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Mr. John F. Stolz, Chief

Light Water Reactors Branch No. 1
Division of Project Management

U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Re: Docket No. 50-275-0L
Docket No. 50-~323-0OL
Diablo Canyon Units 1 & 2

Dear Mr. Stolz:

The attached material responds to Section 7.8, open
item (3), of SER Supplement 7 and addresses the environmental
qualification of the Fan Cooler Power Cables. The attachments
provide -evidence of sufficient cable testing to qualify the
cable for environmental conditions.

Attachment 1 is IEEE paper F76 430-9 titled "Specifica-
tions, Tests, and Installation of Wires and Cables for the Diablo
Canyon Nuclear Power Project."” The environmental tests for the
Fan Cooler Power Cables are discussed on page 3 of that paper.
Attachment 2 is an expanded report on the environmental qualifica~
tion of the Fan Cooler Power Cables.

Five copies of this submittal have been sent directly
to Mr. Dennis Allison. ‘ )

Kindly acknowlédge receipt of the above material on
the enclosed copy of this letter and return it to me in the en-

closed addressed envelope.
y struly yours, -
\ ‘ 6) ‘
" ' Mr
Attachments .
CcC w/attachments: Service List o

\.
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ATTACIDMERT 2

Envivomtental Qualification
of
Fan Cooler Pouvar Cables

Samples of electrical zables of the exact constructiion used in the plavt
were tested in an envircnmeatal chaabar under conditicns simulating 2 less of
coonlant accident (LOCA). These cables have-stwended copper conduchors covered
with a 22 mil silicone glass braid, two laps of 3 mil polyimide {(Wapton) taps,
two laps of & mil asbestos tape, aud a jacket of ciilorosufsnated polycthylene
Giypalon) with a nominal thickness of 3.50 mils.

Yrior va the LOCA Lesft, two samples each 5 feet leng, were aged for 240
hours at 200°C. The center three fect of cach eable were than immersed in water
A% recw tewperatuxe royx 14 days. Dielcetric fests 0 volrs rmo wera pere-
formed daily during this period; the. cables passed thase tests. TInsulacion
resistance tests were aiso performed just pricy to each Gielecrtric tiest., ‘Thase
tests show that while the insulation resistance varied iv
neve ¢ dropped below 850 megonms,. and hiad 2 final resistence reading of 4500
megohms. :

Tor the LOCA test, a sample 12 inches in length was removed from aach of
the specimeas, First, a woven metal jacket was placed over each cable fiox
measuring insulation resistance with 500 volts DO applied. Then these assemblies
were installed ia a chanbker intc which asaturated atennm was injected. Chamber
pressure of 50 -+ 2 psig was held for 2 houws and 30 minutes. Readings ol
insulation resistance werce-made at 15 minute intervals., The pressure was then
reduved to 20 + 2 psig which was held for 21 hours and 12 minutes; insulation
resictancae has weasurad at 30 minute intervals. The pressure was finally reduzed
to 5 4+ 1 peig, which was heid for 96 hours; insulaticn resistazace was measurad
twice daily. »

At no time durfﬁg thase tests did the, insulation fail. Tha.resistance
rcading for the two aged samples, remained infinite on the tester. The unaged
third sample had a wminimum resistance of 70 megeohms but, as this sawmple was
slightly teco' short for the test chaember, these results may have been adversely
affacted.

Although these cables were not exposed to gamma radiztion before these tests
were made, the materials used have been qualified in other tests. Radiaticn
cesistance of the inorganic materials (asbestos, glass) in the insulation is much
beyond that uneeded for this cable and, thexefore, neced not be considered nerc.
The organic materials used in the cable are polyimide and chlorosulphonated
polyethylenc, two high quality plastic compounds very suitable for elestirical
insulation of cables used in severe cnvironmeants.

] e

Kircher and Bowman, '"Nffects of Radiation on Material aad Component."
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Polyimide tape was selected for the insulation because of its excelleant
physical, chemical, and electrical prepertice, as vell as its outstanding
resistance Lo elevated temperatures, gamma radiation and fire. The manufaccurer
(DuPont) of this material has determined it will withstand more than 1010 of
gamma radiation and continuous ‘temperatuxes cxceeding 200°C with nc degradation
of essential pronerties. Kapton neither supports combustion nor melts and
begins to chzr above 800°C. There is no known solvent for polyimide f£ilm.

The cable jacket is chlorosufonated polyethylene, also an excellent insula-
tion, and has been used for this purpose in many high quality electrical cables!
This material has succes cfully passed several ‘tests on siwmilarp cables after

saiential exposure to aging, radiation, and LOCA conditicns.4»3r% Thue, the
Hypalon iacket alone is sufficient to qualifly the cable for service under normal
and LOCA coaudilions, and along with the Xepton insulation the cable is fully
qualifie¢ to pexform its safety functior.

zgggggn Insulated Wire and Cable Company . |
Test Repert 8021, dated November 6, 1970

Test Repoxrt 8921, dated May 25, 1972

3

«

Battelle Pacific Northwest Laboratorxes
Final Report 212 B0-1693, dated July 1973 to BosLon Insulated Wire and Cable Company.
The Effect of Gamma Radiation on the Insulation. Resistance of Boston Insulated
Wire and Cable Company's Single and Two Conductor Insulated Wire.

4Franklin Institue Resezrch Laboratories

Final Report F-C3016, dated June 1971, for Rome Cable Division of Cyprus Mines Corp.
Qualification Tests of Electrical Cable.

Under simulated Reactor Containment Service Conditions.

Final Report F-C3798, dated March 1974, for Cerro Wire and Cable Company.
Qualification of Class IE Electric Cables for Nuclear Power Generating Stations
Por IEEE 383.

Final Report F-C3033, dated April 1971, for Anaconda Wire and Cable -Company
Tests of Electricail Cables Under Simulated Reactor Coutainment Service Conditions.
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SPECIFICATIONS, TESTS, ANU INSTALLAUION OF WIRES AND CALLES

- FOR THE DIABLO CANYON NUCLEAK FOWER PROJECT

Ferdinznd 3. Dan

Pacific Gas and Electric Company

*  San Francisca, Califamis

ARSTRACT

This paper describes the nrocaes of selecting wires and cables for
the Disblo Canyon Nuclear Power Project. The criteria for the fire
and cnvironmental tests, the basis for the cpecifications, and the
22s0vs for the {insl choice and-asceptance are outlined., A short
section & dedicatrd to fine installation of wables in racrways with
16ieonor o separation and color coding. Alsc covered are the salea
tien and testing of Grs ctops end the seleefon of saizmic supports.

INTRODRUCTION

Sinze the carly 1960 the nuckar power planic insid=nts which
have cecurred around the world, were reportad by the media, The
Iesuits of subeeoueni fnvestigetions were closely scrutinized by
utility comjianies througlout the country,

It became clear that fire wag a contributing factor to the lossas
suffered by the faciliies. in many cases power 2nd control cable
were ipveived, Consequently the inductry fozused its attenticn
porticuistly en the fre reterdancy of wire md cables. Subsequent
cfiorts in reszarch and deveiopment produced an impressive variety
cf wites anc cables for aucizar power plants,

Up 1c 1958 thore were few cabies which met the fre resistant
qualities which should bz common to 4l cables used in power plants.
It was at this time that the. sclection of cbles for Diablo Canyon

+had to br made, However, these were no existing stanaasds which
included accepted aad saiisfactory five test proceduses.

Test precedures adopted by utilities 2nd manufacturess gave
markedly difierent nresults when perform:d by Pacific Gas and
Fleetric Compiny (PGandE). It waz thie ifferencs i test recults thae
coavineed £GanuE engineers that thae existed enouvgit justification
to initiate &« program of reszareh and deveiopmient which Would
provide FGandE with its own fire test. .

.
"

CABLE SELECTION
The objective was to select a czble construction that would
perform well in a new nuclear plant. The first step in this sslection
was to obtain from various manufacturers all the information availa-
ic on their zespective products. The next step was to compare the
various constructions, materials and tests.

it was during the comparison of published data that some
differences, partcularly between fife test results, were observed.
Furthcrmore, the discrepancics becarae even more evident when 1he
published data were compared with results obtained from fire tests
performed carlier by PGandE on 12 types of control cabls and 21
types of power cable.

Price: Membens $1.50 .
Rennembens $2.00
At Mecting: $1.00 be 1EEE

T 76 533-3, A Baper recowwnvicd and approved by
the T Porer Generation Cemmitiee of the IEEE Power
Engincering Society for presentztion at the IEEE PES
Swirer Meeting, Portland, CR, July 18-23, 1976, Man-
usepizt submitted Tobruary 23, 1978; madd availchle
for printing May 4, 1975, .

ALL Rights
Resenved

Cable Testing

Since doubts were raised by the fize perfonmance charactaristics
of differcnt cable constructions and materials, it was decided to
assign top priority to a fire testing program. Tne electrica! and
physicsl tests were Jong ssteblishied and with some minor exceptions
or agditions the mdustry standards were considered accepiable, For
Loss of Coolant Accident (LOTA) 2nd rodiation tests it wes decided
to aceept curtified reports on tecent tests performed on the same
materin! or cebls consiruction bsing considered by ’'GandE. When-
ever peeessary P'GandE would require ragdiztion and LOCA tests
pesfernicd by Indenzndant qualified laboratodes.

pBecaise of the fuiiy large amsunis of c2bie instailed inside the
conignment building, it was decided to expard the scope of the
“in house® testing progrem Ly adding an environmental test tv repro-
Cuce scme of the conditions that e cable would have to withstand,

Responding to a PGandE invitation, the manufacturers sent a
lazge quintity of cebles representing 130 different types. Each type
wes ja quaatity suificient to pesfonn a mulliceds of wsis, Tie tynss
of cable received, eacept for & small amount rsied 3 2V and 15 %V,
vrere single conductor low vollape powsr, singie and multi-conductor
control cables and some instrumentation sable.

With this positive response the program was off to a good start,
P

>

FLAME TESTS

The objective of this phase of the program wze to investicats
different types of igniticn souress and diffesent testing procedures
for various types of cables.

The purpose was to find accepiable fire tosts for each type of
cable, construction #ndfor condition of instailation. The selecteo
tests would have (0 satisly the following reguireracnts:

1) Bereproducible,

2) Be adequate, with refesence to volume of material exposed
to the iznilion source. '

3) Have 2n jgnition source with flame characteristic constant
dirning the length of the test. .

4) Be syitabls for direct comparative results when absoluss
values are not required.

The three different bumers used as ignition sources for the f=sts
were:

1)  Timill,
2) Fisher.
3) Ransome Company, Model No. $-8-H.

»

For all the tests performed in this phass the following
observations were recorded:

1) Time toignite.
2) ILength of flame application.
3) Time to extinquish after removal of ths imition source,

4) Smouldering time,

3
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5) WDropping of flawning particies cos-dlripping of n2liing
material, -
6) Ameouatof fame 2nd smoks,

7)  Spreadg of the Namcs,

8) Extent of damage to jacket and insulalion.
9) Loss of insulation (using a conducting solutich).

From the very beginning of the testing It appeared thet the
rocedure described in existing standard on verticai fire test (1) was

inadequate. Tt was observed in most of the tasts that the reienition
of the bumer was “btlowing-out” the flame of the buming cable
before it reached the indicator. As a result of this observation, it was
decided after a few trals to use the samne apparatus as in reference
(1) except that it was modifisd to hold the specimen at an angic of
70 degrees with the burner mounted on a 25 dégzee block. This
apparaits was then vsed for 21 the tests made with the Tirmill and the
Fisher bumer.
Test Mol 1

One huwidred scventy tests on single conauctors of varicus sizs
were parforined with the Tirrdll bumer, The time of burer &pplica-
tion varied from 2 mimmur of 135 scconds to 3 maximum of 360
seconds, The results were that a 0 seconds applicaticn was chossn
for further t251s on single conducinrs analler thun £#8 AWG
(8.37 mm?2).

Test No. 2

» Forty tests on single conductor cables were pesformed with the
Fishier bumer, The time of application was the same as for the Test
No. 1. A3 2 result, a. 60 second application was chosan for further
tests on singie conductors farger than #3 AWG (8,37 mm?) but not
cxeeading 2,50 om overali diameter.

Test No, 2

A group of tweniy sampies of multicenductor cable 7¢-#172
AWG (3.3 mm?) was tested o5 in Test No. I, but with the buser
applicd for 15 minutes. During this tast the temperature on the
insulation in one of the condustors and Ui insulaticn sesistancs were
continuousiy recorded. Tne fest was repeated using the Fisher bumer.,

A compaiison of ihe reselts proved that the Fislier buiner wes
more adegquate for this test. The insvlzticn fziluze was recorded ot
approximately seven minates for most of the samples.  *

Test No. 4 ’

_ Twenty morc samples of multiconduétor cable were tesiad with
the Fisher burer applied for three minutes. The purpose was to
obtain information on the time required to ignite the 7¢-#12 AWG
(3.3 nun?) cables. Observations were made throughout the test, The
1csults were consistent with those obtained in Test No. 3. A 60
seconds application was chosen for further tests on multiconducter
cables.

TestNo. S

A small number of samples of medium voltage cable, multicon-
ductor control cable with an overall diameter in excess of 2.54 cm
and single conductor low voltage cable larger than #2/0 AWG
(674 mm?) were tested using a Jarger bumer (made by Ransome
Company, Model No. S-8-H) capable of a much greater output than
the Fisher burner, The results of these preliminary tests were incon-
clusive. Jt was then decided to limit the scope of the program in time
and cost by concentrating the ¢fforts on ignition sources suitable for
cables less than ene inch in diameter.

(3]

Tt Wo. 6 .

The Rancoms bumer howsver was sulected for the fire test of
eables in tray. The trays veed wers nunched botiom type, 15.2 em
wide and 2.6 cm high, honizontally mounted, Thirty samples of cable
selected by orevious tests, divided snto five groups, compztibie as 10
insnlation and jacket m2tenal, were 12ié toa Gl equal to 307 of the
tray’s cross secliona) arca. The Ransoms bumer wes set 12.8 em
from the bodtom of the tray and zdjusiad for an output of approxi-
mately 400,060 3tefnr, Fizure 1. ‘Tie flame was temed on for 5
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minutes. Recordings were made of electrical insulation resistance,
cadle, tray and ambient temparature at various points, ignition ime,
amount of flame zad smoke, time of after burn, length of Jame
spread oa top and at bottom, and extent of visible damage to sam-
pies. Good comparative information was obiained from thess. tesis.
Qther tests included different typss of covers, solid botiem trays and
vertical tray arrangsments.

Fire Testing

During the previous phase of ‘fiame selection, 2 Jarge number of
less promising cz2bles were ¢liminated. The final testing was per-
formed on 31! single conductors #£10 AWG (5.2 mm?) or smalie,
8 single conducters #8 AWG (8.37 mm?) to 1/0 AWG (53.5 mm?),
and 18 muolticonductors 7-#12 AWG (3.3 mm?). Each test ~as
repeated three times for each type of cable.

Samples of the small single conductors were tusfed with the
Timill bumer applicd four times for 15 seconds with 15 sscond off
periods between applications. The bumer was not reignited if flames
wete still present at the end of the off periods. | -

. 4 d({’sr

Samples of the multicoy and Jarger single conductors were
tested with the Fisher bumer replacing the Timrill and using the same
procedure.

N

Four trays, loaded with cables with the four most promising
types of insulation, were tested using the Ransome bumer as
previously descenbed.

coniwy  mows
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. ENV!RONMENTM:T@BS

A special environmerifal chamber was bult o reproduce
adverse environmental conditions similar to those poseible insice the
centainment building, Figure-2, '

LEGEMD
@Env:rcnmenfcl Chember

(@) cebte Sompte .

» (3)Swedge Lock Devices for Coble Sample
(8)End ¢f Cadle Samgle Scoted with Epory
(®)Encrrice! Leass 10 Insulatiza Resistonce Meesuring Dadse
&) Prassure Gouge
Thermasouple and Leods
(©) Sieom it
(@outiet 1o Steom Trap

Envireamental test opporalus .
- Figurs 2

a

Sicam wis tiliced 23 a svurce of heat, pressure and humidity.
With tiic cable samnles inside the chamber, the conditions produced
wele a2pproximately 150°C, 50 1bffin? and 100% humidity. These
were continuously mornitored througheut the test,

A}

Six samples of single conductar cables were mounted in the
ciamber, A source of 120 V z¢ was applicd hetween the conductor
and a braided wire jacket connected to pround. ‘The insulstion
sesistanoe was recorged periodically throughout the test. At the end
of cachi-test the acsistance value was checkad (bot and cold) with a
SO0 V megohmmeter, Seven multiconductor cablss were tested with
four conductors connzcted to the 120 V ac source and the remaining
three connected to ground. The thirteen samples were tested, soms
for not less than 4% hours, others to a maximum of 103 hours.

-

N

CABLE
. SPECIMAEN
€2

L} TEST LEADS

43

Envircnmentol test cpzerotus for forge codles
Fiqure 3

~

Fan Ceoler Motor Cables Q

The requirements forPPo0C V special type of cable, capable of
pawfaiming during and after a LOCA event, prompied the investigas
tion of new naterials and new constructions.

it appeured that a Polyimide insutation with a Jreavy Chlesos
sulphonated Polyethiviene (CSPE) jacket could have satisfied the
requirements without incurring the extremely hizh cost of special
scalsd ©r armered cables. Several manufacturers were approaciicd
and after meetings with various engineers a sofution was proposcd.
One manufzcturer proposed to supply a sample as required cxcept
for the 2ddition of two components that would improve the manu-
facturing process and possibly add to the overall performance of the
cable, The proposal was accepted and a sample prepared for our
testing.

Duc to the large size of the cable (approximately 1,000 kemil
(507 mm?) and 4.5 cm overall diarcter; our special environmental
chamber could not be used. A new chamber built for the sole
purpose of testing this cable is shown in Figure 3.

Three samples from 25 to 30 centimeters long were mounted
in the chamber. The environmental conditions were monitored as
before, with (e insulation resistanee measured every five minutes
with 2 £00 V megchmmeter. The pressuse and tempesztuse profiles
ior §he 56 hour tast age shown in Figurs 4.

The test was compleicly satisfactoty. The raegger reading for
two of the sampies was at infinite throughout the fest. Tite otirer
szmple had readings inversely proportional to the pressure in the
chamier, with a Jow of 70 megchm for the high pressure and 2 high
of 370 micgohm for the Jow pressure.

€0
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Y 200°F &
w2t 2 P33
] /}’ -933 < 5_:
4 #
10 1AL 100 ¥
g / : 18
. L/ ) . [
° ! L
01 N Ql (6mn) 2% 10 24 ]
TIME=hours
Pressure ond temperature grofiles M
» Flgure 4
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The three samplss were carefully dissected and examined.
Sample No. 1, the one vith a low megger reading, was 100 short
to extend compietely outside the special fittings. The epoxy used to
seal the open-end of the cable had not adequately penctrated the
strands of the rope lay type of conductor. A very minute path
zllowed the steam to escape from the chaniber, through the strands,
thus causing the variable megohm reading.

It is very important to report that samples No. 2 and No. 3
were part of a longer piece of cable previously aged for 240 hours
in an oven at 200°C. The cable was 2ged with 2 bend in jt of approxi-
mately 30.5 cm in diameter, and sampies No, 2 and No. 3 were
purposely cut from the bend portion. The surface of the jacket
was® comewhat hardened. The samples were carcfully straightened,
observing the tiny cracks that developed on the inside of the bend.
When the samples were straightened crucks were cbsened to be only
on the surface and measured to a maximum of 2 mm depth, There
vas no change in the depth of crzeks after the cavironmental test.
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Salety, petformancs and econotny were the fiest considerations.
Design of the proper installation was the secend. The voiume of data
obtaned from the fests was carefujly screensd and svalusted in the
light of existing industry specifications and manufacturers® published
data. .

Four basic specifications were considered for the bulk of cables
installed at the power plant (with exclusion of the 220 kV and
500 kV switchyands). Except for the thermoccuple extension wire,
the selected conductor material was copper.

Medium Voltage Power Cable Specification

This group included 15 kV rated cable (part of it inside of the
containment).

ch

The requirements were ‘cross-linked polyethylene (XLPE) or
cthylene propylene rubbzr (EPR) insulation with an extruded strand
shicld, extruded insulasion shicld, copper shicld tape and a flame
retardant chlorosulfonated po!yclh)'lenw&;z_c__?_!l&} polychloropreite
(N) jackhet. Insulation shickness was 2.76 mim for the 5 KV class and
5.55 mam for the 15KV class. Except for the Corona Level Test and
the Void and Contzinment Datermination Test (subjects in which the
author had substantiz] dircct experience prior to joining the Diablo
Canyon Nuclear Powaer Plant dasizn toam), this specification was very
similas to x widely used industry standard (2).

The final cheice was in faver of the EPR-N. Better thermal
stability than XLPE at highsr ambient temperature was consideted 2
factor (even if minor). The additions of bedding tape and heat shield
proposed by the supplicr were considercd improvements and accepted.

Low Voltage Power Cable Specificetion

This group included 600 V rated cable for use inside and out-
side the containment, and Class I power cable.

The r2quirements were {or:

Single conductors, flame retardant heat.and moistute
resistant czoss-Jinked polyethylene ({LPE) unjacketed.

Single conductors, heat and moisture resistant vulcanized
ethylene-propylene copolyiner (EPM) or ethylene-
propylens terpolimar (EPDM) with flame retardant, heat
and moisture resistant jacket of polychloropiene (N) or
chlorosulfonated polyethylene (CSPE).

{c) Singic conductors, fiame retardant, heat and moisture
resistant, methyl-phenyl-vinyl base, radiation resistant sili-
cone rubber (S) with a flame retardant, heat and moisture
resisiant chlososulfonated polyethylene (CSPE) jacket cra
silicone resin impregnated glass braid jacket.

The cable dcsig}xaxcd as Class I for installation inside the con.
tainment building'was requried to withstand for five hours the follow-
ing environmental conditions: 4.5 x 108 Rads, 150°C, 60 Ibf/in? 2nd
100% humidity.

The common requizements were:

1) [Insulation resistance, ac and dc voltage tests performed

with the cables immersed in water, These tests required for
1007% of the production,

2) Vertical fire test as previously described in the section of
fire testing.

In addition the following design tests were required for each
different construction:

1) Hornizontal Tray Flame test.
2) A Corrosive Effect test.

3) A Hydrogen Chloride Generation test.

The fina] choier was hOr of’

(3) A specially compounded, ivadisted JLYE with excclient
sell-extinguishing cheracteristics und 4 low cosrosive effect.
(b3 An EPR.with = CSFE jacket with good selfeextinguishing
*characieristics anG 2 favcmble cost, particulatly in the
lzrge size conductors.,
(¢) A Silicons Rubber compound rated for continuous use at
130°C, radiation and moisture resistant, with a flame
rctardant CSPE jacket. .

A zpecial test was requasted for the first two items to determine
the possibility of withstarnding the exposure for a period of one hour
at ths temperature of 282°C. The test was meant o simulate the
conditions that could develop in case of a steam line break in prox-
imity of a conduit. Samples of the two items were energized at
480 V and exposed to the 282°C temperature for 2 period of tims
far eveneding the requirement. Both samples performed without

- vey

failure angd withstood the subszquent 5 kV hipot test.

Control Cable Specification

This group included single and multiconductor, €00 V rated
cables for use insids and outside the Cenizinment Building for
genera! applicaticn and for Class I senice. The requireinents wers
siinilar o those previoutly described for the Jow vajiage power cable
except for the addition of ths cverall jackets for muiticonductor
cables.

The tray fiame test was changed 10 a vertical armangement and &
smaller flame. When this specification was drafted, a Working Group
of PGC-IEEE was preparing 2 guide for the installation of wire and
cable in Power Plant. The author was 2 member of that group and at
that time the vertical test with 2 small nusaber of cables seemed 2de-
quate and the 70,000 Btu/fl:r flame was mose widely accepted, by the
potential cabje supplicrs, than the lazrger flame of the PGandE test.

For the single conductor control wire the final choicc‘); was:

1) XLPE. .

.2) Silicone Rubber with CSPE jacket. .

For the multiconductor control cable the final choice was:
. 13 XLPE, as for the singles, and overall XLPE jacket.

2) Silicone Rubber insulation, as for the singles, with a glass
braid and and overall jacket of CSPE.

Specifications for Signal and Thermocouple Extension Wires

This group included multiconductors for use inside and outside
the containment building, for general application and for Class |
service.

L2 .
Thﬁsrequircmcnts were similar to those for the control cable
except for the following: '

Signal wire makcup consisting of:

1) Two, three, or four twisted insulated conductors within 2
common conductive shield, with drain wire and an overall
jacket.

.

2) Two twisted insulated conductors, nonshiclded, and an
overall jacket.

Thermocouple extension wire makeup consisting of two insu-
Jated conductors within a common conductive shield with drain vire
and an overall jacket,

The fina) choice was in favor of XLPE and silicone as for the
contro cables, with the exception that the silicons cables had a glass
braid over the singles and a silicone jacket overall.
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r Because of delivery prebiems for part siliconc cable a new
product was taken under consigeration, D tests. submitiad by
the manufacturer indicated that this orodust, Polyaryiene, could in
fact'meet or exceed the requircments previously sct for the silicone,

Tiie Polyaryiene insulation and jacket construction was also
proposed for thermocoupic extension wire installed near the reactor
vessel wiiers tzmperature and radiztion might reach 2 higher leve
than other locations inside the contzinment. The documentatisn pre-
sented and the witnessed tests were coavincing enough to show that
the construction was mechanically superior to tie high temperature
cable originclly specified by the reactor supplicr.

Coaxizl and Trizxial Cables

These cables were purchasad from the supplier of the XLPE
control and power cables. The requirements were for XLPE insula-
tion and flame retardant XLPE jacket. Electrical characteristics and
dimensions were similar to the applicable industry standards with
some restrictions for specific values.

Common Requirements for the Acceptance of Cables

Duc to the nature of the project the following requirements
were establivhed for 21 the cables designated for Class I service:

1) Qualification of supplier. .

2) Implementation of Qualiry' Assurance Plan with docu-
mentation extended to full traceability of materials.

3) Complianze with specification.
b 4) Evidence of test performance:

(a) Performed by suppliers and witnesssd by Company
representatives,

() Pcrformgd by independent laboratories.
(¢) Performed by Company.
Table 1 gives an overall picture of types of cables, where used,
how instalied, class of service and tests performnzd.
. RACEWAYS '

The criteria for the installation of cables in trays and conduits
have been established since carly 1968 and they are still in line with
the present state of theart,

* The special 'instructions to the Nuclear Power IMant design
group had particular reference to the following:

1) Definition of the categorics of cables with different voltage

occupy tic samw. .

2) Limitation of tIF number of simultancously loaded
medivm voltage or loy voltage power circuits plac:d in the
same tooy.

3) Limitation of the maxinum I, with the total caleulated
cable area not to excesd 3CK of the cross sectional area of
the tray and 40% for the coaduits.

4) Physical separation of raceways containing redundant

circuits by using separate raceways and separate routes.

5) Minimum vertical separation between trays containing
power ciZcuit to be not Jess than 30.5 cm.» .

6) Limitation of the use of solid bottom trays and solid cover

v

to only when no power cables are involved. /
7) Cument carrying capacity of cables to be calculated by
IPCEA or NEC rules.

. . 8) Interruption of trays at wall penctration and use of con-
crete encased, square section, metal ducts for a total cross
sectional area at least equal to that of the trays.

9) Use of fire stops in ali vertical and horizontal trays, partic-
ularly at wall and floor penetrations.

10) Use of the color coding of all the cables for Class I service,
for the efficient and clear discrimination of redundant vital

- circuits as well as different channels. For tiis purpose al!

the cables were purchased in nine different colors:

(a) Black for the general use, non Class I cables.

(b) Orange, Grey a2nd Purple for the threc Safeguard
. Systems.

(c) Red, White, Blue and Yellow for the diffefent
Protection System channels.

Brown and Greeen for Protection Systéms frains “A™
and “B" outputs actuation circuits.

The coloring of the singles in the multiconductor cable matched
that of the jacket. In addition all singles were numbered . for
identification.

O]

Fire:-Stops *

The use of fire stops was recommended for the followinz
purposes:

(a) To provide a scal impervious to fire at wall and floor

" rating or different scrvice that would not be allowed to pencetrations.
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(b) To seal conduits and trays entering cquipment enclosures.,

(). To avoid the chimney eficct in vertical trays and prevens”

firc migration in horizontal trays. -

Four leading products were investigated with regard to: case of
application, curing (ime and shrinkage, res:dual flexibility after cure
and flame resistance.

Tests were performed on different compounds and incrt filler.
The product selected was a thxxouomc compound used in conjunc-
tion with filler made of asbestos fiber (later shbstituted with a
ceramic wool). .

The interior fire stop for vertical trays consisted of a2 10,2 ecm
thick barrier of fibers saturated with the compound. The exterior
portion of the fire stop consisted of 1,27 cm asbestos-cement panel
fastened in a planc perpendicular to the tray and extending for 2
minimum of 20.4 cm all arcund it. Prototypes of this fire stop were
tested in trays loaded with flammatle cables. The fire stop passed the
tests and was approved for installation.

Several heat run tests were also performed to determine the
amount of temperature rise due to the fire ctops and the wire
coating. The results were tabulated and used in determining the cable
derating.

During the last {ew years some new products became available
and were offsred as fire stops. Their installation seemed easier and
faster than the fire stops already approved. The new products were
evaluated and recently one of them swas selected for installation at
the Diablo Canyon Nuclear Power Project,

This product is a silicons compound. foamed in place and
installed in 15.2 cm thickness. A crash program was developed for

the testing of the temperature nise in the cable with the new-fire -

stops. The (ests were performcd on a 30.5 ¢m tray loaded with fifty
#2]0 AWG (67.4 mm?) low voltage power conductors, EPR insu-
Jated with a CSPE jacket. The tray was mounted inside a chamber at
constant, controlled, temperature. ’

‘The tests performed were 2s follows: .

1)  40°C ambient with a current of 70 A circulating in each
conductor. .

2) 40‘1C ambient and 80 A.
3) 50°Cambientand 70 A.
4)  50°Cambient 2nd 80 A.

The tray with the fire stops, conductor arrangement and thermo-
couple location is shown in Figure S. The results are represented in
Figure 6. For simplicity the curves were plotted using the maximum
temperatute recorded, with the corresponding thermocouple
identified for 2ach value.

The datz in Table No. 2 show all the temperatures recorded
for all 20. thermoccuples installed in the cable bundles shown
in Figure 5. Also shown is the total temperatuse rise over the
ambient.

Thermocouples No. 21 to No, 24 were used to monitor the
ambient temperature for the tests. For both the 40°C and 50°C
ambient, the approximation of ths tcmperature was within one
percent.

It is recognized that the number of conductors and the simul-
tancous current Joading used for this test represents a situation
rather unlikeiy to occur in any plant. However the bundle arrange-
ments are quite 3 commoa practice and the intent was to test a case
limit. Needicss to say none of the trays at the Diablo Canyon Project
approaches such an extreme limit.
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POWER CABLE CONNECTORS

Samples of crimp type copper power connectors for wise sizes
used at Diablo Canyon were type tested for heat rise, millivolt drop
and pullout force. Both 1007 and 125% of full rated current, based
on Table 310.12 of the 1971 National Electric Code, were circulated
through the terrainations consisting of the cable and crimped on
connector. The temperature rise of the conncctors was always less
than that of the cable. Voltage drop measurements were obtdined in
millivolts over a distance from the junction of the tongue and the
barrel to approximately 1.5 mm on the wire. In all cases voltage drop
values measured on the crimp were less than that measured over an
equal length of wire. All samples were subjected to a crimp strength
test. Each sample was placed in a Richle Tensile Test Machine and
sufficient force was applied to pull the termination to destruction.
All samples passed the minimum requirements of Underwriter
Laboratori_es Standard ULA486.

SELECTION AND TESTING OF

SEISMIC SUPPORTS FOR RACEWAYS
Seismic design criteria for the supporting structure of the cable
tray and conduit system consisted of floor acceleration response
spectra provided by a seismic- design consuitant. Based on a design
earthquake with maximum horizontal acceleration of 40%g and
vertical aceeleration of 27%g, the supports were designed to provide
a system with high natural frequencies, to take the predicted maxi-
mum floor accelerations without local amplification. The greatest
value of floor acceleration used in the design was 165%g for ultimate

load conditions (cc.responding to DDE or SSE design).

The flexible support concept, which supposedly isolates the
supported raceways from movements of the structure, was rejected
for the following rcasons:

(a) Displacements would be excessive if flexibility were
achieved. s

() Complexity of layout of raceways made jt essentially a
rigid system,
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TEST NO. 1A TESTNO.1B .  |TESTNO.1A TEST NO. 2 TEST NO. 3 TEST NO.4
THERMO. | THERMO. | 70A AMB.=40°C 70A AMB.n40°C & 80A AMB.=40°C 70A AMB.=50°C 80A AMB,~50°C
COUPLE | COUPLE - s TEST NO. 18 “
LOCATION] ~ NO. 1eMP.  [ToT.TEMP) TEMP. [TOT.TEMP|AVERAGE]| TEMP. [TOT.TEMP| TEMP. - [TOT.TEMP.]|- TEMP. [TOT.TEMP.
: °C RISE °C °C RISE®C {TEMRRISESC| °C RISE °C °C RISE °C °C RISE °C
- 1 63.2 232 63.2 232 23.2 70.2 302 74.7 207 80.1 30.1
2 2 | 640 24.0 64.0 240 240 71.2 31.2 €0.9 109 79.2 20.2
is_i"' é 3 61.1 21.1 613 213 21.2 68.0 280 72.4 224 774 27.1
w 4 63.1 23.1 63.5 235 233 69.9 299 747 247 70.9 299
Fry 5 4.8 248 65.0 250 24.9 72.2 32.2 769 26.9 82.9 329
~ 6 “§ 688 288 69.0 29.0 289 758 358 80.1 30.1 86.3 36.8
-2 7 615 | 215 61.3 21.3 21.4 6.3 283 | 723 223 776 | 276
‘;%ET'. g 8 . 67.4 21.4 67.8 218 216 76.7 367 793 29.3 857 35.7
w 9 67.8 278 68.0 28.0 27.9 75.3 353 79.2 29.2 85.8 358
w 10 65.0 250 65.0 25,0 25.0 719 319 76.2 26.2 820" 329
o0 11 548 148 55.2 15,2 150 61.8 218 65 - 15.6 8.7 187
12 60.8 20.8 60.3 208 208 67.9 27.9 72.1 2z.1 76.3 263
z’f:"' 13 54.1 14.1 54.9 14.9 145 584 18.4 553 15.3 68.2 18.2
14 56.0 16.0 - 56.6 16,6 16.3 63.2 .232 58.1 181 | 711 21.1
15 54.4 14.4 543 148 146 619 219 66.0 160 686 186
16 54.8 148 56.5 16.6 L1587 52.2 22.2 53.3 18.3 69.9 129
secr 17 56.3 163 ) 63 |. 163 | 163 636 236 70.0 200 729 229 ,.Jl
co 18 " 580 18.0 58.8 188 18.4 623 223 69.3 19.3 717 21.7
19 56.6 16.6 57.4 17.4 17.0 60.7 207 | 633 19.3 71.4 214
‘20 57.1 1721°. | 577 12.7 17.4 61.4 214 69.1 19.1 72.2 222
Notes: 1) All temperatures are measured at steady 1tate, . ' .
2) Tests No. 1A and No. 18 sre mads st different timas to verify tha repestability of the test.
3) The eveszgs temparature sise It used to plot the curva of test No. 11n figure 8,
4) The heavy lines Iden(i‘fy the maximum values used in figur2 0.
. Hoat run test on fire stops

Table 2
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Adiustable menl framing clements wer as components of
the support assemblies, 5o that cn-the-job fabrication could be done
with minimaj dnlling of holes. However some welding was required
in the assemblies, and hot-rolled steel angles were used for some of
tne bracing members.

Embedded sheet metal channels and expansion anchors were
the chief means of attachment to ceilings and walls. An engineering
standard was developed for the anchors based on review of published
test data, published allowable loads, and some in-house testing (static
and dynamic). ‘

Support assemblies were éesigncd for cither (a) vertical-and-
transverse loading or (b) longitudinal Joading. Omni-directional
supports were utilized as much as possible.

Open-sided trays on single-stem cantilevers were designed to be
used whenever possible in order to provide easy access for lift-in
placement of cables. Due to the complexity of layout of the tray
system, the open sides were in many cases hemmed in by walls and
adjacent and intersecting trays so that pulling of cables was the tech-
nique actually used. Because the cantilever assembly is inherently
weaker in the transverse direction, it probably would have been
better to standardize on multiple-stem “trapeze® support assemblies
instead of cantilsvers.,

Standard details were developed with 'the intention of mini-
mizing the structural design effort. However, due 10 stringent enforee-
ment of quality assurance rules, over five hundred special designs had
to be made to supplement the two dozen “standard" assemblies
which constituted the bulk of the support system.

CONCLUSIONS

The Author believes that this paper demonstrates the determina-
tion of PGandE Company to design a plant that would minimijze all
the risks of accidents where cables could be involved. This paper also
shows that the cable is not a commodity which can be purchased in
millions of meters using only one specification. The variety of require-

ments in a nuclear power plant demands particular consideration of -

materials 2s well as design.,

After reviewing the state of the art in fire testing, new tests’

were developed. The selection of cable listed in Table 1 represents
the final results obtained from the cvaluation: of an impressive

>

=

amount of data which wou’& impaossible to present in this paper. .
The fire and the environnfental tests combined with the design

criteria guided the designer in the sclection of cables for the Diablo

Canyon Unit. The tests on fire stons gave valuable information on

the temperature risc of the cables. This information was then ussd

for the selection of conducter sizes.

The standard details for raceway support were developed to
include special designs that would comply with seismic and quality
assurance requirements. |

It is the conviction of the designers that the cable and raceway
system at Diablo Canyon represents the best possible combination of
material choice, engineering judgment, economic evaluation and

. design criteria available today.

FUTURE DEVELOPMENTS |

The criteria established for Diablo Canyon could be used as a
guide for other power plants, nuclear and coaventional: ’

The amount of information pressnted in this paper has been
limited by the space only. More data arc already in our files and
more will be collected as the effort to achicve an cven safer installa-
tion continues. Heat run and fire tests of cables in receways and fire
stops are being performed while this paper is being written.
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