1 1
FE T IE— ) S A
‘L“ . R —
z .
i2 ' '
eF| - I :
r -
|J ) - e -
Lo —
L’ - l——
2
5 —
< _
o _ ] -
n . —_ I
z - ——
) —_
) -
n _—
1§ - —_—
L - : |
' Q/ﬂ'\_’ocﬂ Q(eso (1
| . = _’-—\\_._
/ [ 2 . '3 o 04' h . 5 * -: 06' ’ 07 .8 T .9
S . nrearnl/cornnncl : cicchipe - R\ 20



. ALONG . | HEe AXID IN 1 HE HORIZONIAL MO,

| HOUSNER RESPONSE SPECTRA NORMALIZED TO .l0g
. STRUCTURE {° CONTAINMENT _BUILDING’ | '
. STRUCTURAL CAMFING VALUVE ¢ 2 %

MASS POINT ! GROUND RESPONSE  °  -7° . :
ELEVATION.: - .. 430" . R R
- . FREQUENCY (HERT2)
00 50 333 2,5 20 167 1428 125 I

. .

S 1S hpu: Sfoew 5333 3 5o R N T T .
' SRS T I 1 Damping 0.50 Percent

' 2 Damping 1.00 Percent
3 Damping 2.00 Percen:
4 Damping 5.00 Percen:z

[T

" 1" e

-

]
L

1

]

i

i

|

/. B \

I

n

4/

" RESPONSE ACCELERA

B

ol .”2 ' R ?3 ' .4 ':‘5 . | .6. ..7
' PERIOD(SECONDS) =g




‘ 5.0 QUALIFICATION DATA FOR TYPES 1, 2, 3
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PEN-RLK=3-16-01

ACCIDENT ENVIRONMENT TEST REPORT

Test Completed 2/5/73

The purpose of this test is to ensure that the design submitted is
capable of maintaining seal integrity electrical insulation quality
after being subjected to "accident' ambient conditions for temper=
ature and pressure as required by |EEE Standard #317.

Penetration under test:

The penetration under test is a prototype which represents three

types of penetrations for the Brunswick plant. There are 36 conductors
- with #1 AWG pigtails representing the class B prototype. - Fifty #10 AWG

conductors are included for the Class C penetration. Five copper-

constantan thermocouples (pairs) were included to complete the

requirement for the Class D penetration.

Conclusion:

The prototype penetration built to represent the Class B, C and D.
Brunswick penetration satisfactorily passed the accident environment
testo . : )

1. The canister remained leak tight for the conditions of
the test. (L.R, was Jess than 1 X ]07° std, cc/sec, helium),

2, Insulation resistance for thermocouples remained above IOIO

ohms after test (Class D). ‘

(1)



ohms after test. Two other conductors dropped to
8X10° and 3X105 ohms, however, these vaiues are con-
sidered operable. .

. 3. lnédlation resistance for #l AWG - 600 V remained above
10

Procedure:

The penetration was initially checked for leakage with the Helium
mass spectrometer leak detector. It was then penumatically tested
- at 80 psig to volumetrically 'determine if any leakage occurred at
this stress loading. The penetration was found leak tight. Elec-
trical tests were performed to determine the insulation resistance,
the contact resistance and the dielectric strength test of the
conductors before and after the accident environment exposure.

An inboard weld ring was welded to the canister to enable attachment
to the steam chamber. ’ ’

badivaredo

Prior to attaching the penetration to the steam chamber electrical
connections were made to permit simulation of function during test.
These connections are shown schematically in Figure 1,

Nine number 1 AWG cables were selected to have 60 Amp flowing through

each of them. A pair of #10 AWG cables were loaded to 15 Amp. Two

thermocouples pairs were twisted and welded to make thermocouples.

§ One of these thermocouples was attached to one of the #1 AWG cable
Jjackets, the other thermocouple was allowed to float loosely inside

‘ : the steam chamber. See Figure 2.

The required test conditions are as follows:

346°F 56 PSIG 6 Hrs. ) | oo
320%F - 250°F 18 Hrs. ) Header
148°F for 1 hour . ) Outboard End

Fig. 3 shows photographs of the penetration mounted on the steam
g chamber with instrumentation for pressure and temperature measure-
ment located in place.

List of equipment used:

Thermometer -0 - 100%
LEN Sbeedomax Recorder 6 point temperature
Penetration Gage - Pressure 0 - 60 psig
Steam Gage - Pressure - 0 - 150 psig
LEN Potentiometer 2 point
— ' o (2)
. | NOTE ) = Al] tests for leakage were performed with a Helium mass
. spectrometer. In all cases no leakage was detected. The

sensitivity of_éhe instrument with the sniffing technique
used is 1 X 10 © std. cc/sec. (Helium).




P

The steam chamber is equipped with supplementary electrical heatefs
to boost the temperature above the saturated steam temperature which |
corresponds to 56 PSIG. These were turned on prior to start of the |

test.

LA TS
.‘J

<

Temperature rose to 300°F in about two minutes. The required temper=-
ature of 340°F was achieved fifteen minutes after start of the test.

.\
Sl ittt e pob et s tgeimys

Steam at atmospheric temperature was fed to the outboard end of the
penetration to simulate the required conditions.

RPN IV R

Chemical spray was not used in this particular test. The effect of
borated water on the penetration cables which are the only exposed
functional parts is discussed in Section 12.0 - Report B304 - Boston

Insulated Wire Co.

Results of Test:

The conditions of the test have been transcribed from the actual
chart which is filed with figuring book #130832. Figure 4 shows

the measured temperatures as time progressed. Th decay in temper=
ature which occurs after the six hour hold at 340°F was accomplished
in three steps so as to approximate the specified temperature decay.

.

i : At the start of test, the internal pressure inside the penetration
was 14.2 psig at 250°C. Upon- completion of the test, the pressure

; when corrected to the initial temperature was found to be 14,3 psig.

3 The small difference can be attributed to gage reading error. Since
the leak monitoring pressure before and after test were the same, . it

can be concluded that no leakage occurred during the test.

THERMOCOUPLE LEAD TESTS (CLASS D): The five thermocouple pairs which
were present were checked for insulation resistance after completion
of the test. The following values were obtained for the insulation

' resistance in ohms taken at 500V D.C. with a megohmmeter.

T.C. # T.C. #5 T.C. % T.C. 47 T.c. 48

Copper to Ground 2 x10'% 1 x10'® 1 x0'® 8 x10® g x100

Constantan to Ground  1.5x10'°  1.5x10' 1 x10'® g x10'0 g xio!®

Shield to Ground axio'®  sxio® o’ g.sx10'0 8 x1o!©

‘ Shield to Copper 5 xio!! voxiott sxiet 3 xio'' lsxiol!
Constantan to Copper  1.5X10' 1 xio'! raxio!! rxio't 1.3x0!]

1" 1 n o, !

Shield to Constantan 2 X10 5 Xxio - 1.5X10 L x10

All the above values are satisfactory for instrumentation service.

The thermocouples were also subjected to a 1 KV AC dielectric strength
test before and after test. All conductors passed this test.

3)
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LOW'VOLTAGE CONTROL (CLASS C) #10 AWG Conductors: Table #1 compares
the insulation resistance and the contact resistance before and after
steam testing. The three conductors which were loaded to 15A during

‘test were #31, 32 and 33. These degraded somewhat but not signifi-

cantly different from other conductors which weren't loaded. All
insulation resistances remained above 10 Ohms except #15 and #ib,
which fell to 8X10% and 3X105 Ohms. Since these circuits will be
operating at 120 volts it is felt that this degradation will not be
detrimental to function. :

Dielectric test at 2.7 KV subsequent to steam testing was satisfactory
for all conductors except iy, : :

Contact Resistance improved ever so slightly after test.

LOW VOLTAGE POWER (#1 AWG Conductors Class B): Table 2 compares the
insulation resistance and contact resistance before and after steam
testing. The nine conductors which were loaded to 50 A during steam
test were #78 through #86. Degradation was about the same as for the
unlogded conductors, however, none of these conductors were below

5X10° Ohms.

Conductors #U4, 73, 77, 91 and 9% were low in resistance prior to
the test, but the heat imposed by the test improved their insulation
resistance. .

Contact resistance remained essentially the same,

Dielectric test at 2.7 KV subsequent to steam testing>was satisfactory
for all conductors.

— T oW :




. : ' TABLE 1
1

! Comparison of Insulation Resistance and Contact Resistance Before and -
: After Steam Test for #10 AWG Conductor Sjzes. ‘

T T P SO

Cond. Insulation Resistance Contact Resistance
Ident. Ohms Ohms
Number Before After Before After
3 sx10'' sx10'0 6x10° 7x1073
12 5x10'! 2x10'° 7x10™3 7x1073
" 10 -3 -3
13 5X10 2X10 7X10 ~ 7x10
j 14 9x10'3  x10'° 7%10°3 7x10™3
1 15 sxio!! . gxio® 7x1073 7x1073
ﬁ 16 7x10'3  3x10'0 7x1073 7x1073
17 sxio'! 5100 | ~7x1073 7x1073
18 sx10!! 5x10'0 7x10™3 7x10™3
19 © sx1o!! 2x10'0 7%1073 7x1073
P 20 sxio'l 2xq010 | 71073 7x1073
. 21 1ol 2x10'0 7x10™3 8x10™3
Y 2xi0’ xi0? 7x1073 7x1073
23 ux10'! 8x10° 7%1073 8x10™3
24 3X10 1.5X10 7X10 7X103
25 -~ 2x1o!! 3x10'0 ’ 7%1073 7x1073
26 1.5x10'! 1x10'0 7x10~3 8x10™3
" 10 ‘ -3 -3
27 3X10 3X10 7X10 8X10
28 ux10'! 3x10'0 7X1073 8x10”3
29 Cosxo't 30 S oo g3
30 sx1o'! 6X108 7X10°3 8x10™3
" 10 -3 -3
3 5X10 5X10 7X10 8X10
" 10 -3 -3
32 3X10 5X10 7X10 8X10
33 ux1o'! 5x10° 7x10”3 8x10™3
1 10 -3 -3
34 . bxa 5X10 ‘ 7X10 8x10
" 10

35  sxi0 5X10 7x10"3 8x10™3
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Table | - Continued_ ‘

3/21/73

Cond.

Insulation Resistance

Contact Resistance

ldent.

Number Before After Before After
36 3xto'! 3x10'° 7x1073 8x10”3
37 3x10'! 7x10'° 7x1073 8x10™3
38 sx10'! 5x10'° 7x10™3 8x1073
39 5x10'! 5x10'° 7x1073 8x10"3
40 5x10'! 3x10'° 6x1073 8x10™3
I sx10'! 2x10'° 7x1073 8x10”3
42 uxro'l 3x10'0 7x1073 8x10™3
43 4xio!! 5x10!0 7x1073 8x10™3
Ll 3x10'! 3%10° 7x1073 8x10”3
us 1.5x10"! 2x108 6x1073 8x10™3
16 ux10'! 8x10'0 6x1073 8x10"3
u7 3x10'! 5x10'0 7x1073 8x10”3

48 5x10'! 3x10'0 6x1073 8x10™3
k9 s5x10'! 3x10'° 7x10™3 - 8x1073
50 sx10'!. 5x10'0 7x1073 8x10™3
51 - sx10'! 5x10'0 6x1073 7x1073
52 5x10'! 5x10'° 7x1073 7x1073
53 5x10'! 5x10'0 7x10°3 8x10°3¢
5k uxio'! 8x1o0'0 6x10”3 7x1073
55 3x10'! 5x10'° 6x1073 7x10°3
56 sxio'! 3x10'0 6x10”3 7x1073
57 sx10'! 2x1019 6X10™3 7x1073
58 5x10'! 1x10'° 6x1073 7x1073

59 sxo!! 5x10'° 7x10”3 7x1073
60 sx10'! 5x10'° 6x1073 7x1073
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,. ' TABLE 2

, e

4 Comparison of Insulation Resistance and. Contact Resistance before and
After Steam Test for #1 AWG Conductor Sizes.

Conduc. Insulation Resistance ‘ Contact Resistance

ldent. Ohms Ohms '

Number Before After Before After

61 - axro'l ylsxie® © axi0”3 2x1073

62 2x10'! 5x10° 2x10”3 3x10"3

63 2x10'! 2X10° 2x1073 1.5x10">

64 3xi07 2x10° 3x1073 2x1073

65 2x10"! 5x10'° 2x10™3 2x10™3

66 2x10'! 2X10° 3%10°3 2x10™3

67 2x101! 5x108 2x10™3 2x10°3

68 . . 2!l 7x10° 2x10"3 2x10”3

1 69 2x10'! 1X10° ' 2X1073 2x10"3

i 1 10 -3 -3
. 70 _ 2X10 6X10 3X10 1X10

7N 1.5x10"! 7x10° 1x10°3 1x1073

72 1.4x10"! 8x10° © ux103 3X10™3

73 5x107 5x10° 31073 2x1073

74 . 1.3xiol! 5x10° 2X1073 2x1073

75 2x10"! 5x108 3x10°3 2x10™3

7% sxio!’ gxi08 2x103  2x1073

77 5x107 1x10° 2X10°3 1X1073

12 8 -3 -3
78 1X10 5X10 1X10 1X10

79 ' 1x10'2 1x10'° 1x10”3 1x1073

80 ix10'2 0 3x10° | 11073 1x1073

81 1x10'2 1x10° o 3x1073 2X10°3

82 ix10'2  sxi10° 2x1073 2x10° 2

83 1.5x10'2  sx10° 1x10™3 1x1073

84 2x1012 1x10'°0 1X10°3 1%1073

85 1.5x10'2  3x10'° 1x10™3 1x1073

. 12 8 . -3 -3
: 86 1X10 8X10 1X10 1X10

. 87 ~ sx108 5X10° 1x10°3 1x1073




Table 2 - Continued (2) 3/21/73
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Cond. Insulation Resistance Contact Resistance
fdent. Ohms : Ohms
Number Before After Before After
88 ixi0'? axi0'®© 1x1073 1x1073
_ " 10 ' -3 -3
89 1.5X10 2X10 3X10 2X10
i 90 1.5x10;' 3x10'° 3x10™3 1x1073
91 2X10 1x10'0 yx10”3 2X1073
92 1x10'2 8x10° 2X1073 2x10™3
93 1x10'2 3X10° 2X1073 1X10°3
; gl 3x10/ 1x10'0 3%1073 2X10°3
3 95 sxio'' 3x10° © nxio”3 3x1073
3 % 1.sx10't 3x10'° ~ 2x1073 2x1073

e .




* FIGURE |
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FIGURE 2
INSTRUMENTATION FOR ACCIDENT ENVIRONMENT TESTING
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