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1. INTRODUCTION

A group of electrical cables sub=1tted by The Anaconda Cc=pany Wire and
. Cable Division were subjectei to an environ = ental test progra= based on the

gridelines of IEEE St dards 323-19741 and 383-19742 to deter =1re their
. suitability for service within the cent.,4n est of nuclear power generating

stations. T' tis report deals specifically with eleven cables, identified as
single conductor FREP lov voltage power cable, FREF/CPE control and instru-
mentation cable.

All of the cables veru ther= ally aged for seven days (9 of them at 150*C,
1 at 136*C and 1 at 121*C) then subjected to 200 megarads of ga==s. radiation
from a cobalt-60 source at an average dose rat of 0.35 =egarads per hour.

-

Folleving the ther=al and radiation aging, the cabies were subj ected to
a 30-d' y exposure of steam and che=ical spray (S/C) which si=uland the ia-a

contain=ent envirec= ental conditions resulting from a postulated loss of-
coolant accident (LCCA), and those occurring during the cooldown after the

-

LOCA. The tetrperature/ pressure profile of this exposure was as fcilows:

1. A rapid rise to "a6*F at a steam pressure > 110 psig with
an 8-hour dwell at this temperature and pressure

- 2. A 3-hour dwell at 335*F/96 psig, a 4-hour dwell at 315'F/*

69 psig, and an 81 hour dwell at 265'F/28 psig

3. A 26-day dwell at 212*F at a steam / air pressure of approri-
mately 4 psig.

_

-

1. IEEE Std 323-1974, IEEE S tandard for O_ualif rine Class lE 7.c. irment for
Nuclear ?over Generatinz Stations, The Institute of Electrical and
Electronics Engineers, Inc., New York, N. "., 1974.

2. IEEE Std 383-1974, IEEE Standard for Tvoe Test of Class 11 Electric
Cables, Field Solices, and Connections ror Nuclear Pcver Generatinc~

_S ta tio ns . The Institute of Electrical and Electronics Engineers, Inc.,
New York, N. Y. , 19 74.

-n, ,i ',p 9 t,

{{ V*

l-1
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2. TEST SPECIMENS

A description of the cable spec N na is presented below. The deacri, clons
were provided by The Anaconda Conpany. Table 1 lists the cable specinens tested
and shows their energizing voltage and current levels.

~ A. Lov Voltas;e Power Cable Spec 1= ens: 13.31, 18.32, 18.33, 18.34,*
18.35* 1/C No. 12 AWG 7/W Tinned Copper Conductor, 30-=11 Flane
Resistant Cross-Linked Ethylene Propylene Rubber Insulation (FRIP)
* No. 14 AWG

3. Control Cable Speci= ens. 20.12, 20.16
7/C No. 12 AWG 7/W Tinnexi Copper Cceductor, 30-=11 Flane Resistant
Cross-Linked Ethylene Propylene Rubber Insulatien (FFS ), Cabled,
Asbestos-Mylar Tape, 60-n11 Chlorinated Polyethylen. 'acket (CPE)

-

C. Instru=entatien Cable Spec 1= ens: 20.25. 20.26, 20.27, 20.28
2/C So.16 AWG 7/*4 Tinned Cepper Condu .cor, 25-n11 Flan 2 Fesistant
Cross-Linked Ethylene Propylene Rubber Insulation (FRIP), M st,
Silicone / glass Tape. Tinned Copper Drain Wire, Alu= int:1/.t lar Tape,f
30-n11 Chlori =ated Polyethylene Jacket (CPE)

_

W .

e

e

S

i f h

'
c_ v ._ !

2-1
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3. TEST PROGRAM
.

3.1 PRETEST INSPE TION AND PREPARATIONS

The specir. ens 'ere visually inspected upon receipt for defects, da= age

or sharp bends and identified with nu=bered stainless steel tags, then wound

- around two concentric stainless steel =andrela (each consisting of 8 stain-

less steel tubes in a circular array) as shown in Figure 1. The cables on

the inner =andrel (CD = 16 inches) were vrapped with three currs and those.

on the outer nandrel (CD = 20 inches) were wrapped with two turns. The double

=andrel was i=nersed in a tank of tap water at roe = te=perature and insulation

resistance (IR) measurements were nade af ter applying a potential of 500 Vdc
for one =inute. For the 7/C cables, the =easure=ents were =ade between con-

f ductors 2, 4 and 6 connected together versus conductors 1, 3, 5 and 7 con-
v

nected together at grm d potential; for the 2/C cables, =easure=ents were

=ade between conductors; and for the 1/C cables =easure=ents were =ade becveen

the conductor and the =andrel at ground potential. Following the IR =easuce-

ments, the double =andrel was rc=oved fro = the water and allowed to air dry.

3.2 THERMAL AND RADIATION AGING

Wile still on the =dral, the cables were placed in a forced-convection,

_ . air oven and thermally aged 3r 7 days at 150*C (302*F), af ter which the cables

were visually inspected for obvious changes in physical appearance.

Three additional cables (20.16, 20.27 aad 20.28) were vrapped around a
second =andrel and thermn117 aged for seven days at 150*C. Two other cables

were reported by Anaconda to have been aged for 7 days at two te=perature
levels; cabl 20.25 at 136*C and cable 20.26 at 121*C. All five of these.

cables were subsequently added to the original double =andrel.

The double =andrel was attached to th( flanged head of the pressure
vessel and the ends of the cables were passed up through the central volu=e.

3-1

.
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- temperature, was applied at the rate of 0.15 gpm per square foot (100 ml per
second per square neter) of spray area. Fresh spray solution was used until

the temperature was reduced to 315'F (elapsed time = 11.5 hrs). Thereafter,
the spray solution was recirculated from the reservoir at the bottom of the

- chamber. The pH sas :enitored periodically, and was maintained within the
range of 9 to 11 by addition of fresh solution.

During the exposure the cables were energized with the 60 H: rus potentials
and currents listed in Table 1. The energizing potentials were :pplied to the

'

cables as shown in Figure 3. A= pere leading and voltages were set at the speci-
'

fied values prior to the start of the exposure; thereaf ter, the potentials and
currents were recorded periodically and readjusted, if required, to the speci-
fied levels after each reading.

Cha=ber te=perature and pressure was monitored continuously on strip-chart
and multipoint recorders.

A list of the data acquisition instruments used in the test program is
7 included as Appe:: dix A.

3.4 MANDREL WRAP AND HIGH-POTENTIAL WITHSTAND TESTS
.

Following the 30-day S/C exposure, the nandrel was lifted out of the
pressure vessel. The cables were severed i= mediately below the penetrations
in the finnged head to facd14 tate cable re= oval; and each cable was slowly un-
vound from the double ma~i el, straightened, then rewound around a =andrel whose
diameter was approximately 40 times the cable dia=eter. The specimens (still
coiled) were i=mersed in a ennk of tap water at room te=perature and subj ected.

to a high-potential withstand test for five minutes using a potential of 80
- Vac r=s 60 H: per =11 of insulation. At the end of the five _.inute period, the

t hnqing/ leakage current was measured.
-

e

V f - \

3*3 ; L dLi
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Figure 2. Teiaperature/ Pressure Profile for simulation of
Loss-of-Coolant Accident (LOCA) Environment
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4. TEST RESULTS

4.1 PRETEST INSPECTION AND ELECTRICAL MEASUREMENTS

The results of insulation resistance (IR) measure =ents are presented

in Table 3. A visual inspection revealed na signs of da= age or def ects in

any of the cable samoles.

4.2 THERMAL AND RADIATION AGING

Visual inspection of the cables af ter ther=al aging revealed that one

of the cables contained indentations in the jacket =aterial where the cables

were supported by metal clips on the mandrel or where the cable lead ends

had lain across the top of the mandrel. W e con.11 tion of individual cables
3

as observed af ter ther=al aging and the radiation exposure is provided in

Appendix B.

A certification of the radiation exposure is included as Appendix C.

,.

4.3 LOCA EfNIRONMENT EXPOSURE

The spec 1= ens were exposed to a steam and chemical-spray environ =ent in
general accordance with Figure 2. So=e deviations from the profile occurred

, during the first 3 hours of the dwell at 265'?/23 psig due to interr.ittent

failure of electric heaters and atte= pts to restabilize using steam. A sary

of the deviations following the initial stabilization at 265'F/28 psig is as

follows: -

a) A 14-min period during which the te=perature and pressure varied
between 199-290*F and 22-54 o si s; .

. b) A 47-min period during which the weeperature and pressure varied
between 239-275*F and 44.5-68.5 psig. During =ost of this period
the te=perature re=ained between 260 and 272*F.

_

c) A 13-eds period during which the te=perature and pressure slowly
fell from 270*F/47 psig to 164*F/25 psig.

Oj}r Q
4-1 3 ,\ L *
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Table 3. Results of Post-LOCA High-Potential Withstand Tests

CABLE POTENTIAL LEAKAGE / CHARGING
,

NO. kVac CURRENT (mA) REMARKS *

,
18.31 2.4 1.1 4 turns around mandrel - damaged area at

one end held out of water **
18.32 2.4 1.2 6 turns around mandrel
18.33 2.4 1.4 5 turns around mandret
18.34 2.4 <l 5 turns around mandrel
18.35 2.4 1.1 5 turns around mandrel

.

Conductors 2, 4, 6 versus 1, 3, 5, 7
then 3, 5, 7 versus 1, 2, 4, 6. Leakage

20.12 2.4 4.7 current identical for both readings. 6
- 20.16 2.4 4.1 d in section cut from one end of cable'

20.16 after first test re ulted in
tracking.

.

20.25 2.0 <l f Black conductor verses white and drain
20.26 2.0 1.1 wire then ahlte conductor versus black
20.27 2.0 <1 4 and drain wire. Leakage current identi-
20.28 2.0 1.2 cal for both readings.

.

. .

*

*Except as may be noted, all cables withstood the applied potentials for 5 min
while immersed in tap water at room temperature.

_ **See Section 4.3

_

*

4-5 : i i- 'd''
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5. CONC 1.USIONS

Eleven electrical cables sub=1::ed by The Anaconda Company were sub-
jected to a test progra= based on the guidelines of Tver Standards 323-1974
and 383-1974. The progra= vas designed to sW ate nor=al se vice, a loss-
of-coolant accident (LOCA) and the cooldown following the LOCA.'

.

All of the cables were ther: ally aged,* exposed to 200 =cgarads of ga==a
radiation fro = a cobalt-60 source and then subjected to a stea= and chc=1 cal
spray environ =en: for 30 days, si :ulating a loss-of-coolant accident (LOCA).
All of the cables were energized at the start of the LOCA with potentials and
currents s1=ulating setvice use, and 10 re=ained energized throughout the
30-day exposure. At the conclusion of the above sequence of exposures, all
of the spec 1= ens were subjected to a =a=drel bend /high-potential withstand

rJ test.

Ten cables de=enstrated satisfactory performance during the exposures
simulating nor=al service, a LOCA and subsequent cooldown; and all of these
appeared to have a substantial =argin of life rc=aining by withstanding post-
LOCA bends at dia=eters forty ti=es the cable dia=eters and high-potential
tests at 80 vac per =11 of i=sulation.

Cable 18.31, which did not =aintain its electrical load during the LOCA
C. si-ni ntion, also appeared to be capable of de=onstrating satisfactory pr.rfor=-

ance. A post-test inspection revealed an isolated faul: which =ay have been
, cacsed by the = ode of support; the rest of the cable withstood a post-LOCA

high-potential test.** This conclusion is further supported by the fact that

the cable was identical in construction to two otb a cables (18.32 and 18.33)_

uhich =aintained their elec:rical loads for 30 days and withstood a post-LOCA
high-potential test.

*Two cables, 20.25 and 20.26, were aged by The Anaconda Company.,

**See Section 4.3.

5-1
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6. CERTIFICATION

The undersigned certify that this report is a true account of the

tests conducted and the results obtained.

,E LAW.
'. L. W Jitener

Test Engineer

JY. ,

W. M. Denny N* /
Project Leader /

]-~%

a1'

.

D. V. Paulson, Chief

. Environmental Test Section

APPROVD:

I

bU 1A uA N W ,8i b m e.
- genons Zudans,iVice esident S. P. Carf agnc/, M.y:ager

Engineering Perfor=ance Q6alification Laboratory

6-1 s , ,-.
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LIST OF DATA ACGUISITION IN8TRUMENTS F=C4350
..

^

INSTRU"ENT NU*SER 4217507
INSTD ANO *FR 6ECK"AN INST.e INS. AND SREAKD0nN TEST SET
TvoE/=CCEL NU"9ER 1600=AC/DC ITS
SERIAL nUP6ER 77145
RANGE / FEATURES 10 (V AC/DC 10 MA AC/DC
OATE CALI8 RATED 07 12 76

I N S T 9 E '* E N T NUdSER 16037
INSTD A90 *FW ScROEN <ETav. DRESSURE GAGE
TYDE/*DOEL NUa6ER ACRAGAGE AISI 31e TUBE

- SERIAL. NUMBER A6
RANGE / FEATURES 0=200 PSIG 1 PCI/DIV
0 4 T E __ C A L I.3 4 A T E D 01 27 76

_

.

I'187DbrENT NUM9ED 18062
INSTR AND *ER AMETE%, PRESSURE TRANSDUCER
TYPE /kCDEL NUNC-ER 50G0200BC2X24
SERIAL. NunSER 205S3-1 R3081-1

2 RANGE / FEATURES 0-50s 100, 200 PSIG
DATE CALI9RAiiO 01 27 76

INSTRU*ENT NuweER 18117
INSTR ANO HFR 'a E S T O N , AMMETER

TYPE /=0 DEL NU"9ER 1934
"

,
'

. SERIAL NUM5ER NONE .

.. RANGE / FEATURES Q*100 A AC
OATE CALIBRATED 06 09 76 -

INSTRIatni NUMBER 18178
. INSTw AND MFR MCNEYaELL=ERONN, MULTIPOINT TEMP. RECORDER

TYDE/MODEL NUNSER ELECTRON _TK 16,1630 3856
SERIAL NU,*BER S0355 779001
RANGE / FEATURES 0 500 DEGREES F TYDE T T/C 0.125-1.0 IN/"IN
DATE CALIBRATED 04 13 76

INSTRUMENT NUPSER 18183
_ INSTR AND WFR BARTON INSTRUMENT, PRESSURE GAGE..

TYPE /*0 DEL su=SER STAIhtESS SiiEL
SERIAL NUM8ER 227,19714

RANGE / FEATURES 0=100 IN. nATER e000 PSIG STATIC.

OATE CALIBRATED 05 27 76

. INSTRUMENT NUMBER 18193
INSTR ANO *FR SIMDSON YQLTHETER
TYDE/N00EL NUP8ER NONE -._ ,

w SERIAL NUMBER NONE. _ 3,

RANG _E/ FEATURES 0-750 VAC 10V/DIV L 5 - n,,

DATE CALISRATED 03 30 76 o i ' uJ/
.

-
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LIST OF DATA ACCUISITION INSTRUMENTS F=C4350
-.

-

5 GTa'adNT qu=9ER 1826L
1 4 .* ~ AND "FR MIDaEST AC AM*ETER
*

-_ / W G D E L N U M B E r CURRENT TRANSFORMER

SERIAL NU*BER NONE'.

RANGE / FEATURES 0-100A =ITH CURRENT APMR
DATE CALIBRATED 0a 02 76

INSTRUMENT NUM5ER 182e5
INSTR AND uFR "!D'aEST A* AMMFTER

'-

TYIE/HUDEL NUa5ER CURRENT TRANSFORMER..

' SERIAL NuxBER NO NE. . .
. , _

RANGE /8'EATURES Oa100A *ITH CURRENT XF"P
OATE CALIBRATED 04 02 76

INSTAUNFNT NU"9ER 18266
~

INSTR A%n "F# *,IomEST AC AMMETER
A TYRt/*0 DEL NU"9ER CURRENT TRANSFORMER

v SERIAL NU" DER NONE
_^ RANGE /FRATURES^ 0=100A afTH CURRENT XFMR-

~~

DATE CALIBRATED 04 02 76

~

I:.STRu"ENT NU"6ER lode 7
INSTW ANO MFR MTOWEST AC AMMETER
TYPE /*DOEL N U P- S E R CURRENT TRANSFORMER-

SERIAL NU"SER NONE- -

RANGE / FEATURES 0-100A aITM CURRENT XFMR
_

DATE CALI5 RATED 04 02 76 *

~
INSTRUMENT NUMBER 18284
INSTR ANO wFR aIPCTRONICS M1= POT POWER SUFFLY.

TYPE /wCOEL NUMEER 705=2 CS14=750
SERIAL Nua9ER 75-21623
RANGE / FEATURES 0- S KV 0 = 400 MA

~

DATE CALIBRATED 01 30 76
_ _.. _ _ _

. _ _
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APPENDI,X B

A. Visual Insoection of Cables after Thermal Acine
-

A visual inspection of the cables on the double mandrel was made af ter

thermal aging to deter =ine if any obvious physical deterioration has occurred.

The co=sents below are general in nature since the cables were not re=oved

. from the enndrel for a detailed inspection.

* 1. Cable 20.12 contaired deep 1ndentations in the outer
jacket at both enfs a=d at a point approxi=ately 35
inches from the top of the mandrel. At the request
of the client, sections of heat shrinkable tubing
about 2 inches long vere placed over the indentatious
at the ends of the cable af ter ther=al aging.

2. No apparent defects were found in the rmnining cables.

B. Visual Insnection of Cables after Radiation Excosure,,

Following the radiation exposure, another visual inspection was conducted
of the cables on the doucle =acdrel.

No apparent defects were found in any of the cables.

C. Visual Inscection of Cables after LOCA Excesure

Folleving the LOCA exposure, the cables on the =andrel were inspected
before they were removed for the mandrel bend and high-potential withsennd

.

test. It was noted that che=ical deposits from the spray solution covered
the surfaces of all the cables.

No apparent defects were found in any of the cables.
,
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TEST REPCRT - JATUARY 2, 1969

ENGIN~r. RING CRDER NO. 600198

The Limiterque valve operator tested was Model SMS-0 with a

15 foot pound, 3 phase, 60 cycle, 440 volt motor, with special high
_

temperature motor insulation and high temperature resistant non-

metallic components, to withstand the centemplated steam pressure,

high temperature and chemical conditions expected in the event of.

.
a nuclear reacter failure within the centainment vessel. The

Limiterque operator was wired fer a torque seating control for

closing direction and position limitir.g centrol for open direction.
.

A 2 3/8" diameter by 1/4" pitch, 1/4" lead, left hand stem was used

to simulate the stem of a valve being opened and closed The speed

of cperation was approxi=ately 6" per minute ever a 12" travel.

The designed seating thrust to be exerted en the stem by the

Limitorque valve control was 16,500 pcunds of thrust in ths closed

position of the valve stem. A slide wire electric positien trans-

mitter was also installed and connected to a remote positier. receiver

cutside the test cha=her.

TESTS TO BE PERFCPMED CN OPEPATOR

1 . ./.
''

,

1. Preliminary heat tests en component parts. ,'
'' '"

2. Preliminary heat tests on actuator.

3. Preliminary live steam test en ac uator.

4. Heat aging test of electric nctor and electric =c cr with brake.
-

\ ..

4
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- _

5. Sheck and vibratien test of actuator to simulate seismic

conditions.
S

6, 150 life cycle test of actuator producing approximately 16,500

per .ds of thrust.
_

7. Test of Limitorque valve operater and electric brake motor

under a sL=ulated reacter centainment post-accident steam and

chemical environment.
.
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1. PRELIMINARY b' EAT TESTS ON COMPCNENT PARTS

The standard Limitorque operator geared limit switch and

torque switch was subjected to a dry heat test for approxi-

mately 16 hcurs at a temperature of 375*F. Periedically
_

during this test, the switches were re=cved frcm the even and

actuatec by hand. The operation was satisfactory and no mal-

functions cecurred. All parts functiened freely and there was

no binding, ja--ing, nor abncrmal distertien of parts. The

test was successful in all respects.

2. PRELLMINARY EEAT TESTS CN AC UATOR
'

A cc=pletely asse= bled and operational Limiterque operacer ~

was placed in an even where the te=perature was maintained at-

(~
.

approximately 3 25 'F. fer a duraticn of 12 hours. The unit was

electrically operated every thirty minutes for a period cf

appr=ximately two 4-utes per cycle and using the geared limit

switches to step the actuater at the full cpen and full closed

position of travel. Indicating light circuits were also wired

te the geared limit switches.

The test was successful in every respect. There were no

malfuncticns of the operatnr and upon inspection of the cc=-

penent parts used, there was no noticeable deterioration er

wear.

The lubricant used in the gea-ad 'i 4- switch did becc=e

hard and caked, hcwever the lubricant used in the Limitcrque,
w

7 [ 1 ' O[O~
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gear housing remained pliable and had its original censistency.

It was determined that the grease in the geared limit switch
I

gear housing shculd be changed to the same grease as in the

Limitorque operator gear housing.
,

3. PRELLMINARY LIVE STEAM TEST ON ACWATCR

A cceplete Limitorque actuator was set up for electrical

operation and live steam was piped into the conduit taps on

the top of the limit switch compart=ent. Cne of the bettc=

conduit taps was left open to drain off any condensate. The

operator was set up en a timer basis for operation over a period

of apprcximately nine hcurs and cperating every thirty minutes

for two minutes per cycle. During this test, the live steam

( La the switch ccmpart=ent seemed to have no effect whatever en

the function of the limit switches in their centrol of the

operater at the full cpen and full closed position of travel.

In addition, the limit switches were wired up to indicating

lights which operated satisfacterily.

The test was successful and there was no neticeable effect

on the function of any of the parts in the limit switch cc=-

ca.__ent.

4. F".AT AGD'G T.ST OF ELEC"R1C MCTOR AND " ?C*RIC MCTOR '.CTH 3PJCC:

The electric =ctor for the Li=iterque operatcr to be used

in the environment test and another electric =ctor equipped

. with a disk type brake were subjected to a heat aging test.

E '! u [i /L >O
.! -
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to Reliance Electric Co. forsentSeth electric motors were
consisted of baking the motors

heat age testing. This test

for a total of 100 hours to simulateat a temperature of 180*C.
Motor insulation

aging the motor to a 40 year life expectancy.
There -

_ checks were made and fcund to be within normal limits.

were no adverse effects en the meters and =cter insulatien.

resistance measured infinity to ground.

SECCK AND VI3 RATION TEST OF ACTUATOR TO SIMULATE SEISMIC5. .

CONDIT!CNS
test

The Limitorque operator to be used in the environment
in Plain-

was shipped ccmplete to the Lcckheed Elcetronics Co.,

for shock and vibration testing to simulate
-

field, New Jersey,

:.s enciesed herewith.
seismic conditions. A ccpy of this report

The test. basically censisted of =cunting the Limiterque operater!

it at 20 cycles peren a shcek, and vibra' tion table to test
1G lead fer a period of two minutes en -second vibration at

This would constitute ene cycle. The cycle
ene minute off.

was repeated five times in both the vertical and herirental

axis of the operater. The actual test report and photographs

are included here.

The test was successful and there was no noticeable effect

whatscever en the Limiterque cperater.

i
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6. 150 LIFE CYCII TEST OF LILTORCUE OPF?ATOR PRCDUCn!G
APPROXIMATELY 16.500 PCUNDS THRUST

The Limitorque operator was shipped to the Franklin

Institute Research Laborateries, Philadelphia, Pennsylvania.

The operator was. mounted on a stand inside the test chamber
_

and a 150 cycle lead test was made en the unit. This test

consisted of streking the 2 3/8" diameter valve stem a total
.

of approximately 12 inches in two minutes. The valve stem"in

the full closed position produced a thrust of 16,500 pounds

en a rigid plate securely bolted to the test chamber. The
"

t h at was measured by the same strain-gauge recording instru-

ment used in the actual environ =enta'l test conducted by the
.

Franklin Institute. The unit was wired up ca that the closing

I
direction and the open position geared limit switch stopped

the unit in the full open positien. The speed of travel was

6 inches per minute.

After the life cycle testing was ecmpleted, the unit was

inspected and fcund to be in excellent condition. There was

no noticeable wear en any of the parts. The same electric

meter which had been heat age ::ssted at Reliance Electric Co.
.

was used for this life Cycle test. There was no noticeable

adverse effect en the electric motor and it functioned properly.

7. TEST OF LDiITORCUE VALVE CPERATCR UliDER SIMULATED REAC~CR
CCN*ADIMEN" PCST-ACCIDCIT STEAM AND CHEMICAI, D;VIRCIMENT

(
The attached report of the Franklin Institute Research

Laheratories describes the actual cu ting under this enviren-

,, 1.. ~
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mental condision.

After the test was ccmpleted, the Limitorque operacer

was shipped back to Philadelphia Gear Corpcration, King of

Prussia, Pennsylvania where it was disassembled and all parts

were inspected. Photographs are included shcwing the various

parts of the operator. All parts, including the electric

motor, slide were position transmitter, seals, bearings,

gears, and shafts, were inspected and no noticeable wear was

noted. Ecwever, the gear frame of the geared limit switch

had correded and caused a minct failure.

The geared li=it switch frame had been attacked by the

boric acid in the steam at=csphere. This caused the gear

frametoccrredeandresultedinbindingupofthe shafts of
f

the geared limit switch where they artend through the geared

limit switch hcusing. This caused the malfunction of the

switch as described La the Franklin Institute Research Laber-
atories' Report. A material change has been instituted to

correct this cerrosive action of the material used in that
particular switch. On all present orders being precessed,

and en all future units to be shipped to meet environmental

cenditions such as this, the gear frame hcusing of the geared

limit switch will be a bronce =aterial which is not subject
i

to corresien by beric acid solutiens. The meter insulation

resistance after all testing was 1,000 meschms across all
,

three- =otor terminals to ground at 500 volts.s.
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-

* PURPCSI OF TEST: To subject the test specinen to they
- Vibration Test referenced in Philadelphia ,

-

Gear Corporation Purchase Order No. 6CC193..[.a.-
- MANU?ACTUEIR: Philadelphia Gear Corporatien

-

,
. _ Eirs of Prussia, Pa. -

.:
, ,.

"
.

. -

SPECIEIS TESTED: SM30-15 Linitori.ue--

. 6 (Reliance Mctor S/U 435571-MS)
...

A??LICA3LE DCCUEI*S :
. -.

Philadelphia Gear Corporation-

Purchase Order'No. 600198..

.

CASE NU/.3ER: ' 124-8041-0594 -.

. . . -
- -" .

.
"' ' ' 'QUALITY C5 -

S?ECIEIS TI.STED:i Cne .(1);
a

_ .i
,

.
. ....

SECURITY CLASSIFICATION
..

-

''
- -

CF SPECIEIS TESTED: Unelassified
,

u -

D4TE TEST CCM?LETED: 7/30/68 -,
..
.. .

j TEST.CCNEUCTED ST: LCCEEA ELECT 2CNICS CCZPANY
'

EN7IECNETTAL LA3CRATCEZ7
'' DISPCSITICN CF ~

--

I S?ECIEIS TESTED: . Returned to. Franklin Institute, Applied.'.p .
' *

~ _ ' Mecbnn* cs L1borator7 per the request af
I{ - Philacielphia Gear Corperation per Lockheedb

. Electronics Cenpan7 Packtra Slip 'To. 41775' - * :,.
.. _ . - .. dated 7/31/68.. . . -..

3., .
- .

..
.

-

j TEST.' A?? A' A"'US - "aaction-Type. Vibration Machine ,
; . ,LA3 Cc=pany Mc:lel EVE '[2-5cco, S/N- 51hc1.

1 -

' ~

- 71bratien Meter', M3 Cc=pany! - .-
" - . .' - . Mcdel M-6, S/N 539 ,

<
. 3 ..

.
-.

-
.-. . -

.

- ~. . . . Vibration Pic' cps, M3 Cenpany T7;e 120,j
"

. " ' . '

G.
~ 'S/N 14157 (vert' 'al) And. S/N 11263

'

(.,, horizontal). 'N_. .. c.
,

.

TEST PRCCICU23:
' ~

The test scecinen was secureci to thes -

~
, .

. vibratien nachine, as shewn in Figures 1
' ' . , , , , anci 2, and subjecte:i to five (5) c7eles of

. vibratien in both the vertical axis and' -

. the hori: ental axis with the neunting flange.
-

, ,

.
L, '. :in the horirectal clane.

-

.n. . :-

j. *
- .- .'.

.,
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' .

*
. ..
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. Te- Re. cort No. 2120-4596.

-

'--
.

TEST ?RCCIDURE: Each cycle censis.ed of two (2) ninutes'

(Cent'd) - of vibration at a " req,uency of twenty (20) -~

. ces. and a acceleration level of cne (1)-

; s .

.

- ag", followed by one (1) ninuce of no
b - vibration.

.
.

'~

;.: .; ~ Visual inspections fcr evidence of a.J~. - .
*

,...

'"
.

. , . . . e ternal physical da= age were conducted'

1 ',
,

.
- ,- throughouc vibration testing.

-
.

- n., .., _

.'~~ The 71bration Test was conpleted with nuTEST EISULTS : -

; . visible evidence of any external physical*
-

- -

1,
- -

.

pm-,-a.
. s-

.

EECC!CiENDATICNS : None. Cata cereb.y subnitted.
.

,
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. . . .
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PHILADELPHIA GEAR CORPORATION
KING OF PRUSSIA, PENNA. 19406

LIMITORQUE VALVE CONTROL
.

.

ADDENDUM NUMBER #I ,

TEST OF LIMITORQUE VALVE OPERATOR
TO MEET GENERAL REQUIREMENTS -

OF

AN ELECTRIC VALVE ACTUATOR
IN

NUCLEAR REACTOR CONTAINMENT ENVIRONMENT
~

REPORT OF JANUARY 2, 1969

A. SECCK & VIBRATION TEST
3. TEST OF LIMIT SWITCH WITH MATERIAL CHANGE

- APRIL 29, 1969

._ ; ~ n 7
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'T REPORT - APRIL 29, 1969'

A. SHCCK AND VIBRATION TEST:

The Limitorque Operator size SMB-0 with a 15 foot pound, 3 phase,
. .

60 cycle, 440 volt motor, nameplate order #338164 was shipped to

Lockheed Electronics Company environmental labratory and tested

on March 10, 1969.

Test Procedure

The test specimen was secured to a vibration machine and subjected

to five cycles of vibration in both the vertical axis and the

horizontal axis. Each cycle consisted of two minutes of vibration
,

at a frequency of thirty-five (35) cps and an acceleration level
.

of three (3) "G's", followed by one minute of no vibration.

.

,

_
Vibration scans were also conducted in both axis of vibration

between five to thirty-five cps to determine the presence of any

resonances.

Visual inspections for evidence of any external physical damage

were conducted throughout the vibration testing. The vibration

test was completed with no visual evidence of any external physi-

cal damage. No resonances were detected during the vibration

scans.

The above is included in Lockheed Electronics Company Test Report

#2268-4618.

f) 9 |): * --

- . _ .
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The previous shock and vibration test of a Limitorque Operator

was extended to 1 G and 25 cps.* The above test extended the

level to 3 G's at 35 cps.
_

B. TEST OF GEARED LIMIT SWITCH WITH MATERIAL CHANGE:

On the previous test of a Limitorque Operator as submitted

January 2, 1969, a failure occurred due to the action of the

'

chemical spray on the material of the gear frame of the geared
.

limit switch. This caused the premature failure of the geared
.

limit switch. The gear f rame material has been changed as prev-

~

iously recommended and an additional test of thi- revised geared

limit switch has been conducted at The Franklin Institute

Research Labratories in Philadelphia, Pennsylvania on April 9

through April 16, 1969. The geared limit switch was placed in the

same environmental chamber as the previous test and was used in

conjunction with starting and stopping an electric motor also

in the test chamber. The environment consisted of a seven day

test wherein the geared limit switch was exposed to high steam

pressure, temperature and chemical environment similar to che

previous test.

The new geared limit switch successfully completed the test with

no sign of wear or deterioration due to the steam pressure,
_

|,. . . . ,

b '
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temperature or chemical envircnment. The test was completely

satisfactory in every respect. . -

_

CCNCLUSION:

The material change of the geared limit switch has been noted

and will be included on all Limitorque Operators subjected to

this environmental condition when specified.

.

.

This information is submitted as an addendum to our Test Report .

dated January 2, 1969.

_

\ ~

'- Very trulv you-s,

MN
Edward F. Lawson
Sales Manager
Limitorque Division

EFL/ sis
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PHILADELPHIA GEAR CORPORATION
industrial years specd reducers fluid mizers Irmitorque valve controls precision ground gearing

Main 05ce:
. Schuylkill Expreeway, Soburban Phna..

KING OF PRUSSIA, PA.19406
TELEPHONE: ::65 3000

.

.

SUE.ECT: REPORT OF TEST CN LIMITORQUE VALVE CONTROL
.

SHCCK & VI ERATICN U P TO 5.3 G 's , 35 Ho

Gentlemen:

Or August 20 1970 a seismic shock and eibration test was conducted
on a Limitorque cperatcr sice SMS-O-25 suitable for nuclear con-
tainment vessel service at the Lcckheed Electronics Company .,

Plain fi eld , New Jersey.

The Limitorque cperater was mcuated on a test s.and and having
threaded valve stem being driven by the Limitorque operatora

simulat; ng Opening and closing a valve. The Limitorque Operator
was electrically connected s o as to step at the full clcse pos ::en
by means of Oc t orque swit ch and s tep at the full cpen posit:cn
by means cf car gea red 12 mi t switen. 2ne Limitorque operator had
a 4 . rain geared limit switch installed and all contacts not being
used for mat cr control were wired to electric :ndicatAng lights
at a remote pane'.

The enclosed Lcckneed Test Report shcws that this unit successfully
cc.apleted a 5 3 G shock level at 35 He with no discrepancies noted.
An exploratory scan of 5 Ec to 35 Ec was made and no critical
rescrant frequencies were noted on the Limit orque Operator. The
arit was shocked and vibrated in each of three different axes
a to:a! 0: 2 minutes on. . minute off, three times per ax s, T'n e
ari was cper a ted elect ri cally to bet'r the full open and full cl:2e

-

c j ^, n/n
,1 i[ UOO

sales and engineer:ng ofices in all major cities

-. ....
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position and all torque switches and limi t switches functioned
properly None of the auxiliary *1iSit switches wired to indicat:ng
lights ever flickered or indicated they were opening or flickering.
All electra cal and mechanical devices on the operator worked success-
fully. ~

An additional test level of 10 G:s at a maximum of 49 H: was con-
docted as noted in the test. The Limitorque operator had no defects
during the fi rs t two minutes of operation at the 10 G level; however,
upon starting the second run., the hardware holding the geared limit
switch loosened and we decided to discontinue the test. At that
time, the unit had been sub]ected to a t otal of 9 minutes of shock and
vibration at 10 G's and 49 H:.

The enclosed Tes t Repcrt 7253 9A-4723 of Lockheed Tes t Lab. is sub-
mi tted for your inf orma ti on .

.

Very truly yours, '

PHILADELPHIA GEAR CORPCRATION.

,- . Acu c- -

Edward F. Lawson, Sales . Manager
Limitorque Division

ak
enc.
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Test Report No. 2530^-4723

Issue 2, .

RUPCET CP 70[5V
on

LIMITCRCL'E CCRPCRATION--

SMS-O-25
VALVE CPERATCR

..
.

.

.

0 .y~--

'A U A ^'I ' U -
'#Report Writer: -

--

R( F. Scleis

Test E.,gineer : 40' 6 7-'$c3 C["
w. A. elack

L O O M M 3 2 D E L E C T R O N i O S C C PM3A N Y
P L A 1 ?J F I E L D . PI E W JERSEY
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(;. '['h Tctt Report No. 203SA-4723

Issue 2 |
,e

PURPCSE CF TEST: Tc subject the test coccinen to the
|Scismic Tect rcFerer.ced in Limiterque 1CcFporation Purchase Order Number i

348572, dated 8/5/70. f
'

M ANUF A CTURER : Limitorque Corporation
5114 Woodall Road

{Lynchburg, Virginia 24502 '

l

SPECIMENS TECTEO: SMS-O-25 Valve Operator j
!

APPLICASLE COCUMENTS: Limitorque Corporation F u r t.9 a s e Order
Number 348572, dated 8/S/70. {

li' CASE NUMBER: 34-8041-0723 .

i. . ;

CUANTITY CF
!

-- SPECIMENS TESTED: Cne (,1 )
i

iSECUPITY CLASSIFICATION '

CF SPECIMENS TESTEO- ' 'nc i cs s i f i e d
.

CATE TEST COMPLETEO: e/20/70

TEST CCNCUCTED SY: LOCKHEEO ELECTRCNICS CCMPANY :

ENVIRONMENTAL LASCRATCRY'
~

!
.

!'

CISPCSITICN OF '

SPECIMENS TESTEC: Returned to Limitorque Corporatico per i,

LEC Packing Slip Number 66227, dated {S/24/70,
i

|ASSTRACT: The test specimen was subjected to One
Seismic Test referenced in Limitorque
Ccrporaticn Purchase Orcer Number
348572, dated 6/6/70.

The 5.3G portion cF testing was completbd
with no discrepcncies noted.,

IThe 10 G portien of testing was termi- |
nated durinc the seccnd cycle due to i

noted Fatigt,,g cF the gear limit
switch mounting hardware.

TEST APPARATUS: Reaction Ty 9 Vibration Machine, LAS
Company Model RVH-72-SOCG, S/N S1401

Vibration Meter, MS Company Modei M-6,
S/N 423 '

!
Vibraticn Pickucs, MS Comcany Type 120,
S/N 11253 and Type 124, S/N 14074

Forn LEC 197F
o - - o. e .r, ,.a c.0

, , . '}A
. t .
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l
. A s'

(4,.4?.y) Iccue 2
e

secured to the
TEST FRCCECURE: vibraticn machinc, as shown in Figure ij

; The test coccimen was
'

scanexploratory
and svejected to an
over the Frequency rcnge of 5 to 25 H:f

occnsThe exploratory(2) axes. (3) cycles ofin two
were followed by three
vibration in each axis.

Each cycle _

(2) minutes of v ibra- iconsisted of two |cF 35 H: and antion at a Frequency
level cf 5.3G's Followed b?acceleration

(.13 minute oF no vibraticn.one

The test specimen was then set up as i

the
shown i ., Figure 2 and subjected to

mentioned test in the third axis.
~ At ecmpletion of this test, an additicnsiabove

was performed over.thescanexplorat=ry cF 5 to 49 H: and twoFrequency range a Fre .
'' '?) cycles were performed atacceleration

'
quency.cF 48 H and an '

f

i

level cF 10 G's.
was energized during

-

The test specimen
testing and all electrical monitoringCorp ora t ien 4

was perFcemed by Limiterque ;

rpersonnel, ~ t
'

ccm- j
The 5.3 G pcrtien cF testing wasevidence cF any dis- ,

TEST RESULTS: pleted with no axis of jcrepancies ncted during either
test.

10 Glscan cF theDuring the exploratory
pcrtien cF testing, the gear limitloosened.mcunting hardwareswitchThese screws were tightened prior to

a

|the start of the First cycle.i

The FirSt Cycle a '* 10 ~'s was then ccm-;
.

no d:s~repancies notee, t

pleted with w '

(4] minute cF j

Ag eg B,u_roximately, e''e *
.

.

.he tes* was .ermi.r -
,

the second cY i., .

to gn.;_, ding of the Gear limi
-

-

noted due -'e

switch mcunting hardaare.
refer toFcr additional information,

the Five (5) attached data sheets.'

Ncne. Cata merely submitted.
F ECO .'.M ENC AT IONS : bl. G. T 2 Cc.h

Test Engineer: V
W. A. 51ack

I Page 2 _O f _E- - ,
, _ g

r' a ' ' ' r -- ,c'o L_ 1,i
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,e TEST REPCRT NO. 3521-4811

!

.

REPORT OF TEST
|

ON
LIMITCRCUE CCRPCRATICN

SM80 CPERATCR W/ MOTOR (40 1:T. LS.)
AND

MOTCR (25 FT. LS.)
.

A'
REPCRT WRITER: - -

M S61 tis- .

TEST ENG;NEER: I [
W. A. Black

,

LOCKHEED ELECTRONICS COMP ANY, INC.
PLAIN FIELD, N EW JE RS EY

DATE: une 17 1974 -

'

APPROVED BY:
N. Jchn ' . , Manager
Env irer '. ntal Laceratcry, o

% v. ' .; e o>
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'~ ' M TEST REPORT NC. 3924 4A41

,

I PURPOSE CF TEST: To subject the test specimena to the
[. Seismic Test referenced in Limiter que

Corporation Purcheos Crder Number
-. 600458 dated June 11, 1974

MANUFACTURER: Limiterque Corpcratien'

S114 Weedall Road
Lynchburg, Virginia 245C2

,

SPECIMENS TESTEC: Ca] SMED Cper ater with 4C Ft. 16.
--- meter.8/N 188835

,

" (b) Reliance 25 Ft. Ib. meter
--

APP' ICAELE CCCUMENTS: Limiterque Ccrpcra:Icn Pur chase Order-
Number- SCC 455 dated Jur-e 11, 1974

- PROJECT NUMBER: 24-8041-3811

CUANTITY CF
_ SPECIMENS TESTED: Cne (1) each

SECURITY CLASSIFICAT!CN
OF SPECIMENS TESTEC: Unclassified

_

__ DATE TEST CCMPLETED: June 1C, 1974_.

TECT CCNCUCTEC SY: LCCXHEED ELECTPCNICS CCMPANY, INC.
ENVIPCNMENTAL LASCRATCRY

_

CISPCSITICN CF
-

SPECIMENS TESTEC: Returned to Limiterque Cer paration per
_. Lockheed Electr=nics Company, Incersc-

rated Packing Slip Number * 97449 detec
June 12, 1974.

-- AESTRACT: The tast specimens wars subjected to
_ the Seismic Test referenced in-

Limit =rcue Corporation Purchase Ceder-
- Number- ECC456 dated J me 11, 1974

- This test was completed with no visible
evidence of exter nal camage er

~

rescr ances .

TEST APPARATUS: Reactien-Type Vibraticn Nacnine, LAS
- Ccmpany Necel RVH-72-SCCC, S/N S1401.

00|'i L__
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EA
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@ TEST REPCRT NO. 3521-4811---

TEST APPARATUS: Vibration Pickups, M8 Company Type 124,
(Continued) S/N 14074 and Type 126, S/N 14CCS.7~

Vibration Meter, M8 Ccmpany Mcdel M-6,
- .S/N S39.

Cial-A-Gain Amplifiers, Unnolt:-Cickie' '

Medal 61CM, E. L. Number 463 and Model
61CRM-3G, E. L. Number 464

Acceleremeturs, Endevce Model 22210,
S/N NAS4 and FCSS.,

TEST PRCCECUPE: The test specimens were secured to the
test machine, as shewn in Figures 1
through 3, and sucjectsd to the Fellcw-
ing Seismic Test in accordance with
Limiterque Cceperatien Puronese Crder'
Numcer 6C0456 dated June 11, 1974.

1. To determine resenant Frequencies,
en explcratcry scan was perfccmed
in each of the three (3) mujer
exes over the f requency range cf 5
to 3S H: with a maximum input
acceleraticn cf 1.0 g's.

2a. With no resenant Frequencies
-* present, the test specimen was su=-

jected to 10 sec=nd cv ells at the..

Frequencies scacified by the
Limiterque Ccrporatier representa-
tive (see data sheets) in each
exis. The vibration amplituce was
maintained at the maximum centroll-
able disclacement Frem S H: to the
frecuency at wnich 3 g's was
attained. The input was then
maintained at 3 g's Frem that Frs-
que:1cy up to 34 H:.

Eb. The test scecimen was vibrated at
3S H: at an incut level cf 6 *%
g's Fcr a ten (10) seccnd dweII.

The test specimens were actuated curing
part 2, and all perfcrmance monitering
wee cerformed by and the cata retained
by Philacelphia Geer Ccr cratien per-
sennel.
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..
j@j TEST REPCRT NO. 3521-4811

TEST RESL'LTS: The Vibration Test was c=mpleted with
no visible evidence of external damagey

( noted to either test specimen.
,

.

There were no resonances detected in
the three (3) exes of vibration.

RECOMMENCATIONS: Ncne. Data merely subnitted.

Test Engineer: IMI
W. A. Black
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VIBRATION TEST DATA SHEET
Ax:s. Z A' 4 REPCRT NO. ff 2/ - ov/r '

/ \ DATE > 6 fj R] 7 V
EXPLORATCRY(p g .() -VAAlAOLC MCC%NC$g [d / .

Hr || f4PUT | CH I | CH. 2 INPUT I CH. 1 1 Ch 2 '/ NOTE: RECCRCED DATA IS
DCUBLE AMPLITUCE

4 L | | | | @CNF.5)
.

,
s c/u I g / t. I _ o/ g | | -s eu m C: T CV8o 2. 2. "'

'

s t ,c/4 .e / (. I civ C 5v i . c y f | . c c/ 7 Hz WPUT CL@ATCN'

1 > .c /7 .t/& ett | | gr- ./co /c fr.. .

.c/f .e/7a e /7 CSP I cRI c fA t,

'
'

s e _ c /f c/7 e /f I i '
,

10 r .c/7 c/7 . f/f f ,e f 2 | , e *I2 c Si,
11 c/f I .6/7 I.S/9 | e TEST SPEC' MEN *
12 e/9 l O/7 | 4/ 9 .e g/ I , C 8Y | ,4 83- NCMENCLATURE'

i13 ,c/7 I.O/1 i c ,Lc | | / Af C Td4 bk'Y'''214 ' .c r 7 I_c/f I c1C tG l , od I . cS9
15 'l ,c i ' | . c/ f I,CA/ I I / 1,*f /JC 4 toe # # h ^'

'

18 b .c/7 I cs7 I .cd/ e 5^2 i .cSV l ,C L E h c 7g;/g_ 17 ,c s 7 !.c// I .c 2/ I i |
'

1s i .c/7 i .c /9 i e;; .a Sc I f .f / I e42 SERfAL NO.
,c / 7 I . d t '/ I c 2 ':., I i

In <

|
-

20 c/ 7 I,cef I . t 21 . cy 9 I . c S -i' I . 4 4 3
21 l.C/7 | c/ f I . C 2. '1 I l

MANUFACTURER22 :| . c / 7 I .c/ 9 l . a ?.'J .c Vi l CR I .ed /
23 il c / 7 | , 4 / 'l I . c J. 3 I I
24 c / 7_ | ,c/ 9 I ,c 2? .cyf i . C $$ i 06 7 /N /7'c'. 4 ( G' I # A E.
25 c/7 I .c /9 1c23 I I

>

;:s il . c/ 7 I .C /9 I c:3 c9y I,eG l c 4 (.-

27 1 o/7 I .c/9 | cu I I ACCILERCMETER LCCAT CNS
23 1 c/7 I .t / 9 I . c ,7 5./ .c Vi i C ST, I c65 CH 1 l $s/)F d i Ni ~4 0 !

-

29 il c/7 i ,c/9 1,c IV | | CH. 2 |% p jf [f t, , 7-- |[ 30 ;l C / '7 | c/9 1 0;V .,cV> I . c ST. I C4 Y
l 31 1.c/7 i ,c/f i.cA V | | REMARE
| 22 1 .- / 6 f I . 0/ f f l .c .2 4/f .Cyy 1,c $% I . c 72 l

|33 i e /d f' I c /9 f I e 2 VS I I I l

34 'l c /d i l n/fil caVf cV8 I e 86 I . c 7 'A i
25 i c /4 r I c/90I.c Nf I t 1.

| 3s | I I | |
| 37 il i I I I
I :s 1 1 I | 4

3s 4 | | e/Su d 4 s d %. ~ l
l 40

',l
I ! ,,,, , f ] ,. _, a ,,. ' m -. I 1 1 n'"g g

,

3g ; g g g i <-- V V s,
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I o I I I I i I
I 4 | | } l !
l 4s ! I I I i i
I 4s i I i t- It- ,r<

| 47 .I I J J L i l 'r i d i L.6 .I '' 01 - ;i/ TEST ENGINEER
, ,
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VISRA JN TEST DATA SHEET
AX:S: I A X' * REpCRT No 7f,2, _ u v y 1

- \ CATE D s/
JARIA6LE4 MOTIF"CYt>1b ~ gg g/1/7V} EIPLORATCRY(PvtA, f )

Hz || NPUT | CH I I CH. 2 !NPUT | CH 1 | CH. 2 g m is
CCUBLE AMPUTUCE

4 I l l I ( NCHES),-
5 ,c/V | ./V .c / i , c 33 I cuV l,cii

ENCUR ANCE TESTAsW2. I

.

6 i,v/7 .c /g .0 / 6 | | Hz | INPUT | CURATCN t',4/9 ,//G | . 0 //. | |
7 '

3 f" l ./co | /cy J'r , Ie: i ,c/9 . c /t f I cr7 I I I I9 I e/f | .c/ 7 | r/ r | | | |
f

10 .c/9 l.c/7 I o/9 .cSA I ,c fd . c fd
-

11 .c/99 . c/ 7 i eac I . TEST SPEC: MEN.
NCMENCLATURE12 II .c// f .c/ ! I c ic I i

13 0 .e/ T I .c/ 7 ie/ I I / m & ;''44 l''/ M 7~" N f14 ,c/7 l c/8 I c a./ l l
15 , c/ T _e/1 l c A/ . c fC I . cS;L l eff /5/18' 0. '

16 il , c / 7 ( e/9 i c a. 'l I l uJj />f c 7"4 Af
17 't c/7f i.c/9 | ,c a :L I i
is '}.c/7 1.cif i .c 2 2 I i SERIAL NO-
19 .c/7 i.C/9 I c13 I I
:o c/7 I.Ci9 I c a. 3 eyf I . c id I CGA
21 'l . c / 7 | .cif I cJ3 I I

-

M ANUFACTUR ER22 :| . c / 7 I c/9 i e 13 I l
:3 'l . c i 7 l.c/9 i c135 | |

4/m/ N N U- [b'*E:4 ,1 c/7 | . c/ 9 i.cq l I
25 :I ci7 I .c/ 9 i c. : V _cv7 I c. f t l .c66i

-

*

:s I c /4.f I c/9 I .c 2v i i i
.c :7 || c/4 S I .C/9 i .c 2 5 I i | ACCELERCMETER LCCAT!CNSk- :3 !! c /4 i~ l c/9 I . ca f I I I CH. 1 l/Psn a c p /774 rc.e i

29 J. c/ 4 'T I c/99 I c24 I I CH. 2 pges e.; A ayp pQ//:o 'l e / 6 I c/4fl.e2G . c G7 i . c S6 I .472
31 I e /4 | c / f $' I ca4 I I | REMARKS;

-

32 || c / 6. l .c / 9i l c:7 | 1 1
33 l c/6 I .c / f f I c27 I I I
M i o /& l .C /fi l cif I | |

_ 33 'l C ir. l .4/f5 I C29 cd7 I ci6 I .d26 |
| u 1 1 I I |

37 il l I I i
3a il | I I |
39 :| | t eom k n - ,o b s , m!

l 40 'l I I

_

my L,. a h --. r - Ij 41 l i l I ! I
- o , -42 | | 1 ! I I

'

,d VUG'
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l 45 ! | I F

~

s
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VIB RN. N TEST DATA SHEET
Axs. V AV/ 6 REPcRT NO. "TJ"21 /J 5f//-

cATE > c/f 2/7 <./EXPT.OR ATCR( /g, p ) VARI.* S'd "" ' C ' ' E 'C-W/3,., y g
T " ^ ^'Ha il NPtTT | CH 1 | CH f WPUT | CH. 1 | CH. 2

. UL AMPU cE
| | | (WCHES)4 i '

5 .ec 9 .c / 6 I .c /c I | ENDURANCE TESTffg
*

a .oc 9 .c e 4 I .c/ ; , d ('1 1 . cu 9 I . c 3 3- Ha i INPUT I cURATCN |
7 t| .c i 3 '.f/7 , e /.3 | 7 3-- | ,fu | m m,
s ,1 eiv | .ei r .c / U | | t
9 ' cri .c/7 .c i f I t |
10 1 ,c /gf .c r 7 I .c f 6 o g/ | , cyy , c y g.
11 :| . c/4 g/7 * e / (, | eTEST SPEC:MENe

NCMENCLATURE12 l . e /4 i e/7 ,e/7 | |
t 13 .I or 7 I.c/7 | ci7 | | J./ha7asT */F/rTc2C

14 10/7 l .c/ T I c/7 I i
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Figure 4 Schematic Instrumentation
- -

Table I Summary of Instruments used for
.

Data Acquisition

n

%c

a

ye
,

w

1 *.. ;3
'' f-

&'l
-

| L .. '

4 e
9 *4 e



- h
. .- L.,

2[ < 1 <- +r ]
I ,t,

| hm
,

.

r '<*

.> - , j j t .- , a - ,

* . y
. <r J 'I =1m. | 2 3 1~a

+| O 3 5 A$ p- **i I.,' *' M. 4[ij'
' <'*

I ~ ; ;.a

Q "ll C li -
r i *. .

''\ ''f [
; .2

--

W -Q c 3
.,

,LL-a,. , ,

I I 7 $ } ,F p l 3.,~ b i I
l$ d | d--

'.

*l Ln - c-i : -- ; g e e q;
-

u::- ,.

2, I m- -- f
-

m~ Wq* I e e 3 <
f ! I>=C

.

^

@&), - .'
.1 ,t a .:

*ei r~) 2 c~ '-
- $ ~7L l' | 1. N.w.a,

I L-i :L_O i rPl tw---- -

J | . . s - >-- Wed-

Q, v, ,;i
_

trt:cm- . - - -

'.i I I!I
I

,C3
,

t aI ,-l | | -

i c- h.i
r! 4 |' =V

'

. I' 4I i |
{ ,+ gh-"3'a% /p n: : 12,

_n% ~ ~

y t=sT. 4; c3-i u>-22-%
.

5 Q |/
1- -

;, . . < .
'

t
,

| s/ "( }

$\| ,
| ., |,!

/ -

' ' A L.i i <- !
5-- .

._
! A g/ ,^''*'i..- 7

1_ . m. ' ii :. , -

. hq{i A -~l m ,h i
,,

i J __j2i/ -A x ;, 2 4

,
,<i

_ x-i
- : :, .

N-i .i.., b t 4-== ,~_
43 - - -

h , ,_ 4 j j ,A
~~ [I ~ ~~

nar

W ---- | N;e

:1:+ .}
'_, , .

t

. /,=-- * ,';=
s = i - -f,. .

-(.8 - n- i1.. v u' 1 =-- , . I ;1 gI ., -p.l as t ,
.

e la
Isi! ! ,J , ,

. _ . .- -.

T| ?? 7. ll' ' . :
~- !e

- i~~ ei,! , ,-
3 r:=---

1:1 .m i-
,,

-, .

I id '
*/; ---- +, ; i.

|
'

I > <. . ,

! !
-4 + 1 -

.! : .

| i - *o .

~ i
.

i ; s.........s..as, ei^ *i i3 3sss33 sse: 3a3 sat'
n.e e -- w i|

| j| 7i' '

1 - | |
- e

w I

i|.i@l
* '

\j j.
i i i

sm iTswa m, I
.

'

! 4ti!4141212.i.. ..
i ,

I
.. ....,.,...-i I

,,

| || | |||Ij'! tfe:
L' m, 2 ; -t , _ , ; ,i

a'

' ' , . . . . , , L2 rr-
N *'* q' ; ;'t, . x a: 4:

* *--
, -

.],i .'
,

3|. .. ,...ps,u,.;- e'e.:,":' *;J. - QI Le., ,
: =: -1 t!=141 ,1

, k
,

! . - = ;
|

,, ,-

$ | ufj '
i, a

a g, a
, e

! $ ,b b b |
"

i

c '
,

i

-1 '' 2*e 8 4."., Ck
h|[ d | .)

_



TABLE I

SUMMARY OF DATA ACQUISITION SYS'"EM
f~

..
-

eMe[
w .
on
m <.
cw =
un = c
dO % a ~

- bo x MEASU' RING SYSTEM 6 <n s .

a c: :c c < =
c =c cm = = -o .

E= = s - -
4 <

8E $ 3 Indicator Signal X-Ducer Monitoring $ f5x Conditioner Point
*

p Eex
c :e m :c
z- < =

4

.

-
** Feb. Feb.Multipoint 1 13 T. C . -J ( ? ) Chamber M3. 1974 197 3|Temperature 2 2A T. C . -J ( ? ) Test Unit:a

= Recorder 3 3B T. C . -J ( ? ) L.S.Cemp
5 Type J T. C. 4 4B T. C . -J ( 2 ) Chamber M3. *

$ 5 Room Amb.--

E Ecneywell 6^
Shorted--

L y Model No. 7,10 5 T. C.-J Condensate
6 K153xS0-c- 8,11 6 T. C.-J Press x-Ca?-

g II-W6-65 9,12 7 T. C.-J Press x-Cs3
-

Serial No. 13,15,17 8 T. C.-J Press x-C*4e
,$ Til806-83004 14,16,19 9 T. C.-J Press x_Cdl= 19,21,23 10 T. C.-J H O input2-
> 20,22,24 11 T. C.-J H O output2=
|c '

2*8 Strip Chart 1 Amplif. Press x-Del Chamber M3. Mar. Sep .

f fecorder 2 Press x-Cd2 Tes: Unit 1974 1974
" "-

5 B Channel 3 * Press x-De3 L.S. Ccmp.
$ 4 " Press x-Dd4 Charler M3.
y ,Gulton 5 T.C. Mcd, lA T . C . -J ( 2 ) Cha:9c; Art.
~* TRSS8 6 23 T.C. -J ( ?) Tes: Unit

"

* 7 " 3A T.C. -J(2) L. S. Comp.
's S/N 8 4A T.C.-J(2) Chamber Art.

"

9 3042802e
<
=
:c ,

S Note: Amp. TSC 801
!l O T.C.Med. TSC 500J,-t E. 4

w
.

,-
g

b }

' ' (- .) '
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TABLE I (continued)

SUMMARY OF DATA ACQUISITICN SYSTEM
f~

- :c
CG
:a

.>
a . .e
C 2 C * = =

| a o we c: C C.
' 5*C |4 o - -

= u =. H : E* b
W C :4 y< H<

s m= x== cn n -

a c= % <= :c = ro Measuring System a- =-c w em c: a .

4 4 !am < w.

:: U ": C. < < a
, . O O ISignal .<-D u c e r Monitoring ;

-

*
Indicator Conditioner Point |

__

2/7S|3 Mercury bulb Ther=cmeter New iCw..a..we .

' / ~' '*,
Ambientu Wexler 50-400 F~.

m
b
<
m

.

E 4 31-metal Dial Ther=cmeter Chamber Newc.
--
m Arbient 2/74 2/7:4p Wexler 50-400 F I

|u
g

O o ~~/.2 k 5 Dial Pressure Gage Chamber 5/74
. ,,

r ;

"$
~.
/twi : PressureC"

o Ashcroft 30 in Eg to 200 psig.- u
> :.
*
,,,

:c
..

- Time ofi e m. 4 e c , nay-- .

Day - --

Wall-Clock

e
=
,0 7 Running Time Cicek o *" * *' ~ ~
~

Test

1000 hours 0.I hr.
m; "- -"'

Resolution

i
i

8 Strain Indicator 20,000 lb res cni: 1;/73 r;4 2 3 ridge Load 73;.,; 3 74y .~ EL SJI Cell Cutput- -

3 < T' en 2~ ^7 _ r-cc *

:. - 2 S/N 443604 U-l
S S/N 2512,l

.
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TABLE I (continued)

Si.'MMARY OF D~.TA ACQUISITICN SYS'"EM
s..

m
a
w
g~f_ Measuring System
==w -

e =.

w a :s w : o a.

Z 9 O. Q2 t',
. -.
.J .Jwu v s :C: c c m e= t, A W a 6e .s 9 ,= x .=

-

wcm u I nd :,. c- Signal ,<-Ducer Monitorin:rZ- C-<a . u .

<~m c ~: < ~ ator Condit. point ae c
..-

rou c
e o o

' ' ' e , ,

9*
3 phase Reccrding Pcwer New

Watimeter Consumption ?/74 2/75
of~

M E.sterline Angus operator-
o Model A 601C

S/N 192358

10. Panel Meters Test Unit New
currisnt 3/74 3/75

3 meters One in eachn

a p phase" z =
~ w
b

@ Lcw Range - 3-0-10
, --

U amp meters-
U
3 Triplett Tv.re 430

-

O

e Hi Range - 3-0-50
::: amp meters
N Triclett T*me 430C
:

i 11. Panel Meters Test Unit Naw
- a 3 meters one acrosa voltage 3/74 3/75* C

< each phase
:-
S
C 0-500VAC Tri=let> -

Tfpe ?20

C
0 :.]' 'o i%. ,,
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TABLE I (continued)

Si1MMARY 07 DATA ACOUISITICN SYSTS.
f

a = =
cn = 0 C

. "H T0 o e o
ea- e o e< H<au w -

WM M=~uo $p y Measuring System <O w ~--
3 a =g A ~ma < u . < <a e s -

| C USignal Monitoring
Condi*ioner|X-Ducer

Io

Indicater Point
.

i i

4 - _

c M 12 Stopwatch Stroke
L.-. z .

Time- co -
-3> b

co Eever S/N 512406
c.

13 Flcw Meters (2) Chemical New
-

2/74 2/75
'

Fisher & Porter Flow
,,,

* 6o a
- s Model S/Na
m 10A1735Y 7309A0574A1

**4

w 10A1735 7407A0403Al
o

o
n
$ 14 2 Dial Pressure Gages Manifold

d Pressure 2/75
(2) *desler Mcdel 3A1.tp Pump .o ry g

g Pressure _

: -

5 1 Acco Halicoid-
s m

:a
- -

E 0-200 psig-
m

15 PE Me:ar Ccmparisen
: PE of Chem. Against

S '' z"a c a~ d-

Solution ~

Solution
; 3 .a .. r. e.e.

IU U Motor & New
. c
w James G. Biddle. Centrol 2/74 2/75a a
a m Leads
v-

a Mcdel 21159"
-

.
:a a

=

|"e
> S/N 732521
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1.0 Tecc Ge f ec tive
1

1. '. "im.'eced environmental rest en Jcy Mfg. Co. As!VANZ.

Far. : / G 500722-65 incorporating Reliance Electric Co.
, e - , .

, no .v . _ ._ . e. . a . .. c . .p. o. . 0 7 *" n' '. R.a.a.d .' O .' / ' J n. .". O , - .' '< w /' *
. . .67u RPM, 3/60/450 TIAO..

:
1.3 ucw 5 peed Heat Tes:,

1
Ic e.:sure that no overhearing of the me:cr ins:L. led:

in Jcy v/N 500722-66 would occur when the fan is
delivering a icw volume of air.

8 2.0 Tes: Icuitmen;

)
.

(1) Jcy Snviren= ental Tes: Chanber
4 (2) Sellers I mersion Steam Sciler S/N 56690, 1,350,000 STU'

(3) Pressure Gauge 0-100 ?cunds
(4) Two Wheatstone Sridges S/N 486646 5 1139555.

(5) Retary Switen<

| (6) ?ctentiometer S/N 12175S9
! (7) Westen ?cly-phase Watimeter Model 329' S/N a461(8) Weston Voltmeter Mcdel 341 S/N 18577(9) Westen A==eter Model 4 3 3 S/N 132345
,

* (10) Two Westen Instrumer.: Trans formersI (11) Flow . Meter
(12) Chemical Water Pump

(1. 3 )sP25*I.*.ES APPROVED) ue. ,,
e s t( , :. ) 4 3 .uct '. m

-
,e

m.-+.- a .
n, -'

N^"E cVY(c
-\.n l(15) G.R. Scund Level '.eter < o '
a

IC17} Sicp Watch
'.

'
- ' -

DAIE 1 / I 571 2 /7"3.0 Tecting ~ '' '

With the me:Or and fan roter installed in the pressure
vescel anm the entire asse hly mounted vertically , ins 21ationrecistance values of the ::cr windings were a. ken with amegger. .nece values are s hewn in . ac. ,.e .

-.

A: the same. time, resistance reasurements wen taken cf -he
! R.T.D.'s. These values are shcwn in Table :.
t 3.1 Pre-Hea: Cycle

4[0p /) h -Jh b sn- -

.

b ;*c',;>-[he esibrqg'/s5
.. . .

Mo n ' '| |*.urini a JC minut e . !

aini.;g the ec:crfi~a ;{p,Ipdeared'anh intaining g pr/_QQG
1

- yW 43
.

|

\
' . h7,[h

peIn:c the vessel
esshfe3 ,, 5

- ,_
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nea: cycle, the steam was shut off and the pressure
reduced to O psig. See Tables III and IV.

; .

::a. . nun Cyca,ea..
. -

.a
1

'4 hen the vessel had reached a O psig, steam was again-

"elaasec into the /essel ic raise the pressure to50 M psig and 2870 F. *his was to be accetplished
j in approximately 10 seconds.
4

j I*ao attempts to dc this were made at the request of'
Mr. Vic Hawkins.

J.
c. .Se <:, . a..a r., ..'.e ~f ~. s s u. a. ~. . a c.h a. d ". . ., s # .,.. .. ._ ...

:.n ._ s econds . . .
i

i

On the second atte=pt, 50 psig was attained in S seconds.
i
,t

!
A: the same time the steam was released inic the#

charter, the morer was energiced..
.

2

u t. - . ..4.,., . . . e .4 . . 2 4 ., ,_w s.,,.ge c.< s.eam, .w. . . . e . . . u ~. 4 .'.4
m.. . . . . . . . . . ~ ... .the cha-ler reached 308o F. so the cha-ler temperature

,- was reduced Oc 29-C F. and allcwed Oc stabilice at. wee ,.,e.c . .w. ,, =.: a., .es. was we . ,n . m. 4s
; ,- .

. . . . - - . . . . . . . . . ... . . .; stabilication required apprey.imately twen y_five minutes ,s ..

f . . . _4sd- e . ay .* .*. *..". e s . .= ~. c .# .h a. o .#.# 4 .' a.' .m -e.d d was
'

.

5 . . .

i a: The request of Mr. Hawkins. f .

.

( 3. . .k.e s.a.. .' ..'.a o .# .' .# _# = ' - " . . . e s . , a h a ..._' _ a ' w a .a. ., . ..
- .,, -. . ,_ : c , w. . a ,, . . a .n x. v a_' ' a. e .' '. . .' ar. d ~ ~, r. . = _' . . 4 .". -.. . . . . , -

Hydracine, 3c.ct : Acid, Sodium Hydrcxide and pciassiums
3 hydrcxide and Sodium '"hicsulphate was injected in o*

-I
the pressure vessel a the rate of .25 gallens per.:,,.... . . . _. , ,w , a. . . .as ,a.4. . . . . . n a.< . .e . w .,, u, ,.g u.

... _- . .. - a
. %.. u,...,.,.,. .... . s .
.. ....

--
..-- ,r ,

,u. 4 . . e- ...e.w
e _ : ... . . . . a. s . . e =. .'. .- . =. .=. d .i . . 3 s . ." , cw a. .~ ,

,. , - --
. ,

y temperature, pressure an d re s is tan ce o f the R'''., ' s were

- > M' ''' -
taken every five minutes .IN

.

-7 C '.- / , pj F .J. pressure of 50
"'

15 psig and a temperature cf appreic.] 1t , . . . . -- o. g 7c
.w a s . a_i . . . a.3. . . a. d

-
-

-

|g
'--- .ac w.cu.-s. I' ' '..

. . .

t % , .- .,.4,.., :q,. ....y...... . .w...e.., cy . _' g ,
,,

. w. . , . ' -..e.e._.,.. ~. s - ... ,. .....,.._-e.o$ .2,. 5.a g . , a. .,, * f . d u C. .a
.. r... . .. .- ....I

aua -e43 - . . . _ .. .w... . .w : a

.,I, _4 . .. e d . coe ..e. v''.,"-
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{ These tes.: results
I are chewn in Table !.
i ~he =c cr was then restarted at
i

0 psig and operated forcne hcur before shut dcwn.
l.
j

Me. ger readings of the i.nsulation resistance were-

again taken and are shewn in Table I.
t.

Dur.ng the m cycle, erratic cperation of RTD 45 was!
! noticed.
.

[ :n crder to e'ininate the possibility of faulty
instrumentarien cr switch, the instrumentarien was

,

g changed, bc
ne difference in readings was observed.

j 4.0 ?cs: Tes: Inspection
i

I
After a 24

hour ecc1 dcwn period, the =c cr was againreggered and the resul:0
n are shewn in Table 2.
-

I ~he =c cr was then disasse= bled and checked for evidenceof coating failure.s

A this time
reccrd purpcs,es and are en filephc cgraphs were taken Of the partsfor,

1

|
at Joy Manufacturing Co.

Resistance readings Of the RTO's were also taken atI

time to see if RT3 45 was still erratic. thisi
shews where readings were taken and the results areFigure "A"
tabulated en Table !!.t

~

| 5.0 1cw Speed Hea Run.
8

; After the post tes
j inic a fan unit inspecticn, the =ctor was assemb'.ed

for a 1cw speed hear run.and mcunted en a 48 inch diameter duct

3e unit
stab'.e for one hour.was Operated a.til RTO readings had remained

See Table V. .,o'

5.0 Soundl < ! \<
i { '. \ u=v.

'
'

i

Curing the heat
run, scund pressure levels and cctaveband analysis were

taken at distances of 3 feet and 5ft. and at
| angles cf 45 degrees and 90 degrees frem:ne fan inlet.i

APPROVED,1 Sis data is shcwn c. T ab '.e VI.
i G .c A ,ii 0+s n MI

m -

.

-
i e.g .g .~g p une .2^.% L~

- d-
L h nI |F h

y
, Y

m t . J i. a /;t *' A 4W
. . --.. J . n v <vw,,. 7>. wc ;uu my,
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7.0 Accelerati .. Time

Accelera icn ti..e of the fan was checked at both
1-- 7d hi:;h speeds. ~h results are shewn below:

; Accel. Time Volts Amos Watts
t

: H1;;_; speec 7.2 Sec. 442 73.6 33,000

I Lew Speed 4.0 Sec. 443 60 14,100

| 3.0 Remarcs

i Inspection of the recorded data taken en the R.T.D.s shows
i a probable failure of R.T.D. No. 5.

This nremise is based on the fact that R.T.D. No. 6 is
located in an adjacent slet to R.T.D. No. 5 and the readingsI

4 for R.T.D. No. 6 c0meare very closely to the readings taken
! on the remaining R.T.D.s.
i
t

I
s
.

I
!

|
t
:
1

I
l

i c' , , i, n -Ja: c

& -
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O
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10:05 1584 1576 1588 1 5113 1589 1585 1597 1589 p E0W

10:10 1579 1579 1587 1584 1589 1576 1595 1 5117 Z
10:15 1576 1578 1587 1584 1 5119 1583 1593 1587 C
10:20 1575 1576 1587 1583 1587 15// 1591 1583

10:25 1573 1572 15fl3 15tl2 1584 1580 1589 1583 O
10:30 1573 1573 1581 1584 158/ 158I 1592 1585 P

Spig 0F OrrJCIAt usi
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M R ? f ",
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*

11:30 1595 157/ 1631 1628 1631 1632 1732 1631 o
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, ,.
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11:45 1601 1580 1640 1636 1640 1640 1759 1639 3, _ ,

2 y
11:50 1603 1579 a 1641 1638 1642 1642 175S 1641 m

11:55 1606 1582 ~ 1643 1639 1643 1643 1748 1642 ,; g,

'

12:00 1607 1583T'O 1644 1641 1644 1644 1747 1642 g
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12:15 1608 1 5117 1645 1642 1645 1645 1739 1643 (Q
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12:25 1609 1589 1646 1643 1647 1646 1734 1646 E C"i
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1:20 1602 1574 1637 1633 1636 1637 1688 1635 fem $i

"
1:25 1596 1569 1631 1628 1631 1631 1685 1630 "9"

- 1625 m2 -i1: 30 1592 1565 1627 1624
6h Nfh h3 1617 Ez U"

1:35 IEB2 1558 1618 1615
1:40 15/0 1547 1609 1605 1607 160/ 1640 1606 Ie

*
1:45 1562 15311 1599 1596 1:98 159fl 1629 15911 o

'
I:50 1553 1526 1591 15flli 1589 15fl9 1620 1590 , g y
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'"
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" '

2:15 1520 14115 1551 1548 1549 1550 1582 1554
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INTR 000CTICM
.

-

SCOPE

These qualification tasts were perferned to de.-x:nstnta that
the icw voltage pcwer ty;e of electrical ;enetntion can afntain
electrical and mechanical intagrity during short circuit and short

time overload c:nditions (these conditions are defined belcw.)

GUALIRCATICM St."ARY

By virt::e of the c::=oletion of testing defined herein, the icw,

.

voltage pcwer elect:-ical penetntien is qualified for all servica
1 . _/ ' electrical leading. The unit su::,iected to thesa .ast:: is a generic

design and is acplicable to all variatiens which include:

1. Nu::ter of c:nduct rs
2. Dia:: star cf ro=le
3. l.ength of penetration

CUALIRCATICn u;pcAng

CESCRIPTICM OF HAREWARE

The icw veltage pcwer electrical penetraticn c::nsisL4 of 10 each
4/0 cables and 72 each s116 WG wires. Cnly the A/0 caoles were used
for this tast.
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ICENTIFICATION OF HARCWARE

Drawing No. 238x604PHGC01

Serial ?Io. 6578337
Cate of Fabrication 1974

ASPE Cade, Class MC, Ccnstructed b de 1971 editicn of
Section III

TEST F.3CILITY -

-

The tasting was perfer.ned at de Genen1 Gectric Hign Car ~.nc
Labontry in 31cemingtcn, Glinois.

..

Ct:ALIFTCATION TESTv-

I.' E OCUCTICil

7he tasts described belcw (with the exceptien of de qualificacien
acceptance test) were conducted at General CectMc, 31cemingcen,
Ulinois frc:n i/5/74 to 5/8/74 Final acceptanca tascing :f me
qualification unit tast was enducted ac Genen1 Dectric, San Jose.

The qualificatien tests descMbed belew (with the excaction of
qualification acceptance test) wers =nducted by Genen1 Dectric
pencnnel of the Geneni Put;cse Central Products Cecartrent.
The qualific:tien acceptanca tast was concucted by Genen1
ElectMc Quality Central Inspectien.
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SiiORT TIME OVERLCAD and 5'HORT CIRCUIT C"RRE'iT

TEST CE3CRIPTICN
.

TEST SEIt?

The penetntien assernly was instrurented with thermccouple
as shewn en Figure 1. The 3 pnase test circuit was c:nnected
to the current scurce on ene end and bussed together en the
other end (see Figure 2). The remaining seven (7) et/0 cables

were connected in series and attached to a different curnnt
sourca. Eacn end of the penetration asse.cly was secur*d to
si=ulata actual installed c=n'ditiens. No additienal succorts,

-' ^
aside frau these sucplied on every penetratien, were used to

-

support the cables.

Test Precadure:

1. Apply 125 amps to 4/0 c:nductor connected in series for
two hours befort tast

2. Record t-7 tature
3. Apply overicad cur ent of 280 ames to 34 circuit for

60 sec:nds
4. Rec:rd maxi =um temperature
5. Allcw I minutas for te rerature stabili:stien ofa

3e cireuit
6. Perfem ca!ibration sher circuit tast at 10,0C0 ames

for 4 cycles
7. A''cw 30 minutes for tm;erature stabilization of

34 circuit
8. Acoly short circuit curnn' f 25,0C0 u:cs for 5 cycles
9. Record r.aximum tw. erature

C -3-
- -) ; i0<

i ./e
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Upen return t'. San Jose -

.0. Laak Test

a) Pressurize penetration to 61 psi with nitrogen for
24 hours

b) Pressuri:e penetratien to 63 psi using heliu:n and,.tssa--
for leaks using a Mass Scectrecetar for 15 .minutas,

(leak rate to be less than 10-* cc/sec)
11. Test all 4/0 conductors for continuity
12. Test each 4/0 conductor for dielectric breakdcwn by applying

22:0 VRMS for 1 minuta .

13. Test 4/0 conductor's insulaticn resistance 3 500 Vdc (1x10-10
ch:ns minimu:n).

.

% Test Results s
'Q-

,

Paxi=u:n Tercerature F

Tut 11:er-ccoucl e
0 1- 2 3 4 5 6 7 8 9 10

Overicad 79 110 110 82 El 79 31 56 34 98 98
Short 73 113 113 83 79 73 102 103 86 95 101
.cir:uit

OverTcad Curmt

Current Duraticn
ESO a=s 60 seconds

f 1' 1 ~' n
'tL ;.O

'

_- - - - - _ - -- _ _ - - _ --.
. _ _ = _ _ _ _. _ .
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Short Cir.uit Current
-

Current Duration -

Feakamps 10G amps Cycles
Phase A 45290 25156 8

Phase 3 44422 2422 8

Phase C 544C4 25847 8

All tests per'er ed at G.E., San o'ese were successfully ec=pleted.

Cenclusien

These tests derrcnstrated that the penetration assectly can
7. withstaraf the overload and shcr: circuit currents stated in this
-c '

test nt;crt and still mintain the assently's electrical and
.JQChanical integrity.

.
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4 internal\ cable '

8 support
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liierw) couples
V i

0. aohlent temperatura 3 To rated
1. 16 conductor on conductor,g current
2, gj u u a__ source

rs '
3. series circu!6 on conductor
4. Inside diameter of steel ring ~

f
,

] 5. outs!6c olametor of steal ring '

f') 6. f3 conductor on Insulation
7. #6 conductor on insulation I. l ' h [ ' I " ' 'A ii f 's.l ,19f.

!!. #1 conductor insido penetration on insulation j g'g p ',

9, gg u a u u e

f 10 #6 " " " " "

[ Figure 1. '
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1. INTRODUCT;ON During the S/C/R portion of the pregram, the spec: ment
were expcsed to an additicnal gsmma radiation dose of
1.5 x 10' rads . The specimens were also electrically

Six specimen 1 cops containing in total two Thermofit" energized during the S/C/R exposure. This exposure
in-centainment transition field splices se ' :'herm simulated the in-containment envtronmental conditions' cfit in-line field splices submitted by RNc resulting froc a postulatec Loss-Of-Coolant Acc: dent
were subjected to an environme'ntal test prog am (LOCA ) in a g:nerating plant having a botling water
based on the guidelines of IEEE Standards 0:3-1974' or pressurt:ed water reactor, and those occurnng2and 383-1974 to determine their suitability for dunng the cooldown after the postulated LOCA.
service within the containment of a nuclear power The electrical integnef of the soecimens was evalu-
generating station. ated by:

The test program commenced with a seven-dey 1. Insulation resistance measurements
combined thermal and radiation aging period at
150*C (302*F) and 5 x 10' rads gamma radianora 2. The ability to maintain electrical.

dose while the specimens were electrically energized. loading during the test cycle
The thermal and radiaticn period was followed
by a simultaneous exposure to steam. chemical 3. By hign potential withstand tests
spray and gamma radiation (S/C/R) . This exposure performed after bending at the con-
was as follows: clusion of the exposure.

1. An initial dwed at >177'C (251*F) at a steam The program was conducted by The Franklin
pressure of >70 psig for 10 hours. Institute Research Laboratories TIRL) during

the period of December 1974 through Januar7
2. 4.5 days at 135'C (275??) at a steam pressure 1975.

cf 31 psig.

3. A S day dwed at 100*C (212*F) at a
steam / air pressure cf approximately
10 psig.

IPMm M P f7 W di@[0dindaf fQ)$ 6%121^

, , s .x.

'|(. ;m C
'

- . ..



2 TEST SPEW.stINS tested and uso shows the ecergizing voltap and
currents levels.

Table 1 presen's a description of the specimens

Table 1 Test Specimens
s e,.et .n e n

Flectrical 1.cadine
voltage Iratial CurrentDescriction * Numbert I2nch M Nrms - 60 Hz) (Af

Raychem Thetmodt0 In-CoctM nme nt 9x 20 600 0Field Splice
Cable - Raychem Adverse Service Coatal

C:lle AWG 22 conductor
ist insuistoa layer - 3 =11 wall of

Alkane-imide plymer
2:.d insulation layer - 43 mal wall of

Rayolin R" radiation cross-linked
polyclean

Braided Ccpper Shield
Raychem FlamtroP Jacices - 34 mil

nomir11 wall
Part No.104'3
Run No. J7-5-10-72-6
Splice Componects for one splice

Raychem ThermeSt9 WCSF-115-6-N
Soldered correctica

(See Figsrs 1)

Raychem ThermodtB I:2-Contra =er:t 13 35 2000 70Field Splices

Cable AWG 4 insulated with EFR-
neoprene (not a Raychem product)

Splice Ccmponents for six splices (Note 1)
" . vehem Thermodt3 WCSF-200-6-N
< .ch of ccmpression cocnectors:

"kir:dy Hylink YS4C-L
A T.sB 2F-4
3M +4

Raychem Themdtd In-ContMnr act 14 07 1000 65Field Splices
Cable AWG 6 insulated with Raychem

Fiamtrol"
Splice Compoce::ts for six splices Okte 1)

Raychem WCSF-200-6-N
5 each of compressica concectors:

Barndy HylirJc YS6C-L

Raychem Themat8 In-Cone n t ,-a ct 15 32 2000 25Field Splices

Cable AWG 12 :nsulated wi'.h EPR
tecprene tot a Ravchem prod:2cti

Splice Comoccents for sLt spLces C;ote 1:
Raychem WCSF-115-6-N
3 each of ecmpressica connectors:

,l iBur:cy Eylink YSV10 ' ' ' '"'
TLB 2C-10

Raychem Thermodt3 In-Containment
16 23 1000 25Field Splices. SLt splices.

Same construction as Sample 415
emept etRaychem F - c

9,gm py;p , q Sp r\h na ,q
g ywire was used

b ,n , .; Odd
d buli d dd h

4

;

2

. ..
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Table i Test specimens (continued)

Soecimen Electrical loading

Volt.2ge ininai Current
Desc riotion " Numbe rt Iench iftl* (Vr ns - 60 Fr (Af

Raychem Thermofit9 In-Cont 21= ment 17 23 1000 65

Transition SpUces
Cable AWG 6 insulated with Raychem

Flamtrol" spliced to three cables -

of AWG 12 insulated with Raychem
FlamtroI" aM recoccectad to an
AWG 6 cable insulated with
Raychem Flactml'

Splice Compoce=ts for two splices (Note 1)
Raychem Thermofit8 WCSF-200-6-N

#Raychem D.er=o* fit heat-shrd-h Ma
3-finger esble breakout (Part Number
403A112-4/ 93) used to provide seal at
the transition between the AWG 6 and
the three AWG 12 cables.
2 each of compression connectors:

32mf Hylinic YS6C-L

8 aI-i ' Trademarics of Raychem Corpor:::fon
* Description of specimecs provided by Raychem

_i Specimens I thru 3 and 10 dru 12 were other test specimens supplied by Raychem. -'he test results
on dese speci= ens are presented in repon numbers F440: 3-1 and -2.

* Specimens cut to lengds shown. Approximately 4 ft of te length extended outside of Se test vessel
* ft on each end of de specimen).

* L-itial currents were applied at room temperature, and allowed to drop to a lower level during com-
bimd r2dia: ion 2=d Sermal aging and simultaneous LOCA-simulation tesing. See text for discussion.

Note 1 - Each in-II:s splice or transition was covered with tinted cepper wire =esh to aid in providing
a close prcximity ground plane as shown in F!gure 2.

k 4;.:. -

g' N% M IC-? W M W W W -'r@fhMN%
e

f-._
.

hhhbA
,ip w_ --

_

L _ m r:, e m --

Figure 1. Ccami cable splice with Raycnem Thermofit heat-shrinkable tubing splice cover.
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3. TEST PROGRAM The insulation resistance (IR) cf the specimens
was measured with a megehmmeter at 500V3.1 PRETEST INSPECTION AND PREPARATIONS de applied for ene minute. Then the Ganged
head with the mandrels and the soecimens

The specimens were visually inspected upon attached was instaUed in the vess'el.
receipt ident:fied with stainless steel tags.
and wound onto two concentric mandrels 3.3 EVVIRCNMENTAL TEST FACILITY
(See FIRL reports F-C4033-1 and -2) as
shown in Figure 3. The mandrels were The pressure vessel for the tast was a 34-
assembled with the flanged head of the 34- inch diameter by 48-inch steel chambar with
inch diameter pressure test vessel and the a flat Cange head, in wnich there were pene-
cables were passed through pressure-sealing trations for the specimens (See Figures 4
glands in the vessel head so that electrical and 5) . A perforated steam inlet pipe extended
measurements could be made and electric about 7 inches down from the center of the
loads applied during the test exposure. head flange; this was surrounded by a cylin-

drical bafCe that prevented direct impinge-
3 ment of steam on the spec: meas.

}
-f.j /g- h 1 4, A spray system was pro-'ided to spray the

---

,'' i- specimens uniformly at an average rate of

p[' . foot over the cylindrical area approximately
f 0.15 gs11ons per minute (gpm) per square

, e ,,

[
' > i\ midway between the two mandrels. Thish, ' ' W

4 3;tr .-

1. ,U' Q
.

j was accomplished by 1ccat:ng fcur wide-f, y . ,,

angle spray noules at each cf twa Iccationse-
d '' N -

] Q *' g g ."
} along the axis of the mandrel. The spray

-

was directed radially outward, part of it; ,

/ ,% is M ;J ' c| g-
~

'

t impinging on the specimens mounted on they 42
g* _.N .

. .
* "

inner mandrel and part of it passing throughhd MF$ [ the sosces between cable turns to impinge
3'

6 f, 3:'" _ _Q g on the specimens mounted on the outer''
.

% /,(,, ,gg
-

*
mandrel. If it is assumed that the spray
is uniformly applied to the interior of angi '-

/ (-Me gdg g g[j ,
- imaginary cylinder midway between the

\ 33-inch long inner and cuter mandrels.s
r c .-. - _3 D ig 0.15 gym per square foct is equivalent to.

'I'9 8 T T yp y m m a total rate of 1.34 gpm. A rate of 3.5 gpm
(T "? ~3".- C ' 3 1 was used to assure adequate spray fermation

~

. W ," $ $ W M ". (" from the eignt wide-sngle nozzles (approxi-
*

'

. ,5Sk R&1j ;E h---El 7 - .:::::;sj g 7
mately 0.31 gym per nozzle).

*. Y
Q-1"Ch m# "'

The spray solution was collected in the bottomQE_3 '"> cf the vessel and was directed to a drain
' * 4 " Nj$ or returned to the pump fer rec:rculation.a. -

M'# - c C* 8~*
- as required. The spray flow rste was meas-j~ ured with an crifice plate Cowmeter.

-

__.

.--~ -- < /
,

.
>

.

--
-

The test vessel assembly with associated_#Mq components was installed inside a radiatienDe_ ^-~~" Q hot cell acproximately 5-feet x 11-feet x% 8M _rr, F ' ' ' 9-feet hign. The cobalt-40 source censisted
fg

k g"'9 ' g cf pellets packed in 63-inch long penc:Is
5"

- tg iF1 %- and arranged into a vert: cal cylindricalw.M m jne,g arrsy whien was moved around the vessel
Figure 3. Pretest view of specimens on mandrels. ng .e est m ac eve a m exp sure.

I '1 17lr/ jJ,
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5 _M D7 h: Figure 6 is a diagram of the typical energizing

g ' )('. ' . . ,sqk' *,(j;
!I [y circuitry . The energiung cabinets are illus-,

J g trated in Figure *. Table 1 gives the specifi-.-

., . ' . P, a ed initial current loads. Current loads wereO F--' A* adjusted to the init2a1 specified values of
,

' pS " 7 '' ]pj,y. Table 1 prior to the start of the environmental-

gl @l
'

f exposures. With the sper.ified current, the
' ' ' 5m voltage drops (resulting frcm conductor: i

[ ., . . dI d resistances) through the test cables ands

P*- w'J' ,] shielded extensien esbles were measured,-

{'
r :' and recorded. Thereafter, the currents

f were adjusted as necessary to reestablish-,.,

% i.;',Q, ?. * 4' f the initial voltage drop. The actual currents
'

were recorded periodically as part of the
. . . _ .-

,

test data.,.
N

3 n,~ r .

%- % M . , ., y This method was specified by Raychem to
' ' ' " ' = ~ ' Q be in accordance with IEEE Standard 383-

'

h., ekhtd j j ~ ' 1974. Paragraph 2.4.3.1 which states.2
*'',f --f"1 g ., 7 -

- 1 and loaded with rated serv:ce current while
". .they should be energized at rated voltage' ( 'g#vi j %

# '- 2 under the average normal operanng condit:cn."
Figure 4. View of test vessel with
specimens installed.
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3.3 EI.ECTRICAI. ENERGIIING

_ D. . D .. _ .
$**Y'Shielded extension cables were run frem _..' , , ,

the exterior of the het cell to the tcp of the P .|
vessel: and connections were made at this 'I

.

'

'

point with the ends of the spec'. mens which u.- - -- ma. - ' - - < 1
extended above the vessel. The shielding 3 - 1 . % c. v.]
cn the extension esbles served to reduce ." ?. ' 9

3 C O ,/Df" I-
Yi'" f elecdcal,energ:: .g habinets.
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the effects of radianon on measurements .
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3.4 INSTRUKENTATION 3.6 IDSS-OF-CCOLANT ACCIDENT (LCCA)
ENVIRONMENT EXPOSURE

Chamber temperature and pressure were
monitored continuously on strip-chart Following the combined radiat:en-ther=al
recorders. Thelocations of the thelmoccuple aging exposure the spgeimens were simul-junctions were as shown in Figure 5. taneously exposed to stea. i. chemical-spray

and gamma radiation (sic /R) as inustrated
A list of the data acquisition instruments in Figure 9.
used in the test program is included as
Appendix A. A chemical spray consisting of 3000 ppm

baron as borie acid. 0.064 molar sodiumRadiation Desimetry data are included as thiosulfate and adjusted with sodium hydroxideAppendix B. to a pH cf 10.5 .:t rocm temperature, was
applied at the rare of 0.15 gpm per square3.5 COMBINED RADIATION AND THERMAL AGING foot (100 ml pe. second per square met-r)

EXPOSURE of spray ares (See Section 3.3) . Fres1 heated
spray solution was used f;r the first h0ur

The specimens were electricany energized of the profile. Thereafter, the scray vilution
as stated in Section 3.3. while simultaneously was recirculated from the reservoir atther=any aged at 150'C (303*F) and irradiat- the bottom of the chamtier. The pH was
ed to an air-equivalent dose of 5 x 10 rads . momtcred periodically, and was maintained

7

The vessel was electricany heated. During within the range cf 9.5 to 11.0 by addition
this exposure air was circulated through of fresh solution.
the test vessel by an external blower. Insu-
lation resistance measurements were :nade During the S/C/R exposure. the specimens
dur.ng and after this exposure, were energized as indicated in Section 3.3.

No te: An air-equivslant dose tecns 3.7 MANDREL WRAP AND HIGH-FOTE!"":ALthat the volume occupied by WI'"HSTAND TESTS
the spectmens recetves an iso-

o optr |Iu: of gemma redzation After the S/C/R exposure, before the test
equivalent to the redictten dose

vessel was removed frem the radiaton hc4'

that would result if the volume ceu, it was fined with tap water and insuia-
contcined only cir. tien resistance measurements and preliminary
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high potential withstand test:. .ere made Pom-cest inspection and performance
on all specimens at ambient temperature, test of the spray no::les indicated
The test vessel was drained. the mandrels only three of the eignt no::les
with the spec: mens were removed from the

were sprayingt Therefore. theg vessel and the ;pecimens were visually in- spray rate was in excess of 0.15
% spected. The specimens wers then removed gpm per square foot of area in

from the vessel mandrels and bert around front of the wcrking no::les,
test mandrels 40 times the cables' diameter. Since the three working no::les
The specimens (still coiled from the test were in the upper portion cf the
mandrel) were immersed in water and sub- chamber (See Figure 5), there
jected to p high potential withstand test is reascnable assurance that the
for five minutes at the voltages shown in impinging spray splashed and
Sect:en 4.4. flowed onto the lower cables.

*Cloggtng of no::les and filters
and replacements of sprcy

4. TEST RESULTS . soit,tions are not unusuct

occurrences for FIRL conducted
tests of this type.4.1 PRETEST ELECTRICAL YT.ASUREMENTS

tThe chemtect specys tena
The results of insulation resistance measure- to vcport:e into stecm when
ments are presented in Table 2. ertting :he no::L2s and leave

cher~tcci depossts lecdtng4.2 COMBINED RADLATICN AND THERMAL ACING to possible clogging of specy
no::les.

The specimens were exposed to the aging
environment descr: bed in Section 3.5. The The specimen eneg:ing data and the re-
average temperature near the specunens suits of electrical tests made during the
apprcxi=ated or exceeded 150*C (302*F) . exposure are summari:ed in Tables 0
The specimens maintained the electric icads and 3.

3 described in Secticn 3.3 and Table 3. Insula-
( tien res stance measurements are included 4.4 FINAL INSPECT:CN AND ELEC"'RICAL TESTS

in Table 2.

Immediately after the S/C/R exposure. the
4.3 LCCA ENVIRONMENT EXPOSURE test vessel was filled with water. Insulation

resistance measurements and one-m:nute
The specimens were exposed to a simultaneous high potential withstand tests were made
steam, chemical-spray and radiat:en enviren- at ambient temperature before the vessel
ment in genersi accordance with Figure 3. was removed from the rsdiation het cell.
Mince deviaticus occurred as follows: The results indicated that all specimens

except 13.15 and is were capable of with-
a) The tempersture of 230*? was standing appropriate high-voltage test

obta ned in 25 seconds instead ;ctentials.
of 10 seconds.

After removal of the vessel head and speci-
b) The temperature drcp from 357'? men mandrel from the vessel. further diag-

to 275*F was accomplished in ncatic tests indicated the insulat:en on speci-
two hours instead of one hour. men 16 was faulted in the area of the chamber

penetratiert. This specimen was severed
c) Aner nine days of the S/C/R envi- immediately below the penetration beiere

renment. occasional clogg:ng conducting the final inspection and electrical
cf the spray noz:les and filters tests .
frcm chemical and cther-depo-
nts (possibly specimen materials) The results of the mandrel wrap tests
caused sprsy rate reductions *, and high potential w:thstand tests which
which were per:odically corrected followed the 30-day S/C/R environment
by cleaning cf filters and two are included in Tables and 4. Figure 3
complete replacements of the spray shows a typical test mandrel betng wrapped
solutiens. with a scec:nen. Figure la shows the high-
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Table 2. Summary of Insstation Resistance Measurements

in: niatton resistance (on.ms)* of spec: men numberElapsed C hamtser
(4CA Tempersture Pressure 9X 13 14 15 15 17 kr! , em ms p

VPre-Test Am oient J >1.0x10*' 1.5x13" 5.0x1J ' 4. Jx i t) d 2. 5x 1J a' 53 @Ambtent 3 2 7x10" 5 . J x 10 ' 2 7x10d 1. x 10 '8 : 1x108' 5. h10 dNote b 302 0 1.4x10' 7.Jzic' 3. 5 x10e d . Jx 10 '' d . 0 x 10 *I 4.7x10s252 0 6.1x10' C.Jx10'' 5.4210' c . 0 x 10 *' d . 0x 10'' 6.tx108140 0 1.5x10s 4 . 0x 10 " ?.1x 10 ' d . 0x10'' d . 0x 13'' 6.4x10'1:0 0 1. 4x10' C.0x104 8.5x10a o ,ggggH c ,ggggsl g ,3, g ge2.2 hr 353 1*0 1.5x10' c.0x1088 2.0x138 c . ]x 1088 c .0x1088 1. h 10 '9.6 hr 358 114 1.5x10' C 0x10*I 1. x13s c,gggest c gxgget 4.5x10814.8 hr 275 31.3 1.5x10' C . 0x 10 *4 1.4x10' c .0x10 8 c .0x1088 5.]x13'8

4.0 da 174 31.0 1. 8x10s C.0x10d 9.5x108 C .0x10sl c,gxgget 3,3,ggr4.1 da 21: 6.5 1. 5x 10' C . 0x 10 *I 9.0x10' c.0x104 C.3x1088 2.2x108?.9 da 212 11.3 1. 5 x 10' C . 021083 9.Jul0' C . 0x 10 'I C .Jx10H 1. h10 812.5 d.a :*0 10.3 1,*110' c . 0x 10'i 4.:x10' c . 0x 10H c.0x10d t.:x10817.8 da *12 12.0 1.5x10s c ,3,g gal g,4,gges C .0x10H C . 0x 10 '4 6. h 10 '21.5 da II: 12.3 1.5x10' Q.3a134 2.6x10' C .3x10'' C.Jx1088 5.5x10'24.8 da it: 15.3 1.7x10' c . h10'8 2.5x10' C . 0x 10 ** 3. 5 x 10'8 4.Jx10'29.9 da 212 15.3 8.3x10 C. 0x10'I 2.3x10' C.Jul0d C.3x1088 4. h 13 '
8

Pu Test Amcaent 3 3. h 10'8 Note c 1.4x10s Note d C .h1088 1.1x13'

SCTES:

"'leasurements Tade at 500V d-e held for one minute unless otherwise incicated
Measurements made dur.ng the comoined red ation/tner nal apr.g and SIC /R.
incluce the IR effects of the test extension : ends. The IR of a dummy set of
extension leads measur=d as low as 1.5x13' ones.

During combined Thor sal and Radiation song. *c
weasurement not made.

d

Measurunent was not asade, see Table 4. Section 4.4 and 5. for poet test
dialectric vittstand data.

hiesaurements at 10V d-c
tweasurunents at 50v d-e

Table 3. Electrical Lcading Results

Acmal Enerrizine Carn-t . Ai *
Emerg!nst

Spect:nen Voltsgv Conductor Room At At At At AbtLity 'o Hold E'.ac* rte !.4ad' Aim % e V- s e *= = o S0n*r# 755*r 2"9 ' e 21*** 'b r g e Y- 't r mnr=x

3X $00 1 No earreat Fald ' cad for 20 days
13 2000 1 *0 63 0 0 0 :. cad removed a?.ar 5 days ear:.4

:cm:xned rsdacoruttwrmal aging
and before S/C/*t. *

14 1000 65 51 54 60 92 .4 eld '. cad 6r 00 days.
. *

15 2000 1 25 3 0 0 0 laad removed a?.or 30 mmes during
cotibired rsdadoruthermal aging and
before S/C/R.T

16 iMO 1 IS 0 3 0 0 !aad removed af5tr 1.5 <1sys ;ur:rg
comtaned r2discom/ttetms.1 ag:ng 2nd
5er'orv 5/ C/ *1. *

I? 1000 1 45 51 54 40 12 Held | cad Mr ;3 days.

*

3ee constant-voltage cr m method dscussed in Sec*.: ort J. J 57'

* Rated service currents tre wt == ruired domg L5e 1.5e-a al 221*g ;nsse' 'd
?. educed curre-ts prevented %st .1 cut trustsdve headng 'mm eurnnt
'.cacar.g3 from exceeci g Sest ;osses.

*5ee Seet:en 4. 4 and 5 for discussion of r*sults. (
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Table 4. Results of Mandrel drap and High-Potential Withstand Tests.

Caolo Mandre! MaMrel .'Aamber of withstand withstaM
O. D. O. D. to Canle Turus on Potential * Petescal

C at!e io in) O3 Ita*w M sMr. l h' uresrince of CJie Nrnai n gu!!se

9% 0.24 3. 5 19.6 2. 5 Cable knbla. Splice ::act. 2000 withstood potec:121 for.

Cable suzface cit s. led. 5 min. Charrt:gAsasap
currets ;ess than 10 mA

13 0. 413 Bend tast not coculucted. 7 Jackat falling od la tarp 0 Could not be energtzed
senpe; insulanon cracked due to fau2ed catW
through to concuctor: insulanon*
spilces a@arently intactf

14 0.277 11 3 f. 7 7.5 Cable Canble; surface ptt:ac: 5000 with. stood petsenal for
surface ersek.s in some areas. 5 min. Charging /!aaaage
spilces a@ ear inta.:ta martcing curreos has han 10 mA.

| sleeves 1 tact with some
I surfaces crins;ed.

15 0.190 Barri test not condacted. acices azziinsulacon bnttle O Could act be enerpred
and 'sl?f ny away from con- due to faultad cabia
chactort wtre gauze breaaccg insulanoa *
away frsm spiices. Splices

apparactly intactT

18 0.158 7.5 39.3 10.5 Metal ganze over six-splaces *600 Withstood potential for
weait acd bresidng og; = ark- 5 =un. Chary.:g/Isanage
1:g sleeves iz2.act and f:exible current ;ess than 10 mA

- 17 3.:*3 11 39.4 3.5 Cabla Canbia =etal gauze 0600 W!!hstood pctor121 for

f over spiaces wesic aM breagir.g 5 =un Chargi g'!assage
off. No apparent Mamago to current :soe 0.an 10 mA
cacia or Smasc sp.icei

.

Practials were a@Med between the can!a coixtactors and a 55-tsi metal drum of room tempersmre tag wa:er 'at ground
potencan in wt:1ch the bent MytlecQ pot-ion of the canase was tmmersed. Caratactor shleade, if present, were as grsund
poceenal.

f] see secuaa 4.4 for cascusaton.
/
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potential withstand test. Post-test photo- M A 7. M h 4 2. Wm u- 1

graphs of the specimecs are presented as
[{Y < .

; }3j' covered with metal meg scecimen 13 - In-line sphee '
'-

Figures 11 and 12. The specimens were .

g;-r,; j
p'f^ M ' p , Y g -K:'i @ T M N @ M treturned to Raychem for additional testing, -Lp .

by Rayche m. ' ~- "

{- _

Subsequently, specimens 13.15. and 17 were WN
_ _:~w

c- m-,JT . ; epecimen 13~ g'
--

returned to FIRL by Raychem for additional
.. r

enminations and tests of the splice areas. gFB ~

e|,,The splice areas were cleased. .aome of e.N p
| the splices were flexed both with Segers. "

- .- ' 3 -

M g , _.',, ._.. __p< M,, D'f@y- -y-
_

. g.T-
I as shown in Figure 13. and arou:d a mandrel

%, , ~, ^, _r {{7.' 3I
- -

as shown in F!gure 14 j
'

%q|
| ,mm .

. , p.# - yme mn.ammar ---.

; Figh-potential withstand testing of the spIIces r
~~ w - _.:,,.

' ~
ps-SQ[! was perfor=cd by wrapping the splice with

- -
_

'
.. ia wet cotten cloth satursted with water

-

-

_g _J
,

,t
as the grour.d electrode a=d then becding _ . %g gg,3 t . mn31 con @

, "

l the splice arcu=d the curved surface of UNd
[GW- W *M covered with metsi rt.esa

"_-$: a test mandrel as shown in Figure 15. A ' ' ' ~ '
-' q22hign potential was applied between the , >-

- .4 3-specimen conductor and a bare ggka- Q m.._-. e.cepper wire wra,, ped around the wet cloth.
The results of these en-f nWons ud tests e 13. Cosnp new of sphens
are presected in Table 5 n test mandrel

'
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Table 5. Resup i of Additional Testing
.opecimen Mandrel Withstud withstandand Spuce O. D. Potennal PotecualA e$ Visual Accearece of Cable vrmsd Results

) 13A 1"C 5000
# 13 8 1"C All splices ameand stif.f as could be bent ethout 5000 All splices ethstood

13C 1"C evidence of crucicng. Cne spuce was bent to an !CCG poteenal for 5 man.
13D 1*C f *ad angle of 30 without evidecce of cracicng. 5000 Charg:cg/ es224s
13E 1*C (Culy one splice was beat in th:s fashionJ $000 currents :sse taan
13 7 178 50o0 1.3mA

All splices were Cax2 bis. No evtdence cf cracking All spuces withstood
d when beat around mandn!. Achesive wasc!: axtaded ' #*15C

6[S
i s 4000

4 h W of Mce sh h sepen kwa Cam @@ISD $5 4ggg
15E 6. 64 @m W W of she. @ me spuce was > "#" " **4000
15 F 4.5d spected in this Ianer detaal.) 1.0 mA

17 W1.s ganze had been removed prevtously. Spitco ma- - Cable with splices-

terid saowed no evtosace of cracking. Spuce was not previou. sly tested.

Caxed again per cliect's directica (see Table 4 for succe sati.!!y. See
mandal bond test resu2.sp. Jat there was no covtous Tanle 4.
incleat:en that it could not be cexed again without
crack:cg. Spuce could be depneaed with Suernati.

'Sp11ces artstrartly identiced by suc1x lectors A through 7 * Mad to snac* mma mrmP=rs.
b
5ee Sectica 4.4 for discussion of method.

cMandral d1uneter to cable-dameter ratio was 41; marrtrol-ciameter to spuce-diameter ratio was =ucs !ase :spl:ce
diameter not measured

d
Mandrei-an=ter to cable-etamatar race was 354 mandrel-diameter to spuce-diameter rano was much lese splice
diamecer not meaanred.

and a subsequent simultaneous steam, chemical-.

y jw ' _ a - . ' ~
- ~

spray and radiation exposure (S/C/R) with an
8additional 1.5 x 10 rads cf irradiation. Throu ghcutw - -. .~

}
-

K -_ - the exposures, the spec: mens were energued (except
*

' '

{ mgg.,
_ g spec: mens whicn were removed from the circuits)

!
' + r with potentials and currants simulating field service

I ' ! I
' ' , use. At the conclusion cf the above sequence of

. |
d exposures , each specimen was subjected to a bend

-

' d and high potential withstand test.
-

. ; - E
~

*

. , . Every spec: men except 13.15 and 16 demonstrsted,

4 oy - r ,, - g satisfactory performance during the exposures.
%. M \ simulating normal service, a LOCA and assocuted

f cooldown; plus demonstrsting a ;ubstantui margincdt - _~ g (.- of life rer mning in the spec: men by withstanding' - y.sv q ::,
,

g~} J a post-LCCA bend and a high potential withstand
. J,

,
test uth the specimen immersed in water.

I::d '
- -- - -- ' # s. Specimens 13 and 15 failed within '. days cf the

Figure 15. View of med:od of high voltags tes% start of the ecmbined thermal and rsdiaticn
of splices in specimens 13 and 15. aging. Post-test analysis indicated that the fail-

ures were probably due to the associated cable

rather than failure of the splices. Fur-her- 5. CONCI.USIONS analysis cf these specimens determined that
the splices were capable of withstanding 1 hign-
potential test while bent around a mandrel spproxi-

Six specimen loops containing in total two Thermofit mately 40 times the es bles' diameter. The splices
-

in-containment transition field splices and 25 Thermofit on these specimens therefore also appear to be
in-line field spilces submitted by Raychem were sub- catable of demonstrsting satisfactory performance
jected to a test program based on the guidelines (f during the exposures s7mulating normal ser rtce.
1EZE Standards 3 0' and 2832 - The prog sm was a LCCA and associated cooldown; plus demonstrating
demgned to simulate normal service, a Loss-Of-

d Coolant Acc: dent (LOCA) and the cooldown follow-
a substantial margin of ;ife remaining in the
specimers by withstanding a post-LCCA bend and

ing the LOCA and included combined sdiation and a hign-potential withstand test |witn the specimen
thermal aging with 5 X 10' rads of gsmma ir sciancts; immersed in water. ~ ' IJV

& D (hry

f( w A a'" ",
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Basad on the discussion presented below , specimen REFERENCES
16 appeared to be cabable of demonstrating satisfac-
tory performance during the exposures simulating 1. IEEE Standard 333-1374. IEEE Standard
normal service, a LOCA and associated cooldown; for Qualifying IE Equipment for Nuclear
plus demonstrating a substantial margin of life Power Generat:ng Stat:ons. The institute
remaining in the specimen by withstanding a post- c/ Electrical and 2:ectrontes Engineers.
LOCA bend and a hign-potential withstand test Inc . , New Yor k. N . Y . , 1374.
with the specimen immersed in water.

2. IEEE Standard 383-1974. IEEE Standard
Specimen 16 was removed from its energizing for Type Test of Class IE Electric Cables.
circuit after 33 nours of combined thermal and Field Splices, and Connections for Nuclear
radiation aging. However, a post-test inspection Power Generating Stations. The Institute
and analysis indicated the specimen was faulted of Electrtect and Electronics Engtneers,
at the point of vessel penetration and the remaining Inc. , New Yoric, N. Y. ,1974.
portion of the specimen within the vessel was -

capable of withstanding a high-potential test
after being subjected to the required test nandrel
bend. In adc'ition, the vessel penetration.s
probabif were not representative of an actual
ina.a11ation in a generating station.

6. CERTIFICATION

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

blh
L.E. Witener
Test Engineer

|} r %
D .V . Paulson , P .E .
Project Leader

APPROVED

r e

LVM _ Ll? % YW -
2enons Zucans . Dtrector W . H . S te g elmar.n . P .E . , .'.t anag er
Ehgtneering Department Energy Engineering Laboratory
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SUMfGRY

A Sodel SM3-0 Limitorque Valve Operator =anuf actured by
The Philadelphia Cear Corporation was tested by .ne cranslin
Institute Res arch Laboratories for perfor=ance under steam
and decone .inate environ =ents existing in wa:er-=cderated
reac:or contain=ents following sc=e credible accident. The

L1=iterque operator plus an additional ==:cr-brake ass e=bly
was tested in acccrdance with Level 4 of the Standard Draft,
dated June 7,1968, prepared by Sub-Cc==1::ee 2 (Equip =en:

,

Cualif '. cation Tes ting) of the IEEE/SSG/ Technical Cc==1: tee -

fer Standards.

Ac:ual tests were begun en October 31, 1963 and con:inued
for seven full days. -

The Limitorque Valve Operator continued to cperate through:ut
and af:er the environ = ental test. I: was necessary to sequeace
star: the operator to unseat it fr== the full closed position
after the 20 psi pressure level was reached. The geared IL=1:

swi:ch bypass around the open torque switch was apparen:ly se:
too close to the full closed position. This caused the torque
switch to =c=entarily open and s cop :he operator before 1: had
unseated the valve ste=. It is our understanding that this

could be correc:ed by setting the geared lini: bypass switch to
trip open after the valve ste= is unseated.

The environ =ent did ef f ec: the geared li=it switch as was
evidenced at the end of the first 24 hour period when the Li=1:crque
operator went to the full open posi:ica and s:cpped by the open

_ iv
'v n 4
, ! M!||4 ME FPANKL;N :L... "I RESEARCH 'l3CPATCPI ' ! V '

,

'

_



-

. .

limit torque switch rather than by the open position geared _

limit switch. Both indicating lights remained on even though
the valve sce: had been moved to the f ull open position. ,

At the e:' ' of the seven day environmental exposure, the

Li=1 torque operator closed :he valve stes nor= ally, however due to
the failure of the geared 11:1: switch, a jumper wire had to be
used to bypass the switch to allow the Limitorque opera:or to
open the valve stem fully.

The motor brake assembly operated satisf actoril; throughout

the test. ,

.
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I. INTRODUCTION
-

Following discussions .be tween s taff members of The Philadelphia
Gear Corporation and The Franklin Insti:ute Research Labcra:ories
(FIRL), an agreement was signed under which FIRL would tes: a

Limitorque valve cperator and a separa:e =otor-brake assembly under
simulated reactor pos t-accident e nvir e r.=e n ts . This is the final

report of :ha: test pecgra=.

The conditions simulated f or the test were the pressura-
temperature-ht=idity (saturated s team) environments and the.che=ical
enviren=ents tha: could be expected to exist in the con:ainment

.

vessels of wa:er-modera:ed pcwer reactors following scme credible

acciden: such as the rupture of a major reac:or piping asse=bly. The

particular condit'ons si=ula:ed are these set forth in the IEEE
_

Standard Oraft, dated June 7, 1968, of the IEEE/NSC/ Technical Cct-

mittee for Standards, Subcc=mittee 2 (Equipment Qualification Tes:-
ing) as ::anssitted by Philadelphia Gear letter, Lawsca to Witcher
( FIRL) , en July 16, 1963. The test was made in accordance wi:h the
applicable por:icn of this standard with one exception: che pressure

specified :o be 5 psi between 24 and 165 hours af:er tes: ini:ia:icn
as shcun in Figure 3, page 9 of the IEEE s:andard was changed :: be
15 psi. This change was requested by Philadelphia Gear in the le::ar
of July 16, 1963 previously cited.

.

It must be emphasiced that this test program was for the
emergency stea= and checical envirormental ccnditions only. Pre-

conditioning tes ts including radiation aging, heat aging, and shock
tes ts were not included in the program at FIRL. Neitner were pos:-
test inspec:1ons or other acceptance criteria.

_. , -
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II. ECUIPMENT TESTED

The equipment tested was (a) a Limitorque valve operator and
- (b) a motor-brake asse=bly as identifie'd and described below.

(a) Name Plate Infomation of Valve Ocerator (Test Unit 1)

MAME: SMS-O Limitorque Valve Operatcr
Crder No. 600198

MANUFACTURER: Philadelphia Cear Corpora:ica
,

MOTOR: Reliance Buil: Torque Mo:cr

Identification No. 435571-JTR

START: 15 ft.-lb.
_

'

RUN: 3 ft.-lb.

TYPE: ? FRAME: M56

PHASE: 3 RPM: 1700

CYCLES: 60 VCL75: 220/460

CCCE: - AMPS: 5.6/2.a

Tem::. Rise at Run Tcrque of 15 Minutes: 75'c
.

Type H Insulation

Gear Unit

c1~ <or
; ,''L ! O *i-
-
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(b) Torcue Motor with Brake (Test Unit 2)
.

MOTOR

MANUFACTURER: Reliance Electric Company

3300 10th Street

Columbus, Indiana

IDENTIFICATICM #: 442010-na

START: 15 ft.-15. FRAME: -

RUN: 3 ft.-lb. RPM: 1700 -

.

TYPE: - VOLTS: 230/460

FHASE: 3 AMPS: 5.6/2.3

CYCLE 60 -

CCCE: -

Rise at IUN Torque: 75'C (15 minutes)

DINGS MAGNETIC DISC 2 RAKE

MCDEL: 6-61009-50 VOLTS: 230

SERIAL NC : 157010 Continuous Cuty -

TCRQUE: 3 ft.-lb.

-- k ! I' iQrL iUJ
; n ANxuN issrm REIEARCH A30aA;cair.s
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III. TEST DISCUSSION
_

The tests were conducted in an envircraental tes facility
installed at FIRL. Figures 1 and 2 show the central part of-the
f acility including the test chamber with the Limitorque and otor-
brake assembly mounted (Figure 1). Both figures shcw the chamoer

temperature recorder mounted on the upper right wall, the dual channel
pressure recorder acunted directly belcw and the Limiterque and
brake assembly ta=perature recorder mounted under the right hand table.
On the back wall are mcunted :he Limitorque and mater-brake controls.

Power leads to the mator-brake and the Limitorque are brough:
frca the panel benrd to a junction box moun:ed above the vessel.

-

From the junc: ion box, Teflon insulated #12 wire was brough through
the vessel wall in Conax feed-through fi:~ tings and thence to the

- Limitorque and the motor-brake.
-

'

The Sanborn recorder shown in Figure 1 was used to measure :he
valve seating force as measured by strain gages on the valve stem
guide protruding :o the lef t frem the tank.

The facility was pressurized by a two inch steam line frem the
FIRL building steam mains. The f as: pressure rise was achieved by
quick-cpening valves in the s team line. Subsequen: regulation was
performed by a Spence regulating valve. In order to achieve the
fastest possible rise in steam pressure in :he tes chamber an
additional 2 inch line was placed to the chamber by-passing the -
regulating valve. This allowed an e=pty vessel rise f rom zere gage
pressure and 140*F ambient to 90 psig in 3 seconcs. Pressure rise
time with :he Limitorque was somewhat greater as described in the
actual test procedure.

.
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A. MEASUREMENTS
-

(1) Temaerature inside unit and limit-switch cemoartment

Limitoroue Oceratcr: Temperature was measured by means of

four thermoccuples installed in the Limitorque Operator.

The valve operator was received by FlRL with three

thermocouples already installed in the motor windings.

One additional :hermoccuple was installed by FIRL in the

limit-switch ccmpartner.t.

Meter-Brake Assembiv: Temperatures in the brake assembly were
als a monitored by :hree thermoccuples ins:alled prior to

Jelivery to FIRL. Two were in :he mo:cr windings and one
,

was in the brake assembly.

AllL'ouratures in the Limitorque and the mo:ce-brake

assembly were recorded by a separate multi-point tempera:ure_
recorder.

(2) Motor Voltare, Ames, and Wa::s

A polyphase recording wat: =eter was used :o record the

pcwer incut to :ne Limit:rque test unit. In addition, three

indicating vol: meters and two ammeters were read during each
opera:1on of the motors. These data are given in Tables 1 and 2.

No measurements or recordings were made for the me cr-brake

assemoly.

,
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(3) Temeerature and Pressure Inside Environmental Chamber -

The environ =ent and tes t cha=ber te=pera:ures were recorded
throughout the seven day test with ther=occuples at
s trategic locations. The te=pera:ures recorded were the

cha=c er s tea = te=perature (1) , te=perature in the valve

operator switching co=part=ent (2), the tank wall :e=pera-
ture (3), and the inle: stea= (4).

Pressure was =enitored visually by means of a precision
=echanical gage and by a pressure ::ansducer for the analog
recording of pressure by a tso-pen poten:1c=eter r.ecorder.
The other pen of the pressure recorder was used in conjunction -

with another transducer to =easure and record pressure in :ne
limit-switch cc=partment of the L1=itorque valve operator.

(4) Soric Acid Concentration and cH of Condensate -

In lieu oi =easuring the cencentration and pH of the con-
densate, a solutien of 1.5% (by weight) boric acid in wa:er
was prepared r..a stored in a cooler vat. This solution and

only this solutica was pu= ped in:o the environ = ental cha=ber.
Th= condensate was not recirculated, bu: was drained frc=
:he tank overflow as the f resh solution was inj ected. The

boric acid used to si=ulate the post-acnident spray was
prepared by dissolving seven pcunds of technical grade
boric acid (H 30 ) in 55 gallons (460 pcunds) of de=inerali-3 3

:ed wa ter. The solution was prepared at 30*F to facili: ate

the solution of the bori: acid crystals. A 50% solution of

reagent grade sodiu= hydroxide (NaCH) was used to ti: rate

the beric acid solution :o cbtain a s table pH of 7.67 as
=easured wi:5 a Beck =an pH =e:er.

- I iOA
! ' ! U
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Preparation of the solutLon-was made in a stainless s: eel

chiller tank, equipped with a stirrer and cooling controls.

The solution was cooled to 21.5*C (70.7* F) for the test. -

Eight gallons of soluticn was used to fill the test cha=b er

aux.illiary heaters f or the pre-heat cycle and to provide a

boric acid source _for the initial test.

Boric acid ficw rate was measured with a Brooks Flcw Meter.
The solution was then pumped into the spray manifold in

the test chamber by a high head centrif ugal pump.

(5) Valve Crerator Seating Force in Valve Closed Position

The valve opera:or seating f orce was measured by a full
- .

s: rain gage bridge on the valve operator exteteal s:am drive,

which was calibra:ed by a pre-calibrated load c'ill. During

the test, this f orce wcs recorded on ene channel cf a :wo-

channel Sanborn .ecorder.
_

'

(6) Motor Insulation e isistance 3efere and After Test

Motor insulation resistance was measured wi:h a =eschme:er
at the motor terminals before and af ter the test. Since
power was supplied :c :he =otor with Ccnax gland pcwer
fittings with Teflon insulated wire, ne insula: ion

resistance of these leads were also measured with the
megchmeter.

(7) The Limitorque unit was tested with the lini:-switch c:=-

pirtment as an integral unit. A transmit:ing potentio-

meter indicating the valve s:en position was operated through-

cut the tes t in addi: ion to che indicator switch f or the
external "c n s2.se" light.

A check vi.Je replaced a ball-check grease fit:ing :n :he

gear housing, wi:n the free ficw into the :es: chamber.

9
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B. TEST SEQUENCE AMD OBSERVATIUNS -

(1) Simulation of Lena Term Ambient

Prior to beginning the actual test the Limitorque and motor
brake were slowly brought up to a temperature of 140*F at
atmospheric pressure, in order to simulate the long term
a=b ien t prior to an accident. This, in our test chamber , was
accc=plished by periodically introducing a small amount of
steam from the mains in addition to heating the condensate

in the bottcm of the :est chamber aith the electric hea:ers.

(2) Start of Tes: *

Upon reaching the 140*F ambient level, the ac:ual test was
begun a: 3:15 p.m. ca Oc:cber 31, 1968 by suddenly admi::ing
steas :o tac test chamb er . The pressure was brought up ::
and held at 90 psig, in accordance wi:h Figure 3. The rise

-

time was 14 seconds as recorded by two observers using s:cp
wattnes and precision gages as ref erence. A precisica
nechanical pressure gage was the primary instrument used a:

this time although pressure transducers were operating with
a two-pen recorder for the purposes of recording cha=ber

pressure and limit-swi:ch cc= par tment pressure. Figure 4
shcws the pressure rise in both :he tes cha:ber and the
IL=1: switch ce=partment of the Limitorque. Tne recorded
pressure variation in chamber pressure upon reaching the 30
psi level was caused by a leak in the pressure transducer a:
that ti e.

. . r
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(3) Limitoroue Coeration
.

Six minutes af ter the beginning of the test :he Limi:orque
and motor-brake assembly were each operated :hrcugh one
complete cycle. Cperation was normal.

(4) Start Boric Acid Sorav

Forty minutes af:er the start of the test the beric acid

spray was started. 1.5" beric acid, buf f ered wi:h sodium

hydroxide to pH of 7.67, was supplied a: 10 gal, per hour
in a downward spray pattern over the Limitcrque casing and
control cc=partment for the next fcur hcurs w:thout

,

interruption.
.

(5) Limitorcue C:eratica

. Fifty-five minutes after the start of the tes the Limitorque
i and the mot:r-braka were each operated through one crmplete -

''
cycle. Operation cas normal.

(6) Pressure Reduced es 70 esig

One hour af ter the start of the test the pressure was r. uced

to 70 psig in the :es: chamber within a period of :hree =inu:es.

(7) Limitorcue Ocerati;_n_

Seven minutes af:e reacning the 70 psig saturated s team
condicians in the :es t chamoer the Limitorque and notor-brake
were again operated through one complete cycle. Cperation was
normal.

(3) LLnit:rcue Ooerati:n

Five minutes before going :o the 4C psi level the Limi:Orque
and motor-brake were again operated. Cperation was normal.

1. ,I / *- -,/6.
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(9) Pressure Reduced to 40 esi:

Three hours after the start of the test the pressure in the
_

test chamber was reduced to 40 psig, by adjusting the

regu1 Lect valve in the steam supply line and by running cold

water through the condenser coils inside the :est chl=ber

head. The change frca 70 psig to 40 psig was acce plished

in five minutes.

(10) Limi:crcue 0:eration

Five minutes af ter reaching :he 40 psig saturated s:eas cca-

ditions in the test cha=ber the Limitorque and the motor-

brake were again operated through one cycle. Operation was

normal.
~

(11) Serie Acid Scray Sterced

.

The boric acid spray which had been supplied continucusly _

N_ f or four hours in a spray pattern over the Limitorque was

s::pped. No further che ical environment was st=ula:ed.
-

(12) LL=1tercue Coeration

Five minutes befcre the end of the :wo hcur 40 psig satura:ed

steam canditica the Li=itorque and =ot,r-brake vere again

cperated. Operation was normal.

(13) Pressure Reduced to 20 esi:

Five hours af:e :he scar of the :es: the pressure regula:ce

was adj us ted f rem the 40 psig set:ing to the 20 psig set:ing.

Cooling wa:er was also supplied :: the ecoling coil in the

chamber head. This accc=plished the transition f res 40 psig

to 20 psig in four =inutes.

.. i.
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(14) Limitoroue Ooer tion
._

Five minutes icee :a2ching :he 20 psig level, the Li=1:orque
.

and the motor-e' r4ke assembly were cperated :hrough one
cceplete cycle.

The motor-brake asse=bly operated normally.
The Limitorque cperated, but

its opera ting characteris:1cshad changed. It closed normally, but to open the unit it was
found to be necessary to ;crgle the open and close but:ans
in sequence to s:ar:

up the unit.. Once started, it operated
satisfac:or11y, but the opening :i=e was 112 seconds ins:e.d
of the normal time of 110 seconds. The absence of a peak in
motor :orque at

the end of the opening stroke signified that
the opening s:roke was stepped as usual hv

the limit switch.
(15) Limi:or:ue Coeration

Nineteen hours af ter tre previous Limitorque cperation a d
-

five minutes before :he end of :he 20 psig condition
n

i
s, , the

units were operated once cre .
The motor-brake operatednormally.

The Limitorque closed pecperly, but upon
opening the :entrols needed to be sequenced rapidly
be tween "open" and " clos e".

As before, once started, :he
Limi:orque operated satisf ac:orily but this ti=e therecorded rise in torque at the end of :he opening s:roke
signified :h, : the full cpen 11:1:

s:ap was reached, thus
indicating tha: :he preset

limit switch failed to stop the
opening stroke.

(16) Pressure Reducticm to 15 osia

Twenty-fcur hours af ter the s: art of the tes: the pressure
was reduced from 20 to 15 psig. This was acceeplished asbefe-

by adjusting the regulating valve and running cold
water through the cooling coil.

Pressure redue: ion time was

}O
13 i/

-
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seven =inutes. No further change in pressure was =ade before
the end of the tes t.

(17) Li=1tercue Ooeration

The test units were operated five =inutes af ter reaching
the 15 psig condition. The me:or-brake operated
satisf actorily al: hough it appeared to be noisy f or a short
period of ti=e with the brake released. The Limitorque
operated as in the L==ediately preceeding Operation (Sequence
15) except that the position 11=it switches were not opera:ing.
The Limitorque operated satisf actorily but it had to be
sequenced rapidly between "open" and "close" to unseat the
s:e= when in the closed pcsition.

(13) Li=itorque Cteratien

Six full days (144 hours) passed while the units re=ained
_

in the 15 psig saturated s:aam environ =ent before the units
were operated once =cre. The =ctor-brake operated sa:isfac r-

ily. The L1=itorque lcsed satisf ac:orily but :his ti=e the
unit would no: reverse to un-sea: :he valve ste: en :he open-
ing cycle. Rapid sequencing of the "open" and "close"
buttons as done previously was :o no avail and so a ju=per
was added to the centrols on the panel beard to reverse the
Li=1 torque. This was successf ul and the L1=itorque
opened satisfactorily.

(19) Pressure Reduction to A:=csohere

Following the Li=1:orque operation of secuence is the
pressure was reduced to the a==cspheric pressure of the lab.
This was done by circula:ing water through the cooling c:11
in the cha=ber head and la:e: 'cy slowly pu= ping cold water
into the condensate well of :he cha ber.

16
_ 700c - jg
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The cooling operation before venting required approx 1=at .thirty minutes. ely

(20)
_ _ Condensate same11r.:

Before pumping water into the condensate well :o cool th
test

chamber a sample of condensate was drawn and :ested for
e

a cid ity.
The condensate had a pH of 8.20 which was believedto represent

the pH cf the steam frem the supply mains
(Philadelphia Electric Cc=pany). By this time nest of :he
boric acid should have been diluted and carried away by thesteam condensate.

.

(21) Oceninz cf Tes Chanber
.

Approxi=ately one hour after the end of the seven d
(168 hour) cycle the tank was opened to insp ct

ay tes:

e the unitsunder test.
!

,

(22) Visual Inscection cf *es: Uni:s

Figures 5 and 6 shcw,
before and after the respectively, the test uni:s ta=edia:ely

test.
It is obvious that the steam and

cheri:al envircnments had a very corrosive effect
upon the

units, especially upon the paint.
Mcwever, as described inthis :est sequence,

the units operated, even :o the hand-
wheel which was

tested and found to be satisfac:ory
.

Figure 6 shcus a certain a=oun:
of crud in the bott:m of the:ank.

This was found to be (a) grease that had cc=e out
checkvalve, of theand (b)

che remains of the visual position indi-
cator which had been severly attacked by the environment
Tha plas tic had mel:ed and had apparen:ly foamed

.

.
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i O r.,,
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Figures 7 and 8 shcw the*e:iec: of the environment upon the
limit switch cocpartment. The environment had penetra:ed

the cc=partment and had lightly attacked certain ecmponents.

This was evidenced by the previcusly discussed malfunction

of the posi: ion limit switches as well as by the visual

inspection.

(23) Limitorcue Operation

The Limitorque was operated once sore before it was re=oved

frcm the tes: cha=ber for re: urn :o the Philadelphia Cear

Corporation. The operation was as described in sequence

The ju=per en the control panel was necessary for reversing
*the motor from "close" to "open".
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311-C2232-01 Date DE' . N /br'.I
J

.= s.*.I g~e n.N. . r s.e e. *ra- r.= y C *- .e
*

. .. _. i 3. .

+ r. a- . , r.y e. ,. y.. .. .
, .

Time at Start of Test: IcIilw/sHour i I/>
.

-

Ini:ial Pressure / 6- Psig Temp. / a ^> *F
-

<

/. /

Fressure ?ise Time: /7 Seconds

Chamber: Press. if I'5l t,- Te=p. M9 *F

'

Tes: Unit: Press. '/ - Psig Temp. 3 2-. E *F

/3 , jFirs: Test Cycle of M.o:Or: Hours-
-

at this Level
.

Star: cf Boric Acid S;rav ('O minutes after Lavel !) -

Time: / 9 ET Hour Pdnutes

Bori: Acid c' w F, ate: / ') >-E gph

Tc:p. 7 C. ? * F ph 7, b 7

Second Test C cle of P.ctor
at this Level: Time: [b !,

Hour

End of Level ::

-

Time: // / ) Hours
.

Chamber Press. '/ / psig Te=p. 3 2. '/ *?
'

Uni: Press. h' / psig Temp. ) *?

w
#9

4 *4
b ,)I)-

.- . ,
)

i ,
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311-C2232-01
Date Cc A 3/ W

l
,

j . 2'. 0] < e6 '
ENVIRC:.T!:. :T TE$T 4YCLE

.

DESIGNATEDes' "ever-- so- 1 SATURATION'-

sTrui rRrs.s. 70 rstc Trme. 3 /6 F
-

I

Time Level Keached: jf cours,
-- A ., l .17 *

>Time from Previous
/.

-'
Level: ) ~h Minutes

.
~- '~~

, ' / per Press: 7CCha ~-

psig Temp. _ 3 l 1 *F ..---- . ." -

.s ". . /-

. , ,

Test Unit: Temp. 3/1 *F Press. 70 ?sig
--*~~~. . _ . .

' Firs t Tes: .

Cycle of Motor - - - ~ ~ ~ ' ' '
fat this Level: Time: 10 1

-

Hours

Soric Acid Srrav

Flcu Rate 10 9 M [i Temp. ] O. 7 *F PH 7 [[
.

-

Ul

Secend Tant
Cycle of Motor
at this Level: Time: in /0 HoursE

.

End of Level No. 0--
'

e--Time: IT (3 H:ur *

. e

Ch .ber Te.?p. _ ,O I D
*F Press. ~7 b Psis.e

Unit Temp. bI) *F Press. /O ?sig ,>;. .,W
- ! L- 4'. v .
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311-C2232-01.

Date Ce I. ,'i , e,"(

$. s -- M

E!!'.'IRC'.':E:!T TESi CYCLE
_.

DESIG::ATED
TEST LEVEL NO. n SA;tRA;I,a,,

S T EAM P RES .S . * *2 C PSIG T E.MP . 2.87 *F

Time Level Reached: 2.02.2 acurs

Ti.e fren Previcus Level: Y Minutes
_

.

-.a.mber Press: 2O psig Temp.: d'7d * F . -. _ g. .a
.

~~
_

Test Unit: Temp. .N 7 l *F Press. 2O Psig
.-

/Firs t Test - . - -

Cycle of Motor
-- ''" ~~~

at this Level: Time: O)[ Hours ,

DJ,i r

n.\
- Ecri: Acid Snrav

-

Fl:.i Rate _ n o 4 -c Temp. *y pg
- .

.

Ecl. I) [T 5 [
G

_
-.

Second Test
Cycle of Motor

at this Level: Time: /[[ O nours

End of Level ?o.

nee: / 5 / ~7 _acur
-

3 C-fCha=ber icap. ~ s p. 9"o.
: Press. Psig.

Unit Temp.
_

1 I* *F Press. 2O
''

?si;

~
--
L

{ . - '3 .s q
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311-C2232-01 CC[ 1/df'l[Cate

. . dt bs
ENVIRC ."!ENT TF.5T JYCLE

DESIGMATED SATURATICM
* ES*' LEV"'" '" O *'

'

STEAM PRES .S . k' O PSIC !.WP . 2E7 *F
~

.

Time Level Reached: ( % 2. O acurs I

=
J

Time from Previous Level: lO Minutes
.

p. Cha:ber ?:ess: O psig Temp.: NO *F
-

*est Unit: Temp. 237 *F Press. yO ?sig
.

*-

First Test V, ,

Cycle of Motor
-

at this Level: Time: 13 2 T 'Mours

_

Scric Acid Sprav

Ficu aate /0 c,d Te=p. 10.7 r su Z 6 2_.

di-

|T<.Eb SQ@ .SYoppl I cJr50 I]TT t

Sc cud Test
Cycle of MO:c
at this Lcvel: Ti=e: 2. 0 / O Hours

.

End of Level No.

. . . {$.4 e. 9e -

u..c u r

Cha.ber Temp. 1$1 *F ?:ess. k . O Psi;,
-

Uni: Te=p. 2 _b,f *F P r es s . l.'.3.,[_,Psig
N .

)
.L LUi-,
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.- 2. [ . l.Ji r1%i

E.WIRC:NE:,'T TE5' ClCLE

DESIGNATED - SAT"RATIC:i
**S'' LEVEL ""O' T'"

STFJJi PRES .S . /9- PSIG T&J.. _") CC *F

Time Level Reached: /r24 acurs ,,

I

Time frop Previous Level: 7 Minutes
-

-

Chamber Press: /5' psig Temp.: 2-. 91 *F
. , . .

'
' -

. ''
-

/d, '-- Ps igTest Unit: Temp. .2. fO *? Press. -

_ _ _ _ . _ _ . .
- ~ ~ ~ ~

First Tes:
'

' - .
,,

Cycle of Motor .(. d

at this Level: Time: /7,, 2 y
.

G Hours

b rt a.th k%( cyida b Movyk Y) uy- /, /MI
i

3 _

-

Eoric A-id Snrav

Flcw Rate _ /[.?"7 -<. Temp. *F PH
.

.

'j\ aN~ 7; { T (

Second Test
Cycle of Motor -,y
at this Level. Time: I3 '~~

Heurs

g

E r.d o f _L ev e l i:o . 6m < \ T.4 0 7 06 /, IN 5- ,--

7 9 7Time: I? .'" Mcur

d, / *F Press. Id / ?sig.
n

Chamber Temp. A
. s

L'r.i t Tca p . ] r.J 7 Press. N.5 Psig
*

s
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Perfqrmance Tes Data of Limitarcue Valve Ocerator
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Table 1, Collected Cata.

Table 2, Average anc Peak Values.
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TABLE 1. e31=C2232-01

PERFORMANCE TEST CAT 4 CF LIMITOROL'E VALVE OPERATOR
COLLECTED CATA

Stem Travel -Test Pres. Line Volt. A-C Current Pwr. Stg. Close Open- Psig Time 1-2 3-1 3-2 1 3 KW Fce-lbs. Seconds

10/31,

0 1502 500 512 498 2.85 3.08 .50 16,500 110
1506 504 514 493 2.75 2.95 .51 110

90 1521 504 516 5C0 2.85 3.00 .53 16,500 110
1524 504 516 5C0 2.65 2.60 .60 110
1610 500 512 500 2.80 2.97 .51 16,500 110
1613 5CO 514 500 2.68 2.83 .55 1 110

70 1625 SCC 514 495 2.68 2.97 .50 16,1C0 ' 110
1628 504 516 5CO 3.05 2.89 .52 110

"

1810 506 518 SC4 2.73 3.07 .50 16,5C0 110
1813 508 518 504 2.92 2.98 .56 15,500 110.

40 1828 SC8 520 5C4 2.95 3.10 .50 16,500 110
_

1831 5C8 520 SC4 2.84 3.00 .52 108
2010 508 520 504 2.98 3.10 .50 16,000 110
2014 508 518 504 2.83 3.C2 .51 1 107

20 2031 5C8 520 504 2.96 3.10 .50 17,0C0 110
2039 508 520 504 2.84 3.C2 .51 112
11/1

1510 500 514 496 2.85 3.00 46 17,500 110
1513 SCO 51 4 496 2.70 287 .47 112

15 1528 5CO 514 496 2.84 2.98 .46 17,8CO 115
1532 500 514 496 2.70 2.90 .50 118
11/7

1528 498 514 496 2.98 2.82 43 17,200 lli

)forde C0 514 496 2.72 2.89 .50 111
Final 500 514 496 46 17,;C0
Final SCO 514 496 .50

30
3 * r

e %d 6
%e
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311-C2232-01er 2

Average and Peak Values

PERFORMA.* ICE TEST OF LJMITCROUE VALVE OPERATOR

Test
Ave. Vol t- Ave. Peak P0wer PeakOct. 31 Pressure

Psle age -3 Current Current KW -

.

503.3 2.97 3.40 1.30
*

509.3 2.85 .90

90 505.7 2.92 3.45 1.57
505.7 2.62 1.15
504 2.23 Missed 1.54
504.7 2.75 2.00

70 503.3 3.01 3.30 1.50
505.7 2.80 1.40
5C9.3 3.C0 3.40 1.45 .

510 2.39 .25

40 510.7 3.02 3.30 1.44
510.7 2.92 .73 -

510.7 3.04 3.30 1.39
510 2.92 1.21

20 510.7 3.03 3.a0 1.45
510.7 2.93 .75
503.3 2.92 3.40 1.35
503.3 2.78 1.09

15 503.3 2.91 1.42
503.3 2.80 1,48

503.3 2.90 1.52
'

503.7 2. 0 .38

Final 503.7 1.52
Final 507.7 .95

[ l .
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FWR Qualification

1.0 Introduction,

A typical Limitorque Valve Actuator, SMS-0 with a 40 ft-lb

=ctor (SMB-0-40) was submitted for qualification to the type
test specified by IEEE std. 382- '72' for service in a gyes-

suriced Water _R.eactor (PRR) containment chamber in Nuclear_.

Pcwer Station application.

The SM3-0-40 Valve Actuator was subjected to mechanical aging

simulation to approximate 40 years service life, radiation e'x-

posure (Ecth Normal Life levels plus accumulative doses) and

other enviren= ental conditions all as indicated in III, Std.
382 '72'. Additional lead cycling was perfer=ed after LCCA

envircnmental ccnditicas to determine the post accident-

abilities of the valve actuator.

2.0 Identification of Sample Valve Actuator

TEST CNTT

A limitorque SMB-0 Nuclear Valve Actuator with a 40 ft-lb

nuclear centainment motor (RH Insulatien Class) was cen-

structed per standard nuclear bill of materials and stan-
dard nuclear meter specifications. The follcwing inform-

a*i.cn was taken f cm the identification tags:
.

+ f'
~

Ii \,- a r, s

i }v) $ L
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FNR Qualification

Valve Actuator Type /Sice .............. 5MB-0
<

Manuf ac turer . . . . . . . . . . . . . . . . . . . . . . Limitorque Corpora ti,.a

Order Number ...................... 600456-A
.

Serial Number ..................... 189835
_

Zlectric Motor Information:

Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 0 f t - lb stall
8 ft-lb run

M anu f ac ture r . . . . . . . . . . . . . . . . . . . . . . Re li anc e Electric Ccmpany

Identification number . . . . . . . . . . . . 2Y26707 4Alz:

Full Load Speed . . . . . . . . . . . . . . . . . . 17 3 5 RPM

Frequelcy ........................ 60 E:

-.
Voltage .......................... 460 Volts

-

Insulation Class ..................RH

Type ..............................P

3.0 Type Test Precedure

The type test plan as described in IIZE Std. 382 '72', para-

graph 4, censists c# three basic parts:

1. Aging Simulation

2. Seismic Qualificatica

3. Accident Envircnmental Simulatica

.
w

OM

\"
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F#R Qualification

As an added test =argin, the test actuator was schmitted,

to add 3 :icnal load cycling af ter : mpletien of all the

required environmental :nditions and pric to fin'

inspection. This additional load cycling is not au-

quirement of IEEE Std. 382 '72'. A base test motor was

processed with the Test Unit fer additional engineering

information.

3.1 Aging Simulatien (IEEE Std. 382 para. 4.2)

3.1.1 Thermal Aging

Thermal aging * as performed en the noter stators

by the motor manufacturer (Reliance Electric Ccm-

pany) in :coperatien with Limitorque Corporation.,s

_

The motor stater was heat aged for 100 hours at
o

180 C. A certificate of : mpliance was supplied

by Reliance Electric Ccmpany verifying the thermal

aging of the stator (see Appendix A.)

3.1.2 Mechanical Aging

Mechanical Aging was performed en the Test Unit

by the Limitorque Test Laboratcry. Data en the

Aging & ?cs: test Cycling is presented in Appen-

dix 3. Althouch IEEE Std. 382- '72' requires 500
^

cycles. the anit was cycled thru 12C8 cycles.-

f

l-
/ / ^
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FWR Cualificatien
.

( each cycle consistinc of one close stroke and one

open stroke at room ambient cenditians. The Limic-

orque Valve Actuator was seated at the end of the

close stroke and the seating thrust monitored. The

thrus t applied was equivalent to the thrust & torque

ratings of the EM.3-0 actuator. A typic 11 stroke

time of 40 sec. was chosen for the actuator cperat-

ing time.
.

3.1.3 Radiation Aging (IEEE Std. 382 '72' Part II Section 1)
'

The Aging dose of 4 Megarads was ccabined with the

accident dose (200 Megarad) per IEEE Std. 382 '72'

''
~.

part III and is discussed in the follcwing section 3.3
of this report.

3.2 Seismic Cualification (IZEE S td. 382 Para. 4. 3)

The seismic Cualificatien was p.erformed by Lockheed Elec~

trenics, Inc. Environmental Laboratcry on a Reaction

vibration machine. The Test Unit with motor, was scanned

in each of the three major axis over a frequency range of

$ to 35 H: to search for resonance. No resonance was

fotnd.

~

.

#) *t
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FWR Cualificatien

The Valve Actuator was =ounted on a test fixture to

provide simulated valve seating loads, during the

dwell portions of the seismic qualifications. The

lead imposed was equal to the rating of the test~

-

actuator.
~

The vibration machine was adjusted to a di'splacement

(0.050" D. A.) equivalent to 3 g's a :eleration at a

frequency of 35 E:. The test sample was then vibrated

for a period af ten (10) seconds at each even integer of

frequency ir=m 6 H: to 34 H:. The unit was operated

during the dwell through ene cycle frem ocen limit-

to-torque switch seated positien and back to original

'] point. The vibration machine was adjusted to a dis-

pla. ent (0.100" 2. A.) equivalent to 6 g's ac-

celeration at a frequency of 35 H:. The test sample

was then vibrated for a period of ten (10) seconds at

35 Er and operated during the dwell.

The dwell tests above iere performed in each of the

three majcr axis. A report en the Seismiu cualifi-

cation was prepared by Lcekheed' Electronics Corper-

atiens Environmental Laboratory '(Report No.3521-4811 and

is presented in Appendix 0.) The duration of each

- stroke was 40 seconds.,

.
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h"4R Qualificatien

.

3.3 Radiation Ixposure (IIII Std. 382 Part II Section 1)
(

The Limitorque Actuator and motor were subjected to a

Gamma Ray Irradiation of 204 Megarads per IIII Std.

382 '72' requirements.

The Test Unit was placed in a Ccbalt-60 and Cesiam-13 7

field of 1 Mrad / hour at an ai'r equivalent dese.

A total radiation dose of 204 Megarads was applied after

themeal aging, mechanical aging and seismic qualifica:icn.
,

The radiation exposure was performed by Isemedix Ccrper-
. .

atten. A Test Certification was supplied by Isc=edix

Corporation and is presented in Appendix C.
.

3.4 Accident Si.rulation (II ' * ' 382 '72')
3.4.1 Test Description

The test was performed a: Limi:=rques' Invironmental

Test Facility, see figures 1, 2 and 3 in Appendix 2.

A sebsmatic of the instrumentation system and a

sc==ary c instruments used during the test tre

presented in Figure 4 and Table I located in Appen-
dix ?. The limitorque Actus:cr was nounted on a

thrust tube attached to the side of the test chamber

_

with the stem thrusting agains: the lead cell =cunted
M

f% *) f,.

b. c' ._ u ,
, # /+ ,
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PWR Qualification

* externally to the test chamber. (see Figure 1,
!

Appendix E)

Control and pcwer lead connecticns were made

through flexible pressure tight conduit con-

nections run betseen the units and the access

ports of the test chamber. The external wire

harness was run to a juncticn box, where ter-

minal strips previded access to each lead for

monitoring insulaticn resistance. The terrinal

strips were wired to a centrol ;ystem (see

Figure 4, Appendix F). The control panel illus-

trated in Fiqure 3, (Appendix E) contains a gewern
'-

menitoring system to =cnitor line voltage, current

in each of the three (3) motor legs and che pcwer

censumption of the =oter.

Pressure and temperature were monitored en the

multipcint temperature recorder and strip chart

recorder mcunted en the test console (Figure 3,

Appendix E). In addition to the automatic moni-

tering syscem, the temperature and pressure was

=cnitored by a pressure gauge and eac thermemeters

mounted in the side wall of the test chamber (see
/

(_ Figures 1 and 4.)

c1n no"
''L bla
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FWR Qualification

During the rapid temperature and pressure tran-

sients, the chamber ambient and limit switch ccm-

partment internal temperature and pressure were
.

monitored continuously en the strip chart re-

corder
-

Cooli.ng coils mcunte- inside the chamber provided

cooling ca<acity to recure the tempera- e in the

cha=her to the varicus temperature plateaus.

A double spray system provided a reliable source
.

of chemical spray during the test pro file . Flow

meters mounted en Sne panel near the test chamber

(see Figure 1, Appendix E) monitored the chemical-

..

fluid ficw. Spray noccles mounted on two sets of

manifolds (3 noccles per =anifcid) with the ability

to switch manifold provided the proper spray pat-

tern. The pre,sure in eauh active manifold *et

was monitored to indicate any restriction of the

spray noc le orifice. A back flush system was

previded to back flush the spray manifold.

3.4.2 Test Procedure for LCCA Test

The Limitorqpe valve Actua:=r was exposed :=

steam and chemical spray in accordance with the
-

'
'
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FWR Qualification
.

criteria listed in Table 1 in the "IEEE Guide for
i

Type Test of Class 1 Electric valve Operators for

Nuclear Pcwer Generating Stations * IEEE Std.

382 '72'. The temperature / pressure profile is

illustrated in Figure 5, which also shows the sche-

dule for measuring the insulation resistance of the

pcwer and centrol leads and cycling of the Limitor-

que valve Actuators.

.

During the first four days of the test, the specified

temperature and pressures were maintained by the cen-

trolled injection of steam into the test chamber.

o
During the remainder of the test, the 200 F/10 psig,-

m

state was maintained by filling the test chamber with

air controlled to the proper pressure and using elect-

rical heaters. The atmosphere was kept saturated with

water vapor by maintaining ccadensate in the bottcm

of the tank and by daily injections of steam.

3.5 post Test Inspection

A visual inspection of the limit switch ==partment and the

limit and torque switches was performed at the cenclusion

of the accident simulation.

- Ei1 ') ? 7; 1 (_ LL!
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Specified Accident Profile
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3.6 Post LCCA Load Cycling Test

Similar to that performed at pre-test mechanical aging,

the unit was cycled for a total of 794 cycles (one close

& one open stroke percycle) at recm ambient conditions

(data supplied in Appendix 3). '

3.7 Final Inspection

A ccmplete physical inspection of the test samples was
,

made after the ccmpletion of the Post LCCA Load Cycling

to observe the conditions of the actuator.

4.0 Test Results

4.1 Mechanical Aging

The unit was inically tested on 7 Jane 1974 and am.
v

thrust output of 20,162 lbs. was cbtained at a tergue

switch setting of 1-3/4. (This value is an average

of 24 readings.) The unit remained en the test stand

and was automatically cycled at reem ambient conditiens.

The cycling test was perfor=ed frcm 7 June 1974 to 10

June 1974 fer a total of 1208 cycles censisting of one

terque switch closure in each cycle.

The lead was measured alter the completien of the =echan-,

ical aging and an average of 10 readings produced a thruse

~
cutput of 19,920 lbs.

_

LL!
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.
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_

_
The test data obtained is presented in Appendix B.

,
4.2 Seismic Qualification

.

The Seismic Qualification was performed at Lockheed
.

Electronics Envircnmental Laboratory on 12 June 1974.
.

__
The data recorded is presented in Lockheed test Re-

port No. 3521-4811. (Appendix D.) The thrust load
.-

was not monitored during seismic testing; hcwever,

_ thrust readings taken after seismic and radiation,

19,350, average of three readings, was within three
_

.

(3) percent of the post mechanical aging value. The
.

cutput characteristics did not change during seismic_. e

N.

testing er irradiation. The valve actuator and its
--

limit
.

and torque switch functioned during seismic

- testing. -

4.3 Radiatica Aging & Accident Exposure

The exposure to radiation of the Test Unit was per-
.

_.

formed en 19 July 1974 at Isemedix Corporatien. A

- total dose of 204 Megarads was used. A Test Certi-

fication may be fcund in Appendix C.

--

4.4 Accident Environmental Simulation Test Results

._.
The LOCA Test was performed at Limiterques' Invire-

mental Test Facility. The envirenmental test was. , _

_

startad 22 August 1974 and ce=pleted 21 September 19 4.

_
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.

- 4.4.1 Temperature and Pres =ure Profile

-

The profile :pecified in paragraph 3.4.2 of this
n-

report was closely folicwed 'as evidenced in Figure
- 6. The transient data was obtained by means of the

eM

strip chart recorder. At the transient time of ten

_ (10) seconds, the temperature was a temperature with-
o

in 91% of the specified temperature (300 F.) A
- o

temperature of 300 F was reached in 15.1 seconds.

.. The second transient closely apprcximated the first
o'-

reaching a temperature of 300 F in 13.8 seconds.
.-

Copies of the actual strip chart data are presentedl_s

. in Figures 7 & 8.

-
._

After the transient and a dwell of 30 minutes at-

o
-

300 F, the test ambient was brought to a stable
-

o
_

ccndition of 250 F and 30 psig. The actual temp-

__ erature ccnditions were within minus 2% and plus
-

6% of specified temperature and the pressure cen-
_

...
ditions were within plus or minus 3.5%. These

- conditions were maintained for the balance of four
-

(4) days.
_

-

At a test time of 96.1 hcurs (approx. 4 days) the
>

-

o
test ambient was icwered to 200 ? and 10 psig. The_

3 - '7*chamber was maintained at these : -ditionE bzimean;s)I
-- 13.

_ _ _ - -
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FWR Qualification

.

.
of strip heaters and air injection through a

pressure controlled solenoid "alve. Once stability

was reached, the ambient waa 2intained within plus

0% and minus 4% of specified temperature and plus

10% and =inus 0% of specified pressure.

4.4.2 Chemical Spray Delivery

The chemical mixture (per Tarie 1 of IZZZ Std. 382-

page 12) was prepared prio; to start of the LCCA
.

test and pH values mear...:ed. Tank No. I had a pH

of 10.9 after initial mixing. Tank No. 2 had a

pE of 10.5 af ter initial mixing. The pH was moni-

tored en a sample taken fr :m Tank No. 1 at a test
.

time of 0.1 hours (pH=ll.1) and after 4.4 hours-

.

(pH=ll.1) . A sample of Tank No. 2 taken at 24

hours had a pH reading of 10.5.

The chemical flew was maintained at 0.6 gal / min

in each spray manifold or an overall ficw rate of

1.2 gal / min. A chock was made of the average ficw

rate by ru ording the total m=cune of chemical

solution used in a given period of time. These

average flev rates agreed with the recorded in-

stantanecus flew rates. ') z ;,kL,n Ls '
_

1-
/.



FNR Cualification

4.4.3 Chamber Humidity

The relative humidity of the chamber was main-

tained at 100 percent by the periodi; injection

of steam and by maintaining the vapor condensate

at the bottom of the che;mber at the same tem-

perature as the air / vapor mixture. The con * ant

of air in the air vapor mixture was minimiced

by venting the chamber during the thermal tran-

sients.

4.4.4 Insulation Resistance y.easurements

Insulation resistance =easurements to grcund were

made eriedically en the pcwer and centrol leadse

~

of the Test Unit prior to operating the valve
_

actuater (see Table II.)

4.4.5 Operator Cycling Data

The test unit functioned without problems through-

out the entire test. :: is worthy to mencien that

durin, the final operational cycle (719.1 hours)

the close indicating light exhibited a very dim

gicw when it should have been extincuished. Th s

phencmena was noticed enl/ cn the '' c lo se " ligh:
.4-.4. a d ,.c cm.e 4 d ., . a ._ .a g ., .4 _w . - -.-2-,,4.. . . . . . .. . . ...a o. .. . ....a

_

N )sY

1. c
u uJo4 s
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TABLE II

Inuulation Itenistance of Power and Control Leada

(All roulutances are in Hegchms except wliure a K indicaten Kilo-oluna)

(all measurementu made to ground)

.

Time
MOTOIt
LPA DS CONTitOL CIllCUIT LEADS

Test
U**

'lul T-2 'I' 3 Cte-1 61 71 41 43A 43B 43C 45A 45B 51 $3A 53B 53C Sn SSD

*O 400 400 400 180 180 100 ;1000 180 100 180 180 180 180 190 180 100 180 180

0.15 160K 160K 160K 300K 400K 400K 40.0 400K 400K 400K 400K 400K 400K 400K 400K 400K 400K 400K

0.S 120K 120K 120K 280K 280K 200K 5.0 200K 200K 280K 280K 200K 200K 280K 200K 200K 200K 280K

3.9 100K 100K 100K 2.0 2.0 2.0 6.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

4.2 SOK SOK SOK 400K 400K 400K 2.4 400K 400K 400K 400K 400K 400K 400K 400K 400K 400K 400K

95.S 80K 80K LOK 2.0K 2.0K 3.0K 40K 2.0K 2.0K 2.0K 2.0". 2.0K 2.0K 2.0K 2.0K 2.0K 2.0K 2.0KJ

334.9 60K 60K 60K 1.5K 1.5K 2.0K 5.0K 1.5K 1.5K 1.5K 1.5K 1.5K 1.5K 1.5K 1.5K 1.5K 1.5K 1.5K

719.1 60K 60K 60K 2.0K 2 OK 3.0K 5.OK 1.7K 1.7K 1.7K 1.7K 1.7K 1.7K,1.7K 1.7K 1.7K 1.7K 1.7Kz

*Clieck prior to utart of that.

.

s
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PWR Cualificat cn

exhibited these characteristics. S ub sequent la-

vestigaticn concluded that the current flew through

this light to duplicate the dim gicw was insignifi-

cant and coupled with its_ occurrence in the final

hour of a 30 day test did not constitute a mal-

function.

The megger readings diminished during the environ-

mental test and the current & pcwer requiremene s

did increase slightly as the test in the environ-

mental chamber continued; hcwever, this had 1

effect en the actuator performance. The stroke

time remained constant throughout the test.

Also a slight variaticn in-the measured output-

_

thrust was noted and was attributed to a change

in stem efficiency rather than actuater cucput

torque change. It was noted that during perieds

of ncn-cperation, the thrust tended to beccme

icwer, whereas during periods of frequent operat-

icns, the thrust increased. P robably, the ambient

temperature & meisture effected the lubricity of

the lubricant used en the scem.

A summary of the cycling data is presented in Table :: .
.

i ?

-

| L --, t
,

20.
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TABLE 111

VALVE ACTUATOR CYCLING DATA

Timo Potential OPEN STROKE CLOBE STROKE
Aftur (voltu) Hun Current U Run Current h Power *
Start fgg) ,9 (Amps) { (Watts) to,,

of
ly ,*j Esg da_ aTout

*O b
8}}f,ja

T-1 P-1 'P- 2 81 2 'P- l W2 'P-3T -3 'P-- 2 T- 3 Run * Peak * 8

jmJA3 ,"(hr.) -
e

m m

**O 490 495 490 4.6 4.8 4.6 620 42 4.6 4.0 4.4 5.0 620 1350 42 19,375

.' 3 475 400 480 4.5 4.6 4.5 620 42 4.3 4.3 4.2 5.1 600 1300 43 19,425

.6 405 490 485 4.7 4.8 4.6 680 42 4.0 4.9 4.5 5.1 600 1320 43 20,825

4.1 485 490 485 4.0 4.9 4.6 620 42 4.8 5.0 4.6 5.1 610 1300 43 21,600

4.3 490 490 400 4.0 5.0 4.7 650 42 4.0 5.0 4.6 5.1 040 1250 ' 43 22,150

95.5, 495 500 495 5.1 5.2 5.0 725 42 5.2 5.3 4.9 5.3 750 1500 43 22,650

335.4 405 490 405 4.0 4.9 4.6 650 41 4.9 5.0 4.6 5.0 650 1400 42 21,600

719.1 495 500 490 4 .9' 5.2 4.9 675 42 5.0 5.2 4.7 5.0 675 1500 42 18,550i

719.5 495 500 490 5.0 5.2 4.9 700 4'f 5.0 5.2 4.7 5.6 675 19b0 42 21,350__

* Due to rapid riso of current and powor, conaldering the ulow mater responso
timou,

.
these valuun to be considorod an approximation of actual punk.

' .j ** Chuck prior to start of tomt.

.O
.
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4.5 Post LCCA Inspection

The post LOCA Inspection was performed 21 September

1974 af ter -opening the test chamber. Photographs -

were taken of che test unit with the limit switch

ccmpartment cover in place (see Figure 9). Externally,

ths Test Unit was clean looking with no unusual de-

posits. The limit switch ccmpart=ent had approxi-

mately one-eighth (1/S) of i n inch of condensate in

the bettem of the ccmpartment.
.

Both the limit and torque switches were clean and .

furetiened wi thcut mechanical difficulties. The
.

=utor lead protective sleeving was split in several
_ aree.s; hcwever, no damage was noted := the =cter
-

lead insulation.

4.6 Post LCCA Lead Cycling

The post LCCA Lead Cycling was perfer=ed by he

Limitorque Test Laboratory frca 30 September 1974

to 4 Cctcher 1974.

The thrust eitput of the Tast Unit was measured

pric: to the sta t of the lead cycling. The thrust

cutput was fcund te be 2 6,392 (an average of 6

_
read ngs). This was acccmplished at the same .crque

.m
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FMR Qualification

switch setting (1-3/4) as that used throughout

the test.

_

The torque output of the actuator as controlled by

- the torque switch remains ecnstant with the same

torque . switch setting, hewever, the thrust monitor

in the test stem depends upon several facters in-

cluding Ehe efficiency of the acme threads. The

icwer thrust cutput monitored after the unit was

brought to recm temperature was attrLbuted to a
.

degredatica of stem efficiency as a result of

corrosion , f the steel = rem and depositien of fer-

eign materials frem the exposure to the steam and
'

chemical spray and not a ttributable to changes in
_

the torque switch cp(rating train or reduction in

the torque outpu' of the actuator.

The effect of the corresien was mest noticeable

a#ter the stem was exposed to recm ambient cen-

ditions for several hours. After the ecmpletien

of the 794 cycles, the thrust monitered returned

to its original value indicating the repeated cy-

cling had remcved the corrosive deposits in the

stem thread area. The cycling data and thrust

- reading are presented in Appendix 3.
-

I O

''L -' ~.
'
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- FWR Qualification

{ e

A Base Test motor which experienced all the en-
-

.

vironmental conditions was installed on the test
-

actuator after the planned post LOCA cycling to,

-

cbtain cyclic information en the base motor and
.

provide additional load cycling cn the test unit.

The EMB-0 Actuator (with the base test motor) was

cycled for an additional 2184 cycles.

The EMB-0 Actuator functioned without difficulty
'

chroughout the additional 2194 cycles.

~..
A su= mary of the load cycles acc==ulated en the

. - test wait is as follet/s:
~

Pretest Mechanical Aging . . . . . . . . . . 1208 cyc1'.'s

, LCCA T e s tin g c*i c l e s . . . . . . . . . . . . . . . . . . . 9 cycles

- Pos: LCCA Lead cycling . . . . . . . . . . . . . . 794 cycles

Base Test Mo tor cycling . . . . . . . . . . . . 2184 cycles

TOTAL 4195 cycles

' -

.

W

N

6

9

'
" '
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FRR Qualification

4.7 Final Inspection and Disnantling

4.7.1 Motor Inspection and Dismantling

The motor (used with the test unit during

LCCA test) mounted on the Test Unit was

removed frem the SM3 valve actuator and

dismantled for inspect: on. The inspect-

icn was perfommed en 21 November 1974 with

representatives frem Reliance Electric Cem-

pany in attendance.

The rotor turned freely prior to dismant-

ling the motor. The stater and rotor shewed

little evidence of corrosive build-up and
~

no evidence of physical damage. The end

bell was particularly clean with little evi-

dence of water. The bearing lubricant was

moist and the bearing turned freely.

4.7.2 Valve Centrol Inspection and Dismantling

The SMB-0-40 Valve Actuator was ccmpletely

dismantled for inspection en 22 Ncvember 1974.

Photographs of the valve actuator ccmpenents

arer presented in Figure 10.

The torque switch and limit switch were re-
.

moved frem the SMS-0 Valve Actuate:. and the
C. ) ,. ' /S'

26.
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FWR Qualit. cation

follcwing observations were made:

~

a.) The torque switch and limit switches
- worked freely.

b.) The torque switch and limit switch _

pinions both shcwed signs- of lubrication.

The grease in the main housing and the handwheel

clutch c mpartment was dark in color but aaintained

its lubricity A slight a= cunt of separation of

the grease wn.s noted. The 0-Ring and bearings seemed

in gcod condition with no wear noted.

5.0 Conclusien
.

The Limiterg e valve Actuator EM3-0-40 was subjected to a

qualification test consisting of a 30-day exposure to a
n

steam chemical enviren=ent, including two temperature &

pressure transients frem 120 degrees F to 300 degrees F

in approximately 10 sec nds. Prior to environmental

testing, the motor was heat aged, the unit was mechani-

cally tested and subjected to ga=ma ray irradiation. The

unit was cycled with simulated valve seating leads during

enviren= ental testing at elevated temperatures and pres-

sures and after environmental test was additi nally .cy-

cled with a simulated valve seating lead.

- .- .. .
f ) ,,

_,d _ 'T UI

29.

.



PWR Qualificat:.un

Since the unit performed satisfactorily, throughout the
- test, it is concluded this_ test qualifies similar Limitorque

Valve Actuators for use in a PWR containment chamber where
.

environmental ccnditions depicted by Table I in IZZZ

Std. 382 '72' are encountered.

.

e

, * =

#%
! *i,

C. L 't ii . L.
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FWR Qualification
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APPENDIX A

Relian0* Electric Company - Cartificare

of Cemolianca -

.

'O' \
./

*~.3
#
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, | L L v
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RELIANCE ar.ecrmc counny

CERTIFICATE CF COMPLIANCE-
<

F 7Li:sitorque Corporation -
N

5114 Woodall 2 cad [[ '* . , 'Lynchburg, Virginia 24502 ~

L J

VE/yZ% b
- %q ,34

't
,

N.

EqulPMENT: Electric McCor
..

REFERENCE: Purchase Order No. 600426-C
.

FILE: Sales Order No. ~ 2?- 267074A1

-

We carti fy that the equipeent identi fied above has been designed, manufac-
tured, inspected, and/or tested in accordance with the recu i remen t s es tab-
lished by the follcwing specificatiens: RC7-242, Li=1 torque D/S 21-49-201-1
We further certify that the stator was heat aged 100 hours at 180 C.#

Y"A". oc .

Qua l i ty Cen t ro l Ceoa rt. en t

*$
=
1
1
?

5

3

b2 2N'

31.
tt00 GENE:17 :CAO / ASHTA8ULA. OHIC 44004 / TELEPwCNE t1M92 t175

OENER ALC A: ice 3 / tL2VE LA.NC. Osic
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PWR Qualificati..t

'

APPENDIX 3

_

INITIAL TCP.QUE SWITCH SETTING
.

MECHANICAL AGING

PCST MECHANICAL AGING THRUST MEASUREMEN*

PCST SEISMIC CUALI?!CATICN AND RADIATION TUST MEASUR"iENT
-

PCST Eiv:RCUMETTAL MUST MEASURECT'

PCST ENVIRCUMENTAL LCAD CYCLING
-

S

PCST LCAD CYCLING TUST MEASURECIT

,

- j t 0

- c;U
.

22.
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S W.ARY OF LCAD CYCLING DATT.
.

Specimen: TEST CNIT
,

Limtorque Valve Actuator
Type: SMS
Size: 0

_

-

Serial No. 199935
Motor site 40 ft-lb
I. D. 42Y267074A1E2

Instrumentation:

Load Cell: Capacity 70, 000 pounds
Manufacturer 3LH
Serial No. 2512

Strain Indicator:

P.anufacturer BLH
-

Ty'pe N

Serial No. 443604

_
INITTAL '"CRCUE WT*"CH SE""'!NG Date: 6/7/74

'

No. of Readings Torque Switch Setting Thrust Output *
_

(pounds)
5 "1" 11,070
S "1 " 16,010

24 "i 3/4" 20,162

" Average of all readings

MECHANICAL AGING Date: 6/7/74 to 6/10/74

Definition: Cne (1) cycle
Open Limit actuation to close torque
Switch actuation to open limit
actuation. Two (7) strokes per cycle.

Stroke Time: 54 sec *
Cycle Time: 1 min. 53 see
Duty Cycle: 'RCN' 7 cycles - 'OF7' 10 min.
Load (Thrust) : 70,167 pounds
Total No. of Cycles: 1708

.-

'O

- $

5 I (c 23! 33.
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Si".CdARY OF LOAD CYCLING DATA ( con t:.nued)

The unit was cycled for mechanical aging on a different lead*

I

stand than was used in the test and since the stroke was
longer in this stand, a longer stroke time was obtained.

-

POST MECHANICAL AGING TFRUs? MEASURr4ENT Date: 6/10/74

No. of Readings Torque Switch Satting Thrust Cutput *

(pounds)

10 "1 3 /4 " 19,9?O

POST SEISMIO CUALI?ICAT.CN AND RADIA*TCN THRUST MEASUREMriT Date: 8/19/7
No. of Readings Torque Switch Sateing Thrust Output *

(pounds)

3 "1 3/4" 19,750

* Average of all readings

_

POST DivIRCNMr.""AL '"EST *HRUST .vzASUR_TTT Date: 9/30/7+

No. of Readings Torque Switch Setting Thrust Cutrut *
(pound s)

6 "I 3/4" 16,337

Nets: The icw outnut thrust readings are a result of
peor stus efficiency as a result of accumulated
deposits on the ac=e threads of the stem. The
thrust measured during the last test point of
the enviror.. ental test was 21,350 pounds.

- - , . -

' -) .

LaL
/q i
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SL'MMARY OF LOAD CYCLING DATA (continued)
.

,- POST CP7*RCNMr7TAL IDAD CYCLING Date: 9/30/74 - 10/4/74

Definition: One (1) cycle
Open limit to close torque switch
actuation to open limit. Two (2)
strokes per cycle.

Stroke Time: 40 sec
,

Duty Cycle: ' RUN ' 7 cylces - 'OFF' 10 minutes
Load. (Thrust) : 16,392 at start

19,667 at finish
Total No. of Cycles: 794

Note: The increase in thrust output is due to improved
stem efficiency. The repeated cycling removed
the corrosion in the threaded area of the stem.

.

The load cycling was discontinued during the
night and ran during the first shift.

POST *. SAD CYCLING '"HRUST MEASLLW.CTT Cate: 10/4/74.

No. of Readings Torque Switch Setting Thrust Output
-

(pounds)
s.

3 "1 3/4" 19,667

Note: The output thrust returned to the value recorded
af ter the pre-test mechanicsl aging,

e , n - ,

_
N

w
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APPCCTX C

Radiation Exposure - Isc=edix Certificate of Performance

_
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July 19, 1974

Mr. *f. J. Denkcwksi
Chief Engineer
Limitorque Corporation
181 Scuth Gulph Road
King of Prussia, Pa. 19406

Dear Mr. Denkcwski-

This will su ari:e the peri =cters pertinent to the irradiation
of cne valve operater and =cter asse=bly. Identification enuhe valve operator and =ctor assembly was:

SMS O Valve Centrol
s/n 189835
Reliance 40 lb-ft =ctor
I.D. 2Y267074A12::.

.

Units were placed in a ec-60 field of 1x106 :ad per hour,
at an air equivalent dese. They were rotated several ti=es

-

during the expcsure to achieve a =cre uniform dose distribution.,

Total dcse received to the centerline of the unit was 204 = rad(air equivalent) with an everdese factor en the edges of the
*

units o f 1. 2. Irradiation was in air and ambient,

ta=peraturein a slight negative pressure.
during irradiation did not exceed 100cy,The te=perature of the samples

ccsimetry was perfor=ed using a Vic,.creen Mcdel 555 IntegratingDese Rate Meter and Probe. The unit was calibrated enJanuary 15, 1974 by the Victoreen Inst:"~ ant Cc=pany, using
"cbalt-60 and Casium--137 sources whose calibratiens are * ace-
.

able to the U.S. Natic:.d aureau of S tandards. A ccpy of the '

calibration certificate is available.
Ccnfirmi: j desi=ctry utilizing a Red Perspex system was also

.

cc=pleted.

c,,
i/ m

t t J. r
j

u
,

.

Isomedix Inc. 25 Emmans Poad Firsiccany, New.'ersey cot) 887-4700'

wama, Aaoress: Mst cefice sa 177, %romeany, reew ,arnev 07c54
CH CAGc G.Vf SJCN + 7 28 'save A. uorton crave, miaois socs3 (3121 tes 116o

~ "J'''
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Mr. W. J. Denkcwski -2- July 19, 1974

./

Irradiation was ce=pleted July la,1974 and the units returned
to you under reparate cover,

very truly yours,
.

'A( R' (
- *--

'

3eorge R Diet: K
Manager, Radiaticn Services

GRD:km
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Page 1

??c"O*TPE !?.STI.''C CUALI7ICA ICN RUCRT

-

INDEI

Nu=her Tes:

DAQ-CC1 Lev vol: age leak ra:e tas:

UAQ-002 Mediu:n vol: age leak raca :ast

UAQ-003 Shielded signal leak ra:a :es:

DAQ-CC4 L.:v vol: age hyd::s:2:1c pressura cas:
UA4-005 M d't vol:2ge hycresca:14 pressurs tes:
DAQ-CC6 Shialded si M hyd::st. a tssure :es:.

''
U W 307 - Law vol:23e -avd,um <=e2 gecy s=v1:: .=ene

tes t

DAQ-CC8 - v d4: vol.a ge -=vd e=ergency envirer.= enc
e

:es t

U W 309 - Shiaided sig.a.L ,av nu:= e=e:ge=cy envi:==-d

=ent tas:

DAQ-010 - Shielded signal avd e=ergency e=viren-

nen: as c

UAQ-011 Shia1Jed signal charnocycla :es: .
U W ]l2 .v dfus vol: age :he:_.a1 :asre

U W 313 Mediu:n vol: age cerena :es:

,

.

W

} } 6
'': :. .) |

.. -
3/16/70
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Page 2

.

, Number
Test

i

DAQ-014 Medit:s vol: age high potential tas:
I?AQ-013

Ccedue or staa:n tes: (1:sula:1:n resisca ce)
EPAQ-016

Ccedue cr issalatics resisca:ce and highi

pccentisl tes:

Z?AQ-017 Installatica velding ther=al tes:
DAQ-013 Mad % rel: age, shor cir:u1: tast

IPAQ-019 Elah vel: age, sher: ci :ni: :est
DAQ-020 Eigh voitage, basic i==ulse level :ast
DAQ-021 High vol: age, high potencial tas:
Z?AQ-012 Eigh vel: age, cors=a :as:

"

Z?iQ-023 Eigh vol: age, surge cur en: :est
I?AQ-014 High vel: age, :hemal test
Z?A H 13 Cast every, fla=a e=pesure tas:
Z?AQ-006 Perf:::ance of spliced ther= ccupla ex-

te=sien wires

Z21Q-027 L:v vel: age,1:sula:1:n rasistance es:
IPAQ-003 Mediu:s vel: age 1:sulac1:n resis:ance :sst
DAQ-029 L:w vol: age, ther=21 cas:
IPAQ-C.1 Eigh vol: age high pecential :as: -

Z2A N 32 Eigh vol: age, short circui: tas: -

DAQ-033 Eigh vel: age, leak raca tes:
Z?AQ-021 Eigh vel: age, basic i= pulse level :est.
Z21Q-035

,
Eigh vol: age, ther=al :as:

r e n **
"

iI d30'
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-. Page 3

Number Test

Z?AQ-036 Eigh vol: age, surge current tes:
EPAQ-037 Epery, insulacien resistance tes:
EPAQ-038 Shielded signal, insulacien resistance :ese
Z?AQ-039 Shielded signal,1:sula:1:n res14:ance :es:
E?AQ-040 Mediu:n vol: age, hi;;h pecentizi :est
EPAQ-04L Lev vel: age, high peces:ial :es:
E?AQ-042 Shielded sig:al, high po:ential :ast
I?AQ-043 Lev voltage, insulacicu resistance :est
Z?AQ-044 Lev voltage, c=cdue::: fla=a rests:1:g : esc
E?AQ-045 Mediu:s and high voltage :: due::: flase

.

:ssist1=g tast
''

Z?AQ-046 Epery, rad 14tice :as:

Z? M 47 L ;w voltage, credue:cr ndiati:n :as:
I?AQ-%9 Lew vel:ags, hydr: static pressure :es:
IPAQ-050 VM':n voluge, hyd:csca:1: pressure :cs:
I?AQ-051 Shisided sig:si, hydros:2:1 pressure :es:
Z21Q-052 Lev vel: age, hyd::stati ;;3ssure a:d

h ~ d'_:7 :ast

ZPAQ-053 V M':m vol:sge, hydres:scic pressure and
hu=d.di:7 tast

Z2AQ-054 Shielded signal, hyd::s:2:1: pressure a:d
5 'di:7 tas:_

C) 10 ') ;~ n
!L tJ)-

-
- - - - - . < , , . . .
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Page 4

Nu=ber Tes:

DAQ-055 - -

_ Lev vol: age, e=ergency envirec en: :ss:

DAQ-056 < Mediu:n vol: age, e=erge c7 ene.::c=en: :es:

DAQ-057 " Shielded signal e=erge= 7 envirec=en: as:
ADAQ-1 If"ac:s of j e: forces

ADAQ-1 3: ess analysis repc :
ADAQ-3 Cabla :sdia:1:n :aa:s

.

AD.iQ-4 32dia:1cn da= age :: elas :=ers, org' '-
liquids and plas:1:s .

DAQ-053 31 h ,el age, shcr: ci:=1: :as:

I?AQ-059 Lov W1:sge,1:V te:F*2: 8 28 :
.

--

EPAQ-40 - Mne-"m E=ergency I:virec=es:al
Test - Signal

IPA Q-61 - Mm+-r- 7 e:ge=cy Z vire== estal
Test - Low Voltage.

r
' , -

') , , n's 'f ','
-

~

L. O LJ
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Page 5

=J: Laak Lace Test - Tase JEPAQ-001

PRCEL:CT: law vol: age power and con:rol penetration asse=bly

C3Jvm: Verify :he elec:rical penetra:1on asse=bly will meet
the leak ra:a require =ents of nuclear reac:ce con-
tad e:s .

:: ESC 2:2 :::N: Tempera:ure: 175*7
Pressure : 63 psig (heliu:a)
Duracion: 15 =1su:es

he icw vol:7 Je elec:rical penecracian asse=aly was
pressurized '/1:h helium under :he above cenditicus and
the leak rata througn the asse=olies was seasurad using
a helium = ass spec:::ceter. Precac.ura per GZ Tast In-
s: rue:1ou ef7.2.S Quali:7 Cen:rci, Elec:rical Pe=e:racica
Leak Tear Ins: ue:1cn, / : 763.

RISCL S: Laak ra:a: < 1:C 0 c:/see
%

The anae=bly successful,y =ac the tasr require =ents.

,

::ATI: 9/67

L. m.7:
GZ Niv e ' a = ~ Iss e:.:=enta:1:n Depart =en:, San Jcse, Calif.

C:::IECw 3T: GZ, Nuclear Instruser.:2:1:n Depart = enc, San Jcse, Calif.

_

617 o4
_ -JL (Dj

_ _ .. -
3/16/70
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Page 6

T :LE: Laak lata Test -- Test JE?AQ-CC2

F3CDUCT: Mediu::: voltage pcver penetration asse=bly
.

C3.Tc7E: . Verify the e.lectrical penetra:1cn asse=bly v111 =eet
the leak rata requirements of nuclear reacter con-
e s * -r cs .

DESCIIY"!ON : Temperatura: 175 ?C

Pressura: 63 psig (hellu:n)
Duraticn: 15 sinutas
The --d d"e voltage electrical penetrati.:n asse=oly was
prasauri.:ed with hell:.::a under .he above ccaditicus and,

the laak rate througa che asse=bly was =aasured using a
-

halium masa spectromatar. Procedura per GE Test I:s truc-
-

tics, NE3S Quality Control, Elec=1 cal Penetratirn I.aak
Tast Instruc.1ca, C 765..

L- ZZ5U.23 : Laak rata: 41r.0 cc/see
The, asse::x217 successfully =at the test requirsments.

01:2: 9/67

'.CC1 !O3:
GZ, Nuciaar Inse::.::: tent.aticu ::epart=ent, San Jere, Calif.

.

CCHDCC"~D 37: CZ, Nuclear Inst =: antaticu ::epart:::ent, San Jc a Calif.

~
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TI-'.E : Laak Rate Tes: - Tes: JI?AQ-003.

PRCDCCT: Shialded sig=al pece :a:1cn asse=oly

03JECTI'P : Verify the electrical penetration asse=b1'y will =ee:
the laak ra:e require = cts of nuclear : sac:o con-
Ai==ests.

OESC2I?-!CN: Te=pera:ure: 175C?
Pressura: 63 psig (he'' -)
Duration: 15 minutes

The shialdad sig=al electrical pene:ra:1:n asse=bly was
pressurized vi:h hellu:n under the above c.~. di:1:=s and
lack ra:a th: ugs ha asschly was seasured using a hellu=
mass spec :cmater. ?::cedure per GZ Tes I:s:rac:1:n, NI2S
Quality Cen:201, Ilec:rical Pena:ratice Leak Tea: I:s::ac-
tien J . 765.

' ' '
2ZSU.TS : Laak.:2:a: 4 1.Il0 cc/sec (:h = ugh the asse=bly)

The asse= sly suecassfully =at the :as require =ents

?.ATZ - 9/67

LOC.CICM : GZ, Nuclear I:str.=ut=:a:1cu Oopar an:, 3cs Jose, Calli.
C::EDUCm 3T: CZ, Nuciaar I:st m ntatics Depar =en:, San Jcse, Calif.

.

F ( e r- < q
# 's ^ / r

"

, . - J

3/16/70
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II'J-': 'd7dros tatt.: (pnet=atic) Pressure Test - les: JI?AQ-CC4

F2CDUCT:
&

Lcv vol: age pcwer and ccatrol pene::a:1on asse=bly

CBJECT!7E: Verify penetra:1cus will mais:21s in:agrity vben ex-
posed to high pressure.

.

::ISC:L%.CN: Tempera:ure: 77 7C

?; assure: 1.58 psig Cti:: ogen)
Duraticu: 3t' sinucas

*he 1 v vol: age pcuer and control elec: ica'. pe=ecu:1:n
asac=bly was pressurised wi:h ni::cgen u= der :he above
cceditices. *he leak ra:e :::cugh the assa=bly was
measured us1=v gas ch::ac g:sphy.

? :cedura per GZ Tes: Instructi:n, NIZS Field Engira -
ing Qualificacien Test 12" Zaac :: Coura4 mn: ?ce::stic:
Assemoly , F..*. 7U .

m_.

3ZSU. 3: Lesk :2:a: 4'W c:/sec.
The assembl* successfully mac :he : esc require =e==.

TA*I: 8/7/67

' C.CICN :J CZ, Nuclear I st:.: enta:1cn Oepart=ent, San Jos*, Calif.
CCH::C C 3T : CZ, Nuclear Inst:.:=e::a ics Oepart= enc, San Jose, Calif.

Y
.

* ^ n
" ' Jn 1

t- e un

3/16/70
_ _ _ .-- --
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TITLZ: Hydres' atic (pueu=a:ic) Pressure Tes: -- Tes t #EFAQ-003

F20::CCT: tiediu:s vol: age pcwer penetra:1:n asse=bly

C3J C 7E: 7erif7 pe e::scicus will =alstain i=:egrity when exposed
to high p:essura.

OZSC M"CN: Te=perature: 77 7#

? ssaura: 158 psig (21::cgen)
Ouracica: 20 minu:as

Tha edium vc1r. age pcver pesecration asse=b17 was press-
uri:ed with si::cgen under .he aoeve cced.1:10cs. "'h a
leak race throug= the asse=oly was =casured using gas
ch::mcesgraphy.

.

? :cedura per GZ Tesc Z:struc-ica. Y)!"3S 71ald E gineering-

Qualificati=n Test 12" lanc::: Con-M-ant Penet:2 W-n
_

.

Asse=oly, 10 717.. _ - -

IZSULTS : Leak :sta: < Ir.0 c:/sec.

The assembly suecassful.17 see the :est requira= ants.

.

.

0A:2: 1.0/ 19 / 6 7

LOCATICN*
G2, Nuclaar I:m::.::2an:2:1cn Oepar,-ent. San Jese, Calif.

CONDCw 3T: GZ, Nuciaar Inse:=2snea:1cn Depar =ent, San Jose, Calif.

O
.

r4 ~ s . -
.D, | L' L' u a' fi

,

_ _ _ _ - -- 3/16/7n
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Page 10

'

UEF: Hyd:esta:1c (pneu=atic) P: essure Tas: Tes: JEPAQ-CC6-

PSCDCC:: Shialded signal penetra:1ca asse=bly

C3 JECT!7F.: Verify pece::ations will =aintais in:e6:1:7 when exposed
to high pre sura.

OESC2. TC3: Te=perature: 7707
Pressure: 138 psig ( 1::cgen)
Duration: 20 =1:utes

':he shAelded signal pe=atra:ics asse=oly was pressur-
imed vi.h si::cgen u= der :he above condi:icus. The leak
rate ch: ugh the asse,oly was =casured using gas cc o-
tography.

~

? ccadure per GE Tesc Inst sce1en, 3Z33 Fiel.i in:;ineering,
Qu n " '' ca:1=u Test l'' 2asc:cr Cantsi m : Penacratics

%-

Asae=oly, #C 717.

3Z5U 23 : bak ra:e: <. lud c:/see
"a asse=bly suc=sssfully mac : e : esc requiremencs.

.

.
.

.

'

CCZ: 12/19/67

' h ~I 3: GZ, 3m 'ame I:st===ents:1:n Oepart e:c, las Jose, C.alif..

MCGw 3T: GZ, Nuclea: 1:sc:: manta 1:n Depares:, San Jc::, Calif.
<

.

&

4 em

e [

'
./ ,I

3/16/70
_ ._ __
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m: Mmvd , - .

E=argency Envir===4ncal Test - Test JEPAQ-007
__

FRCDUC :
I.ow vol: age pcwer and centrol penetra:1on asse= sly

CBJEC 17E: Veriff the penetration asse=bly vdll naincain 1:s 1.v-

tegrity when exposed to :( ac:or sax 1=um e=erge=c7 con-di-A ns..

DESCII.C CN: Te=peratura: 231 70
Pressura: 63 psig
h12tive .

hicaidi:7 - 90:: :s 10 0::.

Duracies: 240 hcurs

*he law vol: age pcwer ..cd :=u:rel asse=cly was pressur-
isei ur. der the above c=ndi:1 =s. *he asse=oly va.s laak-

rate testad througnouc ::e period us1=g gas ch::=ct.cgr3phy
equipsant with si: regen as the trucer gas.\"

? =cadure per CZ Tese I=str:c d. n, NI25 Field E=gineeri=g.

Qrm i ' 'd
catinn Test 12" Reac:cr con:21==en: Pe acruticaAssa::aly, /T! 717.

223'a:S : Dale rata: t 12:.0 ::/sec

*he asse=bly successfully =ec -he tes:. require =en:s .

.

0ATI: 8/7/67 (Starr)
II.CA!!CN:

GZ, Nuclear 1:str==encacien Oepannt, San Jose, Calif.
C3HDUC23 37:

GZ, Nuclear Inser=:nenca:1:n Oepar:=an:, sa: Jose, Calif.

9)9 't . 7c to/a

_ 3/16/70 __
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. TITLI: Fm * =
E=ergenc7 Envircemental Test - Test /E?AQ-008

'
P30 DUCT:

F.ediu:a vol: age pcwer penetration asse=blias

C3JECTIVE:
Verif7 the penetratica asse=bly will saintain 1:s
integri:7 when exposed :c reac:cr -me tm e::rergencyc=ndi:1cus.

3E3 m M CN: Te=perature : 231 ?
Pressure: 63 psig
Relative
"'-4 d" :7- 90% es 100:

Duration: 240 hours

_
The :nediu:s voltage power penecration was prassurized '
ucdar the above crud 1:icus. The assz=bly was leak race

b CSStad througnout the period us1 g gas chrenceegraphy
equip = ant with ci: cge= as the ::acar gas.
? ccadures per CZ Test I:st:ne:1cu, :iE3S ?iald Engineer-
ing. Qualificatacu Tese 12" Reac:cr Conta1==en: Penet: scionAssee:bly, t;; 717.

M 20: Laak raca: 41n0 cc/sec
The assa=aly successfully =at :he :ase requirments.

.

CAT 2: 12/19/67 (Start)
LOCATICH:

GZ, Nuclear Inst :mentatica Depart =ent, San Jose, Calif.
CONCCw. a 3T:

GZ, Nuclear iss::.: men:2:icu Depann:: San Jose, Calif.
,

q r- ! . R

'i/ [YO.

__ 1/1A/in _
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Page 13

.

TITI.Z : h d -* - E=ergency Envi cc:sental Tes t - Tese JEFAa- C09i

F1CDCC: Shielded Signal Pe=etration Asse:ioly
!

OEJECI7E: 7erify the penetracien asrembif vill -h ais 1:s
integrity when exposed *o reac or u=1=u:s emergenc7ccuditions.

OE3C E 03: Te=perature: 23107
? assure: 63 psig
Ralacive
hu:xidi:7 90: to 100:

Duration: 2/+0 hours

The st'1alded sipsi penetra:1:n assembly was pressurized
= der -he above c=ndi:1ces. The aase=bly was leak ra:a
tasted th:=ughout the pericd usisg gas chromoccgrapny\-
equipment with 21::cgen as :he :: scar gas.
? cedur.1 per 02 Test Instruction,:.~c.s3 Tiald E:giseerisg.
Q" = i ' " i ti:n Tes t 12" lese ts: Con *md me Pene::stionAsse=oly, 10: 717.

12SL7 T3 : La rate: 41r.0 ::/see
S.e asa :=cly uncessafully sac the :ase requirzments.

'.ATI: 12/19/67 (star of :ast).

LOCA!!CS : 02 Nuclea: Inst:. menca:1:n Depar*:=en:, San Jose, Calif.
CONDCL u 3!: GE Nuclear Inst:.:=en: scion Oepartner:, San Jose, Calif.

,, f) p
, -

I
- )I.L~

_ _ _ _ _ _ _
, __. *
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8

T Z: Idmed~n E=argency Invirec= ental Test - Test /E?AQ-010

*
_

PRODUCT: Shielded Sig:ial ?esecratica Asse=bly

CET d 7E: Verify the pene::sticu asse=oly will mm ntain its in-e

tagrity when ex;csed to reac:c: mv%u= emergency
condi-icus..

DE3 N T ON: Ta=peratura: 231 7
?: assure: 63 psig
Ralacive
h' ddd:y: 90 to 100:_

Duratica: 240 hours

I==ediaca17 af:a: :as t , testad again :n the folicwing:
#Ta=pers:ura: 3:0 7

Pressura: 125 ;sig._

-
2alative
h'--* d d 7 : 9C: :c 100:-

Duratics: 2 hcurs

The shialded' signal panecration asse=bly was pressuri:ed
under the above c ndi:1cus. W.e asse=cly was leak rate
tasted ch: ugscu: :he period using gas chrcuocography
equip = ant v1:n ni::cgen as the ::acer gas.

P cadure per OZ Test !sscructica,.fd33 Field Ingineering,
Qualificati n Tas: 12" Raac:ar Ccu:21::sent ?enetraticuAsse=b1 . l~ 717.7

TI3tL 3: Leak raca 4.1r.0
*a asse=bly successfully nac the :as: require =anc.

DAIZ: 12/1/67

LOCA.!ON : GC, Nuclaar Ins t .:= ants:icn Oepart=ese, San Jcse, Calif.
CO:CUw.u 3Y: GE, : uclear Ins e:,:=encation Depar manc, San Jcse, Calif.

-

r, ; ',

7 '|
m

*L L U,

e

- -

3/16/70
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Page 15-

CTLE: Tharaccycling Test - Test JE?.W- 011
_

FECDCCT: Shielded Sigr.a1 Penetracion Asse=bly
,

C' LIM 7E: Verify the penetratics asse=bly cas withsta=d the
-

ther:mecyc11:3 due to normal reactor start-up and
shutum during the 40 years of operscion.

!

i CESC'LI?CCN: ***' Te=perature: 15087'

Mini =um Te=perature: 50 70
Cycle Def1siticu: 50C?-150 7-50 7 (cons t2=t te=p-C 0'

eratura race of cha=ge)| Cycla Duracicu: 24 hours
Cycle Specifica:1er.: 100 cycles
Relatire hdi:7: 100:
Pressura: 15 psig (sitr: gen) -

De shinidad sipial penetra 1 n assembly was espCsed to
the above conditicus. *he leak rata thrrugh :he pens:ra-
ticti vaa scultared durl=g :he :est uding gas car:re,,e:agraphy,n..

I

EISULT3: laak raea 41n0 c:/sa:
;

Cyclas: 100

Da asse=bly successful.17 se :ha test require =ests.-

W:- 4/21/68 (scart of :sst)
W3:

G2, Nuclaar I:str =nenta:1cn Oeparrmant. sin Jesa, C.alif.

C3D R. w 2T: GZ, Neclaar I:str,.=.antatien Depar::.ent, Sas Jcse, Calif.
.

-

__

;1S ') /~ . ' * ,;c L i

3/16/70_ _ _ _ . -. - - -
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m: Thermal rese Tesc #EPAQ-012-

PECDCC: Madiu: vol: age power penetratics asse=bly.

.

CBJICTIVE: Verify fia current car:71ag capabilities of the
, pe=a:rstion asse=bly.
' *

CESC M CN: (1) Mediu:s voltage pe=acration 6- 10C0 mci conductors'

- 250 MCf coedue: ors
(2) Asse=bly :e=pers:ura =eni:ored by - 40 :her=occuples
(3) Coedue:or :e=perature decar: 1=c4 ": coeduc*or re-.

sistanca =ea.sure:wt= s.
(4) Crea phase, six cer.due:cr ter , at follewing currents /

conductor:
,

a) 465 a=peras
b) 620 a= peres
c) 700 a=peras

(5) bras phase, three condua:Or :ests at folicwing
current.s/ J ue:ar:<I-

a) 3a5 ar@eres' - - -

b) 700 e.mperes
e) 780 a=peras
d) 300 a=peras

(6) lalative h'~dd':y: a:bian: ( 50%)
(7) Te=cerstura: a=oianc ( 7007)
(3) Pressura: O psig

_

M

w

$
$

'l !I f

3/16/70
__ _ _ _ - - --
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Page 17
-

Currents 3G, 3 Conluctors 30, 6 Ccudue ors

_Ma.~.1=us Te=cera:ure Rise Maximus Tem ersture Rise
I* .

463 amperes 6 C - cu:er case-

12 C - conductor ter=1:als
C23 C - conductor

' o e535 amperes 5 C - outer case 9 C - outer case
20*C - conductor ter d,2? < 21 C - conductor ter=i=als,

34 C - c=nductors 41 C - coeductors

620 amperts 6 C - outer case 11*C - cuter case
22 C - conductor ter i sia 21 C - conductor tersi=als#37 C - conductors 47 C - ccedue: ors

7C0 a= peres 3 C - cuter case, 15 C - outer case
23 C - condue:or ter=1:als 31 C - concuc or te. S2! $
46 C - conductors 59 C -8 conductors

730 ascerns 9 C - outer esse -* '

35*C - c==due:or car-dnn!=" #
63 C - c==due: ors -

~

800 amperes 10 C - outar case
#

37 C - c= 2due:or ter-d nm ? =
70*C - condue: ors -

S.e results of this mst have been included as par: of .he data used 1: es-
tab" *hd ~3 c=udue:sr racing cri: aria for pc=e rati.~.:s. -

DAIZ: 3/21/63 (star: ed :sst)
LCC1 !C3: GZ, High ?:ver Laboratory, ?' 412Aelphia, Pa.

CCEw.w 3T: CE, 31 h ?:ver Laborator r, .^11adelphia, Pa.4

. . ~

w

g '
) (_ l Jn

3/16/70- - - - - - .
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TIT:.Z:
Corona Test - Test dEPAQ-013

?RCDUC :,

Medi:::a voltage ?cwer Penetration Asse=bly (5'a)
,

C3.II C 7E: Verif7 the pe=at:stica asse=bly confign:2cion vill see:'

I? CIA S-19-61 corena require =en:s.
i

'

CZ3C212 *CH: (1) Medic.a voltage penet:2tions: 6 CCO MCM condue:crs.
.

230 M C condt2:crs.-

(2) Test six condue:srs (1000 MG) c=c=ac:ed :cge:har.
(3) Test each condue:ct i=dividually.
(4) Dfh2 Radio influenes vol: age seasured by sdio coise

sacar, Stoddart NM-203. Radio influe ca vol: age
circui:

; sensitivi:7 greater th2s 40 pico :cuisabs per
centimeter (I2CA S-19-31) .

(3) Pressure: 0 psig
Te=p erature : .L.aien t (70 ?)Ralativa
hu: midi:7: A= hie:c (50%)

-~

1m -* :
(1) No cor=na up to 3 'a for all ec due: cts tied together.
(2) Internal spart freu cua of the i=beddad ther=occuples

wires es case was decacred above 3 'a. ~he spark
sig=al was datac:ad with 31ander-Tengue field 3::e:Sth
se:ar (:=odal 4127, No. ME3 119020) and a tu=ed dipola
antenna five f asc from end of the pe=et:2ciou asse=bly.7:equancy of spark 3.W.

(3) Si= of the eight :endac:crs re=al=ed c==:ca free up :othe M2*' " requited voltage Of 3.7 kv.

;A:2:
3/21/68 (star: of -m e)

LCCA !C3:
C4 High Power Laborac=ry, ?hHmdelphia, Pa.

G.w w : CZ Eigh ?cwer Labors:: 7. ?b'''dalphia, Pa.

c,-
*'/ ' r

A L ' ,

ii
c / *,

,

3/16/70
6
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-

5

_

m: Eigh Potaatial Test - Test J E?.Q- 014

PRotCCT:
Mediu= Voltaga ?:ver Penetration Asse=bly (5'ci)

03Ja.z. .'s:
7erify tha.pe=etration asse=cly will meet the high po-
te=tial tequire=ents of I?C7A ~-19-81.

DISC 32" CN: Mediu= voltage asse=bly: 6- 1000 n conductors,, ,, ,0 MCM c_d,.. ors.
..

i
Test voltage: 11.5 kiDuraticu: 60 saccedsTa=peratura: oAncient ( 70 F)Pressura: O psiglalative hu=1diry: A=bient ( 30~)
A1.1 e- A,-n, uc. ors (3) easted to cutar case.-

325CL"3 :
11.1 conductors successfully passed m tast.

CAT 2: 3/21/6
.

LOCATICS:
G7. Eigh ?cwer Laboratory, ?hiladelphia, Ps.

CCHEUL w 3T:
CZ Eigh ?cwer Laboratory, Philadelphia, ?s.

f- } L7 ;
'-

3_

: i*-s

3/16/70
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-

CJ:
Conductor S taas Test (Insulation Resistance)- Test #E?AQ-015

~

PECDCCT: Cross-li=ked Polyethylene I:sulated Ccuductors

-

C3JEC 17Z: 7e:1fy the ecuductors vill conti ua to meet perfor=anca
specificacicus when exposed to laacter Incident Conditions.

DESC2:7T CN: Cross-linked polyethyle=a insulation - CI Type SI 57275,
J18 X4C (3 sa=plas).

Te=neratura: 352*?
Duration: 30 ni=utas
Othar: saturstad stans envire::sent
Tha conducts:s vara expcsed to the above cenditicus and

.then: the fo11cving. env1::r en.
#Temperatura: 309 7

Ouracien: 22-1/2 hours
Ott m ,

sat :stad staan env1:c==ent
.

Insulaticu resista ca =casured rith ge=aral rad'n =eg-
s

c N tar.

Tast voltage: SCO 7DC

Tast =ada en two areas of the concuctor: (cce test cada
whera conductor was e' med fc: the tast) .

1EstLTS: SAEFLI DSULATICN II.S;37.ANC2 US!H.1: ;N IIS;3'1NCZ '
5tM3E1 Lst arts :=d area (e'- ced area)

s,
,,L 4 x 10** 9.5 x 10''

,,
132. 9 x 10~~ 1.0 x 10
U3 I.8 2 10 1.2 x 10

The high i=su.lation rasistacca levels shcwed the cc ductors.,

would centi =ua to perfarn af tar ex,;csura to such cetditions.
"!K"Z: 3/11/68 ~

LCC.LTICH: GZ , Nur-' a n Inst:==sntation Depar ent, San Jes e , Calif.
- waww.: a 3T: CZ, Nuciaar !sst:tmentation Jepart:aut, San Jose, Calif.
-

$ /\ "y
b f / fa ' C / U

_ __ . . _ - 3/16/70
- ----
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Test #EPAQ-016
!!!LZ: Condue:or I=sulation Resistance and aigh ?otential Test -

.

PECDUCT: Cross-lisked Polyethylana I sulacM Cceductors

CBJF.CTTTE : Verify the ec=ductors will concisue to meet perfornance
specifica:1c a when exposed :o reactor incident conditions.

CESC2:2 ICN: Crcss-linked polyethylene insulatad condue:ars - CE Type
SI-57275, J13 L'G (10 sa=ples).

Te=pe rst.re: 2S1 7
Pressure. 62 psig-

Otter : High humidi:y si:rogen (90-1C0%)Duraticn: 348 Hours ~

Inculation resistance seasured at carea poists aleng each
sacrpla. Megeh= meter (300 vol: test vol: age) used O' * es c

_ sa=ples af:ar exposure to above conditicus.
-

Eigh potenadai tast: 200 volt, DC, applisd bet:seen cancer
of ecudue:or and cepper shis wrapped arcuud the wire.
Tastad af ter ins"i'"*- resiscanca cest.

IZ3tLTS: (1) Average 1.=sulation resis:ance: 2 x .0~0~- (cen
,,

sa=plas, thras casts per sa=pla.)

(2) All samolas paased high potential :ast successf 2117
The test

resul:s show the conductors would conti ue ce seetperformanca specificacicas.

ca::: 3/8/6a

I.,0CATICN :
GZ, Nuclear !=str=mentatica Oepartment. San Jose, Calif.

MA. J 3T: GI, Nuclaar Instrumentation Department, San Jose, Calif.
,

.

k -

a s ^ ~'

'\L | |, |7

.

T /14 / **n . _.
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m: I:stallatica 'Jelding *her=al Test - Test # EPAQ-017

P3cDUCT:
"

Medium "oltage Fececration Asse=bly (3*ci)
Shielded Sig. a1 Pene::acies Asse=bly.

.

CBF CT!7Z: To assure that :o deg:sdatica of :he penecration assembly
matarials vill occur during field i=.stallation velding.

CESC2I? TIC 3: Vmvd * allcwabla taaperature: 250 *?.

Two penet stion asse=blias were inst :::nenced with 20
ther::ccouples each in the area being velded. Shielded
:netal are veld procass was used.

ZZSCI. S: wavd -- sealant e n:::peratura : 210 7
~ "5a established welding procedure did not cause degrada-

tien of the penetration asse=bly.
-

*ha.:ast was sucesssfully c =placad.

DATZ: 10/20/67

wC1=cs : cz, :W ==- I=s: __entation Deparaene, san Jese, calif.
u suu w 3T: GZ, Nuclear Isst::: man ation ::epartment, San Jose, Calif.

.

ga

*
/ ''. * ,

,

lL '/d.

. _ _ _ . _
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ntz:
Short Circuit Test - Test #EPAQ-013 ~

rscDUC: Madiu::: Vol: age Pcwer Penetracian Asse=bly (Sicv),

C3 T.CH 72: Verif7 the =edi:.:n voltage pcwer penetra:1cn asse=cly
can withstand the effects of surge curren:s and still
seat perforsanca specifica: ices.

CESC C .Ch': Mediu::: Vol: ge Asse=bly: [6- 1CC0 MCM coedue:ces
( 2- 150 MCM condue:: ors (gr:unis)

All surga current tests were three phase testa. ''h e n=,

testing,:he two-three phase syste=s (3- 10C0 MCM plus
1- DO MCM g und) the circui: vai connected such that
there were :vo isola:ed 3 phase faults fed f re a c==cn
source. -

.

m

e

'

2) / ,3 ~j n
-i /
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1ESULTS:
_

Peak Isrush EMS Avg l= rush Avg. AC End ofTime Canast Ames Corrent Ascs (30 Fault Cu nent A=es

ne tasts for tha single 3 - 3 connecticus vers:

4 sec. 6A 64,000 32,000 0 ,000
,

93 43,000
6C 55,0C0

4 sec. BA108,100 55,C00 33,30063 85,200
BC 88,700

1 sec. 8A116,CCO 58,200 39,6003B 80,000*

3C101 CCO -

1 sec. BA200,000 101,500 67,80023150,000
dC166,500

,

-

The taats for :he doubla 3 - B c=cnac:1:ns vers:
- 4 sec. 3A109,000 54,000 22,200GB S2,CCO

OC 85,0C0

4 sec. SA192,000 113 CCO 50,CCO43220,000
BC138,CCO

Lask rata: No de:ac.abla leakage. Is:agn:7 of :he seal was =aistained
aftar short cir ni: casts.

Tha assembly passed the tas: successfully.

DATI: 4/22/68 (Start of ecsc)
LOCATICN: *

GE, High ?cwer Labora:=ry, ?h11adelphia, Pa.
Mwu 3T: GE, 31gh ?:ver Laboracary, Philadel;nia, Pa.

r1, o s n
i c. faU

_ _ _ -
3/16/70
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Page 23

.

ITT Z: Shor: Circuit Test - Test $EPAQ-019

PRCECC": High Voltage ?cwer Fenetration Assenbly (UI7)

OP.JZCT!7Z: 7erif7 the high voltage pcwer penetracion asse=bly can
withscand .he effec:s of surge currents and still neet
perfer=ance specifica:icus.

DESC2.I?*!C3: High 7eltage ?cwer Penetrition 13" Ad vater, ceranic-

i bushing design (3 phasa, 3 condue:ces).

Two eenfiguraciscs were cested. In the first, *he bushings.

: vere tied together vich copper bus bars veile cables were
I

attached to the three bushing in :he second configura: ion. ,

The test was per ASA C37.20-1965, paragraph 20-5.2.3.
-

Te=perature 100C - 20cc. Current cases to be at 2CE, 4CI,
6CI, SCE amperes, ras (60 cycle AC) for 10 c7cles (:hree
phase).

t-
v

WJS: Ccufiguration 1, hushings bussed :cgether, passa.d all the
tests successfully.

"ha cable configura:1cn failed i:s :est ac 3CCCO peres.
The encessite ferces due to cable =cve=en: during the
sherr cir:ui: case caused the failure of -J:e bushing, thus'

causing depressurizaci:n of the assenb17-

.

':AT2: 4/69

L CATION: GZ, Eigh ?cver Labcratcry, ?h11adelphia, Pa.

CC5DUC"Z3 3T: GZ, Zigh ?cwer Laborator7, ?h''ide'.phia, Pa.
b'

r%j
-

.

- , ,

~l < . u> -

3/16/70
__ _
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TITLZ: Basic Lopulse Laval Tes: Tast JEPAQ-020-

P3cCUC : High Voltage Pcver ?enetration Asse=bly (13U),

e

CBJECTI7Z: Verify the high vol: age pcuer pece: a:1ca asse .bly vill'
meet the i=pula requirements.

t

DESC2:?!!CN: P.igh volage power penetra:1cn - IS" dia=ecer, ceramic.

bushing desigs (3 phase, 3 condue:crs).,

At each voltage laval the potential was applied :nree ti=es..

Es7t:ccmental te=perature: 100C
,

30cc-

Sc h -d: ASA C37.20 - 1965, parag:sph,

20-5.2.12
Crest Vol: age: 75U , 95U '

REOULTS: All tasts were successfully c mplaced..

3CSHDC - ZUSHUG 3 Usa SGN NC2 LZ A 3 C*

1 Grcund 75U Ground Crcundi

1 Ground Ground 75U Grou=d
*i

3 Grou=d 95U Ground Ground

a Grcund Greund 9577 Grcund

*3ushing C, insc:=: tented with thermoccuples. was
sec tasted.

::A:2: 4/69

I.CCAT*CH : GZ, High ?cver Lai:craccry, PS '' 'delphia, Pa.
COHDCs : a 3T: G2, High ?cver Laboraccry, Philadalphia, Pa.

C 1 7' OOcLO1e

3/16/70_
._
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3

.

T!:I.I: High Potential Test
.

Tesc #EPAQ-021-

PIC"UCT: Eigh 7altage ? ve" ''r.etration A.sse=bly (lj U),

I

C3JEC'rI7E:
Verd.fy the high voltage power penetration asse:2bly will,

:2eet vet and dry high potential require =ents.
.

>

DESC221~.C3:
Eigh voltage power penetract on asse=bly - 13" dia=etar,'

gers: sic bushing design.
.

'

Inviret::nental ta=peratura: 10 C 300C-

Dry Eigh Pote:tial Srmnda-d: ASA C37.20 - 1964,,

paragraph 20-5.2.1.1
Tes?. 7oltages: 27I7, 36C (r:s)'

' Jet .!igh Petential Sr=-d=-d: ASA C77.1 19 3-

Test Voltages: 24I7, 26K7 (r:s)
.

2." ULT 3:-

.

All tests were successfully c .rplaced

T23" NCL'.*LZ 3USHUG ZUSH3G 3US D G "."i.S"* NC ::LZ 3US D C ZUS C G 30SH 3GA 3 *C A 3 *C
1 Grou=d 27I7 Gr und Gr und 1 Ground 24K7 Gr und Ground
2 Ground Ground 27I7 Gr:und 2 Ground Ground OSK7 Ground
2 Grou=d 36I7 Gr=und Greu=d 2 Greund 26I7 Greund Ground
i Grou=d Creund 26K7 Cround a Creund Creund 26K7 Ground

* *m h ' *
C , i=s cr.a--ted with ther=ccouples, was acc tested.

DA:2: 4/69

LOCAT2CN: GZ, Eigh ?cwer Laboratory, Philadelphia, Pa.

CO3DUC"Z3 3;: GZ, High ?cver Laborator7, Philadelphia, T .-

,

.

.

C}L
^

': 37>

- n L G .)

3/16/70
- ~
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m: Corona Test - Test JE?AQ-022

PRCCCCT: Eigh Voltage Pcver Penetratica Assembly (15 U)

03R.C"THE: Verify the high voltage pcuer penetration assembly vill
meet corona cast require =ents.

t

.

DESC2IP*!CN: Eigh voltage pcwer penetratica asse=bly - 13" dia=eter,
ceramic bushing design.

Tc=perature: 10CC 3CCC-

SrmM ard: I?C2A S-19-81
!ast Circuit: .22'.A 107 2D' .

Tm Tests: (1) A=::cspheric pressure -

(2) 25 PSIG =1eregen

xkm.SG :.CSE12iG' IISULIS: T2ST A 3
s.

1 Corcua Star: Corona Scz.r
at 6I7( =a) ae 4I7(r=s)

2 Corena Star: Carous Start
at 6K7( us) at 10I7( _.s)

Bushing C, i=st~.mited with ther: occupies, was not cested.

DAIZ: 4/69

W a~ CN: GZ, Eigh Power Laboraccry, Phi'.adelphia, Pa.

Giw.a 3T: GZ, Eigh Power Labc'.acery, Phi.12dalphia, ?a.

.

=

b
5

L ta4

._ _ _ 3/16/70
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,

TIT:.7: Surge Current Test Test fEPAQ-02.3-

~

PECCCCT:
digh Vol: age Pever Pesecracion Asse=bly (laK7)

03 iECT!*F.:
7erdfy the high vol 2ge power penetration asse=b17 v111- .

meet the requiremen:s for surge curre=cs due to =otor
startist.

DESC2 DTIC3:
Hizh Voltage icwer Fenet:sticu Asse=bly -13" dia=eter

~

-

car:rmic bush 1=g design.

Te=perature: ICCC 30CC-
,

Curren: 7alues: 3600 a:r 45C0 a= peres, 4300 a=pe: es;_.

r=s (60 i)
*turacten: 30 sacer.w

*ha te=perature of the cer:due: ors will be =cuitored du:1=g
the tast in which .he specified curren:s All be applied.

to each credue:a sd- tu.= ecus 1 -7

*Duratica varied f:::s 30 - 40 see:cds because et ti=e,

requirmi es attain :he desira_d cur. .:::s. Tac 21 ci=eat full curren: is 30 seconds.

- .~, , .

, ,-,

iL L'_ (j '';-

a

3/16/70
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. age 30

R.IS TIIS:
'

TDE 3600 A.VPE*dS 4500 AMPE?IS iSCO A.9E723
.

10 seconds 3.4CC(temperatura 3 C rise 3.4ec rise
rise of conductor)

20 see:cds C9.45 C rise 15.6 C rise 19.5 C rise
30 sec nds 16.7CC rise 34.4CC rise 39ec rise
35 seconds 21 C rise C40 C rise SCCC r_se

40 secceds 2500 rise-
, - -

2.e tests proved the assembly veuld seet the surge
c=: rent require--ents vichcue degradati n of tha asse-@ly.

,

DATZ: 4/69-

' N CH: GZ, High Power Laboratory, Philadelphia, Pa.

M CCTZ3 ST: GZ, High Pover Laboratory, Philadelphia, Pa.

.

t

.

4 &

? ) ,h /
!-

tjn

v

_ 3/16/70
e
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TTTLE:
Ther=al Test (Ccutinuous Current Test) - Test #EPAQ-004

P3ccucT: High voltage Pever Penetration Asse=bly (13 'ct)

CBJECT!7E: Verify the current c.trrying capabilities of the High
Voltage ?cuer Penatratica Asse=oly.

' High Voltaga Pever Penec=acicu Assenbly - 13" dia=aterDESC2IPTICN:

cara::ic bushing design.
St2ndard: A*> 37.20-1965, parspaph 20-5.22
Temperatura: 10 -30 C
Test Currants: 600, 650, 700, 750, 800 a=peras
Te=pera*. ara of c=nductors t= be =cnitored by ther:n-
couples. Temperatura to be monitored heri entally and
vertically about the cc::la.

_

' .

3ESUL7 *
750 AMP ~7.ST

T1=a

T/C Location a Hours 8 ? curs 12 Hours

Sushing Cla=u t:g
Ring 40 C rise 43 C rise 43 C rise

Conducror Ex-
passieu Joint 27*C rise 33 C rise 26 C rise

Air between texto-
lita is outar shan 3 C rise 14"C rise 13 C rise

,

Cucar shan 5*C rise 10*C rd.se n C rise
.

.

d

"O

f /% *% D

y 5 |

.c c u>'N .f.

_ _ _ . .
- 3 /.16 / 7 0. __ _
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-

!

i

3ISCLTS: (Conti: mad)
,

,

F M ~ m Cacductor
o o o aTemperatura 21sa 20 C 31 C 36 C 49 C

Ctr: ant 600 a.rps 675 750 860

~3e test data has been used to establish es :ent carrying capability :ules
for the High Voltage ?enetracien Asse=bly.

, . .
,

,

,

,

P.AIZ: 4/69

. L:ci-r. r : C2, High ?c.rer Laborat=ry, ?v ' =d=17hia, Pa.

C::5D w .J.a E : CZ, High ?cwer Labcraccry, Pd 's A ''7hia, Pa.
.

.

'S j ^ n , r.

( (} O
-

L~n

.-
.

%
.

_ ._. 3L16 /.70-
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_

n:1,g: 712=2 Exposure Test - Test JE?AQ-025

OCDUC;: Cast Epoxy Insulating Cc= pounds.

-

--m

C3JcLIITA: Decarnina the flame resistance properties of cast
epoxy insulating ec= pounds

.

DESC2I?!ICN: Standard: Method 2021, Federal Test Method Scandard
No. 4C6 (identical to ASTM-0635, test for
F' - h111tf of rigid plastics)

Five types of epoxy vera tasted.

Sped-* size: 5" long,1/2'' wide,1/4" chick (engraved
sarks at 1" and 4" frra end)

No. cf specimens- 10 per sample vers ignited f'er 30
secceds. Cart 21s sp e'' ens were coated with Oc=-
'' ~=51a haat and =oistura resisting paint and tast de.

.

RTw"".5 :--

Unna1=ced Soecinen P21=ced Scecisen

Z?QII #1 Rated " bur:1=g by this
'

-

tas t"

** I?'JC 52 Rated "self-exci g"' +' g" Rated "self-ex-'"re.ishici
2ated"salf-extinguishing"k*w I?cH #3 Rated "self-extinguishimi

EPCII #4 * 2ated "self-ertinguishing" p -

Ha:ad *self-ex isguishisg"| tad "self-extinguishin;ZPOE L'.

Proper 1es varied drased-''17 depardd g on the hardener used with the resin.
*

** Ipoxy used is present design.

.

L' - $ .) r} ,.I L L Dj nJ

3/16/70
_ _

_ _
._ .- -- --



.

- - - - - - . - - -

Page 34

DA;z: 1966 - 1967

h *ICH: CI, Nuclear Inst:.=entation Depar.sent, San Jose, Calif.
.

CONDUCTID ST: GZ. Nucinar Inst:.=encacica Department, San Jcs e, Cdif .

~-

e

e

a

t

4

.

*

'
.

tear

g

J!u / ,' V

3/16/70
_ __ _ .. _ - - - . - . - - .
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Test #EPAQ-026
TITLF.: Perfor:sance of Spliced Thermoccuple F.xtension Wires -

'

.

PICDUCT: Ther:noccupla Wires as passed through tha Penetration
Amma-bly,

.

.

03J h... < r. : Verify the authod for passing the==occuple wires through
the alactrical penetration asse=blies does not cause
significant error in te=peatura seasurement.

.

7.23C21?TICN: Two types of char =occuples wea tested:
1. Thermo-Electric Co. Type GO-13-C. (solid (CA-A1)
2. Ecuaywell Type SWT736

Two types of splicas were to be eval:.ated with the two
.

! types of char:roccuple lands. Continuous solid wire
ther:noccuple lands were the standard with which to ecm-
p u e the test results.

-

Twenty char =occuple landa vue to be casted as follows:
. . .

.

*1) 4 - cent 1=uous solid wire lands through the penetratien
2) 4 - stranded char =occuple rire with bute splicas
3) 4 - stranded ther=occuple wire with parallel splices
4) 4 - solid .hermoccupla vira with butt splices
5) 4 - strar.ded -Jar:noccuple wire with pua.llel splices

* standard

A. Differe tela.1 caspeatura across splices (-7.7 7 to
157.4"7)

3. w '-- handar ta=pa atura - 268.4 ?

Sp1'e== vare subjected to differential te=perature (greater
than vould be experienced even in abnormal condi::1ans)
en datarmina 1.f any sdr''' an c error was increduced due
to vsltages being genarated by diss',1'ar nat:1s at -l e
funcrica of the splicing slaava and the ther=ccouple wires.
The thrr:ccouple splices vers czac in epoxy and the
seh pestration seal was for:ed. A known ce=cerar re-
was measured so the charsal DiF eff ec'.:s cculd be neced as a
measurabia differe a L1 the charsoccuple affected..

Output of each tha-_accuple saanured with a fast respons e
Leeds & Northrup adj ustaola rero, adjustabla range recorder.(

.',

~1 >

J a *|'
/_e

3/16/70
. _ _ . - . . -- - -. -- -
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EZSC.TS :

na mmvimrn error recorded for spliced wires was con-
-

siderably lass thau the seasdard t' 4:.s of error for
char:accoupla.s without s

,
for Te=perature Measure:plicas. as.found i: .L.eric.sa 5 c.rd

se.nc Ther=ccouples, Pub. C96.1.
Not sal operating c=tdiziens, differencial temperature: 25,F, changing sicwly
(incraasing 2 F per misuta).,

vi m N gg7IA :03 ,wg og s~emran
3 0F 'JI2Z E OF SF'.!C2 DEG2EES F L2iIT OF N a

Solid But: 0.1 10
Sc r_anad 3ue: 4 0. ~. 42.5
Scl. J Parallal 40.1 42.5

.

S e 2r. i*i ?arallel -0.1 2.5,

. . .

Normal operac1=g ecad1:1cus, diffaranc.ial tesperatura: 25*7, changing rapidly(dac:tsai=g 6.23 D per ai=uta).

W N DE7IATIC3 ?Z1CZNT OF ST.uDA2.D
TI?Z Gv'4T3Z !"I?! 0F 57LICI Dvr=- s ? t.I_vr OF E22CR

,

Sol'd Sut: 1.0 25
Scrazziad 3at: 0.35 8.7
Solid Pars 11a1 cold 4.5
Stranded Pa.21141 -0.05 1~2.

-

\

.- s.

/
~ '~

w / Z

3/16/70
.
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:

Emergency conditicca, differencial emperatura: 157.9 F#

mar.Q DE7LCICN ?"EENT OF STA.'CAIDTI?! OF WI2E E OF SPLICE DEC2EES F LIMIT 0F N R
.

Solid 3ut 2.03 50.7
Stranded Bute 1.34 33.5Solid Par =T?al 0.4 10.0
St:7.nded Parallal 0.26 6.5i

4

-,

b.

1": 9/16/63

LOC.CCN GZ, Nuclear Inst:.:stutstian Departnant, San Jose , (*211 *.

C33DUCZ3 ET:
_

G2, Nuc14ar I=strummentation Depart:nent, San Jose, Calif.

.

M

/

~- s L L /J

3/'6/70. _ _ _ _ _ __
_ - - - - - . -
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_

IT*" Z: Insulatien Rasistance Tas: - Tes t #EP,Q-27-

F3CDCC: Low Voltage Pewar Electrical Penetration Asse=bly

C3JECIVE: 7arif/ the i=sulation rasistanca levels of tha' condue:crs
of the Electrical Fanatratics Assa=bly will seat accept-
abla levels af:ar exposure to rase:or anargency con-
d ' '' ma .

N .ON: A icw voltage povar panecraticu (500 vol: cenduc:crs) -

was a: posed :s the following ccedi:1ons:
Ta=peratura: "31*7.

_
Pre.ssura : 63 psig

~Relative Humidicy: 90 -100
s Duration: 240 hcurs

Insni s edm ;esiscauca =aasurements vara -Ja using a
nesch:maatar .(CR.'CL - 0105), 500 vol: c es t.
Two sats of readings vers * * n. One was * * " i==ed-
lacaly af ter tha case and the other one day later af tar
h samples had been azposed to a=6ian: ccud1:1cus (70 7,#

50% 3H3 for the period.

.

-D
'

. .

. 1-%

3/16/70
_ __ _ _ _ . . _ _
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3ESULTS :
INSULATICN RISISTANCE

_

First Test Product
Secced Test Seeci'ication

Conduct rs to all greater-1.5x10 #-0
all greager than all greater 0 f,,10Case 7average-1.33x10 f- - 2.0x10 #-
average-2.04x10 #L

Conductor to ,all greater-1.3410 t= all greater-cc=ductor average-2.36x10'#- 3.z1010#~ - all greater 10 Ot_
,

average-l.32x10 "f.

The values obr =d- M after the first test
to funca.icu andar :or=al elacerical leading.d-Ad ece the cenductor vill concirme

The secccd tesc 1 dicates the
conditicus for a short period of time.c=nduc:=rs regain aNst of all of their capabilitias when recursed :s cct-A-~

.
.

:1c: 8/67

L::cx::C3: CZ, Nue' ame I str=sentation Oepa&c , San Jcse, Calif.
c::NcCC: 3 3T: CZ, Nnetase Isser=aescation Oepartnent, San Jose, Calif.

.

.

w

,F 4 O \.$
j | / ~} j

'
,

3/16/70. P-6
_
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TITI.F. :
Ta="1 s*' an Resistance - Tesc #EPAQ-23

P200CCT: - Mediu:a v ltage Power ?enetra:1 n Assezolyo

C3J7.CT!7E: 7 rify the insula:1ca resistanca levels the Medium
Vol: age Elec:rical ?e=ecracion Asse=cly Condue:ces vill
r.eet acceptable levels after expesure ce reac:ce e=er-
gancy condi:1ces.

DESC2IPTICN: 1 mediu:n vol: age pcwer penetra:1cn (5'ci) was expcaed
to the fc11cving conditicus:
Te=peratura: 231 7
Pressure: 63 psig
Zelative hu:zidi:y: 90%-1C0:
Duracica: 240 hcurs

Issu14ticu resistance measuremeses were =.ade using a
megeh==4cer (C2r.-0105) , SCO vol: :est. The :ests were
made i=ned12:aly af:er exposure a the above conditicus.,

u6

IZ3ELT3: I:sulation Wa*' stance: , , ~

all greater *J:an 2.3x10",0 )(conductor :n case) (product specificatima 10~ 0

~he results i=dicata the elec:rical ecudue: cts v111' ceu-
c1=ue to f==c:1cu even during and af ter reac:cr acciden:
c2ndidE.

.

CA12: 1/23/68

L0c17:cs: cz, Nuclear I:scr=: mon ac1:n : par:=ene, San Jese, calif.,

C 3Dw.a 3T:
- 2, Nuclear Instro:nencatica Japart=ent, San Jose, Calif.

#

W
& Y S

'
. /

3/16/70
_ . . _ _. _
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-

!!C.Z:
Ther=al Test - Tasc dE?.Q-29

??OCCC": Lou Voltage Power Penetraticu Asse=bly

CBJZCTIVE: Verify the current carrying capabill:1es of :he Icw
Voltage ?cwer Elec:rical Penetratica Asse=blies.

CZ3C2NCN : Two low vol: age power penetratica asse=blies were
tasted to determine the heat dissipa:ing capabill:1es
of the asse=blies.
Penetraticu 1: 1161 113 E C condue:crsPenetratics 2: 414 110 RG cendue:crs

The assemblies were 1:stru:mented c deternise the ce=t-
perature thr ughouc the asse=cly. The asse=cly condue:crs
were leaded and the te=peratura distributicu was recorded.

'
RESULT 3: . Ccudsetor rating rules vera develrped, is part, frem the

test data.
v

Ccur:dmant Te=rperature
Pernissibla vat:s/ft. 70 C I 65 C I 60*C l 50*C I 40 *C

12" Penetratica 12 15 la 25 22
10" Penetratica 10 12.5 15 21 27

3" Penatratics 3 10 12 17 21

: n w. . ( :. E CT C.2 (based ce ! eime in eerneten)
Se in 8 Heurs Effee:1v Outr If the current per cendue:cr is

0-1/2 hcurs less : ban 5% of : hat alleved by
O

che National Elec:ric Code.-

1/2-2 hours Table 310-12, page 70-1C8, there is1/2 o effective heating due to tha:_

l c=nducter.
- -

2 - 3 hours I 1
w

'u:7, -
.c . ?

- 1 1:. ~ *

N _
_ _ .-

3/16/70
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_

,

IUC3: 1968

LCCEICN: GZ, Suclear Inst "m-tation Dept., San Jose Calif.
and G7., High Power Laboraccry, Philadelphia, Pa.

CON E w 3T:
C2, Ntw!aar Instr.:=entation Dept. , San Jose, Calif.
and CZ, High Pever Laboratory, PM 72delphia, Pa.

.

-

.

U

.

r 3- .3 n
'O ; 2 '! 'l Oc

- __3/'6/70 _
.
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T1!LZ: High Potential Test - Test #E?W331

PEDUCT: High Vol: age ?cwer ?enetration Asse=bly (Ukv)

OBJZCT!7E: 7erify -Jie High Vol age ?cwer ?enacraticu Asse=bly
will neet vet and dry hign potential requirenants.

.

DESCI?!!C3:
High 7ol: age ?cwor Penetracion - 13" d'=~ter, concentric,
shialded cable design.

_ cable type: CZ SI-38224
Enviren:nental temperscura: 10 C - 30 C"

Dry High ?ocentia.L Standard: ASA C37.20-1964, paragraph 20-5.2.1.;
Test Voltages: 27K7, 26U (:=s)
'det High ?acential Sr=r d =r:i: ASA C77.1 - 1943
Test Voltages: 24K7, 26U (rns)

.

** f * \

?. ? 'st- L 'm
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gg3 L 3: All tests were succes4fu117 cr.*pletad.

-

T23T NC:::"J sis H D G BUS C U 3GS C C TIST SC **" ? 3CSHUG 3US'd D G 3USHUGA L *G A 3 *C-

1 Ground 27I7 Grou=d Grou:2d 1 Grouri 24U Ground Grcu=d
2 Gretmd Grou=d 27U Ground 2 Grou=d Grcu=d 24 r7 Grcu=d

*

3 Ground Grou=d Grou=d 27U 3 Ground Grou=d Gr:s[nd 24U
4 Grou=d 36U Grou=d Grou=d & Ground 26D Ground Ground
5 Ground Grou=d. 26K7 Grou=d 5 pretmd Gr=u=d 25U Ground

.

. 6 Gretmd Grou=d Grou=d 36C 6 Grou=d Grcu=d Grcu=d 25U
_

CATZ: 1/70

LGC r.CN: GZ, High ?:ver Laboratory, FM!adelphia, Pa.
C::NCUC"|23 3Y: GZ, High ?cwer Laboratory, Fhiladelphia, Ps.

I,1 C ,ie*
* L. ,''y

-

_ _ _ _ _ _ _ _ --
'- 1/tA/?n _.
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.

T ': Short Circ.21: Tese - Test #E?AQ-]32

P'.fUUCT : 31sh Voltaga Pewe Penatracien Assemo17 (15ct)

C r m . o.: 7erif7 the high voltage pcuer penetraticu assembly can
withstand the effects of short circui: Currents and
still maec performanca specifica:1 =s.

. DISC 2 N.:
-

High Voltage Power Penat stion - IS" dia:necar, cen-
cz=cric shielded cable design.
Cahla type: CI SI-58:24

h cast was p*er ASA C37.20-1963, paragraph 20-5.2.3.
Temperatura 10 C - 30 C. Currenc :esca to be at 2CK,
40K, 6CK, BCE a: paras, :ss (60 cycle AC) for 10 c7eles
(three phase).

'j ", ? O ',r
,

: L JU!
..

, -

.

v

3/16/70- - - -
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RESULTS: All tests were ecmpleted successfully.

MAX G
ETRUSH INIUSH CID-OF-FAULT
CU32Eh'!. CUZ3ni C21Ci ,*

REQUTRED AC"JAL ACTUAL AMP, DURATICNTEST AMP, RMST AMP, RMST 2MST 1/2M

3efore'

lues - - -
-

1 20,000 13,300 12,300 23.

1 40,000 26,000 22,900 23.3

3 60,000 56,000 37,600 23.4-

I'
*4 30,000 32,000 52,400 23.5

*A slight leak developed in cue of .he seals af ter the
80,000 amperes test but the current engsg capah111t7for the asse=oly was not teduced.

DA 3, 1/23/70

Lccancs: G3, alah Pcwer Laboratory, FM' adelptia, Fa.
C::50CC 23 3T: CZ, High Pcwer Laboratory, ?h11adelphia, Pa.

.

Y
$
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,
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,

m: Laak Rata Test - Test JE?AQ-033
'

??CDUCT: High Voltags ?cwer ?enetratics Asse=bly (15kv)

C3J7CTl'TZ: Verify the Eigh Voltage ?cwer Elecdeml Pe=etration
Asseccly '<111 =raet the leak sea require =e=ts of
CUClear r4 actor CCCE2 " M ts.

.

Dc C21. .CH:v High Voltage ?cver Penetratica - 13" diaseter
c-weric shielded cable design.
Cable type: GZ SI-Sa 24
Ta=perature: Ambiant (70 7)

, ? esaura: 63 psig (heHtm)
%- Du=ation: 1.5 -ri ,u e es

The high voltage power penetration assably was press-
urized vich helium u=cer the above ceediticus and the leak
rata through the asse=clias vaa =easured using a helium
= ass spect:castar. ?:ccedure per GI Test Inst .cticu NI25
Quality Centrol, Zlact:1 cal Penstration Laak Test Ins true-tion, iTI 765.

RISC.T3: Laak rata: 41r.0 c:/sec
*he assembly suecassfully met the test requiresces.

DAT3: 1/70

LOCATICN: GZ, Nuclear I strumentation Depart::2ent, San Jcse, C2?tf.
Cm DL w 3T:

CZ, Nuclear Iesc:tsstrati n Depart:2eae, San Jose, ca1if.

.

J

-
| % .p

i L s tj y
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TrnJ.: 3asic Lmpulse Laval Test - Test JEFAQ-034
.

} F3CDUCT: High Voltage Power Penetration Asse=bly (15kv)

'

G3m'ri.: Verify tha high voltage pcver penetratica asse=aly will
meet the impulse require = ants.

DESC2ZCH : Righ ?olc26e Fever Penacrttiin - 13" di. meter, ' concentric
shia W d cabla design.

. Cabla type: G3 SI-58224

At each voltage level the pote=tial was appliad three
times.

Environmental campersture: D*C - 20 C
-

S r md =rd : ASA C37.20 - 1965, paragraph 20.5.2.12
Crest Voltaga: 750, 95U,1100 ~

^
RESU.23 : A1.1 casts were ccupistad successfully.

J

-

COEUCIOR CONDUCTOR CCNDUCTORW N07.ZLE A 3 C

1 Grcund 75U Greund Gr=und
1 Ground Grou=d 75U Ground
3 Gr=u=d Gr=und Gr=und Gecund
a Grmund 95U Grcund Greund
5 uround Czcund 35U Ground
6 Ground Greuni Ground 95U
7 Gesund 11CD Ground Ground
8 Gr=u=d Gr=u=d 110 0 Ground
3 Ground Grou=d Gr=une 11CU

TA 2: 1/70

LOCATION: GZ, High ? ver Laboratorf, Philadelphia, Pa.
. CONDUCID, 3T GZ, High Power Moratory, Philadelphia, Pa.
-

% , I

';L Jd7

_ ._ 1/ t ,:, L n ____
me.
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_

Tr.*.'.Z : Tharsal Test (Continuous Current Test) - Test #EPAG-C35.

,

t

PRCDUCT: Eigh Voltage ?cwer Penetration Asse=bly (15'cv).

,

CBJICT!7E: Verify the current carrying e.apabilities of High Voltsge,

' ever Penatration Asse=bly.t
,

,

3CTJN: Higit Voltage, ?cwer ? .netration Asse=bly - 13" diameter,'
concantric shf etaed cable design.
Scandard: A.iA 37. 20-1965, paragraph 20-5.22.

fe=perature: 10 -30 C
1 Test Carrants:- 600, 650, 700, 750, 800 amperes

Temperaturr of conductors to be =cnitored by thermo- .

couplas. Te=perat re to be senitored hori:cutally and
vse.2117 about the noznla.

.

v 2:3 CIT 3: w - Cauduct:r
Tes:perature lise ( C) 14 16 23 31

Current (a:rperes) 60 0 675 750 850
t

The cast data 1.s used to establish current car:71sg
capability rules for the High Voltage ?cwer ?enetration..

DATI: 1/70

' h ".CN: GI, High ?cwer T.aboratcry, PM 12 del;nia, Pa.
.

CONDUCID 3T: CZ, High ?cwor 'aboratory, Philadelphia, Pa.

,- ,,-

bL I J

-- _3/16/~0__ __
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I

TI2.Z: Surge Current last - Tes . #EFAQ-036

.

PSCDUCT: Hi,h Voltage ?cwer Penetra ica A.sse=bly (15kv)

OBJECO VE: 7erify the high voltage pcser penetration assembly will
'

meet :he requirements for surge currents due :o meter
starting.

DESCCCN: Eigh Voltage ?cuer Penetration Asse=bly - 13" diameter,
concentric shd al 'ad caala design.
Temperatu w: 10*C-30*C.
Current 7aluas: 30C0 amperes, I400 oeras

4500 a= peres , 5100 an,4res
* Duration: 30 seccuds

The te=perature of the conductors v'd be =cnitored
duri:3 r? :sse in which the specified c.:rrents vill
be applisd to each conductor s'- 1:2neously.,__

* Duration varied becausa of -d e required to attain the
desired currents. Total t1== .at full current is 30
sacceda. -

2EEULTS : The :ests proved the asse=bly veuld seet :he surge current
Tcqui.wes without degradation of ::a assembly.

w ~~ Cauductor I

Cauduct r Eise ( C) 9 10 14 20

Current (a= peres) 2000 4CCO 4500 5100

3AT2: 1/70

LCC1CC5 : GZ, Eigh Power Labcrater7, ?h'' 'd-lphia, Fa.

CCSDCCCD 37: GZ, Eigh Pw er Laboratory, ?%<'idelphia, Pa.
.

*

O

f"

*

4
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TITLE: Epory Insulacion Resistance Tese -- Tesc #E?AQ-037 ~

t #

FRCDCCT: Cast Ipoxy I:sulaciss Ccepounds

QBJECTIVE: Verify the vacuum cast epoxy can withstand a, icnge cars high humidi:7 envirecsent.

DESC3I?TICN: Ten different eport formuisticas verQ test d. Fif:7
samples were made vi h electrodss cast in the epoxy.
The samples vera inserted in glass tubes which had
va:ar at the bot:en e t de cube. Ihe tube was heated
for the duration of c: ,:est to keep the relative hm4dt:7
i''d:s high.

I:sulatica resistanca seasured periodically at f00 and
1000 vol:s test veltage.
h12tive h mid*ty: apprezimacaly 100*.
Duraticu: 19 months.

1Z53.T3: (1) Thres epc27 fcr=ulacices brckm devn afeer sis veeks
exposure (epoxy became soft).

(2) All other sa=ples ra=ained istac:, sema n5 * siting
a slight 1cas in hardcasa fr:m Shara D 55 devn to
Shora D 25.

(3) I:sulatica rasista=ca levels: 1x10u e g=,_,3
(e.tzcape fcr for=ulatlacs tha4 br=ka dcwn) .

Rasults +"d * "ce the vacuum cast epoxy used in the pene-
tratica asse=clias can withstand the long term effects
of high hr idicy and still raistain insulation rasistanca
lavels which allow operation of electrical circuits.

CATZ: 2/67

ICC171CN: CZ, Nnt-ine I str=entation ::epartment, San Jcse, Calif.
CONthe.J ST: CE. Nucisar Instrumentation Depart =ent, San Jose, Calif.

.

,

-

512 307

__
3/M/ 0
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TITJ.:
Insulation Rasistanca Test - Test #EIAQ-038

s

'
-

PRCDUC: Shialded Signar Penecrecion Assenbly
,

CBJy.CIVZ: Vari.*y ths shielded si, al penetra:icu ccavd =1 cables, can seat L.sulation rar.istancs require =ents.
,

'
:: ESC 21. .CH: Cn=vdai cablesT

i=sulation resiscanca frem condue:or
to shield a=d shield to ground was =easured using a'

angeb=secar. Test vol: age was 500 ~CC.
Te:gerature: A=bient (70 F)
Pressura: 0 ;sig+

Tm12cive
humidi:y: Ammianc (30::)

Zi;;ht coaxial cablas and their connectors vers tested.
(Standard produe:1cs case presently).

.

.~,
,

RIsm *S: *All bt;.: ens of the cablas measured:

Insulstten >1x1312 * ~ ***d"' *# *3 8d *1dRasis:ar.ca 31x10 chs - shield :o ground

*The enr. cabla that fallad (5x10 cum) was due to
an assembly arror.

The coarizi cablas successfully nac :ta cast requirements.

.'.ATZ : 1/53

UCATIC:1:
GZ, Nuclaar Inst a ntation Depar:sent, San Jose, Calif.

,
CCHDL,w 3T:

CZ, Sociaar Instracacion ::eptr:sent, San Jcse, Ca111.
_

3Jo> c.-

3/16/73
- - . .

h
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TI"." E : Insulation Resistance Test - Test JE?AQ-039

P30DCCT: Shielded Signal Penetration A.ssembly

03 JECT!7E: Verify the shielded signal pesecration twisted shielded
cables can neet insulation resistance requirements.

.

DESC3.!?T 03: Da insulation resiscance of twisted shielded cab 1es
was measured using a =egsh=:neter. The test voltage was
500 VDC. The insulaticu resistance beceeen ecuductors and
shimir's and Tround was naasured.
Temperature: Anbient (70 7)

-

Prassure: O psig.
Zalative F.:sid. Of . A=hiant (50*)
(Standara pruluction cast presently)

2%5CLT3:

Q Ali cables stasured the folicwing:
,,'

(*
*hetors to shiald: > 1x10{<

Shis24 to greurd: 71x10

All ccaduceurs successfully : mat the cast requiranants.

DATZ: 1/63

LCCi""G : 02, Nuclear Instr =.entation Departnant, San Jese, Calif.

005tCCTZ3 ST: G2, Nuclear Instr =nentacien Department, San .ose .C:: .: .

.

.

C-
'

l,t ? b ',/
~

3/1o/70
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TITI.I: High Potantial Test - Test #EPAQ-040

PRCCUCI: Mediu:a Voltage Pcwer Penetration Assemoly (5kv)
.

OBJECTI7I: Veri.f7 the conductors of the media:s voltage power
penetration vill : nest or exceed high potential require-
sants.

DESCRIPTICH: Temperature: Ambient (70*F)
Pressura: Opsig
lalative humidity: A=olaac (50%)

Senaard I?c2A 5-19-81 (11r7 for 1 s1=ute)

Zach conduc'.or of tha 3 ;hass syste:2 was casted. The
aase=oly eccductors vera tasted at 1svels higher than
the sendard requ!. red.

.

O
EZ3C.73 : All c:xuk.ctors passad high potaatial tests that exceeded

the UCZA standard requiremaats.

T257 UCIA
Test Voltage

| 13 5 I7
| 11 K7

Duration 4 s1=utes (str.ute)

2ATI: 3/58

LOCATICM: GZ, 3uclear Inst:u:mentatics Denart:sant, San Jose, Calif.
C.TatX"lI3 3T: *

GZ, Nucisa- Instru: mentation Japartment. San Jose, Calif.

-

,

L

ie JiV

3/le/70
__ .
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TI:LE: Eigh Potantial Test - Test JEP.Q-041
.

-

PECDUCI: Low 7sitage Pcwer Penatration Asse=bly
.

C3JECIT72: Ver 'f r tha low voltage power penetration c:uductors vill
acet high potential requiranen:s.

.

DESC'CCH : Zach c=ndue::: of the icw vol: age power penetracion
(600 vol: cenduc~ ors) was cas ted to al.' other conductors.

and tu gr und.
.

Temperseura: Ac:bienc (7C*7)Prassure: O peig.

Zala:17e humidity: A=biene (50%)' _.
Test Voltage: 2300 7 EMS
Duration of test: 4 seconds

(Sr"A=-d produer.icu cast presently)

EZ3tL:3: All conduc:crs passed the high poten:1al cast
suecasafully.

CAII: 3/67

' MON: % N e'ame Instr =nencarian Dana. ant, San Jose, Calif.-

CCHDCCT2D 3T: CZ, Ne inn- I:scr==nnestica Deparr=ent, San Jese, Calif.

.

.

w

A

3

8
- 8 8e ,r, ,

._ - .

3/16/70
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.

n:LZ: High Pocantial Test - Test #EP W 342,

P3CDUC: Shielded Signal Penetration Asse=oly

'

C3JEC"'VE: Verify the shlalded signal penetraticu assaaly con-
ductors can meet hig,h pocancial caqAirenents.

DLSC21 M.CN: Shi=1 dad signal penetration assencly centained ceazial
cables and reistad shialded conductors. Each conductor
vaa tasted to withstand *.ha specified voltage W.thcut break-
down to all other ew.ductors, shields and g cu=d. Thew
tasc voltages vera:

-'

g 7cLTAGZ | DUZAUCN
,

?2 * =t cablas
| 13C0 VIMS | 4 seconcs

Tristad sh' aided pairs 1000 VRMS
|

4 secocds

(? =sently a pr: duction test)

REstLIS: All ecuductors succassfully passed the test.

3ATI: 3/67

LCCinCH: CZ, Nuclear Inst:::aeocation Departnent, San Jos e , ca l f f ornia
COJECC21, i GZ, Nuclear Instramentation Decamut, San Jose, California

.

u

f (_' L. s:

S/16/70
&H
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|

TITLZ: Insulation Easistance Test Test JEPAQ-043
i -

t PRCDUC: Lev Voltage Power Penetratica Asse:sbly
.

,

03JI*T!7E: 7erify the icv voltage pcver pe:etratics
assenblies conductors vill = eat the,

taquired insulatics resistante levels.,

I

*JEScot s.f.,d:
|

The lav voltage pcuer penetrau :2 cent 21:ed
600 vole conductors. "'s icaulatian resistance:

between conductors and aetween conductors and'

ground was seasured.
1

(Test nsitage was 500 70C)
,

(?tesently a s m ds-d productics teat)
~

RE.','UT.T3 : *

For all cables the i=sulacion resista:ce vssv gre.atar than Ir.08A

111 conductors successful.17 =ec the test
requirmen ts.

,

"1T2: 3/57

LOCAT 03: G.E. Uncisar Instr- entation Dept. , San Jose, r21''
.

G,a u w.w 3T: G.I. Nuclear Sst:c=e=tation Dept. , San Jose, Calif.
DCCHEETATIC3:

.

v

q 1 ^/ }7<
tL Jl J

%

_ _ _ .
__ _ _ __ _ _ 3/16/70
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TI:LI: Vertical Fla:se lasis-dsg Test - Test /EPAQ-GA
-

'
P30CCC: C cas-linked polyethylana insulated c=ndue: ors

.

._

CMICITE: 7erify the ec=ductors used in the icv voltage pcuer
and con:rol asse=blies vill maec the vertical fla::n
test per I?CEA S-19-81.

DESC F J N: Cahla Type: GZ S!-57275

Tested per I? CIA S-19-31, NE% '4C3-19%, paragraph
6.19.6

i

IZ:""LTS : 3 e c=cduc:=rs successfully =e: -he requirmnts of the
vertical fla=a resisting :est.

. . ,
-

..Nr.-
b

.

CA Z: -

'CCAC C.f:'

C, 'dira & Cabla Oepame, 3ridgepces, Connec:1cu:
.

CCCCID 3T: CZ, ~41 e i Cabla Depaw. , 3ridgeport, Cannec:1cuc

c.

#
!

'iC J )i r
L, e /

m
3/16/7C
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6

.

TITI.Z : Fla:na Pasisti:g Test - Test #E?AQ-045
,

PSCDUCT: Cross-lished polyethylana insulated conductors

CBJECT!7I: Verify .he conductors of the mediu: (5'p:v) and high
(15kv) vill meet the requir-enes of I?CZA S-19-31
flama resistisg east.

mmmCM: Cable types: GZ SI-58065
GZ SI-58204

Tatted per I?c2A 5-19-41

Vertical flame :est: paragraph 6.19.6
.

Horizontal fla=a test: paragraph 6.13.2

ZZSCI.T3 :
The crudue: ors successfully : net the require mars of the

-

'wrt:=ntal fla:ne rasi. sting :est but did set pasa e.e- Weal fla=a resisti:g tast. The conductors ara*

classified flama rasisting by the hori.: ental C/m
rasiating asc only.

DM2: -

WTCN:
CZ, Wira a=d Cable Jepart::.mt, Bridgaport, Ccunacticut

MG 3T:
GZ, Wira and Cabla Department, 3 rid geport , Cennscticut

.

=.

c
.

Q17 71-
lL Jt Ja

_ _ _
_ _ _ _ _ .

_ _ -
3/16/70
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UT:.Z: Epoxy Radiation Tsst - Test #EPAQ-%4

PRODwCT: |aat Epony Insulating Cenpounds

03.IZCT 7Z: Verify the vacuu:n cast eporf used as the sealant in
Zlactrical Penetzatico Asse=blias vill seet radiation
require =ents.

DESC2I?CC3: The base resin was ea csee to a r,discion scurce,
cobalt 60. The radiation was usinly gn=sa photons.

2m": (1) lasin nar %nged when exposed :s 10 rads
, -

(2) 2.51 veip Icss ac 3 r 10" :sdsm

.

*A*T:. -

U2C.LTI: Mi=nesota Xial g ! Manufac::uring Cec paz:7, St. Paul, P.i.u.

,
CONDUC 3 3T: H m #gota .wmg & ymmifacturing Cecrp.any, St. Paul, M. inn.

~

'h |

1 ' L ~ g 'bi

3/1G/70
_ _ _

_
_
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Tesc #EPAQ-047
TITLI: Cruss-linkad Polyethylene Insulation 2mM ation Tast -

PSCDCC : Cross-11ss.ed Polyethylene Insulation
_

OLP m 7I: 7erify the cross-1L9ked polyethylene insulated condue: ors
vi.M nest radiation exposura requirenents.

.

OE3C2.N.CN: Cabla type: CZ SI-57275

:ro sa:::ples of each of EG #14. GG #12, MG #2
Ces sa:rple of saca si:a exposed do the fol1Ning

4 x 10 Rceutgens
1 x 10 acentgens

# #
'

The sanples were exposed :o elarated te::rperatures (liO -130 C)
and allowed :o cool. Then :he sa=ples were soaked in water
for si:c hours and then hi-pottad. Ilengation and tensila

n casts vara than conducted

3Z5tLTS : El Potentisi Tests

#14 EG - 3 U (ac) for 5 *d w r==

- #12. KG - 3 U (AC) fer 5 hn es
# 1 E G - 3.5 U (AC) for 5 =1=utes
All cond acects passed the high pocantial cese.

Sa:xples !aist.la Screnges I.21ongarica of
4f Insn''''_m (psi) Insulation

7fla-(2x10 3certgens) 1998 2607#14 (4x10 Zoentguns) 1329 163
7 >#12.(2:10 2oentge=s) 2015 2377

#12 (4..10 Zoentgens) *J14 157
#2 (1x10,7 3.centgens ) 2616 167##2 (4x10 Zoent gens) 2726 125

Typical original values 20C0 20
Coaranteed *ralues 13C0 1.50

l'
4

-

C, *I u? 7 1 ~'./ : /
3/16/70
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'

All samples will withs:an.i the emergency te=perature, radiation am rela:ive
humid 1:7 requirements W.:hout failure.;

ILCZ: -

.

MCA~..CM : C2, Tas: 2eactor Facilief, Vallaci:ss, California
.

M M 3Y: G2, Tes: 2eactor Fac111:7, Valleci:ss, Calif or:14
t

.

~

.

O M 4
~

' 4. j |j,.

.-
-

3/16/70
. - - -. . --
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s

TI'|:LZ: Hydrostatic Pressure Test - Te2 e #EPAQ-049
.

g PECDUCT: Law Voltaga Power & Control Penetradou Asse=oly
. .

CBJI.CTr/E: Verify the low vol: age pcver and control p* :acration
assec ly will saiscais 1:s integrity when exposed to
high pressura.

DES M J N: Te:xperatura: Achie=e (70 F)
Pressura: 124 psig (air), than 136 psig
Zalative w H.7: A:::ciant (500)'

Duratics:
.

, 60 misr.cas

Laair. rata decarmined by volusacric =achod. Suonarge
.

penetration seal in con:21=eg of damerated vacar. ''d * - m
detac:able laak rata 1 x 10 c:/sec.

~.

. M T1: The asse:sbly successfully =ac the tasc. No da: actable
laakags.

.

.

CATZ: $/67

LC m !CN: Ogde:2 Tach = ology L.cora:ordas,1 c. , Sem:nyvale, Calif.

N3T: Ogdas Tec%olor Laboratorias, I:c. , Su%, Calif.

.

-

5 |, <' ,' ;l}n- c j-
v
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na llydrescatic Prassure Test - Tesc #EPAQ-050

Pl!CDUCT : Maitu:: Vol: age Power Pene:ratica (3 K7)

C WJ: LE:
Verify the sediu:n vol: age pcwer pe=etration asse=bly
will saistain its integri:7 when exposed :o high
prasaura.

DEsc. w A3: Ta=perature: A= bien: (70 F)
Pressura: 124 psig (air), then 136 psig
Relative "au::ridic7: A= bien: (30%)
Durac1=n: 60 =inuces,

- I.aak rata data rd ad by volu=ecric se:hed. Submerge
~

pena.traciou seal is c==:21se3 oi deseraead vaear. F.1=1=us
detectaola leak rata 1 x 10 cc/sec. -

-

- m ::i- "e ass ==517 suecassfully =ac the :as:. No detec_able
. In rmr;e.

-

.

CA:Z: 5/67-

:,0CA !CN:
Ogden Technology Lamoraccrias, Inc., Sunnyrale, Calif.

C::NDUC"JZD 3T: Ogden Techeology Laboratorit_s, Isc., Suc=yvala, Calif.

.

t

e

a

hf
F

7'nl ~/ s c)u

_ - - - 306/70 ____
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Tr !I: Hydrostatic Prassure Test - Test JEFAQ-051

F3.CDUC: Shialdad Signa.1 Penetration Asse::bly
,

,

C3JICTIVE: 7erify the shialded signal penetration asie= sly will .

naista.1r its integrity when exposed :o high pressure.

OESC E CN: Temperatura : A:moient (70 F)Pressura: 124 psig (sitro5en), then 136 psig (air)Zalative 5t::midicy: Amoiene (50%)Duration: 60 21 ucas

Laak rata decarnized by volu=acri: =athod. Sube.erge
penetraticu saal in centaiser of deseraged water.-

V' ' d '' - datactabis ! mk2ga rata 1 x 10' cc/sec.-

RESUL:3: The asmenbly suecassfully .me tha test. :to daeactacle
. laakage.

,

.

.

CA:2: 12/66

LOCAT: N:
Ogden Technology Laboracertas, Inc., Su=nyvala, Calif.

.

CN UCZD 37:
Ogdan Tech =olcgy Laboratorias, Inc. , Su=nyvale, #alif.-

"

C 1 ", a34'\L .: !

3;is/70w
_

.
- -- -
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T.I.Z: Hyd.restatic Pressure and Hu:nidity Test - Test Jr/AQ-052

P30 DUCT: Low voltage Pcwor and Control Pesecration Asse=bly

CBJEC:17E: Verify the low voltage. power and control penetration
assembly will saistais its istagri:7 when exposed :o
contmimarit vessel design pressura and high hmidity.

DESC2T2"".CH : Temperature: A=bient (70D)
Prasaure: 62 psig (al:)

=vm12 rive at1'd'ry: 100:
Duration: ISO minutes

*Suhmerge one and of the assenbly is deaarsted vacar for
duratica of .,..st. Other end, a:nbiant humidiry (3C%) .

.

Leak rata decarsised by vol=etne ethed. Submerge
cuatration seal is c=ntaiser of damera

-

'" d m dat.ec:aala leak. age race 1 x 10'ged water.cc/sec.

,

22 U.~..a : S.e asse:617 succassfully sat thn cast. No detac able
T. mirage.

CA:Z: 5/57

't.cTICH : Ogden Technolog Laboratorias , I:c. , SuWa, Calif..

Gsuu...: a 37 : Ogden Technolog Laboratories, ::c. , Sunny rale, Calif.

*

~| ) | ' %p

'
L[s'

. -. 3/!s/~C _
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;II:Z:
Hydrostatic Pressure and Humidity Te.se - Test JEPAQ-053

,

Medium 7altage Pcwer Penetratisu Asse=bly
.

PRODUCT:

03.;c72 :
Verify the medius voltage power penetration asse=bly will
sa.intais its integritcy when exposed to conta1= ment vessel
design pressure and high hu=1dity.

>

OESCII?;105. Tamperature: A=bient (70 *F)
Pressure: 62 psig (air)

*Ealative Zumidit7: 100:
Duration: ISO ni tates

*Submergs ene end of the assembly is deaerated vacar 'or
duration of test.

-

Other e=d, a=bient humidity (50%).

Laak. rata determi=ed by tol==etric sethod. Submerge pene-
traticu seal is contal er of da=arated vacar. Mbi um- . detac.able leakage rate 1 x 10N cc/sec.

_

SESULTS: ha- assembly successfully sac the tast. No datactacle
lanxage.

3A 2: 5/67

'

QC1:103: Ogdan Tachucicgy Laboratories, Inc. , Sunny rala, Q!!".

um.C) 3Y: Ogde:t Tahnicg7 Laborateries, : c. , Sumuy rala, Calif.

,

G
w

I

| L ' , ,'AM
g

~~J

e

.. 3/16/70
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TIU.Z : Hydr: static Pressure and Eu=1 dig Test - Test # EPitQ -054

PROCCCT: Shielded Signal Penetration Asse:: sly

C3JECTIVE: Verify the shielded signsi penetratice assesoly will
maintsis its integri g wrten exposed to concaim ent
vessel design pressure and high hu::tidity.

OESEC3 : Tenperstara: 1:siest (70*F)
Prsssura: 62 psig (air)

dEalative H' ddity: 100:
Durstion: 130 +-"tes

.

*submerga cua e-4 ot the asse:noly is desarazad watar for
4 duration of test. Other end, a=bient hu::tidin (50%) .

Laak rata datar:1 sed by volu:setric =ethod. Subserge
penatration seal in c=n-sd-er ej deaersted water.o 'd d d-um
detec:sola laakage rate 1 x 10- c:/sec..

_.

ZZsU. 3: The asse:bly succassfully sat the tast. No detec abla
lankage.

DATI: 12/66

LOCATION: Ogdan Technoingy Laboratem, Inc. , Su=nyvala, Ca12.

C::NEUC3 3T: Ogden Technology Laborat e.as, 1=c., Sunnyvala, Calif.

.

,m.

-

,d
32/|

,
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y

nny,:
Emergency Environ: nauta] res t - Test /E?AQ-055

P3.CCCCT: Lev voltage Pcwer and control Penetration Asse=bly

cart.c. 7I: 7eri h the icw voltage pcwer and control penetration
asseco17 vill =eet accident suvirennent conditices.

DESC2:?tCH : (1) Apply caturated stear (124 psig, 252 F) at one vedof the m;e=m17 for 20 sinutes.
c

(2) Raducs to 62 paig, 209 :. saturated stea:a for 23-l/2
hours.

.

(3) A11cw asse=bly to cool to 123 ? (submerge in 125 i
vacar), pressura (52 psig) . .'d.aintain ecmerature
and kaap asse=oly rubserged for 3 heurs.

(4) 3: utter laak rate throughout tha cast.
O

~

Laak rata datarnined by volu:nar method. Submerge
penatration seal in cents ***1" c2. M tratad vacar.
w- decactabla laakaga rata L x 10~4 cc/sec.

ZZ::tI.73: The asse=bly successfully me the cast. No detectaclelaaksgg.

DAZI: 5/67

LCCA""!CH:
Ogden *achnolos;7 Laboratories, Inc. , Sun =7rzle, Calif.

CmCUC"Z3 3T:
Ogden Technology Laborat.~., ries , Inc. , Sunnr<ala, Calif.

.

, . .
t

512 vv
x>s

_ _ _ _ _ _ _ _ _ _ 3/16/To
e. W 4
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Page 70

: d': Imargency 'M e n,tal Tesc - Tesc JEP M 56

PROCUCT:
Medium Vol. age Pcuer Pececratico Asse:noly

CUIO!!'TE:
7erify the medium voltage power pe=ecracien asse=oly v111
maec accident enviccc=ent condicions.

CISC2I?*ICN: (1) Apply sacurated steam (124 psig, 332*7) at one
and of the asse=cly for 30 ed.cuces.

(2) 1.duca em 62 peig, 3C9*? saturated staa: for 23-1/2
haurs.

(3) A11cw asse::bly to c=ol es 133*? (suomerge is 135 7
watar), pressure (62 psig). M21 cais ce=cerature
and k. asp asse=aly submerged for 3 hours.

(4) Mcclese leak aca chr=ugscue che cesc.,

Laak ::cs decard=ed by vole =acri: = ached. .Sua=erge
penetratict 3e21 is crocaiser of deaer
Misirusdetac:solaleakageesta1x10]aedvacar.cc/sec.

IISC.S: ":he asse=oly successfully sac the case. No detac solat amage.

DAT/.: 3/67

LOCMICN:
Ogdan Technology Lancraccries , Isc, , Sunny rala, Cali'.

CCHECC:Z3 3T:
'

Ogden Zachnology Laboratories , Inc. , Surg rala, Calif.
-

.

_.

G1n f ,' ,
i~ . u L)'

__ . - - 3/16/~0
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.

.

TIT".Z : T. serge:cy Esvir:r sental Test - Tasc #E?AQ-057

F3CDUCT: Shielded Sig::a1 Penacration A.sse=bly

GSJECT!75: 7erify the shieldad sis::a1 penecracien assemoly will
nasc acctdanc ec'rtzcumac cccd1ticas.

CES E CH: (1) Apply saturar..sa staam (124 psig, 352 ?) at one
end of the assa::aly for 20 minu a.

(2) leduca to 62 psig, 209 7 saturated steam for
23-1/2 hours..

(3) Allow ass aoly c2 cool to .35*7 (submerge is 135 7
vatar), pressure (62 psig) . Maiscais te=perature
and keep assa=oly euo=erged for 3 hours.

(4) Monitor laak rata ci:roug:: cut the case..P.

#
Laak raca decarsised by volu=acric =achod. Submerga
pc:scratica seal is container of daaergad vacar.w ,4 ~ d.stactable leakage raca 1 x 10 c:/sec.

IESC:.23 :
The asaamely successful.17 zec the case. No decec aola 'mak=ge.

?A Z: 12/66

LOCA.".CH :
Ogdan Technology Lacoratorias, Inc. , Sun:ryvsis, c si tf.

CMTDCC 23 3T: Ogden Taci:2..legy Laboracerias, Inc., Sun =yvals, c c f.
*

r.
J

..s b '

/ / ~) 7it )( |

3/16/To
eo _ .- .

em
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leport IAI?AQ l

TI::.Z:
E.!!ects of Jets Forces on Electrical Penetra:1ons -

73CDCC: Elactrical Penetration Assemblies

CBJEC17Y: Verify by analysis that the electrical panec;rtion
assesblias will saistais conesd- anc i=tagri:7 when e:-
posed to jet forces.

CE3C2I? TION: The penetration is installad in a no::la (12",
schedula 30 pipe) vi:5 jucc:fsn boxes provided at both
ands of the penec: acier.. A jet of scazz and water

.

(1250 psig) for 200 saccuds vor.ld resul: fre:a severing the ~

recirculacian header. The effec:s of jets frem different
directicus was i=vescigaced,as was eta effec:
e:2cian cables. en the pene-

-

s " ":
I,w 7al: age ir F.ediu:a 7c1: age
Signal Penecrs:1cn ?enetra tion

"S**T Sc.acnt strese-
ing veld between coz:la
a=d co-emi manc wall 1,357,000 1a-15 1,367,000 in-D

F22 ann shear for:a oud

the veld between :he
mos21e and cen:21=-
mene wall. 401,000 D. 2fl,CCO D.

M nfm"= force (jee
di:actad f: cue of
assemoly) 770,0C0 D. 770,000 D.

Intagrit7 naistaised yes, jets fr:::a yes, jets from any
any directicu direction (cables

larger : tan 23CF.Cf
have release coup-
lings :s pravent

: 21missien of ex-
cessive forces :s

C pressure bar-ier)
/

__ .

,-o-

h ,| L' )_O

3i16/70
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.

_

,

.

042: 1967

N CN: GZ, Nuclear Instrmentation tapar:sant, San Jose, Calif.
r

MCD 3Y: CZ, Nucisar Instr =wncation Oepar. ment, San Jose, Calif.

,

,

.

-

s. .

v

,

.

C f ^,-

7 ., .

'iL :; if '),,

_
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TITI.Z: Scress Analysis Zaport - Rep.,r /AZPAQ-2

P100UC": El4cerical Penetracica Asse=blies

CMIC:I7E: 7erify the scruccural sacerial and f abricacion of the,

Elaccrical Penecracion Assembly shall be in accordance
wich requira:sents of the ASMI 3ciler and Pressure 7essel
Code, Seccion III, Class 3 7essel.

OESC2 W .CN: De standardi.ced configuracicu for che :.cw 7olcage Power
Pense:2:. ion Assembly , M*A * m Volcage Pcwer Pececracicn'

Asse:mbly, Me.di:.:n 7alcage Pcwer Per.acracion Asse=oly, and%**1A-d 5ig=al Penetraclou Asmemo17 m analy:en as cein-
pcuent parts. A medel was designed to determine che
strasse.s is che i=diridual sembers. A ccmeucer prog sm,
Mt11::1-She.LL III (SNAP), was usei to evaluate che socal
scrasses. The progra:a ecosiders chec .a1 screases,- .

struc-4 disecucinuic7, differenc sacer141, phys'"?.- t load *ng, etc.
4 _i
d
C u@3:srt3: o G | p,i <, -

1. oEo "
.W Le Si --|-'Q #*t | :9

*he analysis ceufirmed c ac ceg' O '

configuracicus are struccurally4_ ,,

| acceptable for use in Class 3I

| 9 3g 7essel ASME soiler & ? aseste1 g , f 7essel Code per CZ final producc.

j | specification.
A * '

Y 3DG2tS!CNS
'

,

A. 6.310 iscnes .I 4 3 ng3,3i3 6.120 *-r5=*
I 4.620 1:enesC 5.37C 1:ches :. 0.375 sches3 4.370 *_,ches
M 5.500 isches3 0.6<17 isches N 6.032 ischesF 0.375 *-chn
? 5.27:isenesC 0.280 incher
Q 6.137 senesia 0.453 inches . 1 0.4 0 nchesi

c
C, t u17, , n

sJu
- -.,

-

3/16/70_ _ _ _ _ . _ _ _ _ _ .
_ _ _ _ _ _ .
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.

.-

P.ISC TS : (C.autinued)

SCI-21 Zlaccric.21 Pense:acion Sest 1,_ Side, 12" Dia. 62 PSI 310 7 SS , v/o lei::.f.

MCCLI SC27ACZ 3 CID C G EFFICT1'IZ 5 3.Z33IS psi,

ST3IS323 pai ST2ES3Z3 psi (?, + Pb + Q),

In~ar CucerMen:iser Joinc *angancial ,Cire:::nferential Tangancial Circciare=cial Surface Surfaca
-

t 1 0 3:33 0 - 1.5,319 19,107 12.531
-

i i
*

2 - 1737 1759 i - 4233- 5,5C6 6,712 3,304-

2 338 19 79 -L5,794 4,738 26,401 21,592-

3 357 1233 - 3364 1.159 3,123 4,341
-

-

3 459 1.237 - 5489 1,397 4.413 5,699-
-

,

4 211 1109 1296~ 52 2,407 1,126
- ~

5 509 255 - 272.0i -
316 2,993 1,915

,
-4

4 500 1225 - 1433
- - 430 1.356 1,575-

t 6 29 2 671 244-
33 975 773- -

5 53 3 194 - 2722-
942 2,954 1,923-

7 239 525 0 0 720 722
-

6 294 607 2a6- 74 934 7C9
- -

*:A.Z: 1/10/68

LCC1!".ON: CZ, 5"e'aae I:sc: .::nencat1.m Depar::anc, 3au Jesa, Calif.

C2:i:UC2"*3 37: C2, Nne'ame Insc -mancacica Depart = enc, San Jose, Calif.

.

.

-

F 13 7 ,- -

1& 33j

3/16/70c
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_

IIT:.Z: Su:maary LOFT Cable Tests - 14 port iAE?AQ-3

PI!DCUCT: Varicus types of cable

C3JZCT 7E: Decarmine che effects of radiacion on different types
of cable.

OESC2I? TION: Several differenc types of cable vera :ascad. The
casts included 1.rrad14 tion, exposure to high hu.sidi:7
and temperature (aucoclave cast), and chc=ical :ascing.

IISCLIS:

Insulacion .'d.acarial | fTast Issul:s
s
-

=Synciacic Eubber Ir.adiacad :n 5 x 10'1 I sulac' resisc2nes dreptM
plus auccciave and chem- 3 deczu r ' 1. s c: olesi

ica.1 cascing >L z 10' A /f:. Cii1 sum_

3 ,

accapcabi'a valus)~.. /

Chemien117 c: sa- Irradiated :o 1 x 101 .tini=ug insulacica casistance'

linkad polyechylaca plus tu:cciave and che:r- 2.!x10d A /f:. Irradiation(C 51-57273) ical casting aff ac:s on resistanca negli-
gible. Ch W r=' decent =M 2-

cica solucices only slightly
discolored saglas. F.i" de
acceptabla raha 1 x 10'.^- /f:.

<Polyechylans wich FTC II:2diated to 5 x 10''t Cable failed. Insulacion e-jackac (3C-59 coa 2) pins a.m'oclave casting sistance dropped :s : x 10 '

M ft. on secced astccclave
ces c. Cancer condue:or buckled.
w d " d -'_~ acceptable valua
1 x 1012.^ /fr.,-

eI::adiacad cross-linked Irradiacad to 3 x 10'1 Smral samples were gives :hepolyethyltae prt:sary plun auc3 Clave and che2= tests is differen: Sequence,with 1::adiated cross- ical :asc1=g All samples, insulacion rasis-
h =i polyclafia tance bel:w siri=u:n acceptable
jaczac. (25-59 coax) value of 1 x 10U .'.(ft. Lew-"

est vaha was : x 10'8.' /f:. en
s

a sample af: : 1: vas gives a
_ second aucoclave :ast.

<~ - -, m

L _ . L

3/16/70
. _ _
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_

RZ311:3 : (Continuad)

|Insulation Matar121 Test Zasults

C:caa-11= led polyeth- Irradia:ed :o 5 x 101 ssulatioe resistance belowylene primary with jackat plus auccciave and cham- sinimus,acceptacle value of
(10- 59 coax) ical testing 1 x 10'~ t. /f:. I.1::la ef-

fec: freu decenttmi-scion
, solutions.

'
,

eTafica primary and I. radiated :o 10~1 plus Insulation resista:ca de-Jackat (20-59 csax) autoclave tasting craased to : x 10' ^. /f:.
frca radiatton alcne.
Percusity of :eflon jackat

_ alloaed staas to encar and
. rest shield.

Polyet.Mia=a I. % cad es 10 1 plus Sczpla failed due to shor.
(coax) autoclave :asti g between cantar eceducar

and inner snisld.

6Tsflen prisary vi:5 Irradiated es 19 1 plus Staan and va:er laakage fr:scaflon jacias autoclave :asting. exposed cabla encs dansg(coax) au:: clave :ast. * sulation
rasistanca 2 x 10' A /f:.

-
Mis 1=us,ac=eptaola value
1 x 10*-A /f:.

.

DATZ: 6/68

' h "' 05: Mnt-' aa e lasc:ce Tasting 5taticu, In Oto 7al" s , Idaho

*
CONDCC 23 37: Nuclaar hactor Tasting Station, Idah Falls, Idano

-

#

.K?(J l {- sus .

3/16/~0-
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.

- Raport #AIPAQ-4

PM : '*2adiatics Damage to Ilastomars, organic Liquids and
Plastics"

?20 DOC;: Elastemars, Organic Liquids and Plastics

03JICT!73: Deter = ins the radiation damage to the satarials listed
balcw.

DI:;c2IT. .ON: Irradiacion temperature 75 7 - 105 ?

The threshold and 25% damage due to ga=sa phot =cs was
dacarsined.

.

12:;I:I,::3 : Plaseie le ent z ees o f Q- .m ?5.o t ees_

S reshold 25: Da=.12 e
"

Sylon (?M 10001, FM-1, FM 2003) 9.2x103 3.0 x 10.6s Polyethylana (Polythens) 2.0 a 10' 9.6 x 10[Taflen 2 x 10 4.5 x 10
?VC (Geon 20/.4) 2.2 x 10,7 1.3 x 10.3
Po1 F syl ?crsal (?orsvar) 1.7 x 10'., 3.9 x 10'

3Mylar 3.4 x 10' 1.4 x 10

intarig

Naturs1 lubber - 2.1 10'5 2.5 x 10
Suryl Kubber 2.1 x 10 4'1 * 1c'

53una-S 2.1 x 10, 1.1 x 10,
H7 ear CR 2.2 x 103 7.5 x 10*5Nacprena

1.1x10{
2.2 x 10 5.1 x 10

Hycar PA 3 5 x 10
3 5%1ckel ST 5.7 x 10 1.7 x 10.5"'% Rubber SE 550 9.3 = 10 5.0 x '0 *
3Silicena Rubber SZ 550 9.3 x 10 3.2 x 10.
55111cene Hubber SI 351 9.3 x 10 t,, , ,g e

Silicona Rubber SZ 371 9.3 x lof 1.3 x 10'33111:ene Zubbar SE 750 3.3 x 10T 5.3 x 10,
Siliccue Zubber Silastic 7-170 1.4 x 10' 4.5 x 10'

.

e
_

/ ZI?C22: Issued by Office of Ta d -4 Ser ricas, 0.3. Depart:sant of
Ccomerce

I * ') l")eafi ,m

-__ __ 3/16/70
_ _

_



. .

.__

.

-

Page 79

TITLE: Short Circuit Test -- Test No. EPAQ-053
'

/PRODUCT: High Voltage Penetration Assernbly

CBJECTI72: Verify the superior perforc:ance of t'te coneentric,

shielded cable design over the porcelain bushing
desigs

DESCRIP':"C N: Two 15 KV rated penetration asse=blies were aob-
jected to r=ornentary current tests. The first was a
concentric shielded cable design as. de other was a
" hybrid" design with porcelain bushings at one end of-

the assembly and epoxy bushings at de etier end.
Each usit had tree conductors is a tria= gular confign-
ration to si=ulata a three phase circuit. The conductors
were terudnated to cables. =:cu=ted p*Ypendic-Ar to
Se penetration assec:bly. The assar=bly was pressurised''''
to 60 pstg and a gauge was used to monitor the pressure

- du:-ing the test.

Cable Type: GE ST-58224

The test was per ASA C'37. 20-1965, paragesrh 20-5. 2. 3.
Tets perst:are- 10 * - 3 0 * C. C xrrents tests e:. oc at 40K.
60K, 30K a= peres, =s (60 cycle AC) for 10 des
(three phase).

RESUI.TS: The concentric sh'elded cable desig= successfully passed
all the tests as did ths epox7 bushing, while de porcel2is
bushing failed (shattered) at 60,000 amperes.
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.

Concentric Shielded Cale Desirn
.

Isr sh L wi-of-Fault '

Conductor Resistance
Currect Currect Chms

Amp, aMST Arnp,RMST Duration Pre s sur e
Run (Max) (Max) 1/2~ Psig A 3 C

_

i
t

Before 60 117 113 117
-- -- --

1 30,000 21,300 22 60 117 113 117
2 21,000 14,600 21 60 117 113 117 '

3 33,000 47,900 21.5 60 117 113 117 -

.
.

%

Bushi=g Design

I= rush 2 ad-of-Far'* ceductor ResistanceCcree=t Ourrent Chmsi

Azmp, R E 7 Acip, RMST Duratio n Pressure
Run (Max) (Max) 1/2~ Psig A B C!

1
,

i
3 efore -- oo 70

| 70
-- -- 70

I S,750 6,800 24 60 70 'O 70,

2 43,000 23,500 23 60 70 70 70
!3 60,000 40,000 23 0 70 70 70

4 85,500 52,500 23 0 70 70 70

'

- \

-
-
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TELE: Low Temperature Test -- Test No. IPAQ-059 [
PRODUCT: Low Voltage Assembly

OBJECTIVE: Verify the perfor=ance of de penetration assemblies when -

exposed to low tecsperature a=d rapid temperature cha=ge.
.

DESCRIPTN: ~~he prototype assembly iscluded three No. 2/0 AWG is h_a steel header. A thermocouple was used to =enitor -

internal epoxy tersperature. ne a ese:bly was =:oc=ted
_

to two ssaled chambers to allow as 9 psi differential ' _

-

pressure to be applied across de seal. Th e e =tir e as - '

sembly was placed into temperat=re controlled ::ves and. -

ther=ocycled 3 ti=es. '"he cycle was:
;

-20 * F t:s 13 0 * F In 3 hours
19 0 * F For 4 hour;

- - 190 *F to -20 * T Is 4 hours I
-20*T For 4 hours ^

_

-

-

RESULTS: ne assembly successf=117 r=ai= tai =ed mech 2=ica.1 i teg-ity
_

througheut the ther=cc7eli=g. -

_

-

"
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_

J: Mmvd -- E=argency Z=vire=: mental--Tast !TPAQ-060.
O

FECLTCT: Shialded Signal Penetration Asse=bly.

C3 JECT!7E: 7er1.87 tha penatratica vill saistain its integrity and electrical
functicca when ceposed to rasctor msz1=um energency eMeiens.

DESC E C3: Tenperatura, 'y 340 340 30 250 200*
P assure, psig 63 35 35 25 20 *
1alatire Et=tidiry : 100 100 100 100 100*
Duration 15 : sin 3 hr 6 hr 24 hr 26 hr*

* ong arn acnident conditions tests had bees coeducted pie-
vicualy, (Sea'IPAQ-007, 003, 009, 010),

A =44 U-4 sig=.al peratratica assemly eene Hnd g !18 Akt and
trd sr'm1 cablas was pressurised undar cae above conditices ~he
i=an t = edm tesistanca of tm of ca tria=ial cablas and the !18
AEG cablas was naasured throughcut ce test. This was dona to

, ~ _P verif- da elac--d -'I functicca vould be =aintained when crposed
to. the above cW adm.s. -

A r* malyra. vas used a decar:rina de penarratica leak sea
th v .hout tha tart.

"harmac=uples ters used to acnitor tha ta=ceraturs thr=ughout
the tast.

A pressura traneducer and gauge were used to :enitor the pressure
durl=g tasting.

Tha penetracia conductcrs vers leadsd such that 15 vatts/ foot of
;2R heating was generstad.
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RESULTS:

I.EAK-R ATP.

Time Sampla Tak2n 2.5 2.5 5.5 10 22 J3 68
.

_n
_.

(slapsed I.ours)

N Tempe ra tu ra- (*F) 340 340 320 250 250 250 200
l'rammura (paig) 35 35 35 25 25 25 20

(N
Leak Rats (cc/aisc) !IXIO~ $I8X10 $I8Xia $7X10~4 $7X10 $I4X10~ $4X10-a

'

eATriaxial cablea laaked. Haximuaa temperatura rating o't triaxial cables was 176*F.
After reanaling the triaxial cables the pan.stration lask rate was 1110 cc/eec

-6

(helium) at 63 paig. Containment intearity was vartfied.

El.ECTRICAI.

Temperature *F 70 340 340 325 250 250 210 200 70IR(0) (pra taat)
(post tee )r

fit! AUG 1,22X10* 2.95110 0.85X10 1.08I10 9.18X10 1.05X10 2.58X10 4.55X10 2.75X10
0 0 0 9 9 II(averaga valus)

Tha #18 AW condactora maintained high insulation realutance values throughout
slactrical function would ha maintained durisig the ciacr8esic/ conditions, the test verifying that

i
.

DATE: 4/30/71
IDCATIott: CE, llaclear liustainmentation Departenant, San Jose, California. i
Co tDilCIED BY: GE, lluclear Instrumuntation Department, San Joao, California. 't!
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Title: Maxi =cm Emergency Envizcamental T es t -- Test No. EPAC-061

P roduct: Low Voltage Electrical Penetration Assembly

Objective: Verify that the electrical penetration assembly mil maintain
its integr*.ty (the penetration assembly leak rate shall act
exceed 1 x 10-4cc/see of nit cien) when exposed te de specified
~$d~nm emerge =cy envi:enmental conditions.

D e s cription: hse I 13hase 2

Temperature 3400F 231 F
i Pressu:e 65 psig 65 psig

R elative '+ -wty 100". 100".
Duntice 6 hours 10 days

(elacsed time)

-- ( Cne e=d of do penetratice assembly was exposed :c P'..ase 1j eenditions followed by Phase 2 cceditions. The genetncica
assembly was lea 2 tested throughout the period aing gas
chect=atography equipt=ent with nit cgen as rSe tracer gas.
.he equipment had a a sesitivier of I x 10-occ/sec. A pos t-,

1erk rate test at 65 psig was conducted using a helice = ass
spect cmeter.

R e sults: Leak R ate (Gas Chremotegn='v): < 1 = 10 -6eef3,e ofgigreg,3
6:cugh he penetntion 2 -

,.

Leak Rate (Helium Mass Spect:cmeter): 41 10.Sec/see of
helium thicagh de penetntien asse bly.

Cate: The test was accesssfully cempleted 10/21/71 through 10/31/71.

L ccation: C. E. Nuclear Power Generatics Cont ct D enart= cut. San *cse,
''alif a r=ia.

Conducted By: C. E. Nuclear Power Ge=eratica Cont:cl Depart .ent, San Jose,
Califtrma-
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