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1. SU.v.ARY OF SA1.IENT FACTS

.

|1 DC Project No. Report Title:

C5120
Qualification Tests of Electrical Cables With Extended Exposure
to a Loss-of-Coolant Accident Environment

neducted and Reported by: Conducted fort

Franklin Research Center
*he Parkway at Twentieth Street Brand-Rex Company

t

Philadelphia, PA 19103 Industrial and Electronic Cable DivisionWillimantic, CT 06226 '

~i

)
Report Date i

Period of Test Prograis: ?

!!ovember 18, 1981
May through September 1980 I

tbjectives

J

To demonstrate performance of electrical cables for Class lE-service in nuclear.'

Mver generating stations in-accordance with guidelines presented in IEEE Stds233-1974.1 323-1974 and

g Mutpment Tested:

?O-598/u coaxial)Eight electrical cables (two 1/c 416 AWC, two 1/C 412 AWC, two 1/C 02 AWG, and two-
anlorosulfonated polyethylene (Nypalon I owith crosslinked pol ethylene (XLPE) insulation and jacketing materials of
provided as Table 1 herein. ' n the coaxial cables. -A complete description is

[*
g .

Elements of Program
# #

t
. .c '!

,

The specimens were subjected to a 120-day exposure in air at a temperature of 200*r
i
' ,

(93'C) and high humidity.
of 600 */ and currents of 10 ADuring the exposure. the esbles were energized with ac potentials >

(4~16 AWG conductors)
coaxial cables were energized with 600-V potentials only.and 25 A- (012 and #2 AWG conductors): the ;

,i

j
tests at 40 times the cable diameters and 5-minute ac high-potential-withstFinal tests consisted of Lend :per mil (3150 V/mol of insulation.e __ and tests at 80 V

I Summary of Test Results:

All specimens remained energized throughout
for short periods.to permit required elsctrical measurements or for reasons notthe 120-day exposure at 200*r (93'C)

j

exceptt with the test specimens. associated
withstand tests with leakage / charging currents less- than 8 0 neAll specimens withs.acd final bend end high-potential-!. .

l'

* Pull citations are provided in the text.
'

,

_ ***Jia-art of E. T. duPont de 'le%urs & Ccmpany.

O- 1
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r$nkhn p - 1- ,
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2. OBJECTIVE OF PROGRAM

|}
i

,

'

IThe purpose of this program was to demonstrate the ability of electrical *

cables to perform satisfactorily for a period of 150 days -(total) in a steam,
humid-air, and chemical-spray exposure simulating conditions following a

.

!

|| postulated loss-of-coolant accident (LOCA). The program of this report
-;

'

included a 120-day high-humidity exposure in air at 200*r (93'C).,

The
i j j

specimens were previously exposed to a 30-day simulated steam line break (SLB) -
~

and LOCA exposure.1
>

The pro 9 ram was based on guidelines provided in IEEE Stds 323-1974
y

2 Iand'
383-1974.3

;
.

.

|

., ''i
,

e s

| *
,

1

FRC Final Report F-C5120-1, " Qualification Tests of ' Electrical cables in a
.

Simulated Steam Line Break !
(SLB) and Loss-of+ Coolant Accident (LOCA) Envi- iconment," Franklin Research, Center, Philadelphia, Pa. , August 19, 1980.

FRC Final Report F-C5120-2, '" Qualification Tests of Coaxial-Type Cables in a
Simulated Steam Line Break _(SLB) and Lossiof-Coolant Accident (LOCA) Envi-

.

ronment,"
Franklin Research Center, Philadelphia, Pa., September 2, 1980. -

I
2 tEEE Std

323-1914, "IEEE Standard for Qualifying Class IE Equipment for
Nuclear Power Generating Stations,". The Institute of Electrical and

..

Electronics Engineers, Inc. , New York, NY,1974.
.

.

L ,

3 IEEE Std 383-1974,
"IEEE Standard for Type Test of Class IE Electric Cabies,j

Field Splices, and Connections for. Nuclear Power Generating' Stations,"i

The Institute of Electrical and Electronics Engineers,1974. Inc.,.New York, Wl,
| k

.

. . . Frankjin Researen C,wenters w e n. s e.... -

I
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3. IDENTIFICATION OF CABLES TESTED '

Descriptions of cable specimens provided by the client are presented in '
.

; Table 1 along with data on energizing potentials and currents. The cable- i

specimens were the identical specimens previously exposed to a simulated1

30-day SLB/LCCA environment. The' cable lengths were 13 to 21' f t- (4.0 to ;

6.4 mi see Table 1), which are approximately 10 f t ( 3. 0 m) shorter than the
original lengths due to the method of removing samples f rom the 30-oay. test

t

vessel. Approximately 2 ft (0.6 m)' of the specimens for- this program were -
- r

1

outside the test vessel (for electrical connections), with the remaining >

lengths (11 to 19.f t: 3.4 to 5.8 m) within the test vessel during the
humid-air exposure,

f .

. e.

{t
.

s

.' .y ' >
, , *

r,' ,.
t

|
|

'

[
:

.

)

.

_

ISee footnote 1 on page 2. i sj

i
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D ' Table 1.

Identification of Test Specimens and Related Data .

ig i'

\G
t3

?g?
jg rac too. of Therme! AgingIQ specimen prend-pes Jactet and Site

. Insulatlon/ Conductore Temperatore Pubtlehed OuteldeElects _ leal Imading . Insetetlos_ensater Seelonation Materlatte) (seeld for 360 h) Potentla! Current Thickness SpecimeaDiameter
-2 _ _ gnasc) __ (-Pg/f *C3 ~ (006_ tv) In) finp/ gen) LengthI

jsnpft
gtt)/fe)C5320-1-2 3-3620162 stPtC5320-1-3 s-1620162 1/C-fl6 peot aged 300 103LPt . 1/C-St6 277/336 0.62/0.5 0.3/2.5 13/4.0300 10 0.02/0.5. 9.1/2.5 34/4.3C5320-2-2 S-1230162 RLPt 1/C-St2C5120-2-3 5-1230162 temt aged 600 25 0.03/0.0 0.15/3.0 Is/s.)

ELPs 3/C-852 277/136 600 25 0.03/0.0 0.15/3.0 14/s.3cst 20-3-11 3-0245162 ELPt I/C-92
.

c5t20-3-2
e S-0245162 abt aged (Se 2521st t/C-92 277/136 ' 0,045/3.3 : 0.4/10 19/5.0400 25 0.045/1.I 0.4/10 10/5.5c5120-9-2 CS 75146

~
.

stPE/serpalon Coastet.(E-590/ul teot eged 600 (septe 2) . 0.06/1.5 0.24/6.1 15/4.6
.

.

C5120-9-3 CS 75146 Itst/teypalon coastal ' 277/236(ac.590/a) 600 tiete 23 0.06/3.5 0.24/6.1 16/e.,,

r"#

1: ,
I
lestage/ charging current only.

. ,.

Approsimately 2 ft {0.6 m)
of tlte cable lengthe were outelde t$te test vessel.

,
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4. TEST FACILITY

The test vessel used for the humid-air exposure was a 30-in-diam: '

( 0. 76-m-d iam) by 48-in-long (1.2-m-long) stainless steel tank illustrated in *

Figure 1. A mandrel with cables (see Section '5) was supported f rom ~a. I

loose-fitting flat cover on the vessel. The vessel was heated with a steam-
coil immersed in a pool of water at the bottom of the vessel and by

;

self-induced Joule heating of the energized specimens. A sight glass located

on the side of the tank indicated the level of fluids -sithin the vessel. .
,

The vessel was equipped with several thermocouples to measure,? record, and
-control the temperature of vapors in the vicinity of_the: cables'and. fluids in-
the bottom of the vessel. A description of the- thermocouples and ; their -loca-
tions is presented in Appendix A. A l'ist of data acquisition instruments Lused
in the program is provided as Appendix B..

,

Power supplies were pt ided to energize the test cables with-_ -oltages.

and currents listed in Table la they are schematically presented''n ure ~l.
The circuits. iceluded a circuit breaker that disconnectedithet applied potentials

'

;
if the leakage / charging currents exceeded approximately -[.'O A.~

'

t
!.

.

4

P '

1

I

I
i
!

d= -5-
{ .... Frankhn Ges.earch Center%.*.....

. , . . _ . . _ _ . . . _ . . -. _ - , _ . _ . _ ~ . _ _ . . . _ - ._. ..--...J:., . . . ~ . - - . . . . . .



_ - - - - - - - - - - - - -,

1

}

b

[
-- r-cs m - S 1

- - m n ., . ,,,,,...y. ..p.-~~-
_,,_,! '

'l --

.

q . '.~
-

I
; +U

e o e 'e O
.

' ':G e.

I

*
w .

-

yi' 6 i
-

...

3.gi,, p ; a,. -@j j@.'
'y;.

-

c
rf;

)
.

i-

$.it$
.g;. ; .- ga

I
' '

3 .-led.J E | dl c4 i
.

. . . -

e.

Gg s j.x . .. _
.

=
,,

M(
. , . #"

039 dN
. Ga

1 - t; si|3
1

'ai.c.- - e( G + 0 tl F 3 1 k s. !D
.

#.
.

; .e r- n-

eiI
;I b

f O I,

3,

h [ f .?,

# '
I

.

-

-

z .- e,

,,

. f
;.

.

E, :'
e

. ? ,

, ..- -

\
, .

i /
.

''
,i

_ . . . . .
< ' .~* ..

i
f

_

-

..p ' e si.'c |-

% {
.*

'd . . . . _ , .

.hf ~
,...u-,.

. . , _ _ _. . u

i

$

4

! '

_

"

IbiF0itMAT10N Gl4D |
i 3-._.s.,.. ..-. .

-

_ _ _ .



_ .___. ___ _ _ _ _ _ - _ _ __ _ _ _ ___ -__ _ __ _ _____ _ __ _ ___ _ _ _____ _ _ _._______ _ ____.-__ _ __.--_ _ _ _ ._________ _ _ ____._ _._ _ ___

I
|

i

,
|

L ,

!'

,| . _ _ _ _ _ _ . _
T-C5120-

. . , . . - . . _
..

\ $$_.

.

. . . .=.

.
: .::c.y ,,

j - - - - - - . , - - __.

L ]:. (p@.lj$.''g' MM

-

i
. .

-

i' , . g t.|l ' ].iijePa:::,:i:: (|' 1T
,

.

.i l
<

.., . .. _
.. >.

> >
. . _ - - . - ..

.. -

'

. ~

i - , , . j. < n, . . , . n, , ,
, 1 i - 1 ig! ': "y a s'

.:-. 2-
,:,

9 ) 4 f '

th', -.e---u. ..
. n-

i N f g-
. ._ -

;,

, m

i o .~e

f1 5
I

J
F -- -

E$
.- s.

@.d3_; ,! !4
,-

- .

e * *
.,

.

4, .
. *eb*y . e

. - . . . . ~ ~

.* ' 'g
I

,

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

I
i

,

I ' :-
. 1NFORMAT10N ONLY

"

=.:r.r::::::--

___ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ . .. . ..



-, t.
m

1 .: ,

*
1

1
1

|-

i r-c5120-3

.

;

i

.

'
;

CONDUCTOR ;l
*

.

! 5,

i 600V

'
1_ _ _ _ . . _ _ _ _

I
v

MANDREL 3

( AND CABLE SHIELD) '4
. FOR COAXI AL CABLES)

;L E-PHASE AC' POTENTIAL''

Lc AslNG FOR 1/C AND COAXlAL
'CABLES, "

SEE' TABLE l'FOR C'URNENTS,
|

. i

'
'

,.

/

)
- .

,

rigure 2. Electrical Leading Circuit for Energizing Cable
Samples During Humid-Air Exposure

;4 >

f ;~....m.m., \tt0guigl01(OtR1
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5. ' TEST PRocRAM t

!

!.The test program was designed to extend the simulation of a cooldown i
perlod following a 1,0CA. The previous exposure ended with a 20-day dwell I

l

at a temperature of 230'r (110'C) and a pressure of 10 lbf/in2 (69 kPa); the
exposure of this program provided a temperature of 200*r (93'C) for 120 days.

| Selection of the temperature and duration was guided by the information in
!Appendix A to IEEE Std 323-1974.2
ii

5

*

5.1
PRETEST MEASUREMENTS AND PREPARATIONS ;

i >

The cables were wrapped on one stainless stcel mandrel as shown in

rit ' 3, v'*h a diameter and length of 19.8 in (0.50 m) and 33 in (0.84 m),
! resp ven The cables were held in place with 0.5-in-dias (13-m-diam)

ceramic standoffs and ties of fiberglass sleeving. Approximately two complete
turns of cable were on the mandrel circumference; the cab' **d routed +

up the sides of the mandrel through the flat cover of ' the vesse..
,

the cables
pene'rited the cover through rubber-grommeted Pyle-National cable grips,

-

t

. .e mandrel with cables was immersed in room-temperature tapwater for a
minimum of 1 hour. The insulation resistance of thg specimens was measured
with a de potentist of 500 V applied for 1 minute. r .

a
k

| |
'

'

,

, 5.2 TEST ARRANGEMENTS ;

{ , ,

!

The mandrel with cables was placed in the test vessel as shown in
rigure 1. :

The ends of the specimen conductors were connected to electrical
circuits to provide the potentials and, currents indicated in Table 1 and

'
rigure 2.

t

|

I See footnote 1 on page 2.,

,

I

. , . . 2 See footnote 2 on page 2. i
t

'

i
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Pretest View of Cabl+s on Stainless Steel Mandrel
(Tha s view includes a cable not discussed in this report.)
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(This view includes a cable not discussed in this report.)
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5.3 HUMID-A!R EXPOSURE
'

) {

f The cables were subjected to a humid-air exposure at 200*r (93'C) l
and )! atmospherie pressure for a period of 120 days. The humid-air environment was'

provided primarily by heating a pool of water in the bottom of the vessel,
i

This method provided a very humid condition in the vicinity of the cables
.

however, the relative humidity (AH) was not measured.
I
!

The pH of the water in the bottom of the tank was maintained at a value
!

of apptoximately 9.0 by periodic addition of sodium hydroxide.,

.

The cables were electrically energized with the potentials and currents;

;
of Table 1 and Figure 2 during the exposure._ If the levels of potential and
current drifted, they were readjusted to the specified values. j

If faulting in '

a cable or conductor caused tripping of the power supplies, the cable or
conductor was disconnected f rom the circuit, and the potentials and c crents
were restored to the remaining cables or conductors.

.

.

(

The insulation resistance (IR) of the specimens was measured once per
.

T

week during the 120-day exposure. The energizing potentials and currents were
i

removed f rom all of the specimens as required to perform the IR measurements.

5 *

{ 5.4 r!NAI, INSPECTION AND TESTS # "

-

Following the humid-air exposure, the cables were removed f:cm the test
r

.

j
vessel and wrapped around a' mandrel having a diameter 40 times the cable
diameter (ree Tables 1 and 3). While bent, the cables were inspected for

,

cracks and tears. !
,

While coiled at bend test diameters, the cables were-immersed in room-
.

temperature tapwater for 1 hour (minimum) and then subjected to high-'
4

potential-withstand tests at ac potentials of 80.V per mil (3150 V per mm) of
insulation held for 5 minutes.

At. the end of 5 minutes, the leakage / charging
currents were measured.

.

b

l see footnote 1 on page 14

_ _ ,
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$5 ACCEPTANCE REQUIREMENTS

The test specimens were considered to have met the requirements of IEEE I,

f Std 383-1974, Section 2.4, if they (a) remained energized with rated poten*
;

tial and current during the humid-air exposure and (b) passed the final bend t,

and high-potential-withstand tests. It was assumed that the first criterion
was met if the total leakage / charging current of the specimens connected to an
energizing source did not exceed approximately 1.0 A.#

t

.

1 .

!
.
'

|-'

.

I
.

i -s
6

b

*

| % 8

]. , . .

r .

# c
.

?
'

.
-

,
<

1;

3 See footnote 3 on page 2.
,.

j 4

Each energizing source supplied its ;Jtential to a circuit containing one
-

b or more cable specimens and extension wires. When the specimens are per-
; forming satisf actorily, the total leakage / charging current for each circuit,

including extension wires, is usually less than 10 mA, or 100 times less
i than the assumed acceptance criterion of 1.0 A. A. f ailing . specimen usually

exhibits dramatic fluctuations and increases in leakage / charging currents
which culminate in the tripping of energizing circuits (1.0 A maximum) . The
f ailing specimen is usually incapable of being reenergized without continued .
or sporadic tripping of the energizing circuits.| k
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iI 6. TEST RESULTS
I

i

6.1 INSULATION RESISTANCE
|

Results of IR measurements obtained during the test program are sum-,

| matized in Table 2. IR measurements made during the 200*r (93*C) exposure
| included the IR ef fects of extension cables and terminal blocks used to

.

connect the specimens to energizing circuits: the etfects usually.cause a '

negligible reduction in measured IR except when the specimen IR is. very high !

(in which case the reduction is not significant to program objectives), i
l
i

6.2 HUMID-AIR EXPOSURE <

The 200*r (93*C) temperature.and humid condition was provided for 120
days (minimum) with the following deviations:

The vessel temperature decreased to 140'r (60'C; minimum temperature); o
j on one occasion when the building electrical power was turned of f for
I scheduled maintenance of power distribution equipment. Time that '

'

elapsed while temperatures were below 200'r (i.e.. the time for tem- ,

i

(
perature to drif t downwards to 140'r, plus the time necessary to I

regain the temperature of 200'r) was approximately 6 hours. Approx-
imately O.5 day at 200'r was added to the 120-day xposure (120.5 days
total) to compensate for this 6-hour period'and to add to the
conservatism of the program. ,

'..

The temperatures indicated at'various locations within the test vesselo '

differed by +6', ~6'r (+3', -3'C) from the average temperature. . The'

dif f erences we're caused by the stagnant condition of vapors within the '

vessel (i.e. , the vapors were not stirred or circulated) .-
| o The median ter$perature (i.e. , the' median of several indicated tem-

[peratures at any one time) was maintained within a span of 190' to
!

210*r (80' to 99'C) for approximately 95% of the timer see~ next '

comment below,

o On a few occasione, (e.g., during a weekend when the test was not being
5

monitored), the . rater in the bottom of the vessel evaporated to a
level where terperature control was not completely ef factive. 'At
these times, ressel temperatures climbed as high. as 224'r (107'C one
thermocouples one location). Conditions were corrected on 'the next
working days the addition of f resh water temporarily lowered the
tertperature to 190'r (88'C) until restabilization at 200*r (93*C) was

;
reestabitsbed. In general, these situations added to the conservatismof the test.

.

.
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o Temperatures drif ted downward approximately 10*F (6'C) when the cables
,'were deenergized for IR measurements (i.e., of 1-hour durations, once

per week). The drif t was caused by the loss of Joule heating normally ,

centributed by the energized cab 1rs.
-

;

A humid condition was verified by 4 thermocouple immersed in the solution
in the bottom of the vessel. The temperature indicated was approximately
equal to the median of temperatures indicated by thermocouples located in the
vessel vapors.1

'

"'he specimens were electrically energized throughout the 120-day
imin: mum) exposure except as follows: I

'

i

o All cables were deenergized for approximately 1 hour every week as ;
,

' required to permit IR measurements.

o All cables were deenergized for approximately $ hours when the
building power supply was turned of f for scheduled maintenance of
power distribution equipment.

t o During a period of 19 hours or less af ter 50 days of elapsed time, the
l circuit breaker controlling the 600-V potential tripped to the of t

:
i position during the night while the test was unattended. The tripping '

of the breaner was caused by a specimen not discussed in this report.!

tThe potential was restored af ter removing the faulting specimen from r

the circuit. I

*

g , ,

63 FINAL TESTS. e .i

i
6

,

Results of final tests and inspections are presented in Table 3.,

'
,

,

.

,'

1 For ref erence only, a 10'r (6'C) difference-between wet- and dry-bulb '

temperatures over a dry-bulb temperature span of 190' to 210'r '(88' to 99'C)
{ ir.dicates an RH of 80 to 81): a lesser difference in temperatures indicates a
j higher RH.

.
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Table 2. Summary of Insulation Resistance Measurementsa

(All values are in ohres.lb.
* ; ,

> ,, g,
.-

Tg u/ Et.arste cast.E misseen|E Tlat
a5 toers_t 8-2 _ I-1 2-2 2-3 3-1 3-2 _ 92 ,.3

.5"
FretestC S.O t*I2 4.8 t*l2 9.6 tel2 S.6 tel2 2.4 te12 2.4 tel2 3.3 te33 3.5 ge33je

{5 40,38 9.4 C+08 8 ~ **09 1.2 te09 1.1 t*99 3.5 t*09 3.0 t+S9 3.2 tele 3.4 togg

b::7 ,,.9 ...E.... S.4 E . 2.. t 9 . 2 e. 9 ... t.., .9E9 ..e E.,. ... E...*2
% 43.9 S.6 teet 5.9 E*e6 2.2 E+09 f.6 E*09 4.9 C+99 3.0 E+49 E.1 tote 3.3 tele

50.8 S.6 E*00 S.S E*06 2.0 E*99 8.2 t*09 4.9 E649 2.8 t+99 3.4 tote 3.3 tete

a
57.0 S.6 t*06 S.6 t*06 1.8 E*09 3.2 E*09 4.9 tee 9 3.9 t*99 1.3 t+te 3.2 tee 9

70.8 4.0 E*00 4.9 teOS 3.4 tee 9 1.3 tet9 3.0 t +99 2.2 teS9 0.4 teet 3.2 t.49

85.8 4.5 t*00 4.5 E*00 1.1 t*09 3.0 t*e9 3.1 toes 2.6 t***' 3.2 tote e.4 teete

r i 4.5 too. 4.5 E . . i . . E .. , i.e t.09 2.. t.., 3.. E.., s. Esi. 2.. to.,e

120 4.4 t*06 S.S t*06 I.2 E 09 3.2 te09 1.7 t*09 1.5 t+99 1.4 tote 9.4 tee 9

%'* Post-test' I.9 t*I2 1.5 telt 2.0 tot 2 S.2 E*09 4.9 E*!! 2.9 E*le 2.9 tet2 9.4 tot 2se=*
=*YL * .rp .mts.

.p
_

. -

e. Insutstion resisteace (tas ee=sored at e de potential of See v for 1 ainete entess otherwise ladfestede speeseene,,e weepped on a mondeel In the test vessel et
299*r 193*Cl wateos otherwise indicated. .In messeeeeents of thep. specimens in the test eesse! encle<9e the IR ef fects of entension cables.M

e==""* t>. 19e welwee of ches see wastten es a number followed tg the letter t (for empenentl. e ptes eyebel, and two digits@ which indicate the gaswee of le ter whicts the nose +r enest be meltipt ted to obtain the coerect volwe. Foe esserie..# .1.2 t*09 is 1.2 m It' or 3.200,999,009.

@ c. fassessed.in 60*r stS*C) topwater.W
<,,

d. At approe Smetel3' t.7 thewte of elopeed t lee.

Af ter weepping on f.end-tett eendeel end I-hove femmersion in 72*r tapweter s no estension embles eve involved eecept
e. a

the gweeded test leed of the negohamete . un
M
ss

~ O
9
t.eg S- *..
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j TJble 3. Sttsusary Of Elend dsuI Iligh-Potent ial-Wi thstand Tests

! c Memle e t/ A ylled Isotege/ if; ,, Mende e l Cel>le sumebee Alteemeting Cheeginq
!g' j specimen viemel Aprestance Sefore 04 eoet et. Disectee of Cable Pstential*

I |3
- e A me 4 , .e_t reet unm.s.2 a t.o ,.e e.s !

-Cereent '
..-l e ,es, eeo

t;? 0S820-1-2 Cable swetace oppeeve wevy 4.0/10 40 30 3600 j
,

43
sowghs ne ce ace tag of ews f ace t

M present. Eeidence of swetece
withetend potentget.1 ebeestone, discoloeotions. "

* 5.0 f5peelmens connected
end cheelcol etsine. j

together toe test.t
|~7

; o C5820-1-3 Saoe se Specimen 3-2 above. 4.0/10 40 IS 3600. a
;ss3

' 1

i 5 CSl20-2 2 soo appesent desege encept 6.0/85 40 3 2000 ,

*
etnoe ossface.ebeeelone, i

withetcod potenttel. )descoloratione, and
2.6 R$peeleene connected

|cheetcal statne. ,

together fee test.l '

C5120-2-3 See es specteen 2-2 eteve. 6.0/15 40 3 2000 , !|

CSl20-1-1 Cable surface opposes sough. 86/41 40 s3b 3694 '
[

'

discolored, and cheelcelly *

tettheteod potential.
{e e eined,tmet feee of desege. 7.0 (Specteees connectedj $

9 together for test.) i
CSl20-3-2 Sese as specimen 3-1 eboee. 36/41 49 43b 3699 ,

.

rS320-*-2 Jaceet emee many caecomtecomelet 9.1/24 19.4 3 eene 1j

:..e=e e ese emeesse .memeno
i

.a e an s e 2 ft ee.6 ao seem eesse iesotemotame panemesel.;p one. Jaceet has esegn appetw~ 2.2 (Spectases esmesseted
ence, and de discolored and (> tagressee for test.I '

e see6eed with cseemicolo.
**5*es-* ' ' .r,

Wi .
.

CS12e-9-3 stetter to Specteme 9-2 emene , 9.9/24 39.6 3 4000
g eecept that jaceet to split - *

eA- longitedinelly for a length of ,g .ppe mio..el, ie in .. 46 mi ;

;{
esposing metalite beeld endet-

~g eeeth, se tellte beeld alsoc
M wisible in another etes of
Q appeceleetely 0.5-in is3-me).

-

ma=4e* dIseetee. )4 * *e t

'

.voortse - M ,

' h
-
N .4 Fotent tale appIted for 5 einetes af tet ,,, .

I specimens had teeen tenevoed in ecco-teepesetote toposter foe e einleve of e.*

l.9 hows. The geownd teemanal of the test Insteenent wee coanected to e base copper condwetos la the water and the ymetallte beeld of specimene CSl26-9-2 and C5820-9-3 where applicable.
t

: t, . The ie.Ich of the specimen did not pesett three f ell . ene .hele the .peenmen end. .eee sein, t,pt above the es,f.ce'

of the water.

4
.,

'
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7. CONCLUSIONS
.

|
,

I
Based on the results of this program, it is concluded that all of the i

1 and 383,2 as demon-t.ine specimens met the test criteria of IEEE Stds 323
istrated by their ability to maintain their electrical load for a simulated

post-LOCA condition' at 200*F (93*C) for 120 days beyond the original 30-day. .

;

simulated SLB/LOCA exposure previously reported 3'

|
-

.

,

1

i

i

I

|*

<

-

|
.

'

e,
t
,

u ,

a
*

t-
3

. .. ,

,
'

.t
j ;

< t,

k

.

.

1See footnote 2 on page 2.
| '1

2See footnote 3 on page 2.

3
'

See footnote 1 on page 2.
t
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8. CERTIFICATION

&

j The undersigned certify that this report is a true account of the tests
d conducted and the results obtained.
t
,

i

h. ) . ' a& ||- 17 91;
.

- - -

D. V. Paulson Date
,I Project Engineer

.

[ APPROVED:

,

_

;f L m It ~ I 9 'Sl.

6. P. Carfagno, nag r g VateNuclear Engineer %g,' fn,

, ,,

.. ,

iI

'

, d. 9
.

' '
A /s / LOL$E ||=lh'*d/'

M. M. Reddi
~ Date

Vice President and Director
Engineering & Sciences Dept.
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DESCRIPTION OF THERfiOCOUPLES AND LOCATIONS
i

i
'

APPENDIX A
i

'
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Table A-1. List of Thermocouples and Locations in the Test Vessel

4

} }

Thermocouple
b'!dentifiestiona Aporoximate Location and Remarksp

.

l

1 on center line of vessel: 4.5 in (11 mm) below bottom
j flange of mandrel.'

,

'

2 On center line of vessels ' 18 in (460 mm) above bottom ,

| flange of mandrel.

l
1 3 0.5 in (13 mm) inside mandre*1: 4.5 in til mm) belowj upper flange of mandrel. ,

,i ,

4 0.5 in (13 mm) inside mandrel 4.5 in (11 mm) below
upper flange of mandrel.

.

5 0.5 in (13 mm) inside mandrelF 13 in (330 mm) below
upper flange of mandrel.

'

| 6 0.5 in (13 mm) inside mandrel 13 in (330 mm) below
upper flange of mandrel.

| 7 0.5 in (13 mm) inside mandrel 6 in (152 mm) . . a bove
bottom flange of mandrel.

8 0.5 in (13 mm) inside mandrel 6 in (,152 mm) above ,

bottom flange of mandrel. . *i '

,, s

9 on center line of vpssel 4.5 in (11 mm) below bottom *

, .
; flange of mandrel.

|
*

,

10 on center line of vessel: 16 in (410 mm) below upper,

flange of mandrel.

11 On cender line of vessel: 16 in (410 mm) below upper
flange of mandrel.

.

|- a. Thermocouple nos.1 through 8 were type T (copper-constantan) 820 AWG
insulated with polyvinyl chloride. Junctions were. soft soldered.
Thermocouple nos. 9. 10 and 11 were type T (copper-constantan)

| sheathed in 0.063-in-diam (1.6-mm-diam) inconel or stainless steel
1. tubin9 ' (i.e. , some were inconel and some were stainless steel), * '

grounded junction.

p b. See accompanying sketch for additional description of thermocouple
Q locations.

M. . . . A-1
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GENERAL FRC PROCEDURE FOR CALIBRATION OF INSTRUMENTS TO
MEASURE TEMPERATURE, ELECTRICAL CURRENT AND LlOUlD FLOW RATE

'

A List of Data Acquisition instruments (hereafter called instrument List) used to measure or record data
obtained dutmg this test program is appended. Ties following remarks are offered to assist the readee in

understandmg FRC practice for calibratmg instruments to measure temperature, electrical cuttent and
lieved flow rete.

"

1. Temperature Measutement
$

in general, environmental temperatures provided during oven earaosures and simulated SL8/LOCA

conditions le.g. steam esposures) are sensed by thermocouples; their signals are displayed and recorded t,y .
strip chavt tecorders with appropriate electronic reference junction compensation. FRC uses thermocouplesA
and

thermocouple were purchased from vendors who comply with ANSI Standard MC96.11975!

L. ' " Temperature Measurement by The mocouples," for limits of error le.g., ! 3/4% over 200*.vo.790 'F range
for ANSI type T). FRC maintans its tempeteture recorders through a service contract with tecuede,

g

I

supphers who routmuly clean, service and cabbrete the recorders, traceeble to NBS, a memmum of os.ca-j

I'
'

every four months. The reports of cabbration era on file at FRC.

To further substantiate the valedity of temperature measurements by thermocouples. FRC maintainsI

special cabbrated thermocouples (cahbrated at 32', 212* and 400'FI which are used er. cording to the
f ollowmg procedure:

On the day a test is started a calibrated thermocouple is substituted for one of
the ANSI standard quality thermocous.les at the specified oven or test vessel
location. (The thermocouples are connected to the recorders with AkSI.sdndard
thermocouple entension wires; Jones. type terminal' strips are occasionally '

included- with appropriate thermocouple. metal connectmg links.) The cali.
-*" -

brated thermocouple is placed in a dewet bath of stirred ice water foe approni.
mately 30 i ared then into en insulated flash of actively boiling water for appron.
imately 30 s. If the recordet indicates the temperatures of freerme and boiling

= water within a tolerance of : 2'F, the temperature meesuting/ recording system
is conudered adequately calibrated for the purposes of the test program. The
above system c.##bration procedure is repeated af ter completion of the oven '

some or SLB/LOCA esposure.
.

2. Electrical Measurement
- '

j
All e!ectrical measurements are made by instruments with calibrations traceable to NBS.Special circuits

,

are frecuently provided to supply current levels requiring power current transformers. In these cases

mstrument-current tsansformer'. ase used in conlunction with 5 A movement emmetets to int!icate the
_

,

" y

currents present m the test circuits. These panel mounted am.weters are calibrated on a program by pro 6 tam
!

}
baus agamst cahbrated ammeters of higher quality.

- s

;

_

# g
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3. Liquid Flow Rate Measurement

| FRC cahbrates its liquid flowmeeers according to the following procedure:

The flowmeter is installed in the FRC flow calibration station, which has pro. '

visions for adjusting and coittelling the flow rete of tap water through the
flowmeter. The water is collected in a tank which tests on a beam balance, Af ter

,

*

steedy flow is established, the time for a predetermined mass of water to flow
through the flowmeter is measured; time measurements are made with art auto. ;

matic electric timet. '

Most FRC flowmeters are of a concentric orifice plate type (e.g., Daniel Flow Tube) with a differential.
pressure manometer (e.g., Barton Dial Manometer) The orifice and manomelet are calibrated as s system,(
although the instruments are identsfied by separate FRC item numbers. 8oth the monomeret and the orifice

!are listed in the Instrument list. '

4. Strip Chart Recorders
| .

!'
As noted in Section 1 above, strip chart recorders are serviced and calibrated a minimum of once everyI

four months. Some recorders respond to voltage inputs other than thermocouple signals and the amount of -
-

1

pen response can be controllec by adjustment of front panel controls. For thew recorders, pen. response
calibration is obtained on' a program by program basis for the specahc parame'ers being tecorded. For ''

example, to record pressure the pressure transducer and the recorder are calibrated as a system by applying
,

'

known levels of presaute to the sensor and then recording the amount ofiocorder pen response After'

cettbeation, the tocorder input amplifier controls remain unchangeo,e'meept'for occasional minor serodrift
.

ad ustments. The actual calibrations appeat on the strip chart. The full. span calibration level (e.g.,0 to 200
i' *

i psig full scale) es meluded among the data provided in the /nstrumeret L est.
.

i
t

|

|
'

|
.

l ..

.

., r

t

g# eg
4 _. B-2i

.... Frankhn Resteren Centeti.
mm ,. : , e..w

..

|1
' - > - - - . , ,, , . , , . - . - . , , . , . , . - - - - - -

.



-

.- - -. --

e

t,

!

0 F-C$120~3
.
.

:

!

LIST OF DATA ACQUISITION INSTRUMENTS

'

| !NSTRUMENT NUMBER 18207
.

!NSTRUMENT AND MANUTACTURER MIDWEST ELECTRIC PRODUCTS AMMETER >

TYPE /MODEL NUMBER PANEL, TRANSFORMER TYPE
SERIAL NUMBER NONE
RANGE / FEATURES 0 '!O 100 PERCENT, 2 PCT /DIV i
ACCURACY 3.0 FERCENT OF F.S.
DATE CALIBRATED 4-30-80 'I0 12.6 A F.S..

CALIBRATION DUE 10-30-80 *

!

INSTRUMENT NUMBER 18206
INSTRUMENT AND MANUFACTURER MIDWEST ELECTRIC PRODUCTS AMMETER
TYPE /MDDEL NUMBER PANEL, TRANSFORMER TYPE '

SERIAL NUMBER NONE
RANGE / FEATURES 0 M 100 PERCENT, 2 PCT /DIV
ACCURACY 3.0 PERCENT OF F.S. iDATE CALIBRATED 4-30-80 M 2$A F.S.
CALIBRATION DUE 10-30-80

INSTRUMENT NUMBER 18204 '

INSTRUMENT AND MAN 1frACTURER MIDWEST ELECTRIC PRODUCTS AMMETER
TYPE /MODEL NUMBER PANEL, TRANSFORMER TYPE
SERIAL NUMBER NONE
RANGE / FEATURES 0 TO 100 PERCENT, 2 PCT /DIV
ACCURACY 3.0 PERCENT OF F.S. h '

,

DATE CALIBRATED 4-30-80 M 25A F.S. r
,

..
CALIBRATION DUE 10-30-80 - *

*

INSTRUMENT NUMBER 18213.
, .

INSTRUMENT AND MANUFACTURER SIMPSON VOLTMETER
TYPE /MODEL NUMBER 59' PANEL
SERIAL NUMBER 04309,

RANGE / FEATURES 0 TO 750 Vac
ACCURACY 2.0 PERCENT OF F.S. .

DATE CALIBRATED l-15-80 .

CALIBRATION DUE 7-15-80

INSTRUMENT NUMBER 18356
INSTRUMENT AND MANUFACTURER SIMPSON VOLTMETER
TYPE /MODEL NUMBER NONE *

SERIAL NUMBER NONE
RANCE/ FEATURES 0 m 30d Vac '

ACCURACY 2 PERCENT OF F.S. e, Q
DATE CALIBRATED 5-5-80 '(pibH

. CALIBRATION DUE 11-5-80
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INSTRUMENT NUMBER 19131.

INSTRUMENT AND MANUTACTURER LEEDS-NORTHRUP RECORDER *

TYPE /MODEL NUMBER $24-101-000-0999-6-511
SERIAL NUMBER E 72-54507-1-1
RANGE / FEATURES 0 TO 400 DEC r TYPE 7 T/C, 24 Po!NTS
ACCURACY 0.25 PERCEttt or P.S.
DATE CALIBRATED 4-25-80 AND 8-27-80
CALIBRATION DUE 12-27-80 '

IllSTRUMENT NUMBER 18253
!NSTRUMENT AND MANUTACTURER MULT! AMP INSTR. CORP. MILLI AMMETER
TYPE /FOEEL NUMBER 16$
SERIAL NUMBER 2104 *

RANGE /TEATURCS 0 '!O 10.000 mA
ACCURACY 0.5 PERCENT Or F.S.
DATE CALIBRATED 12-10-79 AND 7-30-80
CALIBRATION DUE 1 31-81

.

INSTRUMENT NUMBER 4217802
INSTRUMENT AND MANUTACTURER GENERAL RADIO MEG 0HMMETER
TYPE /MODEL NUMBER 1864
SERIAL NUMBER - 4368-1075
RAi!CE/ FEATURES 200 TERA 0HMS AT 10-1000 Vdc
ACCURACY

' DATE CALIBRATED
7.0 PERCENT OR LESS. DEPENDING ON SPAN

-1-22-80
CA!.!BPATION DUE 7-22-80

INSTPUMENT NUMBEk 18254
INSTRUMENT AND MANUFACTURER MULT! AMP INSTRU. CORP. MILL! AMMETER

.

TYP4/MODEL NUMBER 165 * '

SERIAL NUMBER 2102 '

RAtlGE/ FEATURES 0 TO 10,000 mA -ACCURACY ; 0.5 PERCENT OP r.S.
DATE CALIBRATED 'l-14-80 AND 9-10-80
CALIBRATION DUE 3-10-81

:
INSTRUMENT NUMBER 4218030
INSTRUMENT AND KANUFACTURER GENERAL RADIO MEG 0HMMETER
TYPE /MODEL NUMBER 1864'

SERIAL NUMBER 3137
RANCE/FEATU RES 50K OHMS TO 500K OHMS, 10 TO 1000 Vdc
ACCURACY

5.3 PERCENT OR LESS DEPENDING ON SPANDATE CALIBPATED 4-10-80
CALIBRATION DUE 10-10-80
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!NSTRUMENT NUMBER 4229663
INSTRUMENT AND MNUTACTUPIR $2MPSON MULTIMETER
TYPE /MODEL NUMBER 6M

EERIAL NUMBER 3-711589
RANot/Tr.ATUPIS 1000 vac & Vde, 2 Mohm, 10 Ade

ACCURACY 3 PERCENT OF F.S.
DATE CALIBPATED 6-13-80
CALIBRAT!DN DUE 6-13-81

INSTRUMENT NUMBER 4217507
INSTRUMENT AND MANUTACTUPIR BECXMAN INS. AND BREAKDOWN TEST SET
TYPE /MODEL NUMBER 1600
SERIAL NUMBER 7714$ ,

rat 1GE/TEATURES 10 kV AC/DC, 10 mA AC/DC
ACCURACY 3.0 PERCENT Or T.S.
DATE CALIBRATED 9-5-80'+

.

CALIBRAT!DN DUE 3-5-81
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WORMGON OMLY '|
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|

The Franklin InsEtute (TFl)is a not for profit organization dedicated to the solution of technological
proclems through basic and applied research and engineering, Franklin Research Center (FRC)is
a not for profit civision of-TFl engaged primarily in applied research. The Franklin Institute *

Research Laboratory, lac,(FiHLlis a wholly owned, for profit subsidiary of TFI, organized primarily.
to serve industry, particularly in programs of a proprietary nature,

The principal areas of effort at Franklin include meenanical and electrical engineering; develop-
ment and application of sophisticated analytical methods; efectronic cesign; failure analysis; pro-
duct and process development:Lacoustics: energy conservaticn; cesign of data processing
systems;information services; market and economic analyses: ano a broac spectrum of researcn L
in health and safety.

FRC maintains full support services, whien incluce a publications group. photographic laboratory,
computer center, instrument calibration and repair shcp and a macnine snop,

iU in accition to the headquarters in Philadelphia, U.S; offices are maintained in Washington, D.C.;
Silver Spring, Maryland; Jefferson. Arkansas, anc Oak Rioge, Tennessee. Foreign offices are
maintained in Tokyo, Munich, anc Luxembourg.
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