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1. INTRODUCTION

A group of electrical cables submitted by The Anaconda Company Wire and
Cable Division were subjectedi to an envirommental test program based on the
8.idelines of IEEX 5t - iards 323-1974' and 383-19742 to determine their
sultability for service within the contaimmeant of auclear power generating
stations. This report deals specifically with eleven cables, identified as
single conductor FREP low voltage power cable, FREP/CPE comtrol and imstru-
mentation cable.

All of the cables werw therzmally aged [or seven days (Y of them at 150°c,
1 at 136°C and 1 at 121°C) then subjected to 200 megarads of gamma radiation
from a cobalt-60 source at an average dose rat- of 0.35 megarads per hour.

Following the thermal and radiation aging, the cables were subjected to
a8 30-day exposure of steam and chemical spray (S/C) which simulatsd the in-
containment envirommental conditionms resulting from a postulated loss-of-
coolant accideat (LOCA), and those occurring during the cooldown after the
LOCA. The tewperature/pressure profile of this exposure was as fc'lows:

1. A rapid rise to " .6°F at a steam pressure > 110 psig with
an 8~hour dwell at this temperature and pressure

2. A 3-hour dwell at 135°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 approxi-
mately 4 psig.

1. 1IEEE Std 323-1974, IEET Standard for Oualifving Class 1F Za. irment for
Nuclear Power Generating Stations, The Institute of Electr.cal and
Electronics Engineers, Inc., New York, N. Y., 1974.

2. 1IEEE Std 383-1974, ITEE Standard for Twme Test of Class 1 Electric
Cables, Field Splices, and Connections for Nuclear Power Generating
Stations, The Institute of Electrical and flectronics Eagineers, Inc.,
New York, N. Y., 1974, )

1-1
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2. TEST SPECIMENS

A description of the cable specimens is presented below. The descri, .loms
vere provided by The Anaconda Company. Table 1 lists the cable specimens tested
and shows their emergizing voltage and current levels.

A. Low Voltage Power Cable Specimens: 18.31, 18.32, 18.33, 18.34,*

18.35* 1,/C No. 12 AWG 7/W Timoned Copper Comductor, 30-mil Flame
Resistant Cross-Linked Ethylene Propylene Rubber Iasulaticn (FREP)

* No. 14 AWG

B. Control Cable Specimens. 20.12, 20.16
7/C No. 12 AWG 7/W Tinned Copper Cemductor, 30-mil Flame Resistant
Cross-Linked Ethylene Propylene Rubber Insulation (FREP), Cabled,
Asbestos-Mylar Tape, 60-mil Chlorinated Polyethylen acket (CPE)

C. Instrumentaticn Cable Specimens: 20.25. 20.26, 20.27, 20.28
2/C So. 16 AWG 7/W Tinned Cecpper Condustor, 25-mil Flam: Resistant
Cross-Linked Ethyvlene Propylene Rubber Iasulation (FREP), Twist,
Silicone/glass Tape, Tinned Copper Drain Wire, Aluminum/Mylar Tape,
30-mil Chlcrinated Polyethylenme Jacket (CPE)




F-C4350-2

3. TEST PROGRAM

3.1 PRETEST INSP:CTION AND PREPARATIONS

The specizens ~ere visually inspected upon receipt for defects, damage
or sharp bends and identified with numbered stainless steel (ags, them wound
around two concentric stainless steel mandrels (each consisting of 8 stain-
+tss steel tubes in a circular array) as shown in Figure 1. The cables on
the inner mandrel (OD = 16 inches) were wrapped with three turms aand those
on the outer mandrel (OD= 20 inches) were wrapped with two turns. The double
mandrel was immersed in a tank of tap water at rocm temperature and .nsulation
resistance (IR) measurements were made after applying a potential of 500 Vdec
for one minute. For the 7/C cables, the measurements were made betwe¢n con-
ductors 2, 4 axd 6 connected together versus conductors 1, 3, 5 and 7 con-
nected togethyr at gruimd potential; for the 2/C cables, measurements were
made between cinductors; and for the 1/C cables measurements were made becween
the conductor and the mundrel at ground potential. Following the IR measuce-
ments, the double mandrel was removed from the water and allowed to air dry.

3.2 THERMAL AND RADIATION AGING

While still on the mandrel, the cables were placed in a forced-convection,
air oven and thermally aged ~r 7 days at 150°C (302°F), after which the cables
vere visually inspected for obvious changes in physical appearance.

Three additional cables (20.16, 20.27 aud 20.28) were wrapped arocund a
second mandrel and thermally aged for seven days at 150°C. Two other cables
vere reported by Anaconda to have been aged for 7 days at two temperature
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 mandrel.

The dcuble mandrel was attached to the flanged head of the pressure

vessel and the ends of the cables were passed up through the central volume

31
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temperature, was applied at the rate of 0.15 gpm per square foot (100 ml per
second per square meter) of spray area. Fresh spray solution was used until
the temperature wa) 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 pE vas monitored periodically, and was maintained within the
range of 9 to 1l by addition of fresh solution.

During the exposure the cables were energized with the 60 Ez ras poteutials
and currents listed in Table 1. The emergizing potentials were oplied to the
cables as shown in Figure 3. Ampere loading and voltages were set at the speci-
fied values prior to the start of the exposure; thereafter, the potentials and
currents were recorced periodically and readjusted, if required, to the speci-
fied levels after each reading.

Chamber temperature and pressure was monitored ¢outinuously on strip-chart
and multipoint recorders.

A list of the data acgquisition instruments used in the test progranm is
included as Appendix A.

3.4 MANDREL WRAP AND HIGH-POTENTIAL WITHSTAND TESTS

Following the 30-day S/C exposure, the mandrel was lifted out of the
pressure vessel. The cables were severed immediately below the penetrations
in the flanged head to facilitate cable removal; and each cable was slowly un-
wound from the double mandrel, straightened, then rewound around a mandrel whose
diameter was approximately 40 times the cable diameter. The specimens (still
coiled) were immersed in a tank of tap water at room temperature and subjected
to a high-potential withstand test for five minures using a potential of 80
Vac rms 60 Hz per mil of insulation. At the end of the five-minute period, the
charging/leakage current was measured.

3-3
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4. TEST RESULTS

6.1 PRETEST INSPECTION AND ELECTRICAL MEASUREMENTS

The results of insulation resistance (IR) measurements are presented
in Table 3. A visual inspection revealed no signs of damage or defects in
any of the cable samples.

4.2 THERMAL AND RADIATION AGING

Visual inspection of the cables after thermal aging revealed that one
of the cables contained indeatations in the jacke: material where the cables
wvere supported by metal clips on the mandrel or where the cable lead ends
had lain across the top of the mandrel. The condition of individual cables
as observed after thermal aging and the radiation exposure is provided in
Appendix B.

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

4.3 LOCA ENVIRONMENT EXPOSURE

The specimens were exposed to a steam and chemical-spray enviromment iz
general accordance with Figure 2. Some deviations from the profile occurred
during the first 3 hours of the dwell at 265°F/28 psig due to intermittent
failure of electric heaters and attempts to restabilize using steam. A summary
of the deviations following the initial stabilization at 265°F/28 psig is as
follows: B

a) A lé-min period during which the temperature and pressure varied
between 199-290°F and 22-5¢ 92sig.

b) A 47-min period during which the .emperature and pressure varied
between 239-275°F and 44.5-68.5 psig. During most of this period
the temperature remained between 260 and 272°F.

¢) A l3-min period during which the temperature and pressure slowly
fell from 270°F/47 psig to 164°F/25 psig.

4=-1 SRR
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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 & turns around mandre! - damaged area at
one end held cut of water**

18.32 2.4 1.2 6 turns around mandrel

18.33 2.4 1.4 § turns around mandrel

18.34 £ <l 5 turns around mandrel

18.35 2.4 1.1 5 turns around mandre!
Conductors 2, 4, 6 versus 1, 3, 5, 7
then 3, 5, 7 versus 1, 2, 4, 6. Leakage

20.12 2.4 L.7 current identical! for both readings. 6

20.16 2.4 4.1 in. section cut from one end of cable
20.16 after first test re ulted in
tracking.

20.25 2.0 <l Black conductor vers.s white and drain

20.26 2.0 1.1 wire then white conductor versus black

20.27 2.0 <] 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 S min
while immersed in tap water at rcom temperature.

**See Section 4.3,

4=5
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S. CONCLUSIONS

Eleven electrical cables submitted by The Anaconda Company were sub-
Jected to a test program based on the guidelines of IEEE Standards 323-1974
and 383-1574. The program was designed to simulate normal service, a loss-
of-coolant accident (LOCA) and the cooldown following the LOCA.

All of the cables were thermally aged,* exposed to 200 megarads of gamma
radiation from a cobalt-60 source and then subjected to a steam and chemical
spray environment for 30 days, simulating a loss-of-coolant accident (LOCA).
All of the cables were energized at the start of the LOCA with potentials and
currents simulating service use, and 10 remained emergized throughout the
30-day exposure. At the conclusion of the above sequence of exposures, all
of the specimens were subjected to a mandrel bend/high-potential withstand
test.

Ten cables demonstrated satisfactory performance during the exposures
simulating normal service, a LOCA and subsequent cooldown; and all of these
appeared to have a substantial margin of life remaining by withstanding post=-
LOCA bends at dizmeters forty times the cable diameters and high-potential
tests at 80 Vac per mil of insulationm.

Cable 18.31, which did not maintain its electrical load during the LOCA
simulation, also appeared to be capable of demomstrating satisfactory pr-form—
ance. A post-test inspection revealed an isclated faul: which may have been
caused by the mode of supnort; 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 comstruction to two othrr cables (18.32 and 18.33)
vhich maintained their electrical 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.

\£<..‘_ 4//5-4* .

L. E—Witcher
Test Engineer

Wl 4 \_==_

u. H. D.nny e ———— /
Project Leader

oy
D. V. Paulsou, Chief
Envirommental Test Section
APPROVED:
w \LL‘MM/ Jd[ﬂéblﬁ-m\ I
denons Zudans, Vice -esident S. P. Carfagng, Mpmager
Engineering Performance Qtalification Laboratory

61
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APPENDIX 8 ;

A. Visual Insnection of Cables after Thermal Aging

A visual inspection of the cables on the double mandrel was made after “
thermal aging to determine if any obvious physical deterioratiom has occurred
The comments below are general in nature since the cables were not removed
from the mandrel for a detailed inspection. |

1. Cable 20.12 contained deep indentations in the outer

jJacket at both enis and at a point approximately 35
inches from the top of the mandrel. At the request
of the clieant, sections of heat shrinkable tubing

about 2 inches long were placed over the indeatatious |
&t the ends of the cable after thermal aging.

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

B. Visual Inspection of Cables after Radiation Exposure

Following the radiation exposure, another visual inspection was conducted
of the cables on the double mandrel.

No apparent defects were found in any of the cables.

C. Visual Inspection of Cables after LOCA Exposure

Following the LOCA exposure, the cables on the mandrel were inspected
before they were removed for the mandrel bend and high=-potential withstand
test. It was noted that chemical deposits from the spray solution covered
the surfaces of all the cables.

No apparent defects were found in any of the cables.

B-1




AR P .. i, oy
e e,
‘-;"{-‘."Ysi:» A ,‘..‘{;; \}’,‘.‘
R A -
¥ v g ”fhi?."'fg,, : G
R TR
Appendix

o
CERTIFICATION OF RADIATION

| Uﬂr—ﬁw FRANKLIN INSTITUTE RESEARCH LABORATORIES

Tol SENMJAMIN FRANKLIN PARUWAY =+ PuiilADf Pwia SCEuNST . vamiA [RE &




atlintadn

(8]

y

\

537

ANACONDA [

FLAME-GUARD FR-EP CABLE

Wire and Cable
Division



L

-

o [CNACONDA

The Anaconda Company Wire and Cable Division

ENGINEERING DATA SHEET

&. Arrenhenius Plot

b. Qualification Test Report From FIRL

Dwn. By Date Sheet ‘ Revisions
Cka. By Date of ! Date App 8By ]
LAao. ay Date Sheets | 2 Date App By |
J




ANACONDA £}

Arrehenius Plot

1,000,000

-

1 waes-a —ed
H
o e e o . —

b b — ———— . { - —— | ———

——— e
|
T

| — e - | " — o —— " | ——— . gy — -

|

40 yrs.

- ———————— —— . . "
o b ——

— —

—————

100,000

4
LE)

10,000

Snd—Poine—

T
% i .
L
I : .
-
o L “
SERRREE |
4 £ |
e |
.m ,
HHI
s A ‘
N N R

B I

|

4 \

g |

8

- - m
B
e |
e
18 =iy

1,000

—— | ———— ———— — ———

|
i
1

———

16234

’

— v y— — ———— — ——
b -

1

=

o | -

R

s e s

* g |

.__‘..._-.___f;__.

- POORORIGINAL

-
-

<20

o S ) S
240

280 &0

—t

3 5 1 ey e

- .-'-—A

100~




PHILADELPHIA GEAR CORPORATICN
KING OF PRUSSIA, PENN. 19408

LIMITCRQUE VALVE CCONTRCL

TEST OF LIMITORQUE VALVE CPERATOR
TC MEET GENERAL REQUIREMENTS
OF
AN ELECTRIC VALVE ACTUATCR
IN
NUCLEAR REACTOR CONTAINMENT ENVIRCNMENT

TEST REPCRT




TEST REPCRT - JANUARY 2, 1969

ENGINEERING ORDER NO. 6C0lge

The Limitorque valve cperator tested was Model SMB-0 with a
15 foot pound, 3 phase, 60 cycle, 440 velt metor, with special high
temperature mctor insulaticon and high temperature resistant non-
metallic components, to withstand the contemplated steam Sressure,
high temperature and chemical conditions expected in the event of
a nuclear reactor failure within the containment vessel. The
Limitorque cperator was wired for a torgue seating rontrol for
ciosing direction and pesiticn limiting control for cpen direction.
A 2 3/8" diameter by 1/4" piich, 1/4" lead, left hand stem was used
to simulate the stem of a valve being cpened anéd closed The speed
of cperaticn was approximately 6" ger minute cver a 12" travel.
The designed seating thrust %o be exerted on the scem by the
Limitorgue valve contrel was 16,500 pcund; of thrust in theé closed
pesiticon of the valve stem. A slide wire electric pesiticon trans-
mitter was alsc installed and ccnnected o a remote Poesitior receiver

cutside the test chamber.

IESTS TO 3E PERFORMED CN OPERATCR

l. Prelinminary heat tests cn component zars
- Preliminary heat tests on actuatcr.
3. Preliminary live steam test on actuator.

4. Zeat aging test cof electric tor and electric motor with brake.

[



Shock and vibration test of actuator to simulate seismic

conditions. ,

150 life cycle test of actuator producing approximately 16,3500
po- .ds of thrust.

Test of Limitorque valve operatcr and electric brake moter
under a simulated reactor containment post-accident steam and

chemical envirconment.



MINARY HEA £S CON CCMPONENT PARTS

The standard Limitorgue cperator geared limit switch and
torque switch was subjected tc a éry heat test for agproxi-
mately 1€ hours at a temperature cof 375°F. Periodically
during this test, the switches were remcved from the oven and
actuate. by hand. The coperation was satisfactory and ne mal-
functions cccurred. All parts functicned freely and there was
no binding, jamming, nor abnermal distorticn of parts. The

test was successful in all respects.

PRELIMINARY EEAT TESTS CON ACTUATCOR '

A completely assembled and cperaticnal Limitcorgue operatar
was placed in an oven where the temperature was maintained at-
approximately 325°F. for a duraticn ;f 12 hours. The unit was
electrically operated every thirty aminutes for a period cof
approximately twe minutes per cycle and using the geared limis
switches to stop the actuator at the #full cpen and full clcsed
pesiticn of tzavel. Indicating light circuits were alsc wired
tc the geared limit switches.

The test was successful in every respect. There were no
malfunctions cf the cperatzsr and ugen inspgectiosn of the czm-
Pcnent parts used, there was no noticeable deterisrarion or
wear,

The lubricant used in the geared limisz switch 4&i

hard and caked, hcwever the lubricant used in ==

1l tie Limitorgue

()]



gear housing remained pliable and had its original consistency.
It was determined that the grease in the ceared limit switch
gear housing should be changed to the same grease as in th

LinitorqQue operator gear housing.

PRELIMINARY LIVE STEAM TEST ON ACTUATCR

A complete Limitorque actuator was set up for electrical
cperation and live steam was piped into the conduit taps con
the top of the limit switch compartment. One of the beottem
conduit taps was left cpen to drain off any condensate. The
Operator was set up on a timer basis for cperation cver a perio
cf approximately nine hours and cperating every thirty minutes
for twe minutes per cycle. During this test, the live steam
in the switch compartment seemed to have no effect whatever zn
the functicn of the limit switches in their contrsl of =h
cperator at the full open and full closed position of travel.
In additicn, the limit switches were wired up to indicating
lights which cperated satisfactorily.

The test was successful and there was no ncticeable effect
on the function of any of the parts in the limit switch com-

sartment.

EEAT AGING TEST OF SLECTRIC MCTOR AND SLECTRIC MOTCR WITH 3RAKS

.-

The electric motor for the Limitorgue ocperatcr to be usad

in the envircrment test and ancther elactric mots

e

H

equipred

with a disk type brake wers subjected =2 a heat aging tes<t.




Scth electric motors were sent to Reliance Elect ic Co. for
heat age testing. This cest consisted of baking the motors

at a temperature of 180°C. for a total of 100 hours tc simulate
aging the motor to 3 40 year life expectancy. Motor insulation
checks were made and found to be within normal limits. There
were no adverse effects on +he motors and motoX insulaticn

resistance measured {nfinity to ground.

SEOCX AND VISRATION TEST OF ACTUATCR TO SIMULATE SEISMIC
CONDITICNS -

The Limitorgque operator o be used in the environment test
was shipped complete tO the Lockheed Electronics Co., in plain-~
tigld, New Jersey, fcor shock and vikbration resting to simulate
seismic cenditicns. A COFY of this report is enclosed herswith.
The test basically consisted of mounting she Limitorgue coperator
on a sheck and vibraticn table to test it at 20 cycles per
second vibration at 1G l10ad for a pericd of two minutes on -
cne minute cff. This would constitute cne cycle. The cycle
was repeated five times in both the vertical and horizcnzal
axis of the operator. The actual test report and photograghs
are included here.

The test was successful and theres was nc noticeacle effect

whatscever on the Limitorgue cperator.



150 LIFE CYCLE TEST OF LINLTORQUE COPIRATCR PROUDUCING
APPROXIMATELY 16,500 POUNDS THRUST

The Limitorque cperator was shipped to the Franklin
fastitute Research lLaboratories, Philacdelphia, Pennsylvania.
The operator wgn.mountcd on a stand inside the test chamber
and a 150 cycle locad test was made on the unit. This test
consisted of stroking the 2 3/8" diameter valve stem 2 total
of approximately 12 inches in two minuvtes. The valve stem in
the #ull closed positicn produced a thrust of 16,500 pounds
en a rigid plate securely bolted to the test chamber. The

shrust was measured by the same strain-gauge reccrding instru-

ment used in the actual environmental test conducted by the

Franklin Institute. The unit was wired up =2 that the closin
directiscn and the open positicn geared limit switch stcgﬁed
she unit in the full open gesiticn. The speed cof ravel was
6 inches per minute.

After the life cycle testing was ccmpleted, the unit was
inspected and found to be in excellent conditicon. There was
ne noticeable wear con any of the parts. The same electric
mctor which had been heat age tisted at Reliance Electric Co.

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

adverse effect cn the electric motor and it functioned properly.

- .

TEST OF LIMITORGUE VALVE OPERATCR UNDER SIMULATED REACTOR
CONTADNMENT PCST-ACCIDENT STEAM AND CHEMICAL ENVIRONMENT

The attached report of the Franklin Institute Research

- ———

Labcratories describes the actual tu.ting under this enviIon-

o




mental condi.ion.

After the test was completed, the Limitorgue cperator
was shipped back to Philadelpnia Gear Corperaticn, Xing of
Prussia, Pennsylvania where it was disassembled and all parts
were inspected. Photographs are included showing the variosus
parts of the cperator. All parts, including the electric
motor, slide were position transmitter, scais, bearings,
gears, and shafts, were inspected and no noticeable wear was
noted. EHcwever, the gear frame cof the geared limit switch
had corrcded and caused a minc:r failure.

The geared limit switch Zframe had been attacked bv the
boric acid in the steam atmosphere. This caused the gear
frame to corrcde and resulted in Exnding up of the shafts of
the geared limit switch where they extend through the geared
limit switch housing. This caused the malfuncticn of =he
switch as descrilbed in the Franklin Institute Research Labor-
atorics"acport. A material change has been instituted to
correct this corrosive acticn of the material used in that
particular switch. On all present orders being Srccessed,
and on all future units o be shipred o meet envirormental
conditions such as this, the gear frame housing cf the geared
limit switch will be a bronze material which is net subject
tS corrosion by boric acid scluticns. The motor insula:;:n

resistance after all testing was 1,000 megchms across all

three motor terminals to ground at 500 voles.
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Test Report No. 2120-4554

L REPGF’T OF TEST
| A on M
: m;@nmu GEAR CORPORATICN

' SMB0-15 LIMITORQUE |
! - R »A : X - . »

B, P. Soltis

Tes: Snzinhnr: Z/ﬁ'/%{

W. A. Zlack

CLOCHKKIZD ELECTRONICS COMPANY

;IlLl?!.-RT SYSTIMS COIVISION «cecece PLAINFIZLD, NIW JIR3EY

. D‘t‘. m? 310 —468 -

- Apprcved by: 7. f‘w

N. Jehpsen, Su:e-z.scr
Environzental .abc-a:a'y
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PURPCSE OF TEST:

MANUPACTURER
SPECINENS TESTED:
P
CisE wUwzE=.

QUANLITY CF

SPECIMENS TEST‘.'.D“

OF SPECIMENS TESTED: ~
DATE TEST CCMPLETED:
TEST CONDUCTZED 3Y:

DISPCSITION OF
SPECIMENS TESTED:

TEST APPAZATUS:

T

. Gear Corporation Purchase Crder No., 6Q01%8.
- Philadelphia Gear Corporation
SM20-15 Limiiorque
'Philadelph a Gear Corporation
T 24-8041-0554
- oﬁé (1)

STCTRITY c..ass:::cuicu -
Unclassified

- Mechanlics Latoratory per the request of

_LAB Ccmpany Mecdel RVE- 72-50Q¢0, S/V s1ac1

-. Model M-8, S/Y 539 . ™

':ﬁVLbrn“icn °1cxups. “3 Ccm,ary Tsze LZO
'S/N 14187 (vert’ ~al) and S/N 11253
;(horizon~al; G )

‘. the horizeontal axis with the Icunting flange
-Ln the horizontal plane

T & Report ¥eo, 2120-453%

To subject the test specizmen %o the
Vibration Tes: referenced in Phlladelpznia

King of Prussia, Pa.
(2eliance Mctor S/¥ ¢35571-H8)

Purchase Order No. 600158

7/30/68

LOCKEEED ELECTRONICS COMPANY
ENVIRCNMENTAL LAECEATCEX

Beturmed to Franklin Institute, Applied
Philadelzhia Gear CQ-cora ion per Lockhaed
Electronics Company Packing Slip No. 41775
dated ?/31/68

Reaccion-rype Vibraticn Machine,

Vibration Meter, ¥3 Comprany

The est speclaen was secured £5 *hs
vibraticn machine, as shown in 7'3u--s 1
and 2, and sub} scted to five (5) cyeles of
vibrat‘cn in .o.h the ve*tica- axis and

- DPOnn an '
amm nhﬂgf@!
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TEST PROCEDURS:

(Cont'd)

Te: Report No, 2120-455&

Each cycle consistced of two (2) minutes
of vibration at a frequency of twenty (20)
cps. and a acceleration level of cne (1)
ng", followed by cne (1) zinute of no
vibration.

“ﬂ¢,v1sual inspections for evidence of any
-.. . - external physical dazage were conducted
- throughocu: vibraticn testing.

. 3 The Tibration Test was coopleted with no

visible evidence of any exterzal physical
damage,

~ None. Data zerely submitted. .

S -.'re'zt msine;r: }/ﬂfé’é‘/

W. A, 3lack
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PECTOGRAPES
QF i
LIMITORQUE OPERATOR PARTS

DISASSEMBLED AFTER ENVIRCNMENTAL TEST
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ADDENDUM #1




PHILADELPHIA GEAR CORPORATION
KING OF PRUSSIA, PENNA. 19406

LIMITORQUE VALVE CONTROL

ADDENDUM NUMBER #1
TEST OF LIMITORQUE VALVE OPERATOR
TO MEET GENERAL REQUIREMENTS
OF
AN ELECTRIC VALVE ACTUATOR
IN
NUCLEAR REACTOR CONTAINMENT ENVIRONMENT -
REPORT CF JANUARY 2, 1969

A. SHOCK & VIBRATION TEST
8. TEST OF LIMIT SWITCH WITH MATERIAL CHANGE

= APRIL 29, 19¢€9




* T REPORT - APRIL 29, 1969

SHO AND RATION T:

The Limitorque Operator size sgs;o with & 15 foot pcocund, 3 phase,
60 cycle, 440 volt motor, nameplate order #338l64 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 minutgs of vibraticn
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

rescnances.

Visual inspections for evidence of any external physical damage
were conducted throughout the vibration testing. The vikbration
test was completed with no visual evidence of any external physi-
cal cdamage. No resonances were detected during the vibration

scans.

The above is included in Lockheed Electronics Company Test Report

#2268-4618.



Fage 2 April 29, 1%6%

The previous shock and vibration test of a Limitcorque Operator
was extended to 1 G and 25 cpss *The above test extended the

level to 3 G's at 35 cps.

TEST OF GEARED LIMIT SWITCH WITH MATERIAL CHANGE:

On the previous test of a Limitorgque 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 ;he geared
limit switch. The gear frame material has been changed as prev-
iously recommended ancd an additional test of thi- revised geared

limit switch has been conducted at The Franklin Irstitute

Research labratories in Philadelphia, Pennsylvania on April 9

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

same envirconmental chamber as the previocus test and was used in
conjunction with starting and stopping an electric motor also
in the test chamber. The envirocnment consisted of a seven day
test wherein the geared limit switch was exposed to high steam
pressure, temperature and chemical environment similar to the

previous test.

The new geared limit switch successfully completed the test with

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




Pace . 3 April 29, 1969

temperature or chemical envirconment. The test was completely

satisfactory in every respect. » e

CONCLUSION:
The material charige cf the geared limit switch has been noted
and will be included cn all Limitorque Operators subjected to

this envircnmental condition when specified.

This information is submitted as an addendum to our Test Report

dated January 2, 1969.

Very trul

yours,
7L

Edwaréd F. Lawson
Sales Manager
Limitorque Division

ZFL/sls
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PHILADELPHIA GEAR CORPORATION

industrial gears » speed reducers + fluid mizers + Limitorque valve controls * precision ground gearing

Main Ofice:

* ® Schuylkill Expressway, Suburban Phila.
KING OF PRUSSIA, PA. 19406
TELEPHONE: 265.3000

SUBJECT: REPORT OF TEST ON LIMITORQUE VALVE CONTROL

SHCCK & VIBRATION UP TO 5.3 5's, 35 Hz

Or August 20, 1970 a seismic shock and vibration test was cgnducted
cn 2 LaimitorgQue cperatcr size SMB-0-25 suitable for nuclear can-
na:nment vessel service at the Lockheed Electronacs Company 1
Plainfield, New Jersey.

The Limitorgue cperatcr was mounted on a test s=and and having

a3 threaded valve stem being driven by the Limitorgue operatsr
simulat.nc opening and closing a valve. The lLimitorgque operator
was electrically ccnnected so 2s to steop at the full close position
by means cf our torgue switch and stcp at the full open position

by means cf

cur geared limit switch. The Limitorgque operatsr had
2 4-=r2in geared limit switch installed and 31l contacts nct being
used for motor control were wired to electric indicating lights
4t 3 remcote parie’.
The enclosed Lockneed Test Report shows that this unit successfully
cciapleted a ted.

5.3 G shock level at 35 Hz with no discrepancies no

An exploratory scan of Hz to 35 Hz was made and no critaiczl
rescrnant {requencies were noted on the Limitorgue cperator. The
Jrit was sP:cked and vibrated in each of three different axes

3 total of 2 nites on, . minute coff. three times per axis. The
<nit was cperited electrically =c both the full cpen and £ull 2l:ze

sales and engineering offices in all major cities




position and 21l torque switches and limit switches functioned
preperly None of the auxiliary “lithit switches wired to indicating
lights ever flickered or indicated they were cpening or flickering.
All electrical and mechanical devices on the operator worked success-
fully.

An additicnal test level of 10 G's at a maximum of 49 Hz was con-
ducted as noted in the test. The Limitorgue cperator had no defec:s
during the first two minutes cf operation at the 10 G level: however,
upon starting the second run, the hardware holding the geared lim
switch loosenecd and we decided to discoitinue the test. At that
time, the unit had been subjected to a total of 9 minutes of shock a2nd
vibraticn at 10 G's and 49 Hz.

- -
- -

The enclosed Test Repcrt #2539A-4723 of Lockhead Test Lab. is sub-
mitted €for your information.

Very truly yours,
PHILADELPHIA GEAR CORPORATICN

Edward F. Lawson, Sales Manager
Limitorque Division



Report Writer:

-
Test Engineer:

- ELECTRONITES TONIFARNY
PLAINFIELD MEW JENSEY
Date: _Sgptemper 23, 1S70
SR TA T S e
Approved by: LAt LT

Test Report No. E5324-6723

. & Issue 2

on

LIMITORQUE CORFPORATION
SMB-0-25
VALVE COPERATCRH

-
'&:_"'f' /\""l % -
Al F. Soltis
27, (7, ;7:c;g (:L//
W. A, Black “

N, Jonnsong, Superviscr
Environmental Lazoratory
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PURPQSE OF TEST:

MANUFACTURER:

SPECIMENS TESTEOD:

APPLICABLE COCUMENTS:

CASE NUMBER:

QUANTITY OF
SPECIMENS TESTED:

SECURITY CLASSIFICATION
OF SPECIMENS TESTED:

CATE TEST COMPLETED:

TEST CONDUCTED 8Y:
OISPOSITICN OF

SPECIMENS TESTED:

ABSTRACT:

TEST APPARATUS:

L

Test Report lo.2u33A-4723

Issue 2

T2 subject the test specimen te the
Seismic Test refercrced in Limitorque
Cotedration Purchase Order Numser
348572, dated 8/5/70.

Limitorque Corporation
S114 Woodall Road
Lynchburg, Virginia 24502
SH18-0-25 Valve Operator

Limitorgue Corporatiomn Purc-ase Orcer
Number 348572, catec 8/85/70.

34-8041-0723
Cre (1)

Urnclessified
8/29/70

LOCKHEED ELECTACONICS CCMPANY
ENVIRONMENTAL LASCRATORY

Seturned to Limitorgue Corperation ger
LEC Packing Slip Number 88227, dated
8/24/70.

The test specimen was sub jected to the
Seismic Test referemced in Limitorgue
Corporaticn Purchase Orcer Number
348572, cated 8/5/70.

The 5.36 portion of testing was completed

with mo discrepancies moted.

The 10 G portion of testing was termi-
nated during the seccnd cycle cue to
noted Fatigu,ng of the gear limit
switch moumting hardware,

Reaztion-Tyne Vieration Machinme, L

=
Company Mogel RVH-72-50C7, S/N 51401

Vicration Meter, ME Company Mocel M-85,
S/N 423.

Vibration Pickups, ME Company Type 120,
S/N 11283 ana Type 124, S/N 14074,

1

Form LEC 1977
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CE23 Test Report no._3_~e§:52;§‘g
Issue 2 %
TcsT PRCCEOURE: The test cpacimen was secured to the ‘
vibration machine, as shown in Figure 1
and sue jected to an exploratory scJn :
over the froguency range of 5 T8 3% Hz l
in two (2) axes. The expl.oratery scans |
were followed by three (3) ecycles of
vibration in each axis. Each cycle |
consisted of Two (2) minutes of vibra= |
tion at a fFrequency of 35 Hz and an i
acceleration evel cf 5.3G's Followsd b
one (1) minute of no vicration. ‘
The test specimen was then set up as |
shown i Figure 2 and subjected TO the
- above menticned test in the third axis.|
At completion of this test, an additicnal
exploratery scan wWas performed over the
freguency range of § to 49 Hz and tweo
*2) eycles were serformed at a Fre--
quency -of 48 Hz and an acceleration
level of 10 G’s. ’

The test specimen was emergized curing
cesting and all elecsrical monitering
was performed By Limitergue Corporation:
parsonnel. i

P S

| TEST RESULTS: The 5.3 G portion of testing was com=
pleted with mo evidence of anmy dis-
crepancies ncted curing either axis of
test.

Dui~ing the exploratory scan of the 10 C
pertion of testing, the gear limit
switeh mounting mardware locsened.
These screws Were cightened prior to
the start of the fFirst cycle.

Jp——

The First cycle at 10 G's was then com=,
pleted with no discrepancies noted. 1
AFzer approximately cone (4] minute cf
rme seceond cycle, the test vas cermi-
ratced due to Fatiguing of the gear limi
switch mounting hardware.

For addizional inFormaticon, refer T2
cne Five (8] atssched cata sheets.

BEOMMENDATICONS: Nore. OJOata merely submitted.
Ao
Test Emgineer: 4. a., .Juzigcé
| W, AL Elack v

- Page_2 OT_Z
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FORM LEC 197

TEST REPORT NO. _-Sei-4811

REPORT OF TEST
ON

LIMITCRQUE CORPCRATICN
SMEQ TPERATCR W/MCTOR (40 FT. L3.)
AND
MCTCR (25 FT. L3.)

W 7%@(

Fe SEBlzis
TEST ENGNEER Z" /Jﬁé(

W. A, Black

LOCKHEED ELECTRONICS COMPANY, INC.
PLAINFIELD, NEW JERSEY

DATE: _Jure 412, 1574

APPROVED Eh‘/yxli:cjkﬁgﬁhoﬁ—/

N. Jernsgr, Marager
Envirormnemtal Laccratery




LEC 197A

FORM

LeC

PURPQSE OF TEST:

MANUFACTURER:

SPECIMENS TESTED:

APPL_ICABLE COCUMENTS:

PRCJECT NUMBER:

QUANTITY CF
SPECIMENS TESTED:

SECURITY CLASSIFICATICON
OF SPECIMENS TESTED:

CATE TEST COMPLETED:
TETT CONCUCTED 8Y:

CISPCSITICON CF
SPECIMENS TESTED:

ABSTRACT:

TEST APPARATUS:

TEST REPORT NQ. 12408

To subject the test sgecimers to the
Seismic Test referernced in Limitorgque
Corporetion Purchese Crder Number
600458 cated Jurme 11, 18974,

Limitorque Corporation
5114 wWeocall Reasd
Lyrehburg, Virginia 24802

(a) SMBC QOperator with 40 fFt., lb.
moteor,.S/N 188835

(2] PReliarce 25 #z. lk., motor

Limitorque Corperaticn Purchase Orcer
Number SC04SE cdatad Jure 11, 1874,

24-8041-3811
Cre (1) esch

Uncleseified
Jure 12, 1974

LOCXMEED ELECTRONICS COMPANY, INC.
ENVIRCNMENTAL LABCRATCRY

Returned to Limitosrque Corperastion per
Lockiheecd Electronics Comgany, Imcorpe-
ratad Packing Slip Number 87445 catec
<ure 12, 1974,

The tast specimers wers sub jectad to
the Seismic Test refearesrced in
Limitorque Corporatiorn Purcrase Crcer
Number S00455 datesd J:me 11, 1874,

This taet was completed with mo vieibls
avicdence of extarmasl camags or
rescrances .

Aeacticn-Type Vibraticrm Machninme, LAS
Compery Mocel RVYH-72-.3CCQ, S/N 514014,




FORM LEC 197A

LEC

TEST APPARATUS:
(Continued)

TEST PRCCEDURE:

TEST REPORT NO. _2S21-4811

Vibration Pickups, M8 Comparny Type 124,
S/N 14074 and Type 128, S/N 14CCS.

Vibration Metsr, ME Ccmpany Mocel M-8,
S/N S§38.

Dial-A-Gain Amplifiers, Urholtz-0Oickie
Mccel B10M, E. L. Number 483 and Mocel
610AM-3G, €. L. Number 484,

Accelercmet.rs, Endevco Mccdel 22210,
S/N NAS4 ang FCSS.

The tast specimers wer= sacured %o =he
tes: machine, as shcwn in Figures 1
through 3, and sub jectad =0 the Follow-
ing Seismic Test in accorcance with
Limitorcue Corporaticn Purchase COrder
Numcer S0C4SE cated Jure 11, 1874,

1. Te datermine rescrant frequencies,
8N sxploratory scanm was performod
in each of the zhree (3] majcr
axes over the frequency rarge of S
ta 35 Mz with a maximum irput
ecceleraticn of 1.0 g's.

2a. With mo rescrant Frequercies
present, thes test specimen was sSulD-+
Jjectad to 10 second crells at the
Frequerciss scecified by the
Limitcrque Corporaticr represernta-
tive (ses cata sreets) im each
axis. The vitoraticorn amplituce was
mairtaired at the maximum comtrolld
ab.e displacement From S Hz =o the
Frecuercy at wniciy 3 S's was
attaired. The irput was Then
maintaired at 3 g's from that fFre-
quency up to 34 Mz,

2, The test specimer was vitrated at
35 Hz at am irput level oF 5 - %
3's For a ten (10) seconc cwell.

The test specimers were actuated curing
Part 2, arc all performarce menitcring
was Cerformed Dy ard the cata retaired
By Philacelphia Gemr Corporaticr ser-

scrrel,




FORM LEC 197A

LEC TEST REPORT NO. 35214811

TEST RESULTS: The Vibration Test was completed with
no visible esvidence of extermal camage
noted to either test specimen.

There were ro rescrnances detscted im
the three (3] exes of vibration.

RECOMMENDCATIONS: Nocrne. (Oata merely subnitted.

Test Engireer: Z é(%(

W. A, Black

POGR CRIGINAL

PAGF n ol




FIGURE 1

TEST SETUP - X AXIS

FIGURE 2

TEST SETUP - Y AXIS

SMEQC CPERATCR w/40°
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VIBRA ON TEST DATA SHEET
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FPigure 1
Figure 2

Figure 3
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Figure 4 - Schematiz - Instrumentation
Table I Summary of Instruments used for
Data Acgquisiticn
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TABLE I

SUMMARY OF DATA ACQUISITION SYSTEM

Measurement Caftegorie

1

—

- |
") |
: .
" = Q
a2 = - & |
t MEASURING SYSTEN = <
o~ - . < =
| @ 3 = )
™ = = "
- 5 s < <
al = | 8 Indicator Signal X-Ducer Monitoring] S L
w i Conditioner Point B ;
x @ =
a < =
- - !
— -
3. : . . Teb. | Feb.
Cultzpoxn: l 13 T. C.=J(?) | Chamber Amb.|[1374! 1375
- emperature ? A 7T. C.=J(?) | Test Unit i
= ecorder 3 3B T. C.=J(?) | L.S.Comp |
2 Tvee I T. C. 4 43 T. C.-J(2) | Chamber Amb.| * ‘
; - ] - - Rocm Amb. ,
o oneywell B - - Sherted :
- cdel Yo. 7.10 5 T. Co=J Condensate !
= 153x80=-c- 3,11 6 T. C.=J Press x-D=? ;
; I-WE6=65 9,12 7 T. Co=J Press x-D=13
§ erial Neo. 13,15,17 |8 T C.nJ Press x-D=4 |
z T11806-33004 14,16,18 |9 7. C.=J Press x_D=l ' |
= 19,21,23 |10 T. C.=J 4,0 input |
; 20,722,224 |11 T. C.=J H,0 output g
x| ]
! t:zp Chazt| 1 Ampl;-. Press x-D#1 Chamber Amb.|Mar.| Seps
-~ o ecorder 2 Press x-D#2 Test Unit 1374 1974
2 Channel 3 " Press x-D#] L.S. Comp. ;
) - - Press x-D=4 Chamber Amb. ‘ ;
2 S T.C. Mod|lA T.C.~J(?) Chamr-. Amb. | ;
- qsse - " 28 T.C.=J(?) Test Unit | :
& 7 » 3A T.C.=J(2) L.S. Comp. | f
2 s/‘: B . 4A T7.C.-J(2) | chamber Amb. | :
= 3042802 A ; :
< ¢ | .
g |
o~ i
z Note: Amp. TSC 801 !
P T.C.Med. TSC 5007 j
. |

ol



TABLE I (continued

)

SUMMARY OF DATA ACQUISITION SYSTEM

-
o
W
<3} -
e~ .
— - N = =
' §3le| = S =
y b = g
TR N 2% |2
a Tz g 3] Measuring Svstem -—- (Z -
m - ™ - - — J
U m . E - 5 5
202 Signal X-Ducer Monitorin ;
" ndicator 'Cenditioner Point '
3 Mercury bulb Thermcmeter Chamber New L/’"’ o
Ve . i
- Ambient /74 ,
< Wexler 30-400 7 !
; \
i s | |
= 4 i-metal Dial Thermcmeter Chamrer New | |
= ' Ambiens 2/74 |2/7%
= Wexler 350-400 F '
- ‘r )
¢ o 21 : c/ea |21/]
- ~=_a j ; 3 Dial Pressure Gace Chamber 5/74 -.-,;'
S ! - Pressure !
~- P 2 Ashcroft 20 in Bg t5 200 pPSig '
3 > |
o — ) 1
= oy P i '
- Time of Da N ‘
| y Dat! - £ - ;
— ’ \
| Wall-Clock { ;
, |
2 " ’ ’
- 7 Running Time Clock :
&= ' Test i
7
1000 hours 0.1 hr. ‘ sene I
Resoluticn ; , |
| f ,
| l | !
| ! 3 y - { . . - v -
| { 8 Strain Indicator ,70.000 15 | Test unis | 12/73[12
| 93 | 3ridge | s | Thrust | /4 |
| & - | 2L &«H Cell | Outpus v ; !
2. | 2 Typen Bas | ?
a2 | 3 | S/ 442604 U=l { | |
™ | ’ H
l' !
| |




TABLE I (continued)

UMMARY OF D/.TA ACQUISITICON SYSTEM

Categories IEEE
* P T

MEASUREMENT
Std. 82 Para.

PARAMETER

Measuring System

Indic-|Signal | X-Ducer Monitoriny
ator |Condit. Point

ITtem . .
LAST
Calibration

POWER

3 phase Reccrding Power New
Watimeter Consumption| 2/74

o £
Esterline Angus operator
Model A 601C
S/N 192358

CURRENT

10. |Panel Meters Test Unit New

currnnt 3/74

3 meters one in each
chase

Low Range - 2-0-10
amp meters
Triplett Tyve 430

Hi Range - 3-0-30
amp meters
Trinlett Tvee 430

- POWER & CYCLE TIME

Il

VOLTAGE

11. |Panel Meters Test Unit
]l meters cne acros- Voltage 3
each phase

g
P

0=300VAC Triglett
Tyre 430

Next
Calibration

-1

w

[ %)

win




()

TABLE I

(continued)

SUMMARY OF DATA ACQUISITION SYSTEM

2
: ] -4 § S
22| B g | E
Su| @ |2 a8 £E
5 8 2 : < o o 2
Y - g Measuring System . z ~
3=| £ (= 1 < z
U - ] Signal X-Ducer| Moritoring C ©
;ndicatct Conditioner [ point
'J . - —’
B o2 113 Stopwatch Stroke
- QU 5 Time
- Hever 3/N 512406
14 Flow Meters (2) Chemizal New
! 2/74| 2/7%
Fisher & Porter FPlow
sl 8
- S Model S/N
@ 10A1735Y 7309A0574Al
: 10A1735 74072040321
-
3]
m M
. 14 2 Dial Pressure Gages Manifcld
é Pressure 2/75%
- - (2) Wesler Mcdel 23142 umo ’r |
' s = Pressure ' |
= @ 1 Acco Helicoid
wn
- -
- e 0-200 psig
-
: 18 PH Me zr Compariscn
i = PH of Chen. Against |
: - Soiunetan 3tandard f
- ~~ """ | selution |
17 o R TrCmeTer r ‘
[ 9 9 Motor & New |
l - g James G. 3iddle Control ! 2/74| 2/7¢l
' 2 Leads ‘ !
|23 Model 21153 f :
| =2 |
s = » ' |
| | S§/% 732521 |
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DATE Mav 18, 1973
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o
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<. Tez. Ctiecrive
=1 Tizmulated envircnmenzal Test on Jov Mfgz. Co. AXIVANE
ran :/i 500722-é5 incorporating Reliance Zlaceric Ca.
Hiote. Serial No. X325074AZ Raved 133/130 Hp, 1178/
s7u RPM, 3/60/450 TEAO.
1.0 Low 3pewd Heatr Tast
1o easure thart no Sverneating of the moteor insti.led
in Joy ¥/H 500722-68 wou.d occur when the fan is
delivering a low volume of air.
$.0 Tes= Zauismen=+
(1) Jey Znvirenmen=al Test Chamber
(2) Sellers Immarsicn Steam 3c¢ciler S/N sé89%0, 1,350,230 =TU
{3) Pressure Gauge 0-100 Pouncs
. (&) Two Wheatsten Sridges S/N 486848 3 1139855
(3) Retary Swisen
(8) Poventiometer S/N 12! 589
(7) Wes=cn Poly-phase Wattmeter Model 328 S/N sugl
(8) Weston Voltmerter Mccel 341 S/N 185877
(3) Westen Ammeter Mocdel 433 S/N 132845
(10) Tweo Weston Instrumers Transformers
(1l) Tlow Meter
(12) Chemical water Pumrp
(13) Mancmeter PPROVED
N - e - - -
- Y $ i -
(1) Pitot Tube A , e %
- . - - ~ L 53 A
(13) 48" Tes+ Duez G.F u,_Q AP L L
(18) G.R. Sound Level “eter ) Tl s L
(L7} S=2p Wateh “AMEﬁ*‘7~ o
OatE [/ [S/22 [7d
3.0  Tac=ing T
m— s
Witk the metar and fan roter in talled in the :zressure
vestel an. the 2ntire assemdbly mounted ver<ically, insilation
recistance values of the morar windings were taken with 2
megger. 'These values are shcwn in Table I.
AT the same tine, TeSistance reasurements were vaken cf e
R.T.D."s. These values are shown in Table II.
3.1 Pre-zHeat Cvcle
Luring a 3 .
Taining th
into the v

romw

g
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«1S a temperature of 287° F, At¢ <he end of she Pre-

feat cycle, the steam was shur off and the pressure
Tecuced to 0 psig. See Tables III and IV.

“ta.: Run Cycle

wnei the vessel had reached a 0 psig, steam was again
Telazsec into the sessel <o raise the pressure =o

C <3 psigz and 287° P, This was %0 De accemplished
LN approximately 10 seconcs.

TWO aTTemPTS to dc This were mace at the reguest cf
Mr. Vic Hawkins.

°n the firet attempt, the pressure reached 7% ?sig
i .. seconds.

- the second attempz, &0 Psig was attaines in

‘.

w

secends.

AT the same time the steam was released into th

charSer, the motor was energized.

During The inivial surge of steam, the temcerature in

the chamber reached 308° F, $C the chamber temperature
was recuced to 187° 7, and allowed to stadilize a-

this 2cint before the offisial test was begun. This
Stabilization required approximately twenty-five minutes.
This delay in the star:c of The official run pericd was

2T the reguest of Mr. Hawkins.

- - o -

AT the start ~f <he o0ffisial Pun tesTt, a chemical water
3olution havifig a Ph value of 7.2 and containing
Hydrazine, 3¢t : Acid, Sodium Hvdrexide and Petassium
mydrexide and Sodium Thicsulphate was injeezed inzo

the cSressure vessel at the rate ef .15 gallons per
minute. This flow rate was maintained throughout

the run cyecle.

n { 3 - : -a :
~uring the entire tasg<+ serieod, reacdings of power,
2 - »
> Of the RTD's were

empeérature, pressure and resistance
Taken every five minusas

A Pressure of 50 23 PSig and a temperavure of approk.’
287° F. was maintained for wwe Acurs. ‘

‘Pen completion 2f the »un cvcle, the zhamber pressure
~&s gradually reduced =2 .0 ?sig whils the mcter can-
Tinued o operate. “Pcn reaching 0 $8ig, fif<aen
additional minuvtes c¢f merar cperaticon was performed
cefore shutting down far megger Tests.

oMW wey
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These cag+ results are saown in Table I.

The motor was thern Festarted at ) psig and operatec for
fne heur before shut Aown.

Megzer readings ¢f the insulation resistance were
4ga.n Taken and are shown in Table I.

2uiing the run Cycle, erractic Cperaticn of RTD 45 was
Aoticed.

o Ysmd aWmsY3 Fai1) -
=7 Srder to eliminave the possi AilTy of fauley

ins:rumentati:n er switeh, the insTrumentatien was
changed, but ne Sifference in Teadings was observed.

Post Test Inspectien

AZter a 24 hour ccel dowr periocd, the motor was again
meggered and the resyl-: are shown in Table I.
The motor was Then disassembled and checked far evidence
of coating failure. :

AT this time, PRCTographs were Taken of the parts for
feccrd purpeses and are cn file at Joy ﬁanufactu:ing Ce.

fesisvtance Peadings of the RTD's were alsc vaken at this
Time tc see if RTT #3 was still erratia. Figure "A"

Shows where Teadings were taken and the results are
Tadulated on Table *I.

LW Speed Heaw Run

After the post test inspecticn, The mector was assembled
iate fan unit ana< Acunted on a 48 inehn diameter duce
fer a lew Speed heat run.

The unit was Sperated until RTD Teacings nac remained
STable for cne hour. See Tabla V

Sound .

Suring the heas+ Tun, scund pressure levels and sctave
-and analysis were taxen at distvances 3f 3 feet and s
2. and at ang.es cf u¢ digrees and 30 legrees from
fie Tan inlet.

APPPOVED

e - < =7 -~ makns uT { Yy 2 ! -

«+i=3 Cata is shcwn =n -able VI. .?‘.‘J S - ‘:‘," le
TLAME ] AR

Y, / )

ngq‘ Bats__ “5-/1:/7-. |
Bod @ ¥
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.7 Acgeleraticn Time

Accelaration tize of the fan was checkei at beth
- A2 nizh speeds. Tha resul®s are shown below:
Accel., Time Volts Amps wat<ts
Higa Speec 7.2 Sec. he2 78.6 33,000
Low Speecd 4.0 Sec. he3 60 14,100

8.0 Remars

Inspection af the recorded data taken on the R.T.D.s shows
a probable failyre of R.7.0. No. S

This nremise is based on the fact that R.T.D. Ne. 6 is
locatad in an adjacent slot ta R.T.0. No. 5 and the readings

for 2.7.0. No. 6 compare very closely to the readings taken
on the remaining R.T.D.s.

£ - v""ﬁ\‘\'-:-/Y AI-N' §‘

OATE / [/ s/22 /s o
V / T

T
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MLGGER READINGS

Low
Specd To

Sround

INF
LNF
INF

125
125
150

Megs
Megs
Hegs

200
200
200

Megs
Megs
MHegs

INF
INF
INY

Betueen
Windings

INF
INF
INF

125
125
125

Hegs
Megs
Megs

325
325
325

Megs
Hegs
Megs

INF
INF

TABLE 1

Nt N - N

N ' '

 re e T e -

___Remarka

Berore Test »wn. ure

709 F,

TRy

15 Minutes aftler
cool down cycle
Chamber Temp. 231° F.

After 1 hour run at atmospheric
conditions.
Chamber temp. 1829 F.
Cold Motor

Ambient

Temperature 66° T.
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N) /”_' . FAN MODEL AB-26%-1170/870
e
A JOY MFG. CO. MEW PHILADELPMIA, ONIO
SHAFT#8  OFP.SHAFTA7 RTD's
1 It End Brg. [nd Bra. RESISTANCE IN UlNS
A.M. (Res OIMS)(Res. oms) i ' ! (3 i6
815 Noed.Y N0Y Vo, 1eee.Y — TYTeex Y ‘IO’)" T NeeY Y T Maw 1T
9:20 30 MIN. PREMEAT CYCLE
9:30  13971.1 TR 12T 1216xd 113911 1142x.1 163x.1 1162x .1
9:40 1550 1507 1524 1515 1473 1476 1492 1484
9:50 1544 1621 1542 1538 1537 1536 1543 1546
10:00 1549 1513 1564 1547 1544 1541 1548 1537
10:05 1584 1576 1588 1583 1589 1585 1597 1589
10:10 1579 1579 1587 1584 1549 1576 1595 1587
10:15  157¢ 1578 1587 1584 1589 1583 1593 1587
10:20  157% 1576 1587 1683 1587 1577 159i 1583
10:25 1573 1572 1563 1582 1584 1580 1589 1583
10:30 1573 1573 1587 1501 1587 1581 1592 1585
SIART OF 0FFJC|A[ TEST
10:35 1573 1570 1589 1588 1589 1583 1596 1587
10:40 1573 1567 1591 1589 1590 1585 1600 1591
10:45 1574 1566 1595 1593 1595 1592 1611 1596
10:50 1575 1566 1601 1598 1601 1593 1626 1600
1W0:55 1577 1568 1604 1601 1604 1600 1642 1605
11:00 1580 1567 1609 1606 1609 1609 1644 1608
11:05 1583 1569 1610 161 1614 1614 1647 1613
11:15 1587 1570 1620 1617 1620 1620 17209 1619
1M:25 1592 1575 1627 1723 1627 1627 1723 1627
11:30 1595 1577 1631 1628 1631 1632 1732 163)
11:35 1597 1578 1634 1631 1633 1634 1752 1633
11:40 1599 1580 1637 163 1637 1638 1758 1636
i1:45 1600 1580 1640 1636 1640 1640 1759 1639
150 1603 1579 1641 1638 1642 1642 176% 1641
1155 1606 1582 1643 1639 1643 1643 1748 1642
12:00 1607 1583 1644 1641 1644 1614 1747 1642

SEE CALIB CURVE FOR CONVERSION 10 TEmMp “F

3.v0
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i('}' DY FAN MODEL 48-26%-1170/870
» I'\ "
" Z/ JOY MPG. CO. NEW PHILADELPHIA, OMIO
Slﬁl 168 OPP.SHAFT#? RID's
TINE End Brq. End Bra. RESISTANCE IN OHMS
{Res. OWNMS)(Res. OWMS) o)  ¢2 #3414 S F SN L
12:05 1607 1584 1644 1641 1644 1644 1747 164 .
12:10 1607 1586 1645 1641 1644 1644 1738 1643
12:15 1608 1587 164% 1642 1645 1645 1739 1643
12:20 1664 1589 1645 1642 1645 1645 1738 1644
12:25 1609 1589 1646 1643 1647 1646 173 1646
12:30 1610 1591 1647 1643 1646 - 1646 1733 1645
12:35 1610 1589 1646 1643 1646 1646 1734 1645
12:40 1610 1589 1646 1643 1646 1646 1734 1645
12:45 1610 1589 1646 1643 1647 1647 1730 1645
12:50  1el) 1590 1647 1611 1647 1647 1729 1645
12:5% 1611 1590 1647 1644 1647 1647 1731 1645
1:00 1610 1590 1647 1644 1647 1647 1732 1646
1:00  START COOL DOWN CYCLE
1:05 Y610 T Y8BO T 1647 1643 i648 1647 1742 1646
1:10 1609 1577 1645 1642 1046 1646 1708 1644
1:15 1607 1572 1639 1635 1639 1639 1674 1638
1:20 1602 1574 1637 1633 1636 1637 1688 1635
:.i«? ;2;)? :‘55? 1631 1628 1631 1631 1685 1630
: 565 1627 1624 N 1625
1:35 1582 1558 1618 1615 KiR 1639 1644 1617
1:40 1570 1547 1609 1605 1607 1607 1640 1606
1:45 1562 1538 1599 1596 1:98 1598 1629 1594
1:50 1553 1526 1591 1588 1589 1569 1620 1590
1:55 1540 1507 1576 1572 1572 1573 1604 157%
2:00 151 1497 1567 1565 1564 1566 1596 1567
2:00 0% PRESSURE
2:05 1528 T Y494 1559 1557 1556 1558 1289 1560
2:10 1524 148% 1553 1562 1552 1553 1585 1556
2:15% 1520 1485 1551 1548 1549 1550 1582 1554

SEE CALIB CURVE FOR CONVERSINN TO TEMP OF

.
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FAN MODEL 48-26%-1170/870
JOY MFG. CO. NEW PHILADELPHIA, OHIO
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~ et
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STAREL OPP . SHAFTE7 RTID'S
1ML End Brg. End Brqg. RESISTANCE IN 9HMS
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LOW SPEED HEAT RUN

FAN MODEL 48-26%-1170/870

JOY MEG. CO. NEW PHILADELPHIA, ONIO
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Wiz~ N2 N1n
173 173 1173.%

5 1173.5 1173.% 1745
174 1174 1174

.5 174 1174.5 1175
1174.5 1175 175
1174.5 1175 1175.5
1175 1755 1175.5
1175.5 1175.5 1176.5
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1176 H §{3 M
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» 0 BOX 41

NEW PHILADELPIA, OMIO 44663
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Short Time Overlcad
and
Short Circuit Current Tests
for

Low Voltage Pewer Slectrical Penetrasions

June 14, 1374

R. M. Schustar
Instrmentaticn Mechanical Zguipment Engineering

General flectic Co.
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INTROQUCTICN

SQorE

These qualification tasts were performed o demonsiratae that

the low voltage power type of alectrical penetration can maintain
electrical and mechanical intagrity during short circuit and shor:
time overioad conditions (these conditions are de *ined celow.)

QUALIFTCATICN SUMMARY

8y virtue of the complation of testing defined herein, the low
voltage power alectrical penetrat<on s qualified for all servics
electrical lcading. The unit subjectad to thesa tasts is a generic
design and s applicable o all varfaticns wnich incluce:

1. Number of canductors
2. Diametar of nozzle
3. Length of penetration

QUALIFTCATICN HARCWARE

OESCRIPTICN OF HARDWARE

The Tow veltage power alectrical penetration cons‘siud of 10 sach
4/C cables and 72 each #16 VWG wires. Cnly the 4/0 czables were used
for this tast.




IDENTIFICATION OF HARDWARE

Orawing No. 238x8Q4MHEDCT
Serial M. 6578337
Date of Fabrication 1874

ASME Caoce, Class MC, Constructad $3 the 1371 editicn of
Section III

TEST FACILITY

The tasting was pervsrmed at the General Slactric High Curvent
Laboratory in 3lgemington, [11ineis.

QUALIFTCATION TEST

INTRODUCTICN

The tasts descrided below (with the excepticn of the qualificasion
icTagtance test) were conductad at Gemeral flectric, 31cemingten,
Nlineis frem 3/5/74 5 5/8/74, Final acceptanca testing of the
qualification unit tast was conductad at General Slectric, San Jose.

The qualificaticn tasts descrided below (with the excaption of
qualitcation acceptance tast) were ssnducted Sy General Eleciric
perscnnel of the General Purmosa Contral Praducts Ceparement.
The gualification accaptancs 25+ was canductad Sy Genearal
Slectric Quality Contmal Inspecsien.




SHORT TIME OVERLOAD and SHORT CIRCUIT CURRENT

TEST DESCRIPTICN

TEST SETUP

The peretraticn assemdly was instrumented with thermocouple
as shown on Figure 1. The 3 phase test circuit was connectad
© the current scurcs on cne end and bussed together on the
cther end (see Figure 2). The remaining saven (7) 4/0 cables
were connectad in series and attached %2 a diffarent current
source. Each end of the penetration assemdbly was seacured %2
simulate actual installed conditicns. Mo additienal supports,
aside from these supplied on every penetraticn, were usad %o
suppers the cables.

Test Procedure:
1. Apply 125 amps t2 4/0 canductor connectad in saries for
0 hours before tas+
2. Record temperatyre

3. Apply overlcad current of 280 ames =3 38 ¢ircuit for
80 seccnds

4. Record maximum temperature
S. Allow X0 minutas for tamreraturs stabilizaticn of

3¢ circuit

§. Perform calibration short cireuit tast at 10,5C0 ames
for 4 cycles

7. A'ow 0 minutas for tamperature stabilization of
Je cireyit

8. Apply short circuit curvem £ 25,000 amps %or § cycles
9. Record maximm tamperiturs

e e
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Upen returmm ¢ San Jose
0. Leak Test

a) Pressyrize penetration ta §3 psi with nitregan for

24 hours

b) Pressurize penetration £ 63 psi using helium and tess—
for Teaks using a Mass Spectrozetar for 135 m'nutas

(leak rate to be less than 10 ° cco/sec)
11. Test all 4/0 conductars for continuity

12. Test each 4/0 canductar for dielectric breakdown by applving

200 VRMS for 1 minute

13, Test 4/0 conductor's insulaticn resistance 2 200 Vde ('fx‘!O'T0

chms minimum).

Test Results .

Maximun Temparature O

Test Thermocsunla

g 1 2 3 4 § 6 7 83 9 10

Overicad 79 110171083 &1 75 31 8 2 38 38

Shert 78 1131138 79 73102103 8 95 101
-cireuit

Overilocad Curvent

Current Quration
280 amps 60 seccnds

POOR ORIGINAL




Short Circuit Current

Current Ouration

Peakamps RMS amps Cycles
Phase A 45280 25156 8
Phase 3 822 222 3
Phase C 54404 25847 8

All tests performed at G.Z., San Jose were successfull y ccompletad,

Cenclusion

These tasts demonstrated that the penetration assemdly can
withstand the overicad and short circuit currents statad in this
tast report and still maintain the assemdly's elecsrical and
dechanical intagrity.
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heat-shrinkable tuping splice cover
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View of typical metal grounding mesh over
splice area
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L. INTRODUCTION

Six specimen loops containing in total two Thermofit
in-containment ransition field splices ar Cherm
ofit in-line field splices submitted by Ra- e,

were subjected !0 an environmental test program
based on the guidelines of [EEE Standards 323-1974%
and 383-1374% to determine their suitability for
service within the containment of a nuclear power
generating station.

The test program commenced with a seven-dey
combined thermal aad radiation aging period at
150°C (302°F) and 5 x 10’ rads gamma radiation

dose while the specimens were eiectrically energized.

The thermal and radiation period was foliowed

DY a simultanecus exposure o steam, chemical
Spray and gamma radiation (S/C/R). This exposure
was as {ollows:

l. An initial dwell at >1779C (251°F) at a steam
pressure of >79 psig for 10 hours.

L]

4.5 days at 135°C (275°F) at a steam pressure
of 31 psig.

3. A 16 day dwell at 100°C (212°F) at a
steam/awr pressure of approximately
10 psig.

During the S/C 'R portion of the program, the specimen:
were exposed '0 an additional zamma radiation dose of
1.5 x 10* rads. The specimens were also electrically
energized during the S/C/R exposure. This exposure
simulated the in-containment environmental conditions
resuiting (row a postulated Loss-Of-Coolant Accident
(LOCA) in a gunerating plant having a bolling water
Or pressurized water reactor, and those occcurring
during the cooldown after the postulated LOCA .

The electrical integrity of the specimens was evalu-
ated by:

1. Insulation resistance measurements

- 2. The ability to maintain electrical
loading during the test cycile

3. By high-potential withstand tests
performed after bending at the con-
clusion of the exposure.

The program was conducted by The Franklin
Institute Research Laboratories (FIRL) during
the period of December 1374 through January
1978.




2, TESTSPELLIENS tested and w30 shows the ecergizing voitage and
currents levels,
Table 1 presen’s a description of the specimens

Table 1 Test Specimens

Spacimen Flectrical Loading
Voltage Initdal Currvent
__Descripuon® Number” Length ¥ (Vrmg - 50 Ha) A
Raychem Thermofit® [n-Containment ) Ix 20 500 0

Fleld Splice

Cable - Raycnem Adverse Service Coaxal
Co.bie, AWG 22 conductor

1.t lasulagion layer - 8 mil wall of
Alkane-imide polvmer

2ud insulaton layer - 48 mul wail of
Rayolin R™ radiation cross-linked
polyolefin

Braided Copper Shield

Raychem Flamtrol™ Jacket - 34 mil
somiral wall

Part No, 10432

Run No, JT=3-10-72-§

Splice Componerts for 2ne splice
Rarchem Thermofit® WCSF-115-5-N
Soldered corpecdon

(See Figure 1)

Raychem Thermofit® Ia-Contaiument 13 a5 2000 70
Fleld Splices
Cable AWG 4 insulated with EPR-
necprene (not a Raychem product)
Splice Components for six splices (Note 1)
T vchem Thermofit® WCSE -200-8-N
¢ «h of compression connectors:
3urndy Hylink YS4C-L
+&B 2F -4
IM #4

Raychem Thermofitd n=-Containment 14

Fleld Splices

Cable AWG 8 insulared with Raychem
Flamtroi™

Splice Components for six splices (Note 1)
Raychem WCSF-200-5-N
5 2ach of compression connectors:

Burndy Hylink YS6C-L

Raychem Thermofit® In-Contaiament 15 32 2000 28
Fleld Splices
Cable AWG 12 .asulated with PR
Jecprene Mot 2 Raychem producy
Splice Components for six spl.ces Note 1!
Raychem WCSF-115-6-N
J 2ach of compression connectors:
Burzdy Hylink YSV10
T&B 2C-10

Raychem Thermofit? [n-Containment 15 13 1000 25
Fleld Splices, Six splices,
Same constmction as Sample 415
excert that Raychem Flamtroi™
vire was used

-3

1000 55

<9




Table 1 Test 3jpecimens {(continued)

Specimen Electrical Loading
Voitage lmnal Current
Description* Number® Length ft)? Vrms - 50 Ez) A)*
Raychem Thermofit® In-Containment L7 23 1000 99

Transition Splices
Cable AWG § insulated with Raychem
lamtrol™, spliced to three cables
of AWG 12 insulated with Raychem
Flamtro[™ and reconnected to an
AWG § cable insulatad with
Raychem Flamtrol™
Splice Components for two splices (Note 1)
Raychem Thermofit® WCSF-200-5-N
Raychem Thermofit® heat-shrinkable
3-fnger cable breakout (Part Number
403A112-4/93) used to provide seal at
the transition between the AWG 5 and
the three AWG 12 cables,
2 each of compression connectors:
Burndy Hylink YS6C-L

® w4 ™ Trademaris of Raychem Corporation
* Descripton of specimens provided by Raychem
Specimens 1 thru 3 and 10 thru 12 were other test specimens supplied by Raychem, The test resuits
on ilese specinens are presented in report numbers F-C4033-1 and =2,
Specimens cut i lengths shown. Approximately 4 £ of the length extended outside of the ‘est vessel
2 {t on each end of the specimen),
[aitial currents were appiled at room temperatuire, and allowed to drop o0 a2 lower level during com-
Gined raciation and *hermal aging and simultanecus LOCA-simulation tesdng, See text for discussion,
Note 1 - Zach in-line spiice or transition was covered with Hnoned copper wire mesh @0 aid (a providing

a close proximity ground plane as shown in Figure 2,

S

*
::’Q.l~ o

Figure 1. Coaxial cablie splice with Raychem Thermofit heat-shrinkable tubing splice cover

Figure 2. View of typicai metas ;":unm:z mesh gver s ?.*wes. am E W
'F?‘nq & : | e




1

J. TEST PROGRAM
PRETEST INSPECTION AND PREPARATIONS

The specimans were visually inspected upon
receipt, identified with stainiess steel tags,
and wound onto two concentric mandrels
(See FIRL reports F-C4033-1 and -2) as
shown in Figure J. The mandreis were
assembied with the flanged head of the 24~
inch diameter pressure test vessel and the
cables were passed through pressure-sealing
glands in the vessel head so that electrical
Medsurements could be made and electric
loads applied during the test exposure.
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Figure J. Pretest view of specimens on mandrels.

(]

The insulation resistance (IR) of the specimens

was measured with a megohmmeter at 300V
dc applied for one minute. Then the langed
head with the mandrels and the specimens
attached was installed in the vessel.

ENVIRONMENTAL TEST FACILITY

The pressure vessel for the tast was a 24-
inch diameter by 48-inch steel chambar with
a flat Jange head, in wnich there wers pene-
trations for the specimens (See Figures 4

and 3). A perforated steam inlet pipe extended

about 7 inches down {rom the center of the
head flange; this was surrounded by a cylin-
drical baffle that prevented direct impinge-
ment of steam on the specimeas.

A spray system was provided to spray the
specimens uniformiy at an average rate of
0.15 gallons per minute (gpm) per squars
foot over the cylindrical area approximately
midway between the two mancreis., This
was accomplished by locating four wide-
angile spray nozzles at each of two locations
along the axis of the mandrel. The spray
was directed radially outward, part of it
IMpInging on the specimens mounted on the
‘aner mandrel and part of it passing through
the sDaces between cable turns to mpinge
on the specimens mounted on the suter
mandrel. [f it is assumed that the spray

is uniformly applied to the interior of an
imaginary cylinder midway between the
33-inch long inner and cuter mandreis,

0.15 gpm per square foot is aquivalent to
atotal rate of 1.94 gpm. A rateof 2.5 gpm
was used !0 assure adequate spray ‘ormation
{rom the eight wide-angle nozzles (approxi-
mately 0.31 gpm per nozzle).

The spray solution was collected in the hottom
of the vessel and was directed !0 a drain

or returned o the pump for recirculation,

as required. The spray {low rate was meas-
urec with an orifice-plate Jowmeter.

The test vessel assembly with associated
compenents was installed inmide a radiation
not cell approximateiy 3-feet x 11-feet x
3-feet high. The cobalt-50 source consisted
of pellets packed in 32-inch long pencils

ing arranged into a verwucal cylindrical
array which was moved around the vessel
during the 'ast 0 achieve 1 uniform axpasure

g B
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Figure 5 is a diagram of the typical energizing
circultry. The energizing cabinets are illus-
trated in Figure 7. Tabie 1 gives the specifi-
ed initial current loads. Current loads were
adjusted to the initial specified values of
Table 1 prior to the start of the environmental
exposures, With the sperified current, the
voitage drops (resulting from conductor
resistances) through the test cables and
shielded extension cables were measured

and recorded. Thereafter, the currents
were adjusted as necessary o reestablish

the initial volitage drop. The actual currents
were recorded periodically as part of the

test data.

This method was specified by Raychem tn

be in accordance with [EEE Standard 183-

1974, Paragraph 2.4.3.1, which states,
"....they should be energized at rated voitage
and loaded with rated service current while
under the average normal operating condition.”

.

l....'-'_....

Figure 4. View of test vessel with
specimens installed.
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Shielded extension cables were run iTom i——————

the exterior of the hot cell o the top of the
vessel. and connections were made at this
point with the ends of the specimens which

extenced above the vessel. The shielding n i

Jn the axtension cables served o reduce o] - ; R
the effects of radiation on measursments » ﬁ ﬁff"’ 7. View of electricai energiiy pinets.
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3.4

3.9

Figure 3. Temperature/pressure proi‘le for simulation of Loss-Of-Coolant .«\ccxgo.;t enyironment.
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INSTRUMENTATION 3.8 LOSS-OF-COOLANT ACCIDENT (LOCA)
ENVIRONMENT EXPOSURE
Chamber temperature and pressure were
monitored continuously on strip-chart Following the combined radiation-thermal
recorders. The locations of the the: mocouple aging exposure, the specimens were simul-
junctions were as shown in F igure 5. taneously exposed to steam, chemical-spray
and gamma radiation (S, C/R) as iulustrated
A list of the data acquisition instruments in Figure 3.
usec in the test program is included as
Appendix A . A chemical spray consisting of 3000 ppm
boren as borie acid, 0.064 molar sodium
Radiation Dosimetry data are included as thicsuifate and adjusted with sodium hydroxide
Appendix 8. to a pH of 10.5 ot room temperature, was
applied at the rate of 0.15 gpm per square
COMBINED RADIATION AND THERMAL AGING foot (10u ml pe. second per square met r)
EXPOSURE of spray area (See Section 3.2). Fres. heated
' Spray solution was used {or the first hour
The specimens wers electrically energized of the profile. Thereafter, the sprav snlution
a3 stated in Section 3.3, while simultanecusly was recirculated {rom the reservoir at
thermally aged at 150°C (302°F) and irradiat- the bottom of the chamter. The pH was
ed 10 an air-equivalent dose of 5 x 107 rads. monitered periodically, and was ma.nwined
The vessel was electrically heated. During within the range of 9.5 to 11.0 by addition
this exposure air was circulated through of {resh solution.
the test vessel 0y an sxternal blower. Insu-
lation ~esistance [1easuremer:s were made During the S/C/R exposure, the specimens
Zuring and after this exposure. were nergized as indicated in Section 3.3.
Note: An ur-equivalent dose means 3.7 MANDREL WRAP AND HIGH-POTEMTIAL
that the volume occupied by WITHSTAND TESTS
the specimens receives an iso-
ropit lux of gamma rudiation Alter the S/C/R exposure, Sefore the test
equivaient to the radiation dose vessel was removed {rom the radiaton ho:
that wouid resuit if the volume cell, it was [illed with tap water and insula-
contained oncy air. tion resistance measurements and sreliminary
THERMAL
AGING & LOCA SIMULATICN INCLUGING RA0IATION
{ Qs01aTON
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high-potential withstand test. ere made
on all specimens at ambient temperature.
The test vessel was drained, the mandrels
With the specimens were removed from the
vessel and the ipecimens were visually in-
spected. The specimens were then removed
from the vessel mandrels and bert around
test mandrels 40 times the cables’' diameter.
The specimens (still coiled from the test
mandrel) were immersed in water and sub-
jected to a high-potential withstand test

for {ive minutes at the voitages shown in
Section 4.4.

4. TEST RESULTS

PRETEST ELECTRICAL ¥EASUREMENTS

The results of insulation resistance measure-
ments are presented in Table 2

COMBINED RADIATION AND THERMAL AGING

The specimens were exposed (o the aging
anvironment described in Section 1.5. The
average tempersture near the specunens
ipproximated or exceeded L50°C (302°F).
The specimens maintained the electric lcads
described in Secticn 3.3 and Tabie 3. 'asula-

tion resistance measurements are included
in Table 2.

LCCA ENVIRONMENT EXPOSURE

The specimens were axposed to 3 simuitaneous
Steam, chemical-spray and radiation environ-
ment in general accordance with Figure 3.
Minor deviatons occurred as follows:

a) The tempersture of 280°F was
obtained in 15 seconds instead
of 10 seconds.

b) The temperature drep ‘rom 357°F
to 275°F was accomplished in
two hours instead of one hour.

e) After nine days of the 3/C/R envi-
ronment, occasional clogging
of the spray nozzies and filters
from chemical and other depo-
5its (possibly specimen materials)
caused spray rate reductions®,
which were teriodically corrected
oy cleaning of filters and two
ccmplete replacements of the spray
solutions.

Pou.-(est inspection and performance

test of the spray nozzles incicated
only three of the eignt nozzles
were sprayingt. Therefore, the
spray rate was in 2xcess of 0.135
gPm per square foot of area in
front of the working nozzles
Since the three working nozzies
were in the upper portion of the
chamber (See Figure 5), there
is reascnable assurance that the
impinging sprav splasnhed and
flowed onto the lower cables.

*Clogging of nozzles and fliters
and repiacements of spray
solutions are not unusual
occurrences for FIRL conducted
tests of this type.

tThe chemical spreys tena

{0 vgpor:ze into steam when
eriting the nozzlas ana leave
chemical deposis (eading

o possibie clogging of spray
nozzles.

The specimen energizing data and the re-
suits of electrical tests made durng the
exposure are summarized in Tables 2

and 3.

FINAL INSPECTION AND ELECTRICAL TESTS

Immediately after the S/C/R exposure, the
test vessel was {illed with water. [nsulation
resistance measurements and one-minute
high-potential withstand tests were made

it ambient temperature before the vessei
was removed {rom the radiation hot ceil.
The resuits indicated that all specimens
except 13, 15 and 15 were capable of with-
standing appropriate high-voitage test
Potentials.

Alter removal of the vessel head and speci-
men mancrel rom the vessel, lurther diag-
noste tests indicated the insulation on speci-
men 1§ was faulted in the area of the chamber
penetration. This specimen was severed
immediately beiow the penetraticn Sefore
conducting the {inal inspection and electmical
tests.

The results of the mandrel WTAp tests

and aigh-potential withstand tests which
{oilowed the 10-day S, C/R snvironment

are included in Tables 2 and 4. Figure 2
Snows a typical test mandrel being wrapped
with a specimen. Figure 10 shows the ugh-
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Table 2. Summary of Ins lation Resistance Measurements

in ulation resistance nonmu‘ of specimen numoer

Elapsed Chamber
LOCA  Tempersture Pressure X 13 14 i85 18 1?7
: P . i B -3
Pre-Test  Amoient p] >1.0x10% [ 3xi0"  §oxio8 3 oxion 2.5x104 3§ 3x100
Ambient b} .7x10M  5.0x10"  2.7xi0M 1 2x10M 2. 1x10¢ 5.9xion
Note b 102 0 Laxid®  7.3x10"  3.5x100 <3 0x10'Y 5 .0x10%F ¢ Txiof
82 9 6.2210" <S.0x10'Y 5 4x10' <3.0%10%! <5 ox10%t § §xi0*
140 ) Lsxio® <.ox10' 7 oxi0' <.0%10'" S 0210 5 4x10’
120 [ Laxio' <.0x10% 3.5210° <. 0x10% 3.oxi0M g Ixi0*
inr 353 130 1.5x10" <.0x10% 2.0x10* <.3x10M < .0x10% | ooxi0'
96 ar 383 134 Lsxio® Qoo™ 12100 < o0xi0% < 0x10% 4 sSxigf
14.3 nr 278 M0 Lm0’ <om10% :axl0" < 0xi0% < axio s Ix10’
4.0 da 274 3.9 Lox10’ Q.ox10% 9 5x10' < oxi0% <.0x10™ 3.3x10'
4.1 da a2 5.5 Lax10' <.ox10M 9.0x107 < ox10M <.0x10M 2 2xi0¢
7.9 da 212 11.0 1.5x10° Q. oxi0* 9.0x107 < .oxioM <.0x10% | axiof
13.3 da 20 0.0 L7xi0? Qooxi0% 42210 < .ox10% Q oxioM | 1x100
178 da 212 30 Lexid < ooxioM Laxi0 Q ox10% Q.0x10M 3 3x107
21.8 da 12 120 1sx10’ Q.0x10 2.6x10" <.ox10% g oxioH $.35x10'
4.3 da 212 15.0 Loxio® Qoomio¥ 2.3x10" <.0x10M 3.3x10 4 x10'
9.9 da 12 5.0 s.ox10’ <.ox10% 2.3x10" < axi0™ <.ixioM 4 ox10’
Pom Tex  Amoien: b] 3.0m10% Note ¢ 1.4xi0' Note d < .3xigM 1.ixi0°
NOTES:
Kl
Measurements made at 500V 4-¢ held ‘or one minute uniess Otherwise indicated .
.'\(-mm Mace during the combined radiaton; thermai ang and 3/C/R
inciude the (R effects of the test extension eads. The (R of 4 dummy set of
extension leads measured as low as 1.5x10" onms.
“During combined Therma and Radiation sqing.
“Measurement not made .
ﬂumur-mw Wes Nt made, see Tabie 4, Section 4.4and 5. for post test
ectric withstand data.
Measurements at [0V 1-c
"Measurements at 50V 3o
Table 3. Electrical Loading Results
Actual Energizing Current A} *
Emsrgining
Spectmen Voltage Conducwor Room M. » u. .u. u' AbtlUty 0 Hoid Sleetric Load
&m; Vrms) Iamp 300 & 333 F 13 ¢ 3 nag s C 1 Tenosure
X 300 1 No current Held load ‘or 20 days
13 2000 1 b 53 2 b 2 Ludmwmrsun ;umng
‘omaned radaton thermal aqung
and cefore 3/C/R. "
14 1000 L s st 54 50 32 Heid load for 10 days.
i5 2000 L s b] ] bl 2 Load removed ifer 10 mimtes during
combined rudations tharmal iging and
before 3/0/R.T
i8 1000 1 b 9 ) 2 ? Load removed 1% | 3 davs urng
commned radiadon/ hermal agng and
Setore 3,C, 7. "
17 1000 1 A8 5 1] 40 32 Held load for 30 davs

“5ee constant-voitage rop method H scussed Section 3 3 .
*Rated service currents ire ot ~eeuired furing the thermal iging shase® =
Aeduced currents srevented “wat . ut (resistive headny ‘rom current
SaUNG Tom exceeding veat osses
"3ee section 4. i and § for dtscussion of ~esuits
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Table 4.

Cadis Mandrel Mandrel Number of
Q.D. 0.D. o Cable Turas on
Catle dn) ia. 20 Rasc Mandrel
X 0.2¢ 3.9 39.8 - ]
13 0.43 Bend last not conducted.
14 0,277 11 L 7.8
8 0.1% Send aet oot cooductad.
18 0,188 7.3 19,9 10.5
17 9,379 11 9.4 3.8

Results of Mandrel /ra

Withstand
Potential”
¥isu:' Appearance of Cobie Vrms)
Cable exibie. Splice Intact, 2000
Cable surface crinkied,
Jacket {alling o In large Q
strips; lasulatgion cracked
through © conductor;
splices apparently iatact”
Cable Oexibie: surface pittea: 5000

uriace cTICKs (0 some ireas.
Spilces appear iotact: mardoag
sleeves iotagt with some
surfaces crinkled.

Jacket and (asulaton Srittle 2
and falling swey from con-

ACLOT: Wire Fsuze Sreaking

away from splices. Splces
apparently (atact’

Metal yanze over six-splices 2600
weak and breaidag off: mark-
(og sieeves Latact and Jaxible
Cabls Cexbis: metal yauze
over splices weak add TTeaking

off, .‘bmd‘n;npn
canie or hasmic mpuce’

D and High-Potential Withstand Teasts.

~ithstand
Powmngal
Resuits

Withstood potertiil ‘or
S min Charging/ leaiage
current wss than 10 mA

Could not be eonrized
due o faulled catie
lasulation”

‘Withswod potenmial for
5 mia. Charging leakage
surreat ass an 10 mA

Could not He smergzed
due 0 luu.:d cabe
‘nsulation

‘Withswmoda powsntial ‘or
S min, Clargagy leaxage
current ass han 10 mA
#1tswod poenial for
5 mua. Charging’ leacage
current ase 2an 10 mA

.mwﬂwu‘dquMCmmmmass-wumma{mmmnmvur at ground
potsntial) in which the et colled) pordon of the cabies was .nmersed. Condactor shiauds, U present, were i yround
Potsntial,

"3ee Section 4. 4 for Hscusaion,

Figure 3. Mandrel being wrapped with a
specimen following removal from test.

Figure 10. View of hugh-potenual withstand testin



potential withstand test, Post-test photo-
graphs of the specimens are presented as
Figures 11 and 12, The specimens were
returned to Raychem for additional testing
by Raychem

Subsequently, specimens 13, 15, and 17 were
returned (o FIRL by Raychem for additional
examinations and tests of the splice areas.
The splice arecs were cleaned. 3ome of

the splices were flexed hoth with Sngers,

as shown in Figure 12, and around a mandrel
as shown (n Flgure 14,

High-potential withstand testing of the splices
was performad by wrapping the splice with
i wet cotton cloth saturated with water

is the ground electrode ind then bending
the splice around the curved surface of

3 test mandrel as shown in Figure 15, A
high potential was applied between the
specimen conductor and a bare

copper wire wrapped around the wet cloth,
The results of these examinations nd tests
are presented (n Tabie 3.
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Figure 14,
tewng (lesed around mandrel.

View of one splice in specimen 1]



Tabie 5. Resui'; of Additional Testing

Specimen Mardrel withstand Withstand

and Splice 0.D. Potential Potemmial
No 3 1a. Visual Appear-nce of Cable Vrmas;® Results
13A 1 3000
138 ¢ Al splices ippeared stiff it could be bent without 5000 All splices withstood
13¢ evidence of craciing.  One splice was tent 0 a0 $000 potential for 5 mua,
130 ire lacluded angie of X without evider-e of crackang. 5000 Chargiog leakage
138 17 (Culy coe spiice was beat (o w3 fashion, ) 5000 surrvents less ‘tan
ar 1® 5000 1.0 mA
::: : : All splices wers Zexbe. No svideoce of cracking 4000 All splices withstood
15¢ g sd when bwit around mandrel. Adbesive wnich axtruded 4000 rtantial for 5 mua,
15D "’a from end of splice sieeve showed separation berween 4000 Chargiag/ ‘sakage
15E ."4 adhesive und end of siseve. (Ounly 08 splice was o~ 4000 currents lsss than
15F s 5d spected I this Lagter decul, ) 4000 1.9 mA
17 — “lw pauze had been removed previcusly. Splce ma- - Cabie with splces

tartil showed oo avicence of cracking, Splics was sot
Caxed 1guin per cilent's direction ‘ses Table 4 for
Dandrel teod st fesuils), ut there was 0o oovious

previousiy astad
succesafully, See
Taole 4,

{ngication that it cowid not be flexed igailn without
craeicing,  Splice could e depressed with Sogernail

‘SwanuuenruymmeAm¢?“wamm.

ﬁn!&ﬂua.t for discussioa of method.

“Mandrel diameter 10 cabie—dameter matio wis 41, Dandirei-cdametsr 0 splce-Hametar ratio was much less splice

dlamsoer Wt Deasured)

‘mm.w TAZO waas 15, mandrei-diamater o splice-diametsr mamo wis much less spiice

dametar 2ot Deasured)

Figure 15. View of method of high voltage tasting
of splices in specimens 13 and 15.

$. CONCLUSIONS

Six specimen loops containing in totai two Thermofit
n=containment ransition fieid splices and 25 Thermofit
in-iine fieid splices sudbmitted by Raychem were sub-
jected !0 a test program based on the guideiines of
IEEE Standards 122° and 183° . The program was
demgmed !0 simulate normal service, a Loss-Of-
Coolant Accident (LOCA) and the aooldown [oilow-

ing the LOCA and included combined rsdiation and
thermal aging with 5 X 10’ rads of gamma irradiatign:

E 4 '*’l. Y- By

-

i

and a subsequent simultanecus steem, chemical«
spray and radiation exposure (S/C/R) with an
additional 1.5 x 10* rads of irradiation. Throughout
the exposures, the specimens were energized (axcept
specimens which were "emoved {rom the circuits)
with potentials and currents simulating fieid service
use. At the conclusion of the above sequence of
exposures, each specimen was subjected !0 a bend
and high-potential withstand test.

Every specimen axcept 13, 15 and 15 demonstrated
satisfactory performance during the exposures
simulating normal service, a LOCA and issociatad
cooldown; plus demonswrating a jubstantial margin
of life rer aining in the specimen by withstanding
a post-LOCA bend and a nigh-potential withstand
test ¥1th the specimen immersed in water.

Specimens 1] and 15 [ailed within ? davs of the
start of the combined thermal and radiation

aging. Post-test analysis indicated that the fau-
ures weres probabiy due to the associated cable
rather than failure of the splices. Further

analysis of these specimens determined that

the splices were capabie of withstanding 1 ugh-
potential test while bent around a mancrel spproxi-
Mmately 40 times the cshles' diameter. The splices
on these specimenas tierefore also appear o Se
catable of demonstrating satisfactory pericrmance
during the exposures simulating normal service,

a LOCA and associated cooidown; pius demonstraang
A substantial margin of life remaining in the
Specimen Dy withstanding a post-LOCA %end and

a ugh-potential withstand test witn the joecimen
Jumersed n water. ‘

-
2 ,’u.\\ It YT

&
8
2
.
&
Mo
“
—
L



Basad on the discussion presented below. specimen
18 appeared to be cabable of demonstrating satisiac=
tory pertormance during the exposures simulating
normal service, a LOCA and associated cooldown;
plus demonstrating a sudstantial margin of life
remaining in the specimen by withstanding a post-
LOCA bend and a high-potential withstand test

with the specimen immersed in water.

Specimen 16 was removed (rom its energizing
circuit after 18 hours of combined thermai and
radiation aging. However, a post-test inspection
and analysis indicated the specimen was [aulted
at the point of vessel penetration and the remaining
portion of the specimen within the vessel was
capable of withstanding a high-potential test

aftar being subjected to the required test mandrel
bend. I[n addition, the vessel penetrations
probabiy were not representative of an actual
ins.allatior ‘n a generating station.

6. CERTIFICATION

REFERENCES

[EEE Standard 323-1974, I[EEE Standarzi
for Qualifying LE Equipment for Nuclear
Power Generating Stations. The (nstitule
of Electrical and £lectronics Engineers,
Inc., New York, N.Y., 1374,

[EEE Standard 383-1374, [EEE Standard
for Type Test of Class LE Electric Cables.
Field Spilices, and Connections for Nuclear
Power Generating Staticns, The [nstitute
of Electrical and Electronics Engineers,
Inc., New York, N.Y., 1974.

The undersigned certify that this report is a true aceount of

the tests conducted and the results obtained.

L& elan
L.E. Witcher
Test Engineer

~

D.V. Paulson, P.E.
Project Leader

APPROVED

\ g LFMJ..; [z

denons Zucans, Director
Engineering Department

r
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W.H. Steigeimarin  ?.E.. Manager
Energy Engineering Laborstory
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Appendix

LIST OF DATA ACQUISITION INSTRUMENTS
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SUMMARY

A Model SMB-O Limitorque Valve Operator manufactured by
The Philadelphia Gear Corperation was tested by The Franklin
Institute Res irch Laboratories for perforzance under steax
and decont -inate environments existing in water-zcderated
reactor containments following scme credible accident. The
Limitorque operator plus an additional mctor-brake assembly
was tested in accordance with Level 4 of the Standard Drafs,
dated June 7, 1968, prepared by Sub-Cozmittee 2 (Zquipment
Cualif caticn Testing) of the IEEE/NSG/Technical Committee

fer Standards.

Actual tests were begun cn October 31, 19468 and coatinued
for seven full days.

The Limitorque Valve Operator continued to cperate throughout
and after the environmental test. It was necessary to seque.ce
start the operator to unseat it from the full clcsed positicn

after the 20 psi pressure level was reached. The gearsd limi:

switch bypass arcund the cpen torque switch was apparently se

(a)

too clese to the full closed positicn. This caused the torque
switch to momentarily open and scop the operator before it had
snseatad the valve stem. It is our understanding that this
could be corrected by setting the geared limit bypass switech oo

trip copen after the valve stem {s unseated.

The environment did effect the geared lizmit switch as was

-

evidenced at the end of the first 24 hour pericd when the Limitorgue

operator went to the full open positicn and stopped by the open

iv
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limit torque switch rather than by the open position geared
limi- switch. Both indicating lights remained on even though

the valve stez had been moved o the full open position.

At the er ~f the seven day environmental exposure, the
Limitorque cperator closed the valve stem normally, however due to
the failure of the geared limit switch, a jumper wire had to be
ysed to bypass the switch to allow the Limitorque cperator t9

open the valve stem fully.

The motor brake asseanbly operated satisfactoril throughout

the test. °

llli THE FRANTLN INSTITUTE RESEARCH LASCRATCRIS




I. INTROOUCTION

Following discussions between staff members of The Philadelphia
Gear Corporation and The Frankl{n Institute Research Labcratories
(FIRL), an agreement was signed under which FIRL would test a
Limitorque valve operator and a separate motor-brake assembly under
simulated reactor post-accident envircnments. This is the final

veport of that test program.,

The conditions simulated for the test were the pressura-
temperature~humidity (saturated steam) enviromments and the .chemical
envircnments that could be expected tc exist in the containment
vessels of water-moderated power reactors following scme credible
accident such as the rupture of a major reactor piping assembly. The
particular condit‘ons simulated are those set forzh in the IZEZ
Standard Draft, dated June 7, 1968, of the IEZEE/NSG/Technical Com=
mittee for Standards, Subcommittee 2 (Squipment Qualification Test-
ing) as transmicted by Philadelphia Gear letter, Lawson to Witcher
(FIRL), om July 16, 1968. The test was made in accordance with the
applicable porzicn of this standard with cne exception: (he pressure
specified to be 5 psi between 24 and 158 hours after test iaiciacticn
as shown in Figure 3, page 9 of the IEEE standard was changed to bte
15 psi. This change was requested by Philadelphia Gear in the lecztar

of July 16, 1968 previously cited.

It must be emphasized that this test program was for the
emergency steam and chemical environmenral ceonditions eanly. Pre-
conditivning tests including radiaticn aging, heat aging, and shock
tests were not included in the program at FIRL. Neither were post-

test inspections or other acceptance criteria.

llli THE FRANKLIN INSTITUTE AESEARCH LABCRATOR!
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[1. EQUIPMENT TESTED

The equipment tested was (a) a Limitorque valve operator and

(b) a motor-brake assemoly as identified and described below.

‘a) Name Plate Information of VYalve Operator (Test Unit 1)

NAME: SMB-0 Limitorque Valve Operatcr
Crder No. 600198

MANUFACTURER: Philadelphia Cear Corporaticn

MCTOR: Reliance Built Torque Motor

Identification No. 435571-JTR

START: 15 fe.=1b.

RUN: 3 fe.-lb.

TYPE: ? FRAME : MS6
PHASE: 3 RPM: 1700
CYCLES: 60 VOLTS: 220/460
CQDE: - AMPS : $.6/2.8
Temp. Rise at Run Torgue of 15 Minutes: 73°¢C

Type H Insulaticn

Gear Unit

na
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(b) Torgue Motor witr Brake (Test Unit 2)

MOTOR

MANUFACTURER:

Reliance Electric Company
3300 1C0ch Street
Columbus, Indiana

IDENTIFICATICN #: 442010-JIR

START:
RUN:
TYPE:
PHASE:
CYCLE
CCOE:

Rise at RUN Torgque:

15 £z.=1b. FRAME:

3 fe.~1b, RPM:
VOLTS
AMPS:

75°C (15 minu

QINGS MAGNETIC DISC BRAKE

MCOEL:
SERIAL NC :
TORQUE:

65~61009=-30 VOLTS:
157010 Continucus Cu

3 fc.=1b.

hli THT FRANKLN INSTITUTE RESZARCH LABCRATCRIES
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ITI. TEST DISCUSSION

The tests were co:xducted in an envircnmental test facilicy
installed at FIRL, Figures 1 and 2 show the central part of -the
facilicy including the test chamber with the Limitorque and motor=
brake assembly mounted (Figure 1). 3oth figures shcw the chambe:
temperature recorder mounted on the upper right wall, the dual channel
pressure recorder mounted directly below and the Linictorque and
brake assembly temperature recorder mounted under the right hand table.

On the back wall are mcunted the Limitorque and motcr-brake controls.

Power leads to the mutor-brake and the Limitorque are brought
from the panel bcard to a junction box mounted above the vessel.
From the junction box, Teflon insulated #12 wire was brought through
the vessel wall in Conax feed-through fittings and thence to the
Limitorque and the motor-brake.

The Sanborn recorder shown in Figure 1 was used to measure the
valve seating force as measured by strain gages on the valvestenm
gulide protruding to the left from the tank.

The facility was pressurized Oy a two inch steam line from the
FIRL building steam mains. The fast pressure rise was achieved by
quick-cpening valves in the steam line. Subsequent regulation was
perfcrmed by a Spence regulating valve. In order zo achieve the
fastest possible rise in steam pressure in the test chamber an
additional 2 inch line was placed to the chamber Sy-passing the
regulating valve. This allowed an empty vessel rise from zerc gage
pressure and l40°F ambient to 90 Fsig in 8 seconds. Z2ressure rise
Cime with the Limitorgue was somewhat greater as described in che

- -

actual test procedure.

.
.
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A,

MEASUREMENTS

(2)

Temperature inside unit and limit-switch compartment

Limitorque Operatcr: Temperature was measurad by means of

four thermoccuples installed in the Limitorque Operator.
The valve operator was received by FIRL with three
thermocouples already installed in the motor windings.
One additional thermocouple was installed by FIRL in the

limit-switch compartmert.

Motor-Brake Assemblv: Temperatures in the brake assembly were

als) monitored by three thermocsouples installed prior o
.

Jelivery to FIRL. Two were in the motor windings and one

was in the brake assembly.

All tevperatures in the Limicorgque and the motor-brake
assembly were recorded by a separate multi-point temperature.

recorder.

Motor Veltage, Amps, and Wa:tts

A polyphase recording wat: meter was used to record cthe
power inout to the Limitcorque test unit., In addition, three

indicating voltmetars and two ammeters were read during each

operation of the motors., <Taese data are given in Tables 1 and 2I.

NOo measurements or recordings were made for the mctcr-brake

assemply.

TRANKLIN INSTITUTE RESEARCH LABCORATCHL



(3) Temperature and Pressure Inside Environmental Chamber

The environment and test chamber temperatures were reccrded
throughout the seven day test with thermocouples at
strategic locations. The temperatures reccried were the
chamber steam temperature (l), temperature in the valve
operator swiiching compartment (2), the tank wall tempera=-

ture (3), and the inlet steam (4).

Pressure was monitored visually by means of a precision

mechanical gage and by a pressure transducer for the analeg

recording of pressure by a two-pen potenticmeter recurder.

The other pen of the pressure recorder was used in conjunction -
with another transducer to measure and record pressure in the

limit-switch cempartaent of the Limicorque valve cperator.

(4) Boric Acid Concentracion and oH of Condensate -

In lieu o! measuring the concentratiocn and pH of the con=
densate, a soluticn of 1.5% (by weight) boric acid in water
was prepared s.g stored in a cocler vat. This soluticn and
only this sclutiocu was pumped into the environmental chamber.
Tha condensate was nct recirculated, byt was drained from
the tank overflow as the fresh solution was injected. The
boric acid used to simulate the post-accident spray was
prepared by dissolving seven pcunds of technical grade

boric acid (H3303) in 55 gallons (460 pounds) of deminerali-
zed water. The solution was prepared at 80°F to facilitate
the sclution of the boric acid crystals. A 30% solution of
reagent grade sodium hydroxide (NaCH) was used ts tizrate
the boric acid solution to cbtain a stable pH of 7.£7 as

measured with a Beckman pH meter.

8
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T
-

(3)

(6)

(7)

Preparation of the solutionewas made in a stainless scteel
chiller tank, equipped with a stirrer and cooling controls.
The solution was cocoled to 21.5°C (70.7°F) for the test.
Eight gallons of soluticn was used to f1ill the test chamber
auxilliary heaters for the pre-heat cycle and to provide a

boric acid source for the initial test,

Boric acid flow rate was measured with a Brooks Flow Meter.
The solution was then pumped into the spray manifold in

the test chamber by a high head centrifugal pump.

Valve Cperator Seating Force in Valve Closed Position

The valve cperator seating force was measured by a full
strain gage bridge on the valve cperator exte:~al stem drive,
which was calibrated by a pre-calibrated lcad c:ll. During
the test, this force wis recorded on cne channsl of a two=-

channel Sanborn .ecorder.

Motor Inswlation : isistance Befcre and After Test

Motor insulaction resistance was measured with a megchmeter
at the motor terminals before and after the tes:. Since
power was supplied tc the motor with Conax gland power
fittings with Teflon insulated wire, tne insulation
resistance of these leads were alsc measured with the

megohmeter.

The Limitorque unit sas tested with the limit-switch com=~
pirtment as an integral unic. A transmitting potentio=

meter indicating the valve stem position was operated through-
cut the test in addition te the indicator swizch for the

external "¢ n-ci.se" light.

A check vi. e replaced a ball-check grease fitting on the

gear housing, with the free flow into the test chamber.

=
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8. TEST SEQUENCE AND OBSERVATIUNS

(1) Simulaction of Long Term Ambient

Prior to beginmning 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
ampient prior to an accident. This, in our test chamber, was
accomplished by pericdically introducing a small amount of
steam from the mains in addition to heating the condensate

in the bottom of the test chamber sith the electric heacers.

~~
]
~

Start of Test 2

Upon reaching the 140°F ambient level, the actual test was
begun at 3:15 p.m. on Octcber 31, 1963 bv suddenly admictting
steam 0 tie test chamber. The pressure was brought up to
and held at 90 psig, in accoriance with Figure 3. The rise
time was l4 seconds as recorded bv two observers using stop
watches and precision gages as refarence. A precision
mechanical pressure gage was the primary instrument used atc
this time although pressure transducers were cperatiag with
4 Two-pen recorder for the purposes of recordiag chamber
Pressure and limit-swilch compartment pressure, figure &
shows the pressure rise in 3cth the test chamber and the
limic switch compartmernt of the Limitorque. The recsrded
pressure variation in chamber pressure upon reaching the 20

psi level wus caysed by a leak in the pressure transducer at
that tige.

.
'

{
) L8 ¥ 7

N
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(3) Limicorgue Cperation

Six minutes after the beginning of the test the Limitorque
and motor-brake assembly were each operated through one

complete cycle. Cperaticn was normal.

(4) Start Boric Acid Sprav

Forty minutes after the start of the test the boric acid
spray was started. 1,33 boric acid, buffered with sodium
nydroxide to - pH of 7.67, was supplied ac 10 gal. per hour
in a downward spray pattern cver the Limitorgue casing and
control compartment for the next four hours without

{iaterruption.

(5) Limitorque Operation

Fifry-five minutes after the start of =he test zhe Limitorgue
and the motor-brak: were each cperated through cne complete

cycle. Operation was normal.

(6) Pressure Reduced £y 70 2sig

One hour after the start of the test the pressure was r suced

to 70 psig in the test chamber within a period of three minutes.

(7) Limitorgue Operatisn

Seven minutes after reacning the 70 Psig saturated steanm
condicicns in the test chamber the Limitorque and moctor-hrake

were again cperated “hrough one complete cycle., Operatiocn was
normal.

(8) Limitsorque Operatizn

and motor-brake were again operated. Cperatiocn was normal.

IITT5e FANKIIN INSTITUTE RESEARCH LABCAATORES




(9) Pressure Reduced to 40 psigz

Three hours after the start of the test the pressure ia the
test chamber was reduced to 40 psig, by adjusting the
regulator valve in the steam supply line and by running cold
water through the condenser coils inside the test chamber
head. The change from 70 psig to 40 psig was accomplished
in five minutes.,

(10) Limitecrque Operation

Five minutes after reaching the 40 psig saturated steam cun=-
ditions in the test chamber the Lizitorque and the motor-

brake were again cperated through cne cycle. Operation was

normal.

(1l) Borie Acid Spray Stopped

The boric acid spray which had Seen supplied continuocusly
for four hours in a spray pattern over the Limitorque was

stopred., No further chemical environment was simulated,

(12 Limitorque Cperation

Five minutes befcre the end of the two hcour 40 psig saturated
steam conditicon the Limitorque and motnr-brake were again

cperated. Operation was ncrmal.

(13) Pressure Reduced to 20 psiz

Five hours after the start of the test the pressure regulacor
was adjusted from the 40 psig setting to the 20 psig secting.
Cooling water was also supplied to the ccoling coil in the
chamber heai. This acccmplished the transicion from 40 psis
to 20 psig in four minutes.

14
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W14) Limi:orguo Oper-:cion

(13)

(1

)

Five minutes <~ter raaching che 20 Psig level, the Limictorque
and the BOCOr-trave dssembly were Cperated through one
complete cycle. The motor-brake assembly operated noraally,
The “iaitorgque Cperated, but irs Gperaiing characteriscics
had changed., It closed normally, but to open the unit {: was
found to be Necessary to jopgle the open and close buttons

in sequence o Start up the unis Once Started, it operated
sntiafcc:crily. but the opening time was 112 seconds instead
°f the normal time of 19 §2conds. The absence ef a peak in
MOLOr torque at the end of che cpening stroke signilfied thae
the opening stroke was Stopped as usuyal v thae limie switeh,

Limizorgue Coerarion

Nineteen hours after cths Previcus Liamitorque Cperaticn and -
five minutes before the end of cae 20 psig conditisn, the
units were cperated once more. The metor-brake operated
normally., The Limitorque tlcsed Froperly, but upon
opening the :ontrols rieeded tu he Sequenced rapidly
between "open" and "close"., as before, once started, the
Linitorque Cperated sa:istac:arily Sut this cime the
recorded rise in torque at the end of the opening stroke
signified thit the full cpen lizm¢: Stop was Teached, thus
indicating that the prese: limir Switch failed to $top the
Spsning stroke,

Pressures Reduction to 15 2sig

Twenty-four hours after the STart of the test the pressure
was reduced from 20 o 15 psig. This was accomplished as
Sefc - . by adjusting the fegulating vaive ang funning cold
vater :htob;h the cocoling coil, Pressure Teducticn time was

15
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. -
seven minutes. No further change in pressure was made befcre
the end of the test. '

(17) Listccrgue Operation

The test units were operated five minutes after reaching

the 15 psig condition. The motor-brake operated

satisfactorily although it appeared to be noisy for a short
period of time with the bdrake released., The Linitorque
operated as in the immediately preceeding operation (Segquence
13) except that the position limit switches were not operating.
The Limitorque operated sacisfactorily but it had t3s be

sequenced rapidly between "open" and “close" to unseat the
sten when in the closed pesition.

(18) Lizitoroue Operaticn

Six full days (144 hours) passed while the unics remained

in the 15 psig saturated staam environment before the units
were cperated once a:cre. The motor-brake cperated satis{acter-
ily. The Limitorque clcsed satisfactorily but this tize the
unit would not reverse to un-seat the valve stem on the cpen=-
ing cycle. Rapid sequencing of the "open" and "close"

buttons as dene previously was to no avail and so a Jumper

was added to the controls on th 7anel becard o reverse the
Limitorque. This was successful and the Limitorgque

cpened satisfactorily.

(19) Pressure Raduction to Atzmosphere

following the Limitorque operation of sequence 18 the

pressure was reduced to the atmospheric pressure of the lab.
This was done by ¢irculatiag water through the coeling codil
in the chamber head and lacer by slowly pumping cold water

into the condensate well of the chamber.

16 .':‘).(,
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(2

(2

Tirs:

The cooling operation before venting required dpproxizately
thirty minutes.

0) Condensate Sam lin
w

Before Pumping water into the condensace well to cool the
test chamber 4 sample of condensate was drawn and Ltested for
acidity, The concensate had a PH of 8.20 which was believed

(Philadelphia Eleceric Cempany), By this time mese of the

boric acid should have been diluted and carried away by the
Steam condensate,

1) Ogoning of Tese Chamber

Approxima:tly one hour afser the end of the seven day test:

under test,

) Visual Iaspectinn of Test Unirs

Figures 5 and 6 show, Tespectively, the tast unics 1azediatoly
before and afrer the test, I: is obvious tha:e the steam and
chemical envirconments had a Very corrosive effece upon the
units, especially upea the paiac, However, as described in
this test Sequence, the units Cperated, aven ro the hand-

wheel whizh was tested and found to ce satisfacctery,

Figure 6 shows 4 certain amount of es in the bottom of the
tank. This was found to he (a) grease thae nad come out of the
checkvalve, and (5) the remaing of the visual Pesition indi-
Cator which had been severly attacked by the environmentc.

The plastic had melted and had dPparently foamed,

-
‘
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Figures 7 and 8 show the'ef¥ect of the environment upen the
limic switch compartment. The environment had penerrated
the compartment and had lightly attacked certain components.
This was evidenced by the previcusly discussed malfunction
of the position limit switches as well as bv the visual
inspection,

(23) imitorgue Operaticn

The Limitorque was cperated once more before it was removed
from the test chamber for return 0 the Philadelphia Gear
Corporation, The operation was as described in seguence
The jumper on the control panel was necessary for reversing

the motor from "close" co "cpen".

18
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311-€2232-01 vace Ocd 2/ /47
/

ENVIRCNMENT TEST CYCLE

IEST LEVEL I

Time at Start of Test: (¢ !y wivHour [S/

Inicial Pressure _/_i___l'sig Temp. /%4 °F
Pressure Rise Time: /'/'f Seconds

Chamber: Press. % 1S~ Temp. 229 *r

Test Unit: Press, i Psig Temp, 23 2F °f

First Test Cycle of Mocar: /5 =/ Hours

at cthis Level

Start of Boric Acid Sgrav (4d minutes after Lavel I) -

Time: /S 5 5 Hour Minutes

Boric Acid Flow Rate: /IS5 5 gph

Tezp. 7 C Z °F ph Z € 7

Second Test Cycle of Motar ’ y
at this Level: Tize: /(r: /(/ Hour

End of Lavel I:

—

Tine: I |2 Hours
-
<) < ¢
Chamber Press. /| psig Temp. S 2 ¢ °f
- 3 (7 | - TS99
Unic Press. v, ssig lemap. -~ = . 3




311-C2232-41

ENVIRONMENT TEST LYCLE

DESIGNATED
STEAM PRES S,

T

TEST LEVEL NoO.

PSIG

20

Date O} -TI (8

0
o - & W
SATURATION
TEMP. /G o i

i
Time Level Reached: i é l S rours R EE
— - Xis ’ ‘
Time from Previous Level: é é Minutes
T Chamber Press: 20 psig Temp.: Sl ep i
.”‘:
Test Unic: Temp. 3_[2 i Press. 70 Psiz
First Test S e 2
Cycle of iHotor s '
at this Level: Tinme: 2 2—;— Hours
Boric Acid Spray
' low Rate 1O ﬁn[\ Temp. }D Z T Py 7. (7
v
Secend Test
Cycle of Motgr
at this Level: Time: /T /O Hours
Ead of Level Mo I
Time: 1% 1™ Hour .
bd pp—
Chamber Temp. D15 °F Press 20 Psig
POSEE . SN
Unit Temp. = 5‘ | Press __7 . ?sig -




311-€2232-01 Date el </, ofr

Lrulkl.

ENVIRCINMENT TE3: CYCL
.

DESIGCNATED SATURATIC.,

2 16 P, 257  *f

Time Level Reached: 20 2 T -

Time from Previcus Level: "7‘ Minutes

/C{bcr/l’nss: ‘Z o psig Temp.: 272 i P e g
gy Test Unlt: T 271 °F

Temp. Fress. 20 Psig
R
First Test S
Cycle of Moter : P ———
at this Level: Time: _© 55 Hours
i A9
,\f\
Boric Acid Sprav -
A & o
- ' Flow Rate Now < Temp. - F PH
« Yov. l) 96T
Second Test
Cycle of Motor
at this Level: Time: /6-/ Q Hours
" End of Level No.
Time: /5_{ 7 Hour i
Chamber Temp. &~ 5-1/: i Press. ~ Psig
Unit Temp. * 2 TG’ i 3 Press. 2 C Psig
/ 3



31-c2232-01 Date Ock 3/ /%:
d.7 QR

ENVIRONIENT TEST CYCLE

DESIGNATED SATURATION
TEST LEVEL MO. —L— STEAM PRESS. YO  psic TP, 287 °F

H

Time Level Reached: %209 Hours '
Time from Previous Level: [  Minutes
Chamber Press: ‘{0 psig Teup.,: 300 °F

Test Unit: Temp. 2 27 °F Press. _ £ O »sig

First Test b
Cycle of Motoer '
at this level: Time: |5 2T Hours

Boriec Acid Spray

' Flow Rate /Q qu Temp. ”‘ £ 2 °F P 7& ¢¢/ Z
. /1 :
Al Siraq sheape d at 955 heves

Seczond Test
Cycle of Mozor
ac this Level: Time: _20/0 Hours

Ead of Leve! No.

10 (S -
Time: 20 | Hour
. - 0\ s
Chamber Temp. ? S’) °F Press, ‘ s O Psig
-
ﬁ
Unit Temp. 2.8 ¢ i Press. _ d). S 2sig

&/



311-C2232-01

ENVIROIMENT TES:}CLE
DESIGNATED
T . R STRAM PRESS, /& psic
Time Level Reached: /5’29 Hours
Time from Previous Level: 7 Minutes

/’

Da:ey)c'/ (; 196
Q2. Wb

SATURATICN

TEMP., 2. 90 °fF

- r R ._/‘
o - _ Chamber Press: /s psig Temp.: &2 fﬁ ' Sl
/';:
L —
Test Unit: Temp., 2 O °r Press. /J&. 2- Psig
First Test C.2  bal
Cycle of Motor O -
at this Level: Time: /9728 Hours

ﬂ/’ Ar‘e( ra- ,‘Q

Boric Azid Soray

Flow Rate

Heae

mad  Comtimonly Himon,q Mo 7, 1t

-~
£

' Temp. °F  PH
A 7’ (?‘f

Second Test
Cycle of Motor
at this Level: 7Tinme: |5—2'<€ Hours

End of Level No. Eined  Teotr Ve 7 (alf

—
Time: 19 2% uour 3
Chamber Temp., <™ ? 3 Press. _ |4& ? Psiz
- WY O i
Unit Teap. 2 ) °F Press. 19. 9  Psiz
23



APPENDIX 1.

Perfarmance Test Data of Limitorgue Valve Ceerator

Table 1, Collected Data.

Table 2, Average and Peak Valyes.
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TABLE 1. #31=02232-01

PERFORMANCE TEST DATA OF LIMITORQUE VALVE OPERATOR
COLLECTED CATA

Stem Trave)

Test Pres, Line Volt., A-C  Current Pwr, Stg. Clese Open
Psig Time 1-2 3.1 =2 1 3 Kd  For-lbs. Seconds

10/3]
0 1502 500 512 498 2.86 3.08 .50 16,500 110

1506 504 514 498 2.7 2.85 .51 110
90 1521 504 516 500 2.85 3.06 .53 16,500 110

1524 504 318 50 2.65 2.60 .80 110

1610 500 51 00 2.80 2.37 .31 16,500 110

1613 500 514 00 2.8 2.83 .53 1 110
70 1625 SO0 514 436 2,68 2.97 .30 16,100° 110

1628 504 3516 500 3,08 2.89 .82 110

1810 506 3518 S04 2.73 3.07 .50 16,500 110

1813 508 518 04 2.92 2,98 .56 16,500 110
40 1828 508 520 ¢4 2,95 3.10 .50 16,500 116

1831 508 520 SC4 2,84 3.00 .52 108

2010 508 s20 S04 2.38 3,10 .80 16,000 110

2014 508 3513 04 2,83 3,02 .3, i 107
20 2031 508 520 S04 2.96 3.1¢ .50 17,000 110

2038 508 520 04 2.8 302 .3, 112

nn

181C  s00 514 496 2.85 3.00 .46 17,500 110

1513 500 s14 43¢ 2.70 287 .47 112
15 1528 500 514 496 2.8¢4 2.38 .46 17,800 118

18532 500 3514 486 2,70 2.90 .50 118

1177

1528 4938 3514 496 2,38 2,32 .43 17,200 111

recorded® 514 496 272 2.89 .50 1

Final 500 514 438 .46 17,000

Final 500 514 43¢ +50

30
51:
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Average anc Feak Values
PERFORMANCE TEST OF LJMITORQUE VYALVE OPERATOR
Test

, Ave.Volt- Ave, Peak Power Peak
Oct. 3 Pressure age -3 3 Current Current KA
Psig
§03.3 2.97 3.40 1.30
£39.3 2.85 .90
80 506.7 2.92 3.45 1.57
$06.7 2.62 1.15
504 2.88 Missed 1.54
504.7 2.76 2.00
70 503.3 3.0 .30 1.50
£36.7 2.80 1.40
509.3 3.00 3.40 1.45
510 2.89 .85
40 510.7 3.02 3.30 1.44
510.7 2.92 .78
§10.7 3.04 3.30 1.39
510 2.92 1.21
20 §10.7 3.03 3.40 1.45
510.7 2.93 .78
503.3 2.82 3.4 1.35
§03.3 2.78 1.09
15 §03.3 2.9 1.42
§03.3 2.80 1.48
503.3 2.90 1.5¢
§03.7 2.0 .28
Final 503.7 1.52
Final 507.7 )1
1 “} —“\
31 ; L)<
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PWR Qualificarion

1.0

2.0

Introduction

A typical Limitorgue Valve Actuator, SM3-0 with a 40 fs-l>
WOLOr (SMB-0~40) was submitted for qualification to the type
test stecified by IEEE std. 382~ '72' for service in a Pres-

surized Water Reactor (PWR) containment chamber in Nuclear

Pcwer Station application.

The SM3-0-40 Valve Actuator was subjected to mechanical acing
simulaticn %o approximate 40 years service life, radiation ex-
posure (Both Normal Life levels plus accumulative doses) and
other envircnmental sonditions all as indicated in IZE . 3std.
382-'72'. Additicnal lcad cycling was cerformed after LOCA
envircnmental conditiocns s determine the post acsident

abilities of the valve actuator.

Identifization of Sample Valve Actuator

2ST UNIT
A limitorque SMB-0 Nuclear Valve AcCtiator with a 40 f£+-1>
nuclear containment motor (R Insulaticn Class) was zon-
sStruccted per standard nuclear bill of materials ané scan-
dard nuclear metor specificzat.ions. The following inform-

a*‘on was taken from rhe identifizacion tags:
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Valve Actuator Type/Size ...............SMB=0

Manufacturer .......cces00c000:0...Limitorque Corperati.u
Order NUMB@r ....ccceccecccencesss.8004856=-A

Serial Number .....................;89835

Zlectriz Motor Information:

siz. '.l.‘.'.........QO...C..I...O.4° f:-lb ’:al;
§ £+=-1b run

ManuUfacturer ........cececvseces...Reliance Electris Company
Identificaticn number .............2Y267073A1E2

Full Load Speed ........c0v0veeee..1735 REM

PROQUAICY cccoecasocsssscsonssensss80 HE

VOlt2GR® ..ccecvcccncecccrccncenees 460 Volts

Insulation Class ...........00..2..R°

n’p‘ '....o..'o.....o'o.'ol-.-..oocp

3.0 Tyre Test Procedure
The type test plan as described in IZZE Sed. 382-'72', para-
graph 4, consists c€ three basi=z parts:
1. Aging Simulaticn
2. Seismic Qualificatien

3. Accident Envircnmentzl Simulation

~‘-’ i 1



PWR Qualifization

3.1

As an added test margin, the test actuator was submitted
to addf iional lcad cycling after completicn of all the
rnqui;cd environmental zonditicns and prior to fin-
inspection. This additional load Syeling is not a i.-
Quirement of IEEE Std. 382-'72'. A base test mozor was

Processed with the Test Unit for additicnal engineering

information.

Aging Simulaticn (IZEE Sed. 282 para. 4.2)

3.1.1 Thermal Aging
Thermal aging ' 1s performed an the motor stators
Dy ‘the motor manufacturer (Reliance Electriz Com-
Pany) in cooperation with Limitorgque Corperation.
The motor stator was heat aged for 100 hours at
1ao°c. A Ccertificate of compliance was supplied
By Reliance Electris Company verifying the thermal

aging of the stator (see Ancendix A.)

3.1.2 Mechanical Aging
Mechanical Aging wa+ performed on t=he Test Cnit
by the Limitorgue Test Lacoratery. Data con the
Aging & Post test Cycling is gresented in Agpen-
dix B. Alcthouch IZE® Std. 382- '72° requires 300

Sycles, the unit was cyszled shru 1208 svzles,
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3.2

each cycle consistine of cne zlose stroke and one
open stroke at room ambient conditions. The Limirc-
crque Valve Actuator was seated at the end of the
close stroke and the seating thrust monitored. The
thrust applied was equivalent %o the thrust & torgque
ratings of the SMB-0 actuator. A typic il stroke
time of 40 sec. was chosen for the actuatsr operat-

ing time.

Jeled Radiation Aging (IZEE Std, 382-'72' Part IT Section 1)

The Aging dose of 4 Megarads was combined wish the
accident dose (200 Megarad) per IEZE Std. 182-'72°
part III and is discussed in the following secticn 3.3

cf this repores.

Seismic Qualification (IZEE sStd. 382 Para. 4.3)

The Seismic Qualifizaticn was performed by Lockheed Slec~
tronics, Inc. Envircnmental Labcratery on a Reaction
Vibraticn machine. The Test Unit with motor, was scanned
in each of the three masor axis cver 2 frequency range of
5 t2 35 Hz to search for rescnance. Yo rescnance was

found.



PWR Qualificaticn

The Valve 2ctuator was mounted on a test fixture o
provide simulated valve seating loads, during the
dwell povtions of the seismic qualifications. The
locad imposed was equal %o the rating of the test
actuator.

The vibration machine was adjusted to a di'splacemen:
(0.050" D. A.) equivalent to 3 g's acceleration at a
frequency of 35 Hz. The test sample was then vibrated
for a pericd Lf ten (10) seconds at each aeven integer «f
frequancy from 4 Hz %o 34 Hz. The unit was crerated
during the dwell through cne cy<sle from open limit-
to=-torque switch seated positisn and back =o original
point. The vibration machine was adjusted to a dis-
pla ent (0.100" 2. A.) equivalent =0 5 g's ac-
Celeration at a frequency of 35 Hz. The test sanple
was then vibrated for a period of sen (L0) seconds at

35 Hz and cperated during the dwell.

The cdwell tests abcve vere performed in eaczh Af the
three major axis. A repers on the Seismicz Qualifi-
caticon was grepared oy Lockheed Tlecsroniss Corzor-
aticns Environmental Laboratory (Repor+t N¥o.3521-4811 and
is presented in Aprendix D.) The duration of each

stroke was 40 saconds.

wn
.
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3.3

3.';

Radiation Exposure (IZEE Std. 282 Pars II Section 1)
The Limitorgue Actuator and motor were subjected to a
Gamma Ray Irradiation of 204 Megarads per IEEE Std.

382-'72' requirements.

The Test Unit was placed in a Cobalt=50 and Cesium=-13"7

field of 1 Mrad/hour at an air equivalent dose.

A total radiation dose of 204 Megarads was applied after

thermal aging, mechanizal aging and seismic qualifizasion.

The radlation exposure was performed by Iscmedix Corper-
ation. A Tes® Certifization was supplied by Iscmedix

Corporation and is presented in Appendix C.

Accident Siculation (I =el 382-'72')

3.4.1 Test Descripticn
The test was performed a- LimitcrgQues' ZTavircnmentcal
Test Facility, see figures 1, 2 and 3 in Aprendix =.
A sclematic of the ins+trumerncation system and a
summary <. instruments used during the test zre
Presented in Figure 4 and Table I located in Accen-

dix P. The limitorgque Aczuatsr was mounted on a

tAXust tube attached %o the side of =he =es+ shamter
with the stem thrustin against the lcad zell mounsed

(%))
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. externally to the tast chamber. (see Figure 1,

Appendix E)

Controcl and power Le2ad connections were made
through flexible pressure tight conduit con-
nections run between the units and the access
ports of the test chamber. The external wire
harness was run ©o a junctisn box, where ter-
minal strips provided access to each lead for
menitoring insulation resistance. The serwinal
Strips were wired %o a =ontrol system (see

Figure 4, Appendix 7). The contral panel illus-
trated in Pigure 3, (Appendix E) contains a ccwer
menitoring system =2 menitor line voltage, zurren:
in each of the three (3) motor legs and the power

consumpticn of the mot=or.

Pressure and temperature were mcnitored on the
multizeint temperature recorder and stzip chart
recorder mcunted cn the tes: sonscle (?i;d:e 3,
Appendix Z). 1In additicn t2 the automatis moni-
S2ring system, the temperature and pressure was
menitcred -y a pressure Fauge and two thermcmeters

mcunted in the side wall of =he =es= chamber (see
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During the rapid cemperature and pressure tran-
sients, the chamber ambient and limit itzsh com-
Partment internal temperature and pressure were
monitored continuously on the strip chart re-

corcer

Cocl.ng coils mounte. inside the chamber provicded
coeling ca2_.acity to recuce the tempera ~e in the

chamter to the wvarious temperature plateaus.

A dcuble spray system provided a reliable scurze

of chemical spray during the tess profile. Flow
meters mcunted on the canel near the test chamber
(see Pigure 1, Appendix I) monitored the zhemizal
fluid flow. Spray nozzles mcunted on =wo sets of
manifolds (3 nozzles per manifold) with =he abilicty
t0 switch manifold provided the Sroper spray pat-
tern. The pressure in each acz+=ive manifald et

was monitored to indicate anv restricsetion of she
SPray nozzle orifice. A back flush system was

erovided to back flush the spray manifold,

- Test Procedure for IOCA Test

The Limitcrgue Valve Astuatar was exposed =2

steam and chemical sprav in acsordance wish <he
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"
O
"

criteria listed in Table 1 in the "IEEE Guide
Type Test of Class 1 Electric Valve QOperators for
Nuclear Pcwer Generating Stations” IEEE Std.
382-'72'. The temperature/pressure profile is
illustrated in Figure 5, which alsc shows the sche-
dule for measuring the insulation resistance of =h
powver and control leads and cycling of the Limitor-

que Valve Actuators.

During the first four days of the test, the specified
temperature and pressures were maintained -y the con-
erolled injection of steam into the test chamber.
During the remainder of the test, the ZOS’F/IO psig
state Qas maintained by filling the test chamber with
air controlled to the proper pressure and using elect-
rical heaters. The atmosphere was kept saturated wiszh
water vapor by maintaining condensate in the tottcm

of the tank and by daily injections of steam.

Post Test Inscection
A visual inspection of the limit switch compar<ment and the
limit and torgque switches was performed at =he sonclusion

che accident simulation.
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3.6

4.0

Post LOCA Load Cyecling Test

Similar to that performed at pre-test mechanical aging,
the unit was cycled for a total of 734 cycles (one close
& oOne Jpen stroke percycle) at room ambient zonditions

(data supplied in Appendix 2). i

Pinal Inspection
A complete physical inspection of the test samples was
made after the completion of the Post LOCA Load Cycling

to observe the conditions of the actuator.

Test Results
4.1 . Mechanizal Aging
The unit was inically tested on 7 June 1374 and a
thrust output of 20,152 lbs. was cbtained at a torgue
Ltch setting of 1-3/4. (This value is an average
©f 24 readings.) The unit remained on the test stand

and was automati~ally zycled at rocm ambiens conditicns.

The cycling test was performed from 7 June 1974 to 10
June 1374 for a total of 1208 cycles cconsisting of cne

torgue switich closure in each cycle.

The lcad was measured a’-er the ccnpleticn of the mechan-
ical aging and an averace of 10 readings preduced 3 shrus=-

cutput of 19,3920 lbs.



PWR Qualification

The test data cbtained is presented in Appendix B.

4.2 Seismic Qualificaticn

4.3

The Seismic Qualification was performed at Lockheed
Electronics Envircnmental Laboratory on 12 June 13974.
The data recorded .s presented in Lockheed test Re-
port No. 3521-48l11. (Appendix D.) The thrust load
was not menitored during seismic testing: hcwever,
thrust readings taken after seismic and radiation,
139,350, average cf three readings, was within three
(3) percent of the post mechanical aging value. Th
cutput characteristics did not change during seismic
testing or irradiation. The valve actuatsr and its
limit and torque switsh functioned during seismic

testing. -

Radiation Aging & Acciden: Zxposure

The exposure to radiaticn of the Test Unit was per-
forﬁcd en 18 July 1974 at Iscmedix Corporaticn. A
total dose of 204 Megarads was used. A Test Certi-

fication may be found in Appendix C.

Accident Environmental Simulation Test Result
The LOCA Test was serformed at Limistcrgues' Znvirs-

mental Test Facility. The envircnmental tes: was

tarted 22 August 1374 and ccompleted 21 Sectember 1374,
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4.4.1

Temperature and Preseure Profile

The profile - ecified in paragraph 3.4.2 of this
report was closely followed as evidenced in Figure
6. The transient data was ocbtained by means of the
strip chart recorder. At the transient time of ten
(10) seconds, the temperature was a temperature with-
in 91% of the specified temperature (305=F.) A
temperature of 3oo°? was reached in 15.% seccnds.
The second transient closely approximated the firse
reaching a temperature of 3063? tn 13.8 seconds.
Copies of the actual strip char+ data are presented

in Pigures 7 & 8.

After the transient and a dwell of 30 minutes at
BOOQF, the test ambient was brought to a stable
cendition of 2SO°F and 30 psig. The actual temp-
erature conditions were within minus 2% and plus
6% of specified temperature and the pressure con-
ditions were within plus or minus 3.5%. These
conditions were maintained for the halance of four
(4) days.

At a test ﬁzme el 36.1 hocurs (aperex. 4 days) the
test ambient was lowered =o 20: P and 10 psig. The

chamber was maintained at =hese Sc~rditiond By means’
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PWR Qualificzation

of strip heaters and air injection throuch a
Pressure controlled solencid ‘ralve. Once stability
was reached, the ambient was zintained within plus
0% and minus 4% of specified temperature and plus

10% and minus 0% of specified pressure.

Chemical Spray Delivery

The chemical mixture (per Takle 1 of IZZZstd. 182-
Page 12) was prepared pri. to start of =he LOCA
test and pH values meaz.-ed. Tank No. 1 had a o
of 10.9 after inisial mixing. Tank No. 2 had a
PE of 10.5 after initial mixing. The pE was moni-
tored on a sample taken frm Tank No. 1 at a test
time of 0.1 hours (pH=1l.l) and after 4.4 hours
(anll.l): A sample of Tank No. 2 taken at 24

hours had a pH reading of 10.5.

The chemical flow was mainsained zt 0.5 gal/min

in each spray manifold or an overall flow rate 2f
1.2 ga'/min. A chock was made of the average flcw
rate By re-ording the total amcunt of zhemisal
solution used in a given cerisd of =ime. These

average flow rates agreed with the recorded in-

stantanecus flcw rates. : ) 2 F
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4.4.3

Chamber Humidicy
The relative humidity of the chamber was main-
tained at 100 percen: by the pericdic injection
of steam and by maintaining the vapor condensate
at the bottom of the chamber at the same tem-
perature as the air/vapor mixture. The zon+*ant
©f air in the air vaper mixture was minimized

by venting the chamber during the thermal sran-

sients,

Insulaticn Resistance Measurements

Insulaticn resistance measuremei:ts =2 sround were

U

mace pericdically on the power and =ontrsl leads
of the Test Unit pricr to cperating the valve

actuator (see Table II.)

Crerator Cycling Data

(o

The test unit functicned without prcolems through-
Qut the entire test. It is werthy %o mencion =hat
during the final operatiocnal eycle (713.1 hours)

the close indizating light exhibiced a very J3im

gicw when it should have seen extinguishe

8%
v
e
u

thencmena was notized onl; on the “slcse"” light

Sirzrcuit and no other indicating lights or =

b

(D



TABLE II
Insulation Resistance of Power and Control Leads
(All resistances are in Megchms except where a K indicates Kilo-ohms)

(all measurements made to ground)

v MOTOR :

..w;{ LEADS CONTROL CIRCUIT LEADS

Test

(hr.) w23 |a~1] 60 | 71 | 41 |43a |43 |4a3c|asa Jase | 51 }s3a |s3e |sic sy | ssm
*0 400 | 400 | 4vo | 180 | 180 | 180 |2000] 180 | 280 | 180 | 180 | 180 | 180 | 190 | 180 |180 | 180 | 180

0.15 | 160K| 160K| 160K] 300K | 400K |400K|40.0|400K |400K |400K| 400K | 400K | 400K 1 400K | 400K J400K 400K |400K

r

0.5 120K} 120K} 120K| 280K | 280K |280K| 5.0 | 280K |280K | 280K| 280K | 280K | 280K | 280K | 280K [280k | 280K .ZBOK

3.9 100K 100K} 100K} 2.0 2.0 2.0 |6.0}2.02.0]2.0]2.0)2.0]2.0]2.0)2.0 |2.0]2.0]2.0

4.2 50K | 50K | 50K [400K|400K[400K] 2.4 |400K|400K |400K| 400K | 400K | 400K |400K |400K |400k 400K |400K

95.5 HBOK | BOK | tOK |2,0K]2,0K]|3.0K| 40K |2,0K|2.0K 2.0!(' e 2,0KI2,0K|2,0K|2,0K |2.0K|2,0K]|2,.0K

B — e TN WE— 4

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 | COK| 60K | 60K [2,0K]|2,0K|3.0K|5.0k| 1. 7K| 1. 7k | 1. 7k| 1.7k 1. 7 [ 1. 7k 7k 1 7k 7k | 7k L 7k

~ . *Check prior to start of tapst.

' .
w



PWR Qualificaticn

exhibited these characteristics. Subseguent in-
vestigaticn concluded that the current flow through
this light to duplicate the dim glow was insignifi-
cant and coupled with its_ocsurrence in the final
hour of a 30 day test “id not sonstitute a mal-
furnction.

The megger readings diminished during the environ-
mental test and the current & pcwer reguirements
did increase slightly as the test in the environ-
mental chamber continued; however, this had 9
effect on the actuator performance The stroke

time remained constant throughout the tes+.

Also a slight variaticn in the measured cutsut
thrust was noted and was attributed %2 a change
in stem efficiency rather than actuator output
torque change. It was ncted that during periods
©f ncn-cperation, the thrust tended =2 b

lower, whereas during periods of frequent cperat-
ions, the thrust increased. Probably, the ambient
temperature & meisture effacted the lubrisisy of

the lubricant used cn the stem.

A summary of the cycling data is presented in Table TTI.



TABLE XXX

VALVE ACTUATOR CYCLING DATA

Time Potential OPEN STROKE CLOSBE STROKE
After (volts) Run Current Rup Qurrent | Power B
Htart { ) = a Amps) g (Wattm) i -
of gﬁ “u HEe ol g A
Tast " Pl o g‘
™1 | ™12
3 | 2] -3 ™~1 ™~2] ™3 g ?é ™~1I1~2 |13 vé Run {*Peak ?3 & -
(hr.) o B g il
0 a @
A% G | 490 14951490 | 4.6 | 4.8 | 4.6 |620 | 42 |4,6| 4.8] 4.4]| 5.0 |620] 1350 42 |19,375
«3 |475 480|480 | 4.5 | 4.6 | 4.5 |620 | 42 |4.3] 4.3] 4.2| 5.1 |600] 1300 43 19,425
-6 1485 (4901485 | 4.7 | 4.8 | 4.6 | fB0| 42 |4.8] 4.9] 4.5] 5.1 |es0| 1320] 43 20,825
4.1 |485 |490|485 | 4.8 | 4.9 | 4.6|620| 42 |4.8]5.0] 4.6] 5.1 }|610/! 1300 43 21,600
Wy (
4.3 | 4950 4901480 | 4.8 | 5.0 | 4.7 | 650 42 [4.8]|5.,0 | 4.6] 5.2 ;o040]i250 | 43 22,150
29%.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 | 485 490 1 485 | 4,8 | 4.9 | 4.6 | 650 41 |4.9]|5.0 ) 4.6] 5.0 |650]1400 | 42 21,600
s
719.1 }495 (5001490 ]| 4.9 5.2) 4.9]1675) 42 | 5.05.214.7] 5.0 |e675] 1500 42 18,550
719.5 |495 |500] 490 | 5,0 5.2 | 4.9 ] 700] 4% |5.015.2 4.7 5.6 675]|19bo | 42 21,350

. -
-

* Due to rapli rise of current and power,
times, these values to be considered as

** Check prior to start of test.

considering the slow meter response
approximation of actual paak,
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4.5

4.6

Poest LOCA Inspection

The post LOCA Inspection was performed 21 September
1974 aft>r -opening the test chamber. Photographs
were taken of che test umit with the limit switzh
Sompartment cover in place (see FPigured). Externally,
the Test Unit was clean locking with no unusual de-
pecsits. The limit swits: sompartment had aporoxi-
mately cne-eighth (1/8) of .n inch of =ondensate in

the bcttom of the compartmen<s.

.

30th the limit and torgue switshes were clean and

furcticned withaous mechanical diffizulties. The

-ee
l

m.tor lead protective sleeving was split in several
areas; however, nc damage was noted o the motor

lead insulation.

Pest LOCA Lwad Cyeling

The post LOCA Lead Cssling was performed Ly che

Limitorgque Test Labcratory from 30 September 1374

to 4 Qctcber 1974.

The thrust (utput of the Test Uni’ was measured
sricr to the sta 't cf the load cycling. The thrust
cutzut was found to be 15,332 (an averacge of §

reacdings). Thig was aczemolished at =he szame =ao-—

(5]
L]
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PWR Qualifization

switch setting (l-3/4) as that used throughout

the test.

The torque cutput of the actuator as controlled by
-the torque switch remains constant with the same
torque switch setting, however, the thrust monitor
in the test stem depends upon several factors in-
cluding the effiziency of the acme threads. The
lower thrusct cutput monitcred after the unit was
brought to room temperature was attribus=ed <o a
degredaticn of stem efficiency as a result of
corrosicon £ the steel <tcem and depositicn of for-
eign materials from the exgosure %o the steam and
chemical spray and not attributable +o changes in
the torgue switch operating train or raduction in

the torgue cutput of the actuartor.

The effect cf the corrssicn was mess noticearnle
agter the stem was exposed to rocm ambiens =on-
ditions for several hours. After +he completion
of the 794 cycles, the shrust monitcred returned
£2 1its original value indizating the receated cy-
cling had removed the zorrosive deccsits in <h

stem thread area. The sycling data and cthruss

N reading are presented in Apcendix 3.
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A Base Test mctor which experienced all the en-
vironmental conditicns was installed on the test
actuator after the planned post LOCA cycling to
cbtain cyclic information on the base motor and
provide addigicnal load cycling cn the test unit.

The SMB-0 Actuator (with the base test motor) was

cycled for an additicnal 2184 cycles.

The SMB-0 Actuator functioned without difficuley

chroughout the additicnal 2184 cycles.

A summary cf the load cycles aczumulated on the

test unit is as follovs:

PreTest Mechanical Aging ::...cc.... 1208 eyeclas

LOCA Testing CyCleS ...ccvecevcvccccces

9 cveles

Post ILOCA Load 2yCling vvvveenceeaes. 794 ey<cles

3ase Test Motor cyeling ............ 2/83 zycles

TOTAL 43195 cvcles
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4.7 Final Inspection and Dismantling

4.7.1

Motor Inspection and Dismantling

The motor (used with the test unit during
IOCA test) mounted on the Test Unit was
:omovoa from the SMB valve actuator and
dismantled for inspect >n. The inspect-
ion was performed on 21 November 1374 with
representatives from Reliance Rlectric Come

fany in attendance.

The rotor turned freely pricr o disman=-
ling the motor. The statcr and rotor showed
little evidence cof corrosive build-up and

no evidence of physical damage. The end
bell was parsi ularly clean with little evi-
dence of water. The Bearing lubricant was

mOist and the tearing turned freely.

Valve Ceontrol Inspecticn and Dismantling

The SMB-0-40 vValve Actuator was completely
dismantled for inspecticn cn 22 November 1374,
Photagraghs of the valve actuator compcnents

ars presented in Figure 10.

The torgue swisch and limit swisoh ware ra-

moved from the SMR-Q Valve Actuatecr and the

25.
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PWR Qualit.cation

follewing observations were made:

a.) The torgue switch and limit switches
worked freely.

b.) The torgque switch and limit swite
pinions both showed signa- of lubrication.
The grease in the main hcusing and the handwheel
clutsh compartment was dark in coler but iaintained
its lubricity. 2 ilight amcunt of separation of
the grease w.s ncted. The C-Ring and bearings seemed

in good conditicn with no wear noted.

Conclusicon
The Limitory.e Valve Actuator SM2-0-40 was subjected t2 a
qualification test consisting of a 30-day exposure %2 a
team chemical envircnment, including twe temperature &%
Pressure transients from 120 degrees P to 300 degrees 7
in appreoximately 10 seccnds. Prior to envircnmental
testing, the motor was heat aged, the unit was mechani-
cally tested and subjected to gamma ray irradiaticn. The
nit was cycled with simulated valve seating lcads during
envircnmental testing at elevated temperatures and cres-
sures and after environmental test was additicnally cy-

cled with a simulated valve seating load.

8 ]
w



PWR Qualificatiun

Since the unit performed satisfacterily, throughout the
test, it is concluded this test gqualifies similar Limitorgque
Valve Actuators for use in a PWR containment chamber where
environmental ccnditions depicted by Table I in IZEE

Std. 382-'72' are encountered.

[}

0
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APPENDIX A

Reliance Electriz Company - Cers

of Compliance

-
Rt

are

(9]
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RELIANCE siecrnic company 5
p CERTIFICATE GF COMPLIANCE

ribni:orqua Corporation L

5114 Woodall .oad

Lynchburg, Virgiaia 24502

L -

EQUIPMENT: lectric Motor

REFERENCE Purchase Order No. 600426-C '
FILE: Sales QOrder No. Z¥-26707441

we cartify that the equipment identified above has been designed, manufac~
tured, inspected, and/or tested in accordance with the requirements estab-
lished by the fo!lewing specificaticns: RC?-242, Linicorque D/S 21-49-001-1
We further certify that the stator was neat aged 100 hours at 180°c.

Quality Centrel Department

.
Frinted in LISA

Aban

-

1200 BENEFIT ACAD / ASHTABULA, SHIQ 44004 / TELEPHONE 218.992-217%

CENERALCFRICES / CLEVELAND, 010

L_;44444444444A44_A___444_44444A4‘4.A.4A‘4————————-—————————————————————————————_‘—‘—____‘—_——__-______________-_-_---------------
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APPENDIX 3

INITIAL TOPQUE SWITCHE SETTING

MECHANICAL AGING

POST

PCST

PCST

PCST

POST

MECHANICAL AGING THI‘WST MEASUREMENT

SZISMIC QUALIFICATICN AND RADIATION TERUST MEASUREMENT
ENVIRCNMENTAL THRUST MEASUREMENT
ENVIRONMENTAL LOAL CYCLING

LOAD CYCLING THRUST MEASUREMENT

—



Specimen:

SUMMARY COF LOAD CYCLING DAT.

Limtorgque Valve Actuator
Type: SMB

Size: 0

Serial No. 189835
Motor si-ve 40 £t-1b

I. D. #2Y267074Al1lEZ

Instrumentation:

Load Cell: Cagacity 20, 000 pounds
Manufacturer BLE
Serial No. 2512

Strain Indicator:
Manufacturer 2LE

Type N
Serial No. 443604

INITIAL TORQUE SWITCH SETTING Date: 8/7/74

¥o. ¢f Readings Torgue Switch Setting Thrust Qutput *
(pounds)
s L 11,070
- w /) 16,010
24 i /8~ 20,162

*Average of all readings

MECEANTCAL AGING Date: 6/7/74 to 6/10/74

Definition: One (1) cyel
Open Limit actuation to close torgue
Switch actuation to cpen limi:z
actuation. ™wo (?) strokes per cycle.

Stroke Time: 34 sec *

Cvcle Time: 1l min. 53 sec

Duty Cyc<le: '"RON' 7 cycles - 'OFP' 10 min.

Load (Thrust): 20,147 pounde

Total No. of Cycles: 1208




SUMMARY OF LOAD CYCLING DATA (continued)

* The unit was cycled for mechanical aging or a different lcad

stand than was used in the test and since the stroke was
longer in this stand, a longer strcke time was cbtained.

POST MECEANTCAL AGING zgg ST MEASUREMENT Date: 6/10/74

No. of Readings Torque Switch Setting Thrust Qutput *
(pounds)
10 "1 /4" 19,920

PCST SE I‘.’ICA’!”O!! AND RADIATICN THRU

Nc. of Readings Torque Switch Set:.ng Thrust Qutput *
(pounds)
3 "1 3/4° 19,250

* Average of all readings

PoST STUIRONMENTAL TEST THRUST MEPASUREMENT Date: 13/30/74

No. of Readings Torgue Switch Setting Thrust Quetput *
(pounds)
6 "1l 3/4" 16,332

Note: The low output thruse readings are a results of
PCOr stem efficiency as a result of accumulated
deposits on the acme threads of the stem. The
thrust measured during the last test point n*
the envircnmenta. te=: was 21,350 pounds,

()
F

ST MEASUREMENT Date: 8/19/7.



SUMMARY OF LOAD CYCLING DATA (continued)

TV I RONMENT. o NG Date: 9/30/74 - 10/4/74

Definition: One (1) cycle
Open limit to close torgue switch
actuation to cpen limis, Two (?)
strokes per cycle.
Stroke Time: 40 sec r
Duty Cycle: 'RUN' 7 cylces ~ 'OFF' 10 minutes
Load (Thrust): 16,392 at stars
19,667 at finish
Total No. of Cycles: 794

Note: The increase in thrust output i1s due to improved
stem efficiency. The repeated cvcling removed
the corrosion in the threaded area of the stem.

The lcad cycling w~as discontinued during the
night and ran during the first shife,

POST LOAD CYCLING THR UST MEBASUREMENT Date: 10/4/74

No. of Readings Torque Switch Setting Thrust Qutput
(pounds)
3 "1 3/4" 19,667

Note: The output thrust returned %o the value recorded
after the pre-test mechanical aging.

r
{ v
sl
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APP IX C

Radiation Exposure - Isomedix Certificate of Performance

36.



ISOMEDIX

July 19, 1974

Mr. W. J. Denkowksi

Chief Engineer

Limitergue Corporation

181 Scuth Gulph Recad

King of Prussia, Pa. 19406

Dear Mr. Denkcwski-

This will summarize the Perimeters pertizent to the irradiation
of cne valve cperatcr and MCLor assembly, Identificasion on
the valve operator and motor assembly was:

SMB 0 Valve Contral

8/n 1898353

Reliance 40 lb-f: motor
I.D. 2¥267074A122

Units were placed in a co=60 field of 1x106 r.d per hour,

a4t an air equivalent dcse. They were rotated several =imes
during the expesure to achieve a more uniform Zcse distribution.
Total dcse received =o +ha ceaterline of the unit was 204 mrad
(air equivalent) with an overdcse factor on the edges cf the
units of 1.2, TIrradiation was in air and ambient tamperature
in a slight fegative pressure. The temperature cf the samples
during irradiaticn d4id not excz2ed l0QCp,

Cesinmetry was performed using a Victoreen Mcodel 5353 Intagrating
Ocse Rate Meter and Probe. The unit was calibrated cn

January 1S, 1974 Sy the Victoreen Instrument Company, using
“cbalt-60 and Cesium=-137 Sourcese whose calibraticns are trace-

able to the U.S. Natizi.l sureay of Standards. A copy of the -
calibration certificate is available.

Confi:mirg desimetry utilizing a Red Perspex system was alsc
ccmpleted.

Isomaedix Inc. . n!anmdnﬁoumivmulmt¥n-anw'QOHEW74ﬂm
: Maiiing Agaress: dowm Otfice Bex i77, Personany, New Jersey 070%4

CHICAGD GiVISICN 7828 Nagie Ave.. Mortan Growe, |lliners $0083 (312) 681180

-



Mr. W. J. Denkowski -2 - July 19, 1974

Irradiation was completed July 18, 13974 and the units returned
to you under sceparate cover.

Very truly yours,

kmbiotz {

Manager, Radiaticn Services
GRD: km
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PROTOTYPE TISTING QUALITICATION REPCRT

INDEX

2AQ-0CL Low voltage leak rate zasc

2AQ-002 Yedium voltage leak raca tasc

Z2MQ-003 Shialded signal leak racs cssc

ZAQ-I04 Low voltage aydrosctacic Ptassura tasc

Z2AQ-005 Medim voltage aydrostatic sressurs cest

PAQ-Q08 Shialded sigmul hydros:t. : - -:ssure tesc

DPAQ-007 - Low voliage zaxaum <mer el amvirsmment
testc

DAQ~Q08 - Mediim voliage zaximm emerzency envircumeat
tesc

PAQ-C0Q9 -~ Shis.ded 3izmal zaximum emergancy anvir
2ent tasc

PAQ-QL0 - Shialded signal aaximm emerzsncy eaviroo=
2wnt tasc

PAC-Q1L Shielied 3igmal thermocyele zssc |

DAQ-012 Medium voliage thermal tasr

D2AQ-013 Yadium vollage corona cesc

3/' 151-3




Sumber

2A0-014
EPAQ~015
ZPAG~J16

ZPAQ=Q17
ZPAC~-013
ZAQ-A13
EPAQ-020
AQ-021
2aQ-Q22
2Ag~023
2a0-028
DaQ-02s

2A0-027
ZPAQ~I28
AQ=-029

PAQ-T.1

2a0-232

2A0-024
2a0-a2

in

Test

Medium voltage high potential tasc
Conductor steam tas: (tasulacicn resiscance)

Conductor iasulation resistance and aizh
pPetencial cest

Iastallation velding thermal rasr
Medium 7oltage, shors cirsuis tast
138 velctage, shors cizsuir cese

8i3a veliage, basiz izpulse level zast
213k voliage, 2138 potencial zasc
813h voltage, corsca sase

2igh vel:iage, Surge curreat :ast

2igh volzage, ther=al cast

Cast epoxy, flame a€xposure tast

Perfsrzance of spliced thermoccupla ex-
tensicn wires

Low veltage, iasulaticn rasistance Zast
¥edium voltage izsulacion resistance tasc
low volzage, thermal case

21k volzage aigh potancial sass

313h voliage, shors aissuis tast -

2135 volzage, leak raca tass

3izh volzage, hasic =pulsa lavel zascz,

313h volzage, thermal rass



EPAQ-Q36
ZPAQ-Q37
ZPAQ-Q38
I2AQ-Q39
Z2AQ-04Q
ZPAQ-04L
2AQ-042
ZPAQ=Q43
DAC-Q4d
DAL-d45

ZPAG-046
PAQ-347
PAC~-)43
2ag=as0
ZAQ-051
240-a352

ZPAQ-1S3

DA%

Test

High vol:age, Surge curTent tas:

Epoxy, insulacion resiscasce tast

Shielded sigmal, fasulicion resistance test

Shielded signal, iasulacizs Tesistance tast

Medixm voltage, Rizh potancial cesc

Low velzage, high potencial tast

Shielded sigmal, high potencial casc

Low veltage, ifasulacion resistance :ast

Low voliage, conducsor flime resisting tast

Medium and aigh voliage iocmducszar flame
Tesisting cast

Zpoxy, radiacion tase

Low volzzge, comducsor radiacion tasc

Low velzage, tydroscacic srassure sase

Medim 7oliige, tydrostacic pressurs sasc

Shielded sigmal, iydrostatic sressurs tass

Low volzage, Sydroszacic prassure anc
bumddisy cest

MYediim volzage, avdroscacic prasgure and
hmmidisy tasc

Shlalded sigmal, sydrascac<s Prassure and
Sumidicy tast
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Number Test
EPAG=0S55 - Low voltage, emergzency emviramment tase
EPAG=Q56 = ¥Yedium voltage, emergency enviroomen: res:
PAQ-0S7T ™ Shielded signal emergency emvircmmen: casc
AEPAQ-1 Z2fects of ‘et forces
AZPAQ-2 StTess analysis rapers
AZPAQ-3 Cable radiacion tescs
AZPAQ=G ladiacion damage 2 w:m:;. organic
liguids and plascics
ZPAQ-)%3 81 '8 oltage, shors cizcuir zasc
PA-QSS Low 7olzage, low tezperature tast
EPAQ-40 - Maximum Zmergzency Tavirenmenatal
Test - Signal
ZPAQ-ol - Magimum Tmergency Tavircnmenta)

Test - Low Voitage.

31/15/70

o —————




PRODUCT:

OBJECTIVE:

CONDCCTDD 3T

Leak Race Test « Tast JE2AQ-00L

Low voltage pover and concrol penetration assezbly

Verify cthe elaccrical Pecetrazion assembly will meetr
the leak rate requirements of auclear Teactor con-
taiomencs.

Temperazure: 173°F
Preassure: 33 psiz (healium)
Buracion: 15 aiguzes

The low vol:. e electr<cal penetration assemply wvas
Pressurized vwiih helium under :he above conditicns and
the leak rate througn the assezdlies ¥as leasured usiag
4 delim 2ass specsromecar. Procerure per G Tast Il
$tIuction NESS Qualizv ComzTal, Electrical Penesracico
Leak Test Iascrucsziom, #77 785,

Laak raza: < 1X10 "cc/sec
e asaennly Suczessfully aet the tast requiramentcs.

9/67
GZ, Nuclear Inscrmentacisn Jepartmenc, San Jose, Callif.

GE, Nuclear Iasc—merzizicn Jepartment, 3aaz Jose, Calis,
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TINE: Laak Rate Test — Tast #Z2A0-002
PRODUCT: Medium voliage power penetration assemdbly
OBJECTIVE: -Verify the electrical Fenetration assemdly will meet
t2a leak rate requirements of auclear Teactor con=-
talnments.
DESCRIPTION: Temperacure: 175%

Pressuras: 63 psig (helium)
Duraticn: 15 =inuces

The secius voltage elactzizal penactIation assemoly vas
Prassurized wiih helium under the above condizicms and
the leak race tarough the assembly vas zeasured using a

3433 spectiromecar. Procedure ser G Tase lastrue~-
ticm, NEBS Qualisy Coamcrol, ZlectTizal Penetracicn Laak
Test Instrucsion, #TT 765.

RESTLTS: Laak raca: ‘-Lno.é::/sec
Tia assemoly sSuccessiully met tha tast requirsmentcs.

A= 9/67
LOQATION: G2, Yuclaar Iastrmenticicn Separmment, San Jere, Calis.

CRADUCTID 3T: GEZ, Nuclear Instmmentacicn Sevartmentc, 3an Jo 3, Calif.
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TITLE: Leak Rate Test — Test JEPAQ-003
PRODUCT: Shialded signal pemetration assemnly
OBJECTIVE: Verily the electrical pesetration assexbly will zeet
the leak rate requirements of nuclear reszsor sco-
talzments.
DESCRIPTION: Temperagure: 175°9°7
Pressurs: 63 psiz (helimm)
Duracicnm: 15 ainutes

The shielded signal eleczrical penetracion assembly was
Pressurized with helium under the above ccndizisms and
lesk raca througn the assembly vas zeasured usiag a helium
2A8s speciIomater. Procedure per GE Tess IascTuesion, YERS
Qualicy Comezel, Zlecsrical Pemetrasicn Leak Tesz Izscruc-
tlon J#TI 763.

- RETSTLTS:: Laak raca: < 110 :c/sec (through the assemnly)
The assemnly succassfully zet the tast Tequirementcs

AT 3/67
LOCATTON : GZ, Yuclesr Izscrmencacion Daparwmencs, San Jose, Calis.
SO 3T GE, Yuclear Izstrumentaticn Jepart=enz, San Jose, Calis.

YL Im.
3/ 49/ 1V




PI0DOCT:

CBJECTIVE:

DESQRIPTICN:

Page 3

dydrostat’s (poewmatic) Pressure Test — lasc JEPAQ-004
Low wvoltage power and comtrol penetraiion acsezbly

Verify penetrations will mainzaia iotegricy vhen ex~
posed to hizh pressure.

Temperature: 7797
Prassure: 158 psig (Nicmogen)
Juration: 3" aizucas

The low voltage power and comceal elaecsrizal pemetiizicm
dssexdbly was pressurized with aitrogen under :the above
conditions. The leak rate Sarcugh the assembly was
Beasured usize gas carsmocsgrapay.

Procedurs per GZ Tast Iosczucsicn, NE3S Flald Zagiree v
iag Qualifizacion Tast 12" 2aacsar Contaismant Praecracion
Asgemoly, T2 717.

Leak raza: < 1X10 Jec/sec.
The assembl~ sucsassfully zet the tast Tequirement.

8/7/67
GE, Nuclear Iastumentaticn Deparwe=z, San Jos~, Calis,

GZ, Nuclear lascrmencazion Cepartmenc, San Jose, Calif.




SESQRIDTION:

RTSTALTS:

Page 3

Hydros'atic (pmeumatic) Pressure Tas:c = Tast IZ2AQ-00S
Madium voltage power penmetration assemdbly

Varify pezecrations will smaincain iategricy when exposed
t2 high pressure.

Temperacture: 7%
Pressure- 158 psig (aizrogea)
Duracion: 30 aizusas

The zediim vcltage power penecration iassemoly Was prass—
urized #iih niiTogen undar zhe dbove comdiricams. The
laak rage tarougn the assemdly vas zeasurod using zas
chromotograpay.

Procedure per GE Testc Lasctrucsion, NE3S Tilald Eagizeering
Qualificacion Test 12" leacssr Concaissent Penecraction
Assembly, #TT 717.

Leak raze: <Lx.".0.6c::/u=.
The assemdbly succassfully zet the cast cequirsmancs.

12/29/67
&, Nuclear Izstrmentaciom Separtment, San Jcse, Calif.

G2, Nuclasar Insecrumentacion Jeparwmencs, San Jose, Calis,




PRODUCT:

DESCRIPTION:

Page 10

Hydrostatic (pneumacic) Pressure Tast — Test JEPAQ-006
Shialded signal pemetration assexdbly

Vearily pezecraticns vill maincain integrizy when exposed
to high prassurs.

Temperature: 77°F
Presaure: 128 psig (ai:rogenm)
Duracicn: 20 zizuces

e shiaelded siznal senecraticn issemply Was prassur-
LZad with aizTogen under the above conditicms. The laak
Tate througn tDe asse~wly vas measurad usiag zas chrcmo-
tography.

Procadure per GZ Tasc Iasczuccion, YE3S Fleld iagineeriag,
Qualifficaction Test 1" Resczor Contaizment Penstracticn
Assembly, #TT 717,

Laak raca: <;nn"==/s«:
Toa assembly successiully zec the cast Taquirsmencs.

12/19/67
GZ, Nuclear [astrumentacicn Separtwezt, 3an Jose, Calif,

GE, Nuclear lascrumentacicn Jepartment, San Jzo:, Calisf.




PRODUCT:

OBJECTIVE:

DESQRIPTION:

24T
LaaTIoN:

SNDUCTD 37:

Page 11

Maxizum Imergency Eavircsomencal Tast = Test JEPAQ-007
Low voltage pewer and contIol pemetration assemblv

Varify the penetration asgembly will maaiacaia izs in=
CagTicy when exposed to r. iCCoT 3axizum emerzency con-
dizions.

Temperaturas: 28197

Prassuras: 63 paig
Ralative

humidicy. 305 = 100z
Quracicn: 240 hcours

The low voltage pover and =3utrol assemoly was pressure
ized under zhe above condiiicns. The dsaezoly was leak
T3ta testad througnout the period using zas carsmotograpay
equipment with aiiTogen as the tTacer gas.

Procadurs per GZ Tes: Iastrocsion, NE3S Field Zagiceeriag
Qualificzacion Tesc 12 isactor Comtaioment Pemecracion
Assemoly, #TI 717.

lLaak raca: 41:;0“5::/:«
The assemdly Successiully zet the sasc Taquirsments.

8/7/67 (Sears)
GE, Yuclear lastrumencation Cepartmen:z, San Jose, Calif,

G2, Nuclsar lascrumentasion Jesartmenc, 3an Josae, 148,




TRE:

PRODUCT:

CBJECTIVE:

QESQRIPTION:

2ESTL2S :

Page 1<

Maxiaum tnergency Zavircemental Test = Test J22A0-008
Medium voliage PoWer penetration assemblies

Verify the PenetTaticn assemply will 2aincaia i:3
integricy when exposed IO reacIsr amaxisum ezergeacy
condizions.

Temperature: 231°7

Pressure: 63 paig
Balacive

aumidizy: 902 eo 1002
Suration: 240 hours

The nedium veliage pover pezecracion ¥as prassurized
undar the above ccmditicns. The dssably vas leak rars
tastad througnout cthe perIod usizg gzas carcmetography
equipmeant wizh 2iITogen a8 the cracer gas.

Procacuras per GE Tast Iastracsicn, NE3S Fleld Zagizeer-
ing, Qualificar.on Test 12" Reaczor Contaismens Penecracion
Assembly, #TT T717.

Leak raca: 4’.:510'6c=/s¢c
The assemoly succassfully zat the casc Tequirsmencs.

12/29/67 (sezare)
GZ, Nuclaar Iastmmentacicn Jepartment, San Jose, Calisf,

GZ, Nuclear lascrmencacion Jeparment 3an <ose, Calis,




TE:

PRCDOCT:

OBJECIIVE:

DESCRIPTION:

LISULTS:

LOCATION:

SNDUCTID 3T

Page 13

Maxizum Ezergency EZovironmental Tes: = Test JEPAQ- Q5

Shielded Signal Penmetratiosn Assexn ly

Verify tha penetracicn astembly will madarais iss
integricy when exposed 0 rsacTor aaziaus maerzency
coudizions.

Tamperacure: 231°%

Prasgure: 83 psig
Ralative

aumidicy 302 =0 1002
Duraziom: 240 hours

e stialded sigral pemecrazicn dssembly was pressurized
snder the above coudizicns. The dssembly vas leak race
tasted throughout the Pericd usiag zas carcmotograpny
equipmenc wizh aizrogen as the tracer gas.

Procadury per GT Test lastruction, WESS Fiald Zzgiseering,
Qualifizacion Tesc 12“ Reactor Contaizment emesracion
Assaxmoly, #7TI 717.

———
Leaak race: <10 “z2/sec

e asamoly ‘uccessiully zet the tasc Tequirsments,

12/13/67 (szars of sast)
GZ Nuclear lastrumemtacion Jepartens, San Jose, Calif,

GE Yuclear lastmumenzacionm Jepartmer:, San Jose, Calis.




TRE:

PRODUCT:

QBJECTIVE:

DESCRIPTION:

WESWSS:

DAZZ:
LOCATTION :
DUST™ 3Y:

Page 14

Maximum Caergency Eaviroomencal Test = Test #E2AQ-010
Shislded Signal Pemetraticnm Assemi ly

Verily the penezratica assemoly will maintain {ts i~=
Cagrity vhen exposed o reaczor max<zum emergency
coundiziocuns.

Tamperatura: 291°%

Prassure: 83 psiz
Ralacive
humidicy: 302 to l00%

Duraticn: 240 hours
Lomediacaly afcer tasc, testad agaia ¢z the followiag:

Tazperacture: 320°¢
Pressurs: 135 psig
Ralacive

humidizy: 9CT to 1002
Duracicn: 2 aours

The shialded siznal semetracicn issemoly was prassurized
under the ibove comdisions. The dssemply vas leak rate
testad througnoul the period 4sizg zas chromotograpny
squisment Wil aiirogem as the ctracer gas.

Procedure per GI Testc lastzucticn, NE3S Field Zagineerizg,
Qualificacica Tast 12" Rmacear Contalizment Zenetration
Assembly, #TI 717.

Leak raca < 1x10”°
The assemoly successfully z=mc tha zasc Tequirement.

12/1/67
G, Yuclear Ilazsctrumentazicn Ceparmenc, San Jose, Calis,

G, Yuclear Izscrumentation Departaent, San Jose, Calif.

3/18/7




TITLE:

PRODUCT:

CRJECTIVE:

DESCRIPTION:

RESTLTS:

Page 15

Thermocycling Test - Test JEPAQ-OLL

Shielded Signal Penmetracion Assexbly

Verify the penetration dssexbly can withstand the
thermocycliag due to zormal reactor start-up and
shut-down during the 40 years of cperation.

Maximm Temperature: 150°7

Minimm Temperature: 50°r

Cycle Defiaition: 50°7-150°7=50°7 (constanc cemp-
erature racte of change)

Crela Duraticm: 24 hours

Cycle Specificacior: 100 cycles

Relacive Juwidizy: 1002

Bressura: 15 psig (aizzegen)

The shialded sigmal jenecracicn assembly vas axposea -2
the above conditioms. The leak rate thrcugh the penstra-

ticn vas acnizorad durizg the test uding zas carsmecagraphay.

Lask rars <*.r.o"c=/u:
Crelas: 100

The assembly successfully zec she test requirsments.

4/21/68 tscars of zasc)

GZ, Nuclear Iascumencacion Jevartaent, San Jose, Calis

—

&, Vvclaar listrumentat<ion JepartTment, 3az Jose, Calif.

Lo

18/70
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Thernmal Test — Test #EPAQ-012

Madlum wvoltage power penetratica assexbly

Verify 'he current carrying capabilicies of the
penectration assembdbly.

(L

(2)
(3)

(4)

(3

(6)
(7
(3

. - 6= 1000 MCM conductars
sedium voltage penetrazion 2= 250 MCM conductors

Asgexbly temperaturs monitored 9y = 40 thermoccuples
Conductor temperature decarmiane< “~: cLpductor re-

sistance measurements.

Three phase, six conductor ter at following curvents/

comductor:

a) 485 amperas
5) 620 amperes
¢) 700 amperess

Three phase, three condustor cescs at following
curTrents/conductor:

a) 585 wperes
5) 700 .aperes
=) 780 amperss
4) 300 amperess

felative humidicy: ambianc ( 502)
Temperaturs: ampiens ( 70°M
Pressura: 0 psig
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CurTents 33, 3 Cenluctors 3, 6 Conduc.ors
| Maximm Temperature Rise Maxiznum Temperature Rise
465 amperes —_ G:C cuter case
12°¢C conductor termiaals
25°C - conductor
585 amperes S:C = Qutaer case 9:C Quter case
zooc = conductor terzizals 210: conductor ter=mizals
34°C = conductors 41°C = conductors
520 azmperss G:C - Qutar case u:c - cuter casas
2°C = conductor tsrminals 21°C conduczor terminals
7% - conductors 47°C = comductors
7C0 amperes S:C = cutar case U: cuter case
23°C = conduczor termizals 310». conducssr terainals
46°C - conductors $9°¢C conductors
730 ampares 9:: - outar case —_—
35°C = conductor carxinals
63°C = covduczors
300 zaperes 10% - Jutar case
3 °C = conducsor tarzinals
707C = comductors —

The resulls of this tast hawe dDeen lncluded as part of zhe data used iz ese
fablisbing comducor rating critaria for pemecTations.

3/21/68 (sczare of cast)

GZ, High Power Laboratory, "iladelphia, Pa.

G2, 2igh Power Laboratary, Philadelpnia, 2a.




OBJECTIVE:

DESQIPTIOoN:

LOCATION :

Page 13

Corona Test — Tasc JEPAQ-0L)
Madlum Voltage Power Penetracion Assembly (Skv)

Verify tha penetraticn dasemoly comfiguratiom will nee’
DPCIA $5~19-41 corona requirements.

. X = 000 MCM conductors
(1) Medica voliage penmecrations: {;_ 250 MO condicors

(2) Test six conductars (1000 M) commected togethar.

(3) Test each conducsar individually.

(4) 1MMZ Radio 1aflugncs voliige zeasured >y radio moise
3ater, Stoddart NM=203. 32adio iafluezce voltage
cirsuic semsizivicy gTeater thanm 40 pizs oulsabs per
centizecer (I2CI4 S-13-31).

(3) Pressura: 0 psiz .
Temperacure: azpieat (7079
Ralacive
bumidicy: Azdbient (303)

(1) No corema up 23 3 &7 for all conductors tied togecter.

(2) Istewnal spark from -me of the izbedded thermocounles
wirss o case vas detaczed above ] iv. The srark
signal vas decsctad wish 3lander~Tongue fiald jtTengeh
dacar (zodel 4127, Yo. ¥u3 113020) and a tuned dipole
antenna five feec from end of the jenetration issembly.
Prequency of spark 35MnZ.

(3) Siz of :he el3ht itwcuctors remaized coroma free up 20
tha zaximm raquired voltage of 1.7 kv,

3/21/68 (star= of tascz)
Gd 3igh Power Labeoracory, Phailadelshia, 2a.
G2 iizh Power Laboracory, ?hiladelzhia, ?a.

3/18/70
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High Poteacial Test <= Test 12240014
Medium Voltaga 2ower Penetration Assembly (Skv)

Varify the pemetraticn dssexdly will neet the aigh po=
tencial requirements of IPCIA =19-31.

S
Yadium voltage assembly: 2- ngg g §:§3L‘f§:§:

Test voltage: .5 kv
Duraticm: €0 seconds 2
Tamperacurs: Ambient ( 707D
Pressure: 0 psig

Ralative humddicy: Ambient ( 20%2)

ALl conducsors (3) tastad 0 cutsr case.

All counduczors suczessiully cassed =i tas:,
/26

GZ 3izn Power Laberacory, Miladelpnia, ?3.
@ High Power Laborazaory, Miladelsnia, ?a.

3/16/79




CBJECTIVE:

DESQRIZTION:

Page 20

Conductor Steam Test (Insulation Rasistance)- Test #EPAQ-01S

Cross~linked Polyethyleme Izsulated Conductors

Verily the conductors will conmtizue 25 meet perforaance
specifiicacions vhen exposed to 2wmaccar Incident Condizions.

Cross~linked polyethyleme iasulazion - GZ Type SI 572758,
#18 AWG (2 samples).

Temperacurs: 352%2
Quracticn: 30 aizutas
Othar: saturatad steam anvirorment

The couductors veras expcsed 0 the above comdizions and
then: the following emviroomesnt.

Temperacurs: 109°7

Suracicn: 23~1/2 sours .

Qtiez: saturatad 3Taam envircument
Iosulacion rasistance seasured wish general radio zeg-
ormmetar.

Tast volzage: sCe voc

Tast aade on two areas of the comcuccor: (cue t2st made
vters conductor was clamped for the tast).

%ﬁ. - -
SAMPLE LNSTULATION RWESTSTANCT  LSULAT=ON AZSTSTANCE

YOEER 13t ares iad area (clamped area)
4z 0% 9.5 x 10
2 9 x 107 1.2 x 195
3 1.8 z 10& 1.2 x 105

The 2i3h i{osulacion resistance lavels sShowed the condussors
would comtizue %9 perfora aftar eXposurs 0 suglh sordirioms.
3/1./68 i

GE, Yuclear lastrmentacion Deparmenc, San Jcsae, Calif.

CZ, Nuclaasr lastmmentation Deparztzent, San Jose, Calif.




TTZ:

PRODUCT:

CESQRIPTION:

RESULTS:

LOCATION:

CONDUCTID 13Y:

Page 21

Test JEPAQ-QL6

Couductor Iasulation Resiscance and High Potencial Test -

Cross—-linked Polyethyleny lasulated Conductors

Verify the conducszors will coutiaue 0 aeet performance
specificazii “s vhen exposed o reactor iacident conditions.

Crosa=-linked polyecthylene insulared conductars = GZ Type
§I-57275, 218 AWG (10 sazplas).

Temperat.ra: 281%

Pressuras. 62 psig

Qthar: High mumidicy aitrzogen (90=100%)
Duragion: 348 Hours

lasulation resiscance zeasursd 4C toree poiacs alomg each
sample. MYegohmmecar (300 vel:s tasc voltage) used :- =esrs
samples after exposure to above conditions.

3igh pocancial tase: 200 volz, OC, applisd hHetween zanter

of conductor and Copper shia vrapped around the wisa.
Testad afzar lasularion resiscancs cesc.

(1) Average lasulac<ion resistance: 2 x '.013"- (ten
samples, three tasts per sample.)

(2) ALl samples sassed 8132 pocancial tast successfully.

The zest results show the comduczors vould comtizue 2 zeer
perforaance specificacions.

3/8/63
&, Nuclear Izstrumentaticon Separtment, San Jose, Calif,

GE, Nuclear lnstrumentation Separtment, San Jowe, Calis,




RESTLTS:

LOCATION:
CONDUCTID 37:

Page 22

lascallaticn Welding Thermal Test — Test 12PAQ-I17

Medium Voltage Penetration Assembly (3kv)
Shielded Signal Pesetration Assembly

70 assure that 20 degradation of the pemetratiom assemdbl~
matarials vill occcur during field iascallacion weldiag.

Maximm allowabla tewperacture: 250°7.

Two penetration assemdlies vere instrmencad with 20
thermocouples each in the area Seing velded. Shielded
aetal arc veld procass vas usaed.

Maxizum sealacr temperature: 210%

The estadblished velding procedure did aoc cause degrada-
Son of the penatration assemblv,

Tha tast wvas succassfully complacad,

10/30/67
GZ, Nuclsar Instromencacion Jepartient, San Jose, Calis,

GZ, Yuclear lastrmentacion Cepartmenc, San Jose, Calif,




DESCRIPTION:

Page 2

Short Circuit Test — Test #EPAQ-018

¥adium Voliage Power Pesecracian Assembly (5kv)

Verify the zedium voltage jower pemecrazion assexoly
can withstand the effects of Surge currents and still
aeet performance speciiicacions.

6= 1000 ¥CM comductors
= 150 MCM coundustors (grounds)

ALl surgs curvent tasts varas three phase testi. Whea
tasting,che two-tiree phase systems (3= 1000 MCM plus
1= 250 MOM ground) the edrsuis ¥ay counectad such rthat
tlere vera two isolated 3 phase faulis fed from a common
sources.

Medim Voltige Assembly:

b i |
4

3/16/70
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RESULIS:
Peak larush RMS Avg Larush Avg. AC End of
Tine Currest Amos Current Aavs (39) Faule Currvent Azvs
The ctasrs for tha single 3 - 3 connecticns wers:
4 sec. PA 64,000 32,000 <2,000
#3 43,000
#C 55,000
¢ sec. PAl108,100 55,000 33,300
#8 85,200
fC 38,702
1l sec. 24115,000 58,300 39,600
* 38 30,000
mm'wo
1 sec. BA220,000 101,300 67,800
#8150,000
9Cl56,500

The zasts for the doudble 3 - ? comnec:ions wers:

4 sec.  2ALD9,000 34,000 32,200
98 82,Cc0
#C 3s,0ca

4 sec.  3A192,000 112,c00 30,000

#8220,000
3C138,000

Lask rata: Yo detsczable leakage. latag=izy of the seal vas maintained
aftar short circuir cescs.

The assembly jassed che tas: successiully,

DATE: 4/22/68 (Setare of tese)
LOCATION: : &, dizh Paver Laberazory, Philadelphnia, P?a.
ONDLCTED 37 GZ, 3izh Power Lasoracory, fhiladelpnia, ?3.




PRCDCCT:

OBJECTIVE:

DESCRIPTION:

RESTLTS:

3ATI:
LOCATINN:
CCNDUCTED 3Y:

—— — e
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Short Circuic Test -~ Test JEPAQ-019

8132 Voltage Pover Pemetration Assembly (LSXV)

Verify the nigh voltage pover penetTacion assemdly can
withscand the effects of surge curreacs and still meet
perfcraance specificacions.

digh Voltage Power Pemetration =~ 13" diimecter, ceramic
busiing desigzm (3 phaasa, 3 conductors).

Two configurations were tested. Iz the firsc, rhe bushings
vere tied together with copper bus bSars wnila cablaes wers
attached to the three bushings iz the second configuration.

- The test was per AsSa C37.20-13963, paragrapa 20-5.2.3.

Temperacture 10°C - 300C. Current tascs to be at 20K, 4CK,
6CK, SOZ amperes, rmg (50 cyele AC) for 10 cyclas (zhree
phase).

Comfiguracica 1, bushings Sussed tcgether, passac all che
tests successiully.

The cable comfiguration failed its cest ac 30000 aperes.
The excessive forces due to zable acvenmens durizng the

300TT circuil test caused the failure of the Sushing, thus
Causing depressurizacicn of the assembly.

4/6%
GZ, Hizh Power Laberatory, Shiladelphia, Pa.

GEZ, Eigh Power Labcratary, ?hilade’jaia, ?a.

3/16/79




PRODOCT:

OBJECTIVE:

DESCRIPTION:

Page 25§

Basic Impulse Lavel Tes:t =— Tast #EPAQ-Q20

High Voltage Power Penetracion Assemdly (1SXV)

Verify the high voltage jowver penectration assembly will
Reet the izpulm requirements.

2igh voliige pover pezecratiom - 13" dizmeter, caramic
Susiiag devign (3 phase, 3 comductors).
AL each voltage level the petencial was applied turee tizes.

ZgTirommental temperacure: 109C - 30eC

Standard: ASA C37.20 - 1963, paragrape
20=-5.2.12
Crest Volzage: 75KV, 95mv

all tasts vera cessiully complecad.
3USETNC - 3USELNG 3USEDG

IEST NOZZ1L= A 3 [l
1 Ground 7587 Ground Cround
2 Ground Ground 75KV Ground
3 Ground 95K7 Ground Ground
- Ground Ground Ly Grouad

*Bushing C, Lascrumented wiszh thermocouples. was
20T tasted.

4/69
GZ, Hizh Pover Laboracory, Philadeipania, Pa.

GE, High Power Laboratory, Philadalpaia, Pa.
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TITLE: High Potential Test - Test JEPAQ-021
PRODOCT: Bigh Voltage Pover ®-netracion Assembly (1JKV)
OBJECTIVE: Verify che high voltage power pemectration assemdly will
Beat ver and dry high potascial rTequiremencs.
DESCRIPTION: Hi3h voltage power penetration assemply - 13" dilamecar,
ceramic bushing desizn.
Eavirocmental temperatura: 109 - 30°c¢
Dry 3igh Potential Seandard: ASA C37.20 - 1364,
paragraph 20-5.2.1.1
Tes® Voltages: 27%7, 26KT (r=ms)
Wet ligh Pocemtial Stamdard: ASA C77.1 = 1%a3
Test Voltages: 247, 26XV (r=s)
RESTLTS: All tasts vere successfully complated
TIST NOTIZ SUSEING  ZUSEING SUSEING TIST NOZTLZ 3USETNG 3USEING 3USEING
A 3 *C A 3 *C
1 Ground 27XV Ground  Ground 1 Ground 247 Ground  Grouad
2 Ground Ground 27XV Ground 2 Ground Ground 2487 Ground
3 Ground  J6X7 Ground  Ground 2  Ground  28%7 Grouad Ground
4 Ground Ground 26KV Ground 4 Sround  Ground 2687 Ground
*Bushing C, izstrumented wizh theraccouples, vas zoc tescad.
DATR: 4/89
LOCATION: GZ, Bigh Power Laboratory, Philadelpata, 2a.
CONRUCTDD 3T: GZ, 7igh Power Laboratory, Philadelpaia, T .

L

/16/70



PRODUCT:

QBJECTIVE:

BDESCRIPTION:

Page 28

Corona Test — Tast JEPAQ~022

Bigh Voltage Pover Pemetraticn Assembly (1SZV)

Verify che high voltage power jesezraticn dssemply will
Aeel corona test requirsments.

2132 volzage power pemetration assembly - 13" diametar,
ceramic busaing design.

Tamperacura: 10°9¢ - 30°¢
Standard: IPCZA 5=15=31
Tast Cirecuis: SJEMA 107 RIV
Two Tests: (1) Acxospheric pressura

(2) 25 ?SIC aicrogen

3USEDNG SUSETNG
=st A 3
1 Coroma Stars Corona Stare ‘
ac 5KV (ras) ac 4KV (mms)
- Corcna Stare Coroua Stars
at 5KV (ras) at 10KV (r=s)

Bushing C, ‘ast—mented wizh ther=occuples, was not tasted.

4/689
GZ, High Power Laboratory, Philadelshia, Pa.
GZ, Eigh Power labovatory, Pallidelpnia, 2a.




PRODCCT:

QBJECTIVR:

CESQAIPTICN:

Page 29

Surge Current Test — Tast FEPAQ-023
High Voltage Power Penetration Assembly (15R7)

Verify the high voliage power penmecraciocn assemdly will
2mel the requirements for Surge currents due o motor
starting,

3%zh Voltage 2ower Pametracion Assembly -13" diametar
CerFmic dusaing desizm.

Texperatura: 10eCc - 10°¢

Carrens Values: 3600 am 4300 amperes, 4300 amperes;
rmas (60 s)
"Duration: 30 secor.

The temperature of the conductors will be acuizorsd during
the tast in vhich zhe speciiied curvenzs will Se applied
S0 each comductar simuliinecusly.

*Duration varied frem 20 = 40 saccuds beciuse of tize
Taquired o attais ke desirad cur. mres. Total tize
at full carremz is 130 seconds,




IDE

ige 30

3600 AMPEFXES 4300 AMPERTS 48CQ _AMprRes

10 seconds

20 sacomnds
30 seccunds
35 seconds

3.4°C(temperacurs 5°¢ rise 3.49C rise
rise of counductor)

9.45°C rige 15.6°C rise 19.59C rise
16.79C rise 34.49C rise 39°C rise
21°C rise 40°C rise S0°C rise
25°9C rise — —_

DATZ:

CONDUCTDD 3Y:

Toe tests proved e assembly would neet the surge
SSTTEnl Tequirements vithour degracaction of tha assenbly.

4/69
GZ, Bizh Power Laboratory, Philadelphia, Pa.
G2, High Power Laboratory, Philadelohia, Pa.




ZESTULYS:
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Thernal Test (Continucus Current Test) = Test EPAQ=024
High Voltage Power Penetration Assesbly (15 iv)

Vearify the curren:z CarTying capabilities of the High
Voltage Pover Penetraticn Asgsemply,

High Voltage Pover Penecrzacticn Assemoly - 13" dlizmecar
ceramic bushing desizm.

Standard: A% 37620-1965. parag aph 20=5,22
Temperatura: 107=30"¢C
Test Currents: 600, &30, 700, 750, 300 amperas

Temperaturs of conductors tc be acuiiored by thermo-
couples. Temperaturs to be monizorsd Borizontally and
veitically about the nczzla.

750 AMP TEIST
Tize
? e 4 Hours 3 Hours 12 Hours
Susaing Clamr‘ag a3 a -
Ring 407C rise 43°C rise 43°C rise
Conductor Zx-
pansicn Joiat 27°¢ rise 329¢ rise 36°¢ rise
Alr between cexro- '
liza & cutar shelll 3°C ~se 16°C rise | 18% rise
r
E
Cutar shell 5% rise | 10°C rise | 1% rise
' |

3/18/70




RESJLTS:

-

Continuaed)

Maximua Conducsor
Temperaturs 2isa

Page 32

20% 1% 16%¢ 49

le

Curzant

|
f 500 amps §75 7%0 260

The test data has Seen used =0 establish current carTying capabilicy rules
for the High Voltiage Penetration Assembly.

4/69

G2, digh Power Laberatory, Philadelpnia, 2a.
SZ, High Power Laboratary, Philadalohia, Pa.




+20DUCT:

QBJECTIVE:

DESCRIPTION:

RESTLIS:

Page 13

Plama Exposure Test - Test JE2AQ-025
Cast Epoxy Insulating Compounds

Detarmine the flame resistance propercties of cast
epaxy insulating compounds

Standard: Method 2021, 7ederal Test Method Stamdard
No. 406 (identical to ASTM=D635, test for
flazmabilicy of rigid plastics)

Five types of epoxy vere tesced.
Specizen size: 5" long, 1/2" widae, 1/4" thick (emgraved
2arks ac 1" and 4" from end)

No. of specizens: 10 per sample vers ignited far 20
secouds. Cartain specizens vere csated vith zoo-

flammable heat md moistura Tesiscing paint and ctasted.

Unpaincad Scecizen Paisted Scecizen
ZPOXT 11 2ated "bHuraing by this -

tast”
2oy 2 Racad "u.l..‘-c:‘.agni.ab.‘.a;"| ted "seli-extinguishis;
P0XY #3 Rated "ul.‘-cungnun.‘.ag" rxa:ed “self-extiaguishizi
EPOXY 44 * Rated "self-erzinguishiag” :: —
Zox ¥ Ratad "self-exziaguisniag" l{a:d "seli-exziaguishing

* Properties varied drastically depending om the hardener sed ¥ith the rasia.

** Zpoxy used in prasent desiza,




COCATION :
CONDUCTID 3T:
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1966 - 1367
GE, Nuclear Iastrmentation Depar:iment, San Jose, Calif,

GZ. Nuclear Iostrumencatiocn Departmenc, San Jcse, it

-




PRCDUCT :

OBJECTIVE:

SESCRIPTION:

Page 35

Test JEPAQ-Q26
Parforaance of Spliced Thermououple Extension Wires —

Thermocouple Wires as passed through the Penetration
Assenbly.

Verify the method for passing thermocouple wires through
the electrical pecetration aasemblias does not cause
significant ervor in temperaturs zeasurement.

Two types of thermccouples vera Cesced:

1. Therso-flectric Co.Type GG-13-CT (solid (Ca=Al)
2. GHoneywell Type SWIP16

Two types of splices vere %0 bHe evaluatad with the two
tyPes of tharmoccuple leads. Continuous solid wire
theraocouple lesds vere the standard wich which %o coca-
Pa&Ts tla test resul:ts.

Twency tharzocoupla leads vere 2o be tasted as follows:

*1) 4 - continuous solid wire laads through the penetraticom
1) & - scranded thermoccuple wire with hucs splices

3) 4 = stranded thermocoupla wiras wizh parallel splices

4) 4 = solid thermocouple wire wiczh Sucs splices

5) & - stranded thermocouple wirs wizh parallal splices

* gtandard

A. wflSl;tL‘.a.l temperature acruss splices (=7.7°7 =a
157.477

3. Maximum teader temperaturs - 253.4°7

Splices vare subjected £o differemcial temperature (greater
than would be exparisnced sven iu abnorsal conditions)

to detarxine Lf any significant error vas inctroduced due

to valtages being genarated by diseimilar zeczls ac the
Jjumetion of the splicing sleeve and the therzocoupla wires.
The thrrmocouple splices were casc ia epoxy acd the
stradard penetration seal vas formed. A mown Camperature
Va3 masured 3o the thermal IMF effec:s could Se noted as a
Bxasurable differec-e .o the tleraocouple affaccted.

Qutput of each theinocouple asasursd wizh a fase Tesponse
Leeds & Nerzhrup adiustanla Zerc, adjustable range recorder,

£ -
16/70

3/1
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RESTLIS:

The maxizum error racorded for spliced wvires was com-

sidesably less ‘han the standard limics of error for

taersocouplas vithout splices, as.found iz Aserican SCiiadl

for Temperatire Measurement Thermocouples, Pub. C95.1. a

Noraal operaciag conditions, differentizl temperacure: 25°F, chauging slowly

(increasing 2°r per zizucae).

MATIMUM DEVIATION FERCENT OF STANDARD

TT7% QF W1z TIPS OF S?LICE DECREES 7 LIMIT OF IR30R
Selid Buez 0.4 10

Scrzaced Buze <Q.2 <2.5

Sal. & Parallal “0.1 «2.5
StTazdied Parallael -J.1 2.5

Joraal operating condificns, diffarsarial temperacura: 23°?. changing rTapidly
(decst asicng 6.23%7 per minuta).

MAZOMOM DEVIATION PIRCENT QOF STANDAZD

TPECY WIX= TIPE OF SPLICE DEGREES 7 LT OF Z3RCR
Salid 3uce 1.0 23

Serandad 3ac: 0.35 8.7

Saolid Parallel C.15 4.5
Scranded Parallal -}.08 Le2

3/16/70
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Eaargency conditicns, differential temperature: 157.9°F

MALT MUM DEVIATION PERCENT OF STANDARD

TIPE OF WIRE IYPE OF SPLICZ DEGRZES F LDOT OF ERROR
Solid 3uts 2.03 50.7

Stranded Butz 1.34 33.3

Solid Parallel 0.4 .0

Serimdad Parallal 0.28 5.5

DATE: 9/16/68

LOCATICON:: GE, Yuclear [astrmwntition Separteat, 3an Josae, Calif.
QMU 3Y: GZ, Yuclear Iostitumencation Jepartaent, San Jose, Calif.




DESCRIPTION:

Page 33

lasulaction Rasistance Test — Testc JEPAQ-27

Low Voltage Power Zlactrical Penetration Assemtlv

Verify the insulation resistanca levels of zhe conducszors
of the Zlecirical Penetration Assembly will neet accept-
able levels after exposure o reiCtOT emergency coo—
dizious.

A low woliage power pesecratiom (500 wel: ccuductors)
Vas exposed to the following conditions:

Temparature: "y
Prassura: 63 paig
2alacive Bumidizy: 903-1002
Duration: 280 hours

lasulation resiscance zeasurements vers sade usizg a
megohmmatar (CRICL - 0105), 500 vol: cesc.

Two sats of raadings vers taken. One vas taken izmed=
{ataly after the test and the other one day lacer afzer
the samples had been exposed to ambien: condisions (70’?.
02 ) for the paricd.

3/16/70
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RESTLTS: DISULATION RESISTANCE
M
Produce
Pirst Tast Second Test Scecification
Conductors oo all muu«l.suoéﬂ- all z:ugc: than | all greater Omr-
Case average-l.33x10’ A - 2.0x10° R ,
average—-2.04xl0 " ‘
7 |
Conductaor o ALl greatar-1.3g10 all zreacer- { 10
Conduczor average-2.36x10' - 8.21040 n i all greacer 10"
average—-1.321x10 J‘..)

]

8/67

GZ, Suclear Instrmentacicn Oepartmenr, San Jose, Calif,

G2, Suclear lastrmencacion Jepartzenc, San Jose, Callif.

3/18/70




DESCRIPTION:

TWSTLIS:
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lasulacion Resistance — Test #EPAQ-28

Madium Yoltage Power Peneczracica Assemdly

Varify the insulation resistanca levels the “edium
Voltage Zlectrical Pametration Assembly Conductors will
Geat acceptalle levels after expesure to rezctor ener-
gency counditions.,

A 2edim woltage power pemetraticn (5%v) was exposed
%o the following condiricns:

Tamperazure: 281°%
Praasura: 63 psig
Relacive bumdidizy: 902-10C2
Suracicn: 240 hours

Iosulacion resiscance Masurmencs vers zade using 4
mmgohmracer (GAXL-0105), 500 wol: tesc. The tests vers
ade izmediacely after exXposure o the abova condisions.

lasulation Resistancs: all greazer than 2-3:.‘.0“;‘,’5
(couduczor o case) (product specificacion 1072

e resulis indicace zhe elecsTical conductors will came
Soue o function even duriag and afiar reactor accident
conditious.

1/39/68
GZ, Nuclear lascrmncacion Jesartment, San Jose. Callz,

GZ, Nuclear Iastrumentaticn Jepartaent, San Jose, Callif,
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TRE: Therzal Test — Tast JEPAQ~29
PRODUCT: Low Voltage Power Penecration Assexdly
OBJECTIVE: Verify the current carrring capabilizies of the "ow

Valtage Power Zlectrical Penetyacion Assemblies.

DESCRIPTION: Twe low wvol:age POVer penetraction assemblies were
Castad o deteraine the heat dissipating capabilicies
of the assemblies.

Penetration 1: 1151 #1383 ANG conductors
Penetration 2: 414 710 AWG conductors

The assemblies vere Lstumented to dezermine the Cam=
Pe&ratures throughout the assexbly. The assembly comducsors
were loaded and the temperaturs discriducion vas recorded.

2ESTLTS: : Condactor raciag rules vers developed, i3 par:z, from the
test daca.
Contairment Temperature

Peraissible wacss/ s, 70% 1 _85% | 60% | «o% | 50°¢
12" Penetration 12 1S F 13 25 2

'
10" Penecration 10 12.5 : s | 2 27
3% Penatration 3 10 ! 12 17 2l

]

|

ZXTECTIVE OUTY CITZE Mas on T =< 4 rianm
———“

Iize i3 8§ Hours 2ffeczive Ducy 1f the current per comducsar is
less than 3 of zhac allowed oy
O=1/2 scurs Q the National Zlecsric Code,
’ Table 310-12, page 20-1C8, therz is
1/2=2 hours 1/2 30 effective heatisg due %3 thar
ccuductor.

I = 3 hours |

=
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1968

GZ, Nuclear Iastrumentazion Dept., San Jose Calif.
and GZ, Fizh Pover Laboratory, Philadelphia, Pa.

G2, Nuclear lnstTumentation Dept., San Joge, 1L,
and GZ, Hizh Pover Laboratory, Philadelphia, Pa.

__3’ :3/?0
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TITLE: High Potential Test — Test JEPAQ-031
PRODUCT: High Voltage Power Pemetraticn Assembly (lSkv)
OBJECTIVE: Verify the High Vol.age Power Penecration Assembly

will neat vet and dry high potaacial requirements.

DESRIPTICN: 2igh Voltage Power Penetracica - 138" diameter, concemzric,
shialded cable design.

Cable type: G2 5I-33224 . a

Inviroumental temperature: 10°C - 30°¢

Dry 2izh Potential Standard: ASA C37.20~1964, paragrapn 20-5.2.1.:
Test Voltages: 27X7, 16%7 (z=s)

Wet High Potantial Standard: 4sSa C77.1 = 1943

Test Volrages: 24KV, 28%7 (ras)




Page 44

RESTLIS: All tests vere successfully coumpletad.
TIST NOIZILZ 4SUSHING 3USEDNC BUSADNG TEST ©SOZILE 3USAING 3USEING 3USHING
A E *C A 3 ~C

) & Ground 27X7 Ground Ground 1l Grouri 24K7  Groumd Ground
2 Ground Ground 27xY Ground 2 Gruvund Ground 24 £7 Grouad
3  Ground Ground Ground 277 3 Ground Grouwnd Ground 24KV
4 Ground 36L7 GCround Grouad 4 Ground 2887 Ground Ground
3 Giound Ground 6KV Gzound S Ground Ground 25XV Growumd
6 Ground Cround Ground 36KV 8§ Ground Grouwsd Groued 26K7

DATE: /70

LCCATION: GZ, High Power Laboratory, Philadelpnia, Pa.

QNCUCTED 3Y: GE, High Power Lasoratory, fhiladelphia, Pa.

'AR/77N
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PRODUCT:

Page 43

Short Circui: Tesu = Test #EPAQ-032
High Voltage Power Penmetracico Assembly (15kv)

Verify the hiza voltage pover pemetration asgembly can
withstaad the effects of short circui:z surrencs and
still zeet performanca specifizacions.

High Voltage Power Pemetration - 13" dizmecear, com-
centriz shielded cabla deaiga.

Cable type: G SI-S8224

The tast vas per ASA g37.20-1963. paragraph 20-5.2.3.

Texperature 10°C = 30°C. Current zescs to be at 20K,

40K, 50K, 3CK amparss, ras (60 cycle AC) for 10 cycles
(threse phase).




LESULTS:

LocATTIoN
SNRDUCTDD 3Y

Page 46

All tasts vere completed successfully.

MAX J ,
vauUsa INRUSH ’ DND-OF-FAULT ,
CURRENT, CRRDT | gRRa, . l
REQUIRED ACTUAL | ACTUAL A&®, | pumaTIoM
TIST | AP, RST | a®, ST | asr | w2 |
i
3efore !
i
1 20,000 18,300 12,300 23. |
|
2 40,000 36,200 22,300 | 2.3
3 60,000 56,000 17,600 | 23,4 f
I 1
s 0,00 | 82,000 52,400 l 23.5

-Aauaeluxmm«amotmumu:c tha

80,00C amperas zesc buc the curTent carTyiang capabilisy

for the dssemdly wvas 2ot raduced.

1/23/7%
GE, digh Power Labeoracory, Philadelpuia, Pa.
&, High Pover Laboracory, hiladelpnia, ?a.

;-
/70
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P ODUCT:

OBJECTIVE:

DESQRIZTION:

Page 47

Laak Race Test — Test {ERPAQ=033

High Vol:tags Power Panetraticn Assembly (l3k7)

Verily the Eigh Voliage Power Electrical Penetration
Assexoly rill meet the laak -ata Tequirements of
Suclear raactor coctaisments.

8i3h Volrage Pover Penetracicn - 13" dianecar
SoucentTic shialded zable desizn.

Cabla type: Ge 51-58224°
Temperaturs: Ambient (70°™)
Pressurs: 63 psizg (helium)
Durzticn: . 15 minutes

The high woliage pover PenetIaction assemtly vas press-
urized with helium uncer tie above condirioms and the leak
Tala torough the assemblies vas measured using a2 helim
TAS3 spectrcmetar. Procedurs per GI Test Instruczion NE3S
Qualicy Comtrol, Zlacsrical Penetraticn Laak Test lastruc
tion, #TI 765.

Laak raca: ".;C.Q-"::/sec
The assendly Succassiully zet the tes: raquirsaencs.

170
GZ, Nuclear Iastmencaczion Departaent, Sau Jose, Calis.

GZ, Nuclear Iascrmentar ™ Departuent, San Jose, Calis,
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TITLE: 3asiz Izpulse Lavel Test — Tasc JEPAQ-034
PRCDUCT: High Voltage Power Penetration Assembly (]Skv)
OBJECTIVE: Verify the high voliage power penetracicn assemoly will

Seef the izpulse raquirementcs.

DESCRIPTION: Bigh "oltage Power Pesetritidm - 13" dizmeter, concentric
shielded cable desigza.
Cablae type: GZ SI-58224

Al each voltage level the pocentiil was appliad zhree
tinas.

Zavircumental tamperature: n°c - 0%

Standard: ASA C37.20 - 1965, paragrash 20.5.2.12
Cresc Volrage: 75XV, 95KV, 110x7

RESTLTS: ALl casts wvera complacad successfully,

COXDUCTOR  CONDUCTOR CONDUCTTR

TEST  NOZZLE A 3 c
p & Gzound 75K7 Ground Ground
2 Ground Gzound 75KV Ground
3 Ground Ground Ground Ground
4 Grewad IV Ground Gerund
S uround Giound ISy Ground
6 Ground Ground Ground IsSKV
7 Grautid loxy Ground Ground
3 Ground Ground 1107 Ground
3 Ground Ground Ground LLOX7
DATZ: /70
LOCATION: " 2, ek Nwes Laborazory, Philidelshia, Pa.
SWRUCTD 3T CE, Hizh Power Laboracory, PMiladelzhia, Pa.

L WA U A d o N



JESCRIPTION:
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Tharzmal Test (Conmtinuous Current Test) = Test FEPAC=-C35

High Voltage Power Pezetration Assemply (l5kv)

Verify the current carrying :apabilities of 2igh Volzage
Fower Penetration Assemdly.

High Yoltage, Power Punecracicn Assembly - 13" dizmeter,
concantric shielded cable desiza.

Staadard: .ué 37610-1.965. paragraph 20-5.22
lexperature: 107=307¢C
Test Currtents: 500, 830, 700, 750, 300 amperes

Temperaturs of conductors o he acuniiored 2y thermo-
couples. Temperazure to 5e acnizored horizentally and
vertically about the nozzla.

Maxiaus Conductor

|
Temperaturs 2ise (°C) | 14 [ 16 ‘ 23 k33
Current (amperes) [600 ’675 ;750 {850

The tast data i3 used to astablish curvest carryiag
Gapabiliny rules for the digh Valtage Power Pemecracion.

1/70
CZ, HEigh Pover Laboratory, Philadelpznia, ?a.
GZ, High Powaer Laboratary, Philadelphia, Pa.
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TIILE: Surge Current Test -~ Tes. #EPAQ-03S

PRODUCT : Hizh Voltags Power Penetr. icn Assembly (1S5kv)

QBJECTIVE: Verify the high voltage porer jemetration assembly will
aeet the requirements for surge currents due 5o mOLoT
starting.

DESCRIPTION: 3igh Voltage Power Pesecration Assembly - 13" diamaeter,
concentric shielded canlae desiza.
Temperatu=e: 10°¢c-30% .

Currenz Values: 3000 amperes, 4000 -veres

4500 amperes, 5100 anm eras
*Ouracicn: X secocuds

The temperature of the conductors will be =onizsred
durizg t' ctest in which the specified curvents will
5e appliad o0 each comductor simultanecusly.

*Wuration varied Decsuse of tize required %2 actain the
desired gurrencs. Total tize as full curreac i3 30
saconds.

RESTLIS: Tha tests proved the assembly would zeet the surge currant
Tequirementcs vithout degradacion of tle assemdly.

B Shduaney | e ] l o I o
Candn::orl‘.n(:l 9 10 | la 20

Current (amperss) | 2000 iaoco lasoo | 5100

DATE: 70
waz=on: &, High Power Laboratsry, Philadaloshia, 7a.
CCHDUCTED 3T1: GZ, Bigh Power Laboratory, hL’,ade;;n.a. Pa.

3/13/‘70
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Epoxy Iasulation Resistance Test - Test PEPAQ=-037
Cast Zpoxy Ilasulating Compounds

Verify the vacuum cast epoxy can withstand a long
tara hign humidity environment.

Ten diffarent epoxr formulations very tas’ d. Fifcy
samples vere made with electrodes cast iz the epoxy.

The samples vers inserted ia 3lass tubes which had

Valsar ac che botztom ¢ .he tube. The tube vas heated

for the duratiom of r . zest to ceep the relative humidicy
Uaics high.

Iasulation resistance msasured periodically ac 500 and
1000 vol:s test veltage.

Ralacive humidicy: approxizacaly 1002
Durazion: 19 mounths

(1) Thres epexy formulitioms broke down afzar six veeks
exposure (epoxy became sof:s).

(2) ALl other samples remaized intac:, some exhisiting
4 slight loss in hardcess from Shore D 35 down to
Shore D 25.

(3) Iosulacion resiscancs levels: 1x10Y9 ohmeea
(except for formulacions thac Lroke down).

Rasulczs wzcmmm:muua:ﬁ.nnc—
tlation issemblies can withstand the long term effec:s

of high humidicy and scill Saistain {asulaction resistanca
lavels vhich allow operazion of electrical circuirs.

2/67
&, Yuclear Instrmentacion Department, San Jose, Calis,

GE, Suclaar Ioatrmencation Deparctzent, San Jose, Calis,
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TITLE: Insulacion Resistanca Test — Test JEFAQ-023
PRODUCT: Shielded Signa! Pemecracion Assexbdly
OBJECTIVE: Verily the shielded signal penetration zoaxial cables

Can aeet ‘nsulation resiscancs requiremsncs.

DESQRIDTION: Coaxial cables iasulazion resistancs from conducsor
£2 shield and shield o ground was Seasured us’'ag a
asgohometer. Test Volzagze vas 500 "oC.

Temperature: Ambiemt (70°F)
Pressure: 0 paiy
Ralacive

humidicy: Ampisnt (50%3)

Zigbct coaxial cables and their connectors vers tested.
(Standard production tase presencly).

RESTLTS: *All bul one of the cables aeasure:
Iosulacion >1.z.w§" cam - conducsar to shfeld
Ragiszarca »1x10 shm - shiald co ground

*The cue cable that failed (Sx10° ch:) was due %o
& assemdly srror.

The coarial cablas succassfully zac the test requirements.

ATE: 1/68
LOCATION: GZ, Nuclear Instrumanzation Jepartmenc, 3an Jose, Callf.
SHDUCTDD 3Y: GZ, Nuclaar lastr mencacion Cepartaent, San Jose, Calil,

3/18/79
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DESCRIPTION:
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CONLOCTEID 3Y:
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Iosulation Resistance Test — Test #EPAQ-Q19
Shielded Tignal Penetration Assembly

Varily the shielded signal pemetraticn twisted shielded
cables can aset losulation resiscance requirements.

The insulacion resistance of cwisced shialded cables

Vas seasured usizg i aegolometer. The test voltage vas
300 VDC. The insulation resiscance between conductors and
shialds and ground vas measured.

Temperacure: Asbienc (70°D)
Prussure: 0 psig
Relacive F.uadd ;. Ambisnt (502)

(3candars producticn tesc presencly)

Al' cables asasured the following:

€ a'ycgors to shiald: >‘.xl0§'v"
Shi .4 to ground: >1x10

All conductors successfully sat the tasc Tequirsmentcs.

1/68
GZ, Suclear Iastrmentation Departmaczz, San Jose, LiL.

GE, Nuclear lastrumentaticn Department, San Josa .o

[

Flo/T0
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OBJECTIVE:

DESQRIPTION:
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High Potancial Test — Tast #E2PA0~040
Mediua Voltage Power Pemetration Assembly (5kv)

Verily the conductors of the medium voltage pover
penetracion will neet or exceed high potencial require-
aencs.

Temperacture: Ambiant ( 70°F7
Prassure: 0 psig
Ealative humidicy: Ambient (502)

Standard TPCIA S-19-81 (L1X7 for 1 aiaute)

Zach conduc.or of tha 3 phase system vas testad. The
Assexdly conductors wera tasced at lavels nigher than
the standard required.

All conductors rassed 0igh pocancial tasts that exceeded
tha DPCIA standard requirsments.

=T Cza
Teat Voltaga l‘ &.5 27 | L& X7

Quraction ’ 4 moutes (aizuce)

3/58
GE, Yurlear lascrumencaticn Jepartaent, Sao Jose, Callf.

GZ, Nuclear lastrumemtation Separwaent, San Josae, Cali’.
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Gigh Potantial Test — Test JEPAQ-C4L
Low “altage Power Penatration Asgexbly

Ver ‘59 the low voltage powaer penetraition scuductors will
arat 1130 potential requirements.

Zach conductor of the low voliage power pevetr tion
(800 vol: conductors) was tested 2o al’ otler conductors
and to ground.

Temperature: Abient (70°%7)
Prassure: 0 peig
Ralacive humidiry: . Ambient (502)
Test Voltage: 2800 TRMS
Duration of tesc: 4 seconds

(Standard produc-icn cass presencly)

All conduczars passed the hizh potencial tasc
successfully.

3/67
GZ, Yuclaar lastrumencacion Devartaent, San Jose, Calif.

G2, Nuclear Instrmencation Jepartaeas. San Jose, Calis,




TITLE:

PRODUCT:

DESCAIPTION:

Page 56

High Potencial Test — Test JEZPAQ-042

Shialded Signal Penetracion Assexbly

Verify the sh'elded signal penetration assexmdbly con-
ductors can neet high potancial ragiirementcs.

Shialded signal penecracion assemoly contained coaxial
cablas and twisted shialded comductors. Zacn conduczor

Vas tasted tn withstand “he specified voltage without break-
down to all other ¢Inductors, shlelds and ground. The

tasc wltages veras:

L VOLIAGZ DURATICN
Coaxial cablas | 2300 VRS 4 secongs
Twristed shalded pairs ' 1000 VRMS 4 seconds

(Prasently a producsion test)

ALl counductors successfully pPassed the tesc.

67

GZ, Nuclear Ingcrmeacation Departaent, San Jose, California

GZ, Nuclear Ilnstrmencation Cevartzenc, San Jcose, liferaia
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Iasulaction Rasistance Test Test JEPAQ-042

Low Voltage Power Penerration Assenlly

Verify the low voltage powver penetration
assemblies conductois will zeer the
Taquirsd ilnsulation resistanss levels.

The low voltage pOver penetra...n containad
800 volt conducsors. ™. insulation resistance

between conductors and JeCJesn conducors ind
ground vas zeasurad.

(Test voltage was 500 7oC)

(Prasently a sctandard sroductica taac)

For all cables the Losulacing resistasce nis
geatar than 13708 4,

41l conductorys successfully zmet the tast
™equiremencs.

3/87

G.2. Yvclear Iascrmencacion Depc., San Jose,

148
—

G.32. Nuclear Instrimentacion Depc., San Jose, Calis,
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OBJZCITVE:

ESQIPTI0N::
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Vertical Flame Resisting Test — Test FEPAQ=0.4
Cross-linkei polyethylane insulaced conducsors

Verify the conductors used iz the low voltage pover
and comtrol astemblies will meet tia vertical ‘lame
test pear IPCZA S-19-431.

Cable Type: GZ 3I-57275

Testad per IPCZA 5-19-31, NEMA WCl~1964, paragraph
6.19.56 A

The couductors Successfully =et the requiremencs of the
vertical flize resiscing tesc.

CT, Wire 5 Cabla SeparTaent, 3ridgeport, Connecticut

GE, Wire & Cabla Deparmaent, 3ridgeper:, Comnecsicuc

3/18/

-
v
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LoCATTON:

ZNDOCTD 3Y:
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Flame Pasisting Test — Tast FEPAQ-045

Cross~linked polyethyleane {ingulaced conducrtors

Verify the conductors of the medium (Skv) and high
(15kv) will meet the requiremencs of IPCZA §-19-31
tlame resisciag casc.

Cable crpes: GZ SI-33063
GZ SI-38224

Tertad par IPCIA $-19-31

vertical flame tesc: paragrapa 6.19.56
Soriivatal flime tasc: paragrapan 6.13.2

The counducrzors successfully net the raquirszan~s of the
wrizoncal flame Tasiszing test but did aoe pass the

vertizal flame Tesisting tast. The conductors ars
classified flime Tasisting by the jorizontal flise
Tesiating tesc omly.

GE, Wire and Cable Jepar=:anc, Sridgeporz, Comnecticuc

GR, Wirw and Cable Departaent, 3ridgepor:, Coanscsicur

'18/70
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CNDUCT=D 3Y:
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Epoxy Radiaction Test = Test FEPAQ-04S
-as. Epoxy lasulating Compounds

Verily the vacuum cast epoxy used as the sealan: ia
Electrical Pemetyation Assemblies will meet radiacion
ragquiremants.

The Dase resis vas ex-osec %o a radiicicn scurca,
codalt 80. The radiacion vas asialy gazma photons.

(1) 3esin unchanged when expcsed :o '.o’ rads
(2) 2.52 veignt loss ac J x 10° zads ]

Miznesota Mialog & Mugufacturing Compamy, S&. Paul, “diow.

Mioresoga Miaing & Magufacturing Cowpany, St. Zawl, ¥iaa.

3/

15/70
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Testc JEPAQ-Q47

TIE: Cross~licked Polyethylene Iasulatiocn Radiation Test —
P?R0DUCT: Cross=lizgad Polyethylene lasulatica
QBJECTIVE: Verily the cross-linked jolyethylenme insulaced comductors

will aeet radiation exposure regquirements.

2ESC3I2TION: Cabls type: GZ $I-3727S
T90 samples of each of AWG #14, ANG 712, awG #2
Cna sample of sacy size exposed o the follwing
4z m’ Roentzens
2 x 107 Roentgens
Tha saaples vers axposed o alevated temperatures (1w°-130°C)
and alloved 0 cool. Then the samples wers scaked in vatar

for six hours azd them hi-potzad. Zlongatica and tansils
C2sts vere then conducstad

RESTULTS: Hi Potsntial Tests

#14 AWG =~ 3 IV (AC) for § mizuces

#12 ANG = 3 XV (AC) for § aisuces

# 2 ABG - 3.5 KV (AQ) for 5 aizuces

All condictors passed the high potancial tesc.

Samples Tensile Screngen 2 Zlongaricm of
af Iasulaciocn (pei) Iosulation
ne (zxw; oentgens) 1398 260
#14 (4210’ Roentzens) 1339 163
#12 (2210] oentgens) 2015 ! 237
#12 (4zl0° Roentgens) 2014 157
#2 (22107 Roentzens) 2616 167
#2 (4210’ Roentzens) 2736 123
Typical origizal values 2000 i 220
Guarantsed valuas 1300 130
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All samples vill vithstani the emergency temperature. radiaticn aa. relative
humldicy requirements wvithout failure.

DATE: -
LOCATION: GE, Test Reactor Facilicy, Vallacizos, lifornia
CONDUCTZD 4Y: GZ, Test Reactor Pacilicy, Vallecizos, iiforaia




PRODUCT:

OBJECTIVE:

DESCRIPTION:

* SULTS:
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Hydrostatic Pressure Test — Te: ¢ #ZPAQ-049

Low Voltage Power & Control Penetrai‘on Assemdly

Varify the low voliage pover and comeral praetration
assescly vill maintain iis integrity vhen axpcesed to
aigh prersure.

Temperatura: Amh {ent (70°?)

Pressura: 124 peig (air), them 136 paiz
Zalative Humidizy: Ambieat (%73

Duraticm: 50 mini ces

Laak ratas decermiced by vol.secric Zathod. Iuaerge
Penatration saal in comtainer of deserated vater. Miaimum
detactable leak rata 1 x 10 ° ec/sec.

e wssembly succassfully zet the tasc. No dezectable
leakage.

5/67
Ogden Taechnology L.ooracsrias, lsc., Sunnyvals, Calif,

Ogden Tecnologr Laboratories, lsc., Suanyvals, Calif,

3/16/70
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TIL: Hydroscacic Pressure Test — Tes: JEPAQ=QS0

PRODUCT: Madluw Voltage Power Penecraticn (3 &V)

CBJECTIVE: Varify the zedium voliage pover penetration assembl
vill saiactain its iacagricy vhen exposed to hign
pPrassure.

DESCAIPTION: Temperature: Ambieat (70°F)

Pressura: 124 pesig (air), chen 135 psig
Ralacive Humidicy: Amdbiens (3503)
Duraciom: 50 =inutes

Leak rate determioed by volumecric aethod. Submerge
penetTaction seal in cau:a:.agi 0f deaseraraed watar. <inimu=
detectaole leak rate 1 x 10 ° es/sec. -

RESULTS: e assembly succassfully zet the Cesc. Yo deteczable
- laaxage.

DAZE: - S/&7T

LOCATION: Ogden Technology Ladoracories, Izc., Sunnyvale, Calif,

CNDUCTED 3T: Cgden Techrology Laperatorics, laec., Sunnyvale, Cal:.®.
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TIoLE: dydrostatic Pressure Test — Tesc JE2AQ-051
PRODUCT: Shielded Signal Penetzaticn Assexbly
CBJECTIVY: Verify the shiulded siznal penetration asjeadly will

Baincair ics iategricy whea exposed 0 high pressure.

DESCRIPTTON: Temperaturs: Ambienc (70°T)
Pressure: 124 psig (sitrogean), them 136 peiz (airz)
Ralacive Sumidicy: Aableat (3503)
Duratioa: 60 ainutas

Laak rate determized by volumecric zethod. Submergze
pPenatration seal iz conzaiser of ducrz;cd vater.
¥izimm decectabls laakage rate 1 x 107~ cc/sec.

RESULTS: e assenbly suctessfully zet the tes:t. o datectable
laakage. :

DAS®: 12766

LOCATION: Ogden Tecinology Laboracories, Inc., Suznnyvalas, iis,

CONDUCTED 5Y: Cgdem Technology Laboracorias, Iac., Sunnyvale, "aliZ.




DESCIIPTION:

RESTLIS:

—— e | — e
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Hydrostatic Pressura and dumidicy Test — Test JEPAC-0S2

Low Voltage Power and Control Pesezracicn Assembly

Verily the low voliage power and conmcrol penetration
assemdbly will maintain izs integricy when axposed o
coutaizment vessal design pressure anod hign humidicy.

Temperature: Ambieut (.'0°?)
Prassure: 62 psig (aiz)
*Relative dum dizy: 1002
Suracion: 180 mizutes

*Submerge cue end of tha assembly a deaarated wvarsr for
duratican of .,it. Otler end, amblant aumidisy (30%).

Laak rata devarzized 0y volumet>.c zechod. Submerze
enelration seal in comtainer of deaeraged vater.
Minimum datictacle leakage rate L z 10 7 ca/sec.

Tie assemdly succeseiully »ac tha cesz. Yo detectable

leakagas.

/87

Ogden Techinology lLaboratorias, lac., Summyvale, Calif,

Ogden Technology Laboratories, laec., Sunnyvale, Cali?,

(9%

'8/70
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Sydrostatic Pressure and Gumidicy Test = Test JEPAQ-0S]
Medium Voltage Power Pemecratiun Assembly

Verify the zediua voliage power penetration asseably will
maistain iis {ategri.; vhen exposed to contairment vessel
design pressure and aigh humidicy.

rqc:tmc:- Axbient (70°E')
Pressure: 62 peig (air)

*Ralacive Jumidicy: 1002

Duracion: 130 ainuces

*Submerges cue end of the issembly i{a deaerated vatar ‘ar

duracion of test. Other end, ambisnt humddisy (503).
Leaak race detarmined 5y iolmmetTic nethed. Suboerge pene-

tracion seal in zoncaiser of deagratad vartar. Minioum
decactable leakage rats L x 1077 22/sec.

e assembly suczessfully ast the tasc. Yo detaczaple
laskagse.

5/67

Cgden Tecanology Laboracories, Ilac., Sunnyvala, 148,

Cgdean Techmology Laboratories, Inc., Sunayvale, Calif.
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Hydrostactic Pressure and Humidiiy Tast — Test JEPAQ-054

Shialded Siznal Penecration Assembly

Verify the shielded signal penetratioc assembly will
aaiantain its integricy when exposed to contaizment
vessel dasign pressure aad high humidisy.

Temperature: Ambiemt (70°T)
Prassurs: 62 psig (air)
“Ralacive Jumidity: pholer4
Duracicm: 180 xizuces

*submerge cme end ot the assemoly in deaerated vatar for
duraciom of tast. Other end, ambient humidizy (50%).

Lask rata determined by volumetric method. Subzerge
pauatTation seal iz comtainer of deaerated water. Minisum
dececzable leakage rate 1 x 107”7 zz2/sec.

The assemdly succassfully zet the ca2sc. Yo detecsable

leakaga.

12/66

Cgden Technology Laboratorias, lnc., Sunnyvala, L.

Ogden Techmology Laboratories, lac., Suanyvale, Calif.
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Oax=:

LOCATION:

SEnucT™ 3v:
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Emergency IZavironmenta) Test — Tes: JEPAQ=QSS
Low Voltage Power and Comerol Penetratiocn Assembly

Verify tha low voltage power and control penacration
assem ly will zeet accident environment conditions

(1) Apply caturacted steas (124 paig, 352°:-') at coe wod
of the cemdbly for 10 aisutes.

(2) Reducs to 62 paig, 09 ¥ saturated staam for 23-1/2
hours.

(3) Allow assembly to zsol o 13s°r (submerze iz 135°7
vacar), prassurs (62 P813). Maincain termeraturs
ind kaep assemply "ubmerzed for 3 hours.

(4) Monitor leak race taroughout tha tasc.

Laak raca determined 5y volumsar ‘ethod. Submarge
penecraction seal in comtainer or oo 'rajad vatar,
Alnizos decactable leakage racs L x L0 ce/sec.

e assexnly Suc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>