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1. INTRODUCTION

A series c? lectrical *:ests were conducted on eight multiconductor
|

| Raychem Flametr:.''4 1000 V control cables submitted by United Engineers
,

.

& Constructors. The tests consisted of a 5.5 kV alternating-current-

voltage test,:.-. urement of insulation resistan:e (IR) at 500 Vdc and
a final 16.5 E . rect-current voltage test. The cables were immersed

j in tap water a: : s ta=perature for a =inimum of 24 hours prior to the
!

electrical test- Water was not allowed to enter the ends of the cables
where the jacki were stripped back.

!

| The progrt- as conducted at the Franklin Institute Research
1
i 'aboratories (I' _) during April 1976.
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2. SPECIMEN IDENTIFICATION

The test specimens were delivered in 50-ft lengths from which 15-ft
sections were cut to perform the tests described in this report.

Identification of the test specimens is summarized in Table 1.

Table 1. Description of Test Specimens

FIRL Footage
Cable No. of ' Conductors Markings on
No. and Wire Size (AWG) Cable Markines* 15-ft Spec iren

'

1 10/C #12 1972 CJ12 050 00090 to
00102

2 3/C #10 1972 CC10 003 00898 to
00910

3 4/C #9 1972 CD09 016 00172 to
00184

4 4/C #12 1973 c'.2 'c 0116 to
0128

; 5 7/C #12 1973 CGiu 147 00060 to
>

00072

6 12/C #12 1972 CL12 001 01158 to
01170

7 2/C #12 1976 CB12 434 0800!: to
08016

8 10/C #12 1975 t ;12 383 00070 to
' - ~ ~ ~ ~ ~00082

* Cable markings preceeded by "Raychem Flametrol 1000 V Control" and
number of conductors and wire size.

2-1
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3. TEST DESCRIPTIONS

The test program was conducted in accordance with a check list (Appendix
A) based upon instructions from representatives of L*nited Engineers &

_

Constructors, Inc. This test conforms with "Cocpleted Cable Test" of IPCEA
.S-66-52', Part 3.6.2.* Water was not allowed to enter the ends of the cables
where the jackets were stripped back. The qualifications of the test personnel

- are provided in Appendix B. The following paragraphs provide a _ general
description of the test procedures.

'3.1 SPECIMEN PREPARATION
_

After tagging of the speci= ens and a visual inspection, the jackees were

tri==/,back for a distance of approxi=ately 5 in. on both ends of the 15-ft

sections of cable. The insulated conductors were fanned out and approximately

1 in. of insulation was removed from each conductor. The cables were coiled

in :ne loose turn (of approxi=ately 20 in diameter) and the coils were

i==ersed in a polyethylene-lined, fiberglass tank (24 in. x 30 in. x 36 in. -

deep) filled with tap water at room temperature, with approximately 2 ft of .

each cable end above the water. The temperature of the water was recorded

using a ther=ccouple with a stripchart recorder and by observation of a ther-

screcer totally i=mersed in the water. The tank with the immersed cables is

{ illustrated In Figure 1.

3.2 ALTERNATING-CURRENT VOLTAGE TEST

Following immersion of the specimens in tap water for 24 hours, each|

conductor of every specimen was subjected to an alternating-current voltage"

test in general ac'cordance with Part 3.6.2.1 of IPCEA S-66-524.* A potential -

.

cf 5.5 kVac was applied to each conductor (in sequence) at the rate of approxi-
cately 300 V/sec. All the other conductors of the cable under test, the con- =

ductors of the other cables in the water, and a bare copper pipe in the water

i.

*;PCEA Pub. No. S-66-524 Including Revision No. 3 - September 1974, Cross-
linked-thermosetting-polyethylcne-insulated Wire and Cable for the Trans-
=1ssion and Distribution of Electric Energy, Insulated Power Cable Engineers
Association, Belmont, Massachusetts.

__
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were connected together and to the ground potential-side of the test instru-

=ent.* The 5.5 kVac potential was maintained on each conductor for 5 min

at which time the charging / leakage current was measured and recorded.

3.3 INSULATION RESISTANCE MEASUREMENTS
:

Tne insulation resistance (IR) of each insulated conductor was then
ceasured in accordance with Part 3.6.2.2 of IPCEA S-66-524. The ER was

ceasured with 500 Vdc applied for one minute between each conductor and 32..

all other conductors (and the water) at ground potential. The water
ter;erature was measured as in Section 3.1 above.

3.1 DIRECT-CURRENT VOLTAGE TEST

Af ter the IR measure =ents of Section 3.3, and while still in the

tank of water, a direct-current voltage test was conducted in accordance
w th Part 3.6.2.3 of IPCEA S-66-524. A potential of 16.5 kVdc was applied

.

tne rate of approximately 500 v/see to each conductor, in sequence,at

with all cther cenductors (and the water) at ground potential. The potential
1 of 6.5 kVdc was maintained on each conductor for 5 min at which time the_

1e.akage current was measured.

1

-

d

QA description of the instruments used is provided in Appendix C.
1

3-3
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4. TEST RESULTS

4.1 ALTERNAT*NG-CURRENT VOLTAGE TESTS

The results of the alternating-current voltage tests are summarized

in Table 2. Original data are included in Appendix D. All of the speci-

mens withstood the applied potentials of 5.5 kVac for 5 min.

4.2 INSULAT!]N RESISTANCE MEASUREf1ENTS

The results of the IR =easurements are presented in Table 3. Original

data are included in Appendix D.

The resistance constant for the specice.ns wa=s calculated using the
lowest measured IR (6.2 x 1011 Ohms) and the following equation from IPCEA

S-66-524:

R= K log 0 " ~1

Where R= Insulation resistance (IR) in
megohms-1000 feet

K= Constant for the insulation (to
be calculated) in megohms-1000 feet

D= Diameter over the insulation

d= Diameter under the insulation

The calculated value of K (Appendix E) was 31,000 megohms-1000 feet which

exceeds the =inimum value of 10,000 needed to meet the acceptance criterion
of IP_CEA S-66-524, Part 3.6.2.2 and the more conservative value of 20,000
used by the Raychem Corporation.

1

4.3 DIRECT-CURRENT V0LTAGE TESTS

The results of the direct-current voltage tests are sn-marized in

Table 4. Original data are included in Appendix D. All of the specimens

withstood the applied potential of 16.5 kVdc for 5 min.
~

-

_

4-1,,
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Table |2. Summary of 5.5 kV Alternating-Current Voltage Test

. .
5,

Leakage / ' .'
FIRL . Charging ?

r Cable CenG: tor Curep;, -

L f:o. Oslor N*I -. - Test 'esalts
.

;_ . .,

| .- 'l staca 1.3 )
i site 1.0
' 1,3tes

aree- *3,.

;rs%c &?
- Stw 0.3

Vn: e/514:k l."

Re: Black .

"

Cree-'5f ack "I.
Ora ;a'Stac ' C3

.

-. *2 Black ..I- &
| W te '.; *

| s: *
e

L .

| 3 Ita:4 .

.ni te ' '.*i

8es !.;

3reen-

4 ita:. i *

A te
Sec 3 .

1res~ ~
,

i
3 1.1:- ;

- *Ac; ~r - te s to: -

'

.-:te ;

Ins ! p 1.. * t-t ial c # I .* Lac
. z e _- : ':- 5 - :: .p

**-a ;e .
! .e 1,. !

w*. . s ;'aca 1.0

*6 i's = 1..
.-:te 1.3
agg 1,3

Grees '.0
0 3,ge 1.3
!!ue 1.2

Bla:=/>-Its I.3

, Wh'.:'t'.ck .0
l Rec ' 71::k ..

b Gree-/!!ack '3
j Cra ;e'5 tace 'O

816e't!a:k '.2,

e ? !!a;. .2
'

.alte 1.2

8 5 ' a:', 1.0 .

W,ite 1.0
Red 6.0
3res* I3
! r a--Je i.C
Siwe 1.3

White /31ack 1.:

Red /3ta:k 1.0
i Greea!31ack I,0

j Orange /8 lack I.3 C
'

> . -

MOTis- t. All ca-tes -ere i rersed in tag sater at room te perature fo a

cinte ef 24 nr prior to apoticatisa :* the test asteetial. ?>e- r
te+perature of the tap wate .as b : i C.

2. The p:tearial of 5 5 k.'ac saa a::i:et to each conouctcr with all
~. _ ,

cther :eeductors a-d t*e , ate * a: ; 2.-s :oteettal. '

3 Leakage *:,arning curre.e eaa. ret at t a e d of t'e 5-mia test
peries. The lowest c * s t:- 3- - e c.-rert eter ,as 1.0 < O te
No l$-;j)).

;

. - ' .:
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O'UTable 3. Sumary of Insulation Resistance Measurements
;
!
l.

FIRUs

lL Cable Conductor Insulatice Resistance _.

'
No. Color (0hasi

~

'I Black 6.0 = '?l!
~

'. mite 3.0 x 1013
*ed 4.5 x 10 3
*ceen ' l.a p 1013
Orange 1.2 x 1013
Blue - '.. s 1013

a t031Whl:e/8;. .. f. i
Red /8 lack * 4 x 1011.

Green / Black ... s 1013
Orange / Elect. 8.4 x 1012

2 5'ack . e,; y g}2
baite 7.* x 10 -

9.' n 10;;Red .

3 . Slack I.! a 1023
i :eite 2.0 = 10;?
| 8.e d 1.! s IO!'

ireen 1.5 n :n-

4 Black 4.: x 10

'$lte !.* s 10-.

.'' * -6ed 2,* x

Ireea ;.k w 30 -

5 Slack 3 10--
10}-. Mite .. s

*ea 1. : x ? O -4
1Oreen 1. k . 10 -

Orange i.! a ICII
Slue !.: a 101 *

whi t: '31 a c . 2.; x !O'-

16 5!ack 2.0 x 10 5
White 35x 10!! 2

Red 3.* = 1013
Green 4.5 m 1011 .

1Orange 5.0 m a0 -
Stue k.0 = 1012

flack / White 4.$ = 1022
White / Black L.* * 10'l
Rec' Slack L.5 x 10;!
Oreen/Slac= 3.5 a 1011

l Ora ge/plac. 4.: a 10--

| Blae/5';ck 4,t x 10M

7 Black 9.0 m 10 :3

White 1.3 x 10 '!
.

8 ; lack 6.; a 101I'3)
Wnite 7.0 m 10 :1

Red 2.4 m 10;I
3reen 2.4 m 10 ;1

Oraege 9.2 x 1011
Blue 1.0 x 1011

White /8 lack 8.0 m 30II -

Red / Slack 2.6 x 1012
I Green /8 tack 1.4 m 1012
i Orange /81ack 2La 1012
I ='

NOTES: 1. All caeles .ere immersed in tap ater at room temperature for a
of li Pr pric* to ressure ent n' 14. The re pe sture reini9ua

of the tap .ater at t*e time of * *easureme-t was 2k : C.*

2. It wa acasured witn 500 voc he.. 'or one minute.
~0

| 3 Loi,e s t value of acasared it usec :n calculation of the resistance
'

constant Sce Appendix E. g
..

-

4- 3
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O ,2)Tab'le 4. Summary of 16.5 kV Direct-Current Voltage Test
i |

FIRL . Lea kaget

l

Osble 'Conducter Curre-{gIM) Test Results;c . Color

| 1 8t:ck 25.0 l
Whata 42.0
Red 29.5

; G rees - 12.5
| Orange 17.5

alue 22.0
! White /81ack 71.5

Red /8 tack 29 0
Green /81ack 20.0

( Oranga/ Black 16.5

2 Black 4.0
White 3.0

|- Reo 2.0

| 3 Slack 14.0
| White 8.0

Red 14.0
Grees 13 0

L Bla:k 25.0
White 38.0
Red 16.0

| Graen 20.0

5 Black 15 1
White 20. U. cacies .vitnstood
Red 20.0 > a pctent al of I6.5 k aci
Green 15.0 a: plied for 5 min.
Orange 15.0
Blue 15.0

White / Black 25.0 e

!

6 Black 16.5
White 23.5
4ed 23.5
Oreen 18.5
0*ange 14.0

' Blue 13.3
Black /bh i ta !!.0
White / Black 29.5
Red /81ack 19.C
Green /814ck 16.5
Orange /81ack 16.0
Blue / Stack 18.r

[ 7' Black 10.0
j White 13.5
t

| 8 Black 18.0
l White 27.0

Red 26.0
G ree., 70.0
Orange 65.0
Blue. 100.0

White /8 lack 15.0
Red /81ack 20.0
Green / Black 15.0
Orange / Stack 20.0

.

" 071$: AI! cables were imersed in tap .ater at roo* temperature for a.

minimu." of 24 hr prior to anot' cation :f the test potential. The
ten erature of tne tap water .as 24 I C.

2. The potential of 16.5 kvde was aoplice to each conductor with all
other conductors and the water at ;rma potential .

3 keekaSe Current meast. red a t the er.c o ;., g,;n test period.s

4-4
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| 5. CONCLUSIONS
|

!
Eight multiconductor Raychem Flametrol cables successfully withstood

I an al:ernating-current voltage test of 5.5 kVac for 5 min and a direct-
=

current voltage test of 16.5 kVdc for 5 min.
. .

t

| All =easured values of insulation resistance satisfied the IPCEA
acceptance criterion (p 10,000 megohms-1000 ft) and the more conservative
criterion used by the cable manufacturer (K >, 20,000 megohms-1000 ft).

|
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6. CERTIFICATION

The undersigned certify that this report constitutes a true account

of the test conducted and results obtained.

;
I,

~
l

\ .n . |
Y l I" (h J M s s

D. V. Paulson
Project Engineer

r

!

.

APPROVED BY:

Y l L OLJ L, , 5Yi > _ L R rp-' t -s
| 2enons Zudans,''Vlae Pfe'sident S.P.Carfagno,Mnagfr

Engineering Performance Qual fication Laboratory

E. .
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N[ d AC' DIELECTRIC, IR '.od DC DIELECTRIC TESTS I

- , . ,

'

,PERF REVIEWED
| STEP DESCRIPTION
; by by
!

Cable Specimens:
!
' FIRL No. Tvpe Reel Tac No.

1 10/C #12- CJ12-050
| 2 3/C #10- cC10-003

3 4/C # 9 CD09-016
4 4/C #12 CD12-079
5 7/C #12 CG12-14 7 67V
6 12/C #12 * CL12-001 g &O
7 2/C #12* CB12-4 34
8 10/C #12 CJ12-383

N 14 ]b'
General: This check list is a general procedure to be |
used on completa cable samples (15 f t lengths) as here-

|after described. i

|

| 1 From the cabics described above cut a 15-ft section.
| Provide terrporary identifying tags for each section. Dj
| Record footage marks. Prepare ends by cutting back

i jacket approxicately 5 in, and flaring out con . 6M O
,

ductcrs. Strip off 1 in. of conductor inculation. y//g ;
|

2 , Perform a brief visual inspection of each section. UN
,

. ._ =}
t

j 3 Immerse the 15-ft se:tions of cables 1, 2, 6 and 7 in
tap-water at room temperature for 24-hours. Keep euch Z- '

cable end approximately 1.5 f t above water. !_6k) |

Cables 3, 4, 5 and 8 are to be placed in the tap water G.C. NM
approximately IS hours later. jfd Mr ,

| ._

'

,

AC Dielectric Test4
|

| Prepare an AC dielectric test set with cali- (.4
brated voltmeter and milliatunctor. The milliam=cter DJ @ p
should be readable to 1 mA.

$(* |a. Apply veltage between ea:h conductor and -

h. |all other conductors and water at a rate
of approximately 300 V/s up to 5.5 kV. !,

' |b. Hold at 5.5 kV for 5 min. j -

!
c. Record ar. meter readine, at end of 5 min.

;
i

d. If failure occt:rs, tocord approximate
|

q-

'

age and time.
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V DIELECTRIC, IR AND DC DIELECTRIC TESTS*
.

'

STEP DESCRIPTION PERF REVIEWEC..

by by
rm

[5 Insulation Resistance Test
#

Perform on conductors that withstood ac voltage te.ca.
[,

=
b. Measure water temperature prim to TR test, to

nearest *F.

Apply 500 Vdc from megohmeter, with negative termi -c.
nal on test conductor and positive terminal
(ground) tied to all other conductors and water.

d. Hold for 1 min, then record insulation resistance.
.

After cor.clusion of all electrical measurements,e.
Project Engineer is te verify that IR measurements
comply with acceptance criterion per IPCEA
S-66-524, para. 3.6.2.2.

6 DC Dielectric est kA' \'
# f CBIPrepare d: dielectric test set uith calibrated

ammeter and vo;tmeter. y-

a. Perforn ' conductors that withstood ac voltage

test.

b. Apply vc_;2ge between each conductor and all other
conductors plus water at a rate of approximately
1000 V/s (but not less than 450 V/s) up to a value
of 16.5 kVdc.

,

c. Hold at 16.5 kV for 5 min.
d. Record ammeter reading at end of 5 min.

If failure occurs, record approximate voltagec.

and time. .

7 Consult the Project Engineer for disposition of the {1,
cables'.

8 Verify that -11 data acquisition instruments and their Vl*% IVcalibrar.c. cates have been recorded.

? I
--

9 Revicw the data sheets for completion and submit them h
V -

to the Project Engineer.
A-2
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; QUALIFICATIONS OF KEY TEST PERSONNEL
l

|

| 1. SALVATORE P. CARFAGNO, MANAGER, PERFORMANCE: QUALIFICATION !.ABORATORY
i

As manager of the personnel and facilities,utf 1 in this pr0 gram,

| he is responsible far the proper. direction and admi....tration, according
to FIRL policy and the requirenents of the client.

Dr. Carfagno has a Ph.D. in physics, and has engaged in a broad ro.:?e
( of studies during his more than 25 years at FIRL. For the pat : 7 years,

he has been heavily involved in qualification testing and analysis of
equipment and corponents for use in nuclear power generating stations. He

is the FIRL representative to Subco=mittee 2 of IEEE and an active partici-
| pant in working groups for IEEE Standards on valve actuators and the general
i

i qualification guide IEEE 322.
i

2. DAVID V. PAULSON, CHIEF, ENVIRONMENTAL TEST SECTION

He is responsible to the Manager, Performance Qualification Laboratory.
| for the -performance of assigned programs, including compliance with QA
i

requirements. Mr. Paulson has a B.S. in physics and is a registered
i professional engineer in Penns:elvania. He has had a varied, 25-year back-
| ground, strongly accenting the problems of apolied research, development

and hardware evaluation. For :he past three years, he has been a program
j =anager on a variety of nuclear qualification test projects at FIRL. He

is a member of IEEE working group draf ting a nuclear radiation test guide,
and an alternate member to Subcommittee 2 of IEEE.

| .

| 3. GERALD D. GUSKE, STEVEN MAZZONE AND GUY J. VACCE. (TECHNICIANS)
.

These personnel are responsible to the Test Bay Supervisor (LeRoy
E. Witcher) or to the Progra: Manager (as they may be assigned) for the

..

implementation of detailed tasks in accordance with written and oral
instructions. They perform their duties using their extensive experience,

_

"
B-1
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knowledge and laboratory skills.
!

Mr. Guske has cver 16 years experience in electricity and electronics
'

,

and was a supervisor of an electronic calibration laboratory for RCA, Inc.
|-

Mr. Mazzone has participated in electrical testing in the FIRL Per-
_

I formance Qualification Laboratory for eighteen months. Prior to joicing
_

FIRL, he served the U.S. Navy in a nuclear submarine as a missile techni-
' cian which required 26 weeks of electronics schooling.

..

:
.

| Mr. Vacca has been with FIRL for almost 9 years during which most of
his experience has been with qualification testing of equipment for nuclear

| power ger.arating stations. Mr. Vacca is taking evening courses at Drexel

University with the goal of obtaining a B.S. in Engineering.
|

4. GUNTHER CO.-N, MANAGER, QUALITY ASSURANCE

As manager of the FIRL Quality Assurance (QA) function he is responsible|

to the Presiden: of FIRL and to the client for the proper direction and
implementation of QA policies and practices according to the contracted needs
of the program.

Mr. Cohn has a M. S. in mechanical engineering and is a registered
professional engineer in Pennsylvania. He has served as project leader on

I

a variety of engineering projects and has published sixteen books and manuals
rius over 150 technical reports, articles and papers. Ha has been uith FIRL

I for 29 years.

.

l

|

,

.. I

')
1
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LIST tlF O AT A ACCUISITION ItSTRuMErTS Canos.nl
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I N S T 4 5.''t h N T N U " Fi F. R 16276
IsSTW A. C eFW E C u t. ' AC DIEEECidIC STRENGTr TE ST SET
TYFF/"Ofitt l'P e f R P a 5-S i) 2 /10 2
S E 4 ) 41 * u ' st F O 310
L A h G E / F 8. A T i e d 5. 6 5 "VAC / =c v a 0-2.S.5ein.50 sv
f)a T E C at IHk A TF C 12 /2 15

T r. S T u t i r F ). T tiotEW 16253
I .Si R Ahn -8 E E * i * t. T I = t. r p AC thTE4
T'rPF/"O.% L ?it M.4 ins
S E t: I t. L hh"AfR Flou
t< t. r,E / F F. A 19 t 5 1 r - 10 t' 0 e, >A AC

P t. i t tAlIFWI.TED 02 16 7 a-

, Ir S T P l* F a*T r.i:r 6 F R u!! 7t 39 *

! 'ntTrrTLAI-51a t. . n .-+ ,4 st* SIT 15E c ! S E t.k C r . 5 L i C T d i.15 i t. T I C ,

T Y P E / " O l**F L ' l f * = 5. 4 * * O h {, k $ t*.

$ F J } t. l L U " 6 F. L 9''-2]
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.TF ( al. I ,- 6 t. 1 F I. F 20 7->
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t
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| I S Pi / "r ',E t, 1 ' i EW 5 ;' E F D S k r. v f i Il L11Pi3

| paIu ' ; i. e u . ;ac 2 :.

| 4 4 .r,F / F l a i U n F S n-con riEGutES F TYPE T T/c 0-10 sv0C 1-9en IN/ 4

| OATE CALImRATED Od hu /e
i

i

! I 5iputENT s uve E, t h P.3 5

| l'.5 T P A a 9 F t- r 5. h t ' A L R A D I O M F. G 0 r " * F T E Wd
'

f YPt /* rnf L .t t SS 4 1-r.c
StuI At me 4ER L i e, * - 1 n 15
a v:ry / F F t. ! U < F S 5.= TD 'T C r* " 5 10-1Mo V 'J C

9 ATE rAtidu: TFr 12 11 75

; .. s ; c . 6 5.1 ..i., uEu 1 - 2 ru
r+- a s i o: I t e r t. e " L i t a tCI.sfL o -

.s v 4 311 v s.F / viti rL *'it

| .5 6 r t t. t . *ir at e

! - t. < i,[ / 5 F t f F r :- 0 TD dn^ 1C-a''S $ ' I r. ! 3 '' t , A c r '- t. L v = ,y e' r;
n '.1 & C t.L T it o 15 t' u- r' b 1 *-

1

J fi ! .< *6'1 . t . * 8. F 4 1 1 e.

{ 5TL A .e 'Fa 9; h il I,F 6 4 ;- k a ~ C e. ' i f ria > 16 4 'Cd .

f ? &* 5 / a e i|* F I, 'ss ' * a.f, J I y &, - 5 i 1 Y

If * 3 e 51 ''5 F i- I A !. *
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DAT' % PROJECT
N $ 2, '74 THE FRANKLIN INSTITUTE C440871

OPERATOR / RESEARCH LABORATORIES INSTRUMENT & CALIBRATION
'

' ff . z7g 9 79_ ggMu'M n nu3&.
TEST P;-ASE ff9f'< % ~ HQo TEMPERATURE (t.'ATER)

HIGH-POTENTIAL TEST DATA y ogy 4, g

! sal >:LE VOLTAGE CURRENT CONDUCTOR

tO . kVac (1) mA (2) COLOR REIGRKS
'

, f_4HMc h _.5 S' ( /.O ,I 8/JC | Q -
'2

t
I 'd , 5- r /, d ! M/d / ; .i.

- -
i* i

(.s' ! /,i)_ | 2 /) | !*

! s,s' ! /, o I 6ed I !
~

-t i. i ,

e i s.s,. I /, 0 /74r I' >

-
: -- -

! _ $.
l Y |*0 WY/

- _ . . . . . _
"

l I
. . . . . --.S. s . . /,D Ad -.

,
'

./ /

I ; ;C,5 | /i G | 6dd i'
~

8 (,5' ! f. / ! 84x !
'

'

! i

s'. s' ), O w6 i-
_-

. . . -
D , _. . l. 0 - E) _ '. .

*

*
- - . . - - _

; .

M, - /_, 0 f.ru/ . . . ' . . . . _ . . I !'
"

4_ y_.
, ,. ;

_
'5 * % I' O . CM6 ._. . _ _ ; . .^

. . . . . . . - . .
- ' I i

.

(Q /, G &U~

., _ - - - - _ _ 6 ,.s ' ',
/, 0 -gzr/J+ am/mx l I ,i_.__< .

, , , ,

. g. 3 5' .. . ./, 0 w ar. .f.-2_p..iguc_ i 1/>1r u / .~
_ . . . - _

s',s' '

/, D [f7u,///gx ! l-u
,.
'

--. . . . . S'.$ .- | 0 . 026 .$LC _ . - . - __.;..."

' ' '[
, _ _ . . . _ . C f_ /. , 0 _ .. /Ilx

._S:$ /, O w ' d _ _.- I I~ '

*
_

55 |i O . . fdb -- ._ ,------_._-...)_. . .]. ._ _
'

' "

- ,

. . id. /' 6 .. . ; . 6 d '/ . _ __ .. . I . .
, , ' '
'

'' '
.

. . 02 . . . .. ..I.-_- - i i; !(. .,'_ . f, 0i .,
..7

_

- . , . - ..

/.B i gev....___ i i !
,_ __ ___

.. g. 3.' -

i.

i c. ', f ; /10 G4T|2/k ; / 2 'O th f,A4 h.._.._..__.7___..
..

it

i ! i
/' ! I

| 1-

__.--__..._....:.
_ _ _ _ _ _ _ . . _ . _ _ . . . . . _ _. .._..-_ ._.__-._. _ .. -.. .._ ..

. .
| | |' '

,

l !
.

i ._i-...... !
. . . . - . ...-.-_s - - . - ... _.. _.- ..

,

!I !
'

;rTEF- 1 Nientials applie5 for 5 minutes. ;
.

Le r'.ac.c./Wr;'qq ct.crent me suced at the enc' of 5 minutes.? .

4/2f/7 A __La'a ::.eckc; ./: O.dw Data:
'

''

_
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h2dh THE FRANKLIN INSTITUTE C4408

RESEARCH LABORATORIES INSTRUMENT & CALIBRATIOPERATOR

J 69th/D h[5'A #"I'^ **#"*** #^* I'*"* M6 49We
TEMPERATURE
p p g g(WATER)TEST PHASE.hfrer 24the.

HIGH-POTENTIAL TEST DATASog_in rg g,ggg
/ ' " "

SAMPLE VOLTAGE CURRENT CONDUCTOR ~

NO. kVac (1) mA (2) COLOR REMARKS

Ebsreo.wedrs usen : (o Rcekm D|cE.-d.. TJ ht.,

I dm /s-z7c 6 t s b ,< b , d z M r.

i 60 M_vh -A- o L.L L
! I rAee_J /e b n ad L 4/ 2/w'h^

'

'

-- M.. n
2 | 5. c l. I ; Bl.a k t, w }} e x ' +r iP M _ _ . . .

,
. -.

TV .L 9. .... |.w_H_1 Y6 .. ...
%; TI I

I Er /.c I R E r> ...
3',s'7!

_ . _ _ . . .

| i.
' i
,

i 7 I 5.5 I t .1. th e i
t

'

! 5. .( L11.__Latac ! ..

' I I i l i
-

L c4 ! !
. _ _ .i f L 54 ! ~ t.o :

- _ _ _ _.. I !
! 5.f l \.0 led sf'

L, o RQ l _I _.! 55' I

_ . L .5 5'._ _ .0. 9 .._ '.C,2 u a | _L _ . _. _.. ,
.

i J.r o.9 !Oh c.. . . . . . . - _ _ . _ __ . . _ _ _ _ . .

; i 5f \ o.8._.|. T> Lac _ _ _ _ _ _ . _ 1_ - _ _ ._

i .__. _ ._ . .L M._.. _ i ..c.
. mac/s t(

. ! ._ . i .ntc
l !

| (4 ! I.o Rn /
I r.s o.e 4Rzeo/Aus ! _ _ _. L_ . . .

| . ..L _ Ad _. ! c.S .i Gewspn ILus& nD - Gy_ot JM__ ._.- _ _

l i I :
. _ .

5.2.5' _ .... . _) . L.. ...! .CsAc.L. __ ..._..__.._._!_ ! I

_
G - a.

L 5. r i.9 owe 1 |

I !I _d: f. . ! .. , Q.__j. kE'i) ._ . _ . _ . . _ _ . . . _ .

L _ 4 f ._. L _ _ |l . cSaw._ .___.__j .__J__.__... _.!
2

L
l

! .f._f...!.._..L.o 9DM ..
I !

'
'

| . _ . .f:1. .._._. L P ! b5 .. . . . . . _ _ . _ . . . . .

5. .s' /. o h /urr | t
; :

! NOTES: 1. Pctenticis applied for 5 min 0tes. |

2. l.c akage/che.r e current measured a. the end of 5 minutes. |'

// b b t_ ,f/23 4
__Date:Data checked by:--
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TEST PH'SE Q n.. zwe, TEMPERATURE (WATER)
HIGH-POTENTIAL TEST DATA Su_ .Ie M .a n> a:nu.s

'
SPFLE VC'TAGE CURRENT CONDUCTOR

-

.

NC. i L '.' a c (1) mA (2). COLOR REMARKS
,

-=

Lod 7t|Blr __ __\.
L- 64 fC

l
\.0

!Rch 6LK I !

.
. . .'

! (I 1.0
~

_.

_
.c. r ! ! . o __ '/&e l I I'

-
_

,

f. 5- L _L. 0 i Cepae /ae ... [ l !'

..

55 | \. O i %E|?$1 ku,th iG 1% >$ I*

#

| | |
t i

i
..

.
,

| | | I

__ _
| | I

'

|
: .

7._____._. .g. . _ _ _ _ . . ._..._._. .. ._-...._...L
t |

__.

!i .

! t

j i .

- _ . . .._. _._w.__
,

|
' '

,
t

! li '

. . . . _ _ _
' 4 -

| | ! t |
-

.

i
,

I

,
. , . . _ . _ _ - . _ . . . _ .. _ - _ . _ _ . .

l

. _ _ _ _ _ . . . _ _ . _;.._..__ | _ . _ _ _ . . . _ - . . _ .. . _ _ _ _ . .. - ....___.y.._..
l .

I
, .._ . _ _ . _ . . _ _ _ . . . .. . ._..__......4._ _ . . . _ _

| | t.

!
.

- a
i

! '
I

.._._ _.. _ _ _ -
,,

I i

|
. |

'

I.

.. .l_ . __ _.1
'

i. i i,

' i
___. . . . .. .. ._ . . _ . .. _,

| | I
3

.. _ . _ . . . . . . . . . _ . _ , . . _ . _...: . . . . _ _ _ _ . . ._ _.. ._,,_ . (.....
i.

I Q
*

-

,

! | | 1.

,

I t,

t
e

-

_ . _ _ . . . . . . . _ .._ ._ - ... . . . ._ -. . . _ _._ . .

; 1

*J'"

E.: 1. F; w :ials ar. plied ic' 5 minutes.
u ;. ; e/ci,ar-ing c.scrent mcs'ued n '.he nd of 5 minutes.'

<

:: 3. che-kee t.- .
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SCALE

i facu .0) DES I&l_ 50ND(TOR)'RE AalNG
.

Ic

$ !Cs [&
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APPENDIX E
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' CALCULATION OF MINIMUM RESISTACE CC:;STAriT

|

| 1. From Ref. 1 Part 6.15.2
i

D 'R= K log 10 d

R
or K =

D
log 10 "d"

where R= Insulation resistance (IR) in =egehns-1000 feet

K= Constant for the insulation (to be calculated)
D= Diameter over the ins.lation
d= Diameter under the insulation

!

. a. Lowest measured IR was 6.2 x 1011 Ohrs for Cable 8, black

conductor, which was 15-ft long. Cerrecting for a 1000-ft

x x 1011 = 9.3 .: 10s Oh s-1000 ft.length, R = 1000 .

b. For Cable 8, d = 0.0915 in., based en a standard dianeter

for concentric lay of a 7-stranded TC2 AWG (Ref. 2). '

aFor Cable .8, D = 0.15"5 in., based en d (abo re) ;1us twicec. .

the thickness of insulation, or 2 x :.045 in. (;nsulation
;

thickness of 0.045 in, was reported by the client.)
----

3. The measured value of R can be, corrected (multiplied' by a temperature
correction factor for water temperature above the reference level of

15.6 C. Based on the tap water temperature of 24 : 1 C, a correction "

factor between 1.47 and 6.85 could be selected from Ref.1, Table 6 - [[.
10. For worst-case analysis, a value of 1.0 is used, i.e., no 'I

correction 1s made.
,
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-9.3 x 108 *
4* ,K=

0.1815' -

i 18 :
10 0.0915

%

9'.3 x '199 3.1 x 10 e11 = =
0.2975

or 31,000 megohss-1000 ft -
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R6ferences: I?CEA S-66-524, Revision No. 3 - September 19'4,"

$ ..

1 Cross-linked-thermosetting-polyethylene-insslated
b' ire and Cable for the Transmission and Distri-

; bution of Electric Energy, Insulaced Power Cable
Engineers Association, Belmont, Massachusetts.

,

{ . Table 4-14 of Standard Handbook for Electrica*.
E:.gineers, Fink and Carroll, Tenth Edition,

. McGraw-Hill' Book Company, New York.
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