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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-OL
Docket. No 50-323-OL
Diablo Canyon Units 1 6 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 Pxoject." 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 acknowledge receipt of the above material on
the enclosed copy of this letter and return it to me in the en-
closed addressed envelope.

ry truly yours,

Attachments
CC w/attachments: Service List
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ATTAC?R~~i'3T 2

Eiivi1 oii;1 en ta 3. ((ua 3. ication
of

I'an Cooler Power Cables

Samples of e lcctrica?. 'ble s of t!ie exact construe?: ion used in "..h('lant
were tested in Qn envircnmenta?. c!;aaibar unde. condit cn" im Sting " loss o .

coola» t ace ident (LOCA) . These cab's have - trande(i copper conductors covered
with a 22 mi 1 silicone gl"ss braid, Lwo laps o.". 3 alii po3 y mi(?c (( }) on) tap
two 3apfi of 6 iiii1 Qfibes Lob tape, arid Q. jac!(e t of c!(lox'osu f Q Lcd pol) (,'!'iy cne
( !ypnlon) w.'h a nom'i na 3. thickness of 'i.50 mi? s .

".rior ro the LOCA. tefit, Lwo samp3 es «ach 5 feet long . were agee for 240
!ioura Q t 200 '0 . Th" center three ie(. t of each cnb i e were t!ian imme rseu in water

rccm tern Qr,at" re xo . 14 dai's ~ D e loctr te' Q t i'i0 JQ vo? x s rms U('.le per-
formed dai' duri n~ th' period 'h" cables passe 'hese tests . insulaci on
lca is tance tests were a.i.so pcr'oi.,"„e(l just pi or to eac!1 dielectric 'tes t ~ i'h('se
Lcs ts show "liat while the insu la tion les 'tance varied from da; Lo (? Qy, it
ne (iropped bc low 850 mcgohms, a..d i ..d .. f"'a'es ' tcnce read in" of 6500
megohms o

Ior th" LOCA tea L, a sample 12 inches .' 'ength was res:oved xrom "Qch OL

the specimens, First, a woven motel jac!(et wa s pi aced over eac!i cab?e for
measuri ug insulation xes'tance wiLh 500 volts DC applied . Then these assemblies
";ere inst ~ . wed in a cha".:bex'lLO whic.. 33turQtnd „i onm w; s j n je Le( Chemi «r
pressure of, . 50 i. 2 p: ig was held for 2 hours Qn(i 30 minutes . Readings of
insi! la Lion resistance werc -.ma(?(. Qt 15 minute inte rva ls . The pressure was ti.en
redu;ed to 20 + 2 psig whi ch was held for 21 hours and 12 minutes; insi: lation
res'tance has measured at 30 mi!iute interva ls . The pre ssure «as final y r"di CC(?

Lo 5 + 1 ps i.g, whicn was hard for 96 hours; insu latic». resistance was nieasured
twice daily.

At no time during these Lests d id the. insulation fa' . The . resistance
reading for the two aged sa"...pie s, remained infi..it on th.. tester . The unaged
third sample had a minimum resistance of 70 !nego!ims but, as this sample was
slight ly too'hort for th test chamber, these results m;.y have been Qdv..rsely
;iffQCLe(3 .

A1 though these cables were not ex(posed to gamma radiation before these t e s t s

werc made, the ma teria 1 s used have been qualified in otlier tests . R"(!inticn
refi istance of the inorganic materia 1 s (asbestos, gla ss) in tiie insula L 'n is much
beyond that needed fo thi s cab? e and, therefore, need not ice cons idere(! herc .

T!ic organic materia ls iiscd in the cable Qre polyimide and chlorosulphona ted
po lye tliylenc, t wo high qua 1 ity plastic compounds very sui'-able for e leo" rica 1
insula tion of cables used in severe environments .

Lhi rclier and Bovman, ".i..ffcc tfi of Radiati on on ?!Q L-'-x'' 3 1 and Coiapone»t ."





Polyimide tape was selected for. Lhc insulation because of its excellent
physical, chemical, and elect-"ca'rcperLics, as well as its outstarding
resistance to levat d temperatures, gamma radiation and fire. The manu ac-urer
(Dupont) of this matexial ha. determined it will withstand more Lhan 101 R of
gamma radiation and conLinuous 'temper" tures exceeding 200'C with no degrad t ion
of essential properties. Kapton neither supports combustion nor melts and
begins to chax above 800'C. There is no known solvent ior polyimide film.

The cable jacket is chlorosufonated polyethylene, also an excellent insula-
ti.on, and has been used for this purpose in many high quality electrical

cables.'his

material has successfully passed several -tests on siaiilar. cables after
e<lu ~ntial exposuxe to aging. rad'ation, and L0CA conditicn . » Thu, the

Hypalon j"ckeL alone is sufficient to qualify the cable for service under normal
and L0CA, conditions, and along with th lepton 'nsulation thc cable is ful"y
<Jualified to perform its safety iunction.

Boston Insulated Mire an'able Comnany
Test Report 8021, dated Nov mbex', 1970
Test Report 8921, dated liay 25, 1972

3 Batt<.ll Pacific Northwest Laboratories
1 inal Report 212 B0-1698 dated July 1973 to Boston Insulated Mire and Cab'e Company.
The EffecL of Gamma Radiation on the Insulation. Resistance of Boston Insulated
Mire and Cable Company's Single and T<eo ConducLor Insulated Mire.

4Fr"nklin Institue Research Iaboratories
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 Hire and Cable Company.
Qualification of Class IE Electric Cables for Nuclear Power Generating Stations
Pcr IEEE 383.

Fi.nal Rcport F"C3033, dated April 1971, fox Anaconda Mire and Cabl<.'.Company
Tests oi Electrical Cables Under Simulated Reactor Contai.@~ant Service Conditions.
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SPECII ICATIONS, '> ESTS, i'NIP L'<STALLA('IO>IOF ",YI!<ES J')v!0 CA»LES
FOR T!IEDIA!JLOCA<syrJPi hVCL)..Akc"X)VI'.R

PI(OJE(.")'crdii!and

J. Da,!
Pacilic Cms and El ctric Cr>n)p:!ny

San I'faric) co, Caiifniii<>

ADSTRACI'his!iap.r

dcscribescthe, proc rs oi'sclec!i1g!vires and cab!es for
the Diab!o Canyon Vuclear )pc<vcr Project. Tne criteria for the fir:
a»d cnrironmental tests, thc basis for the speci"ic"tions, and the
rc"sons for thc fir.al chn(cc and "acccptan: arc outlined. A short
section I dedicated to >I> i»s(a)Jation nf ~ahles in iac.ways w((h
Iefc)e>inl to 5 Para>ior. Mid co>or cndinl,'. r(Jso cue red are the sale~
!ion ~d te>4ng cf <Ere stops and tl.e sciccdo1 or ~i:mic s 'ppor .

Qi~~e L)L>V'CX

Up tc 1958 th:rc were few cables wldch mct (hc .mc re".is(a.t
qualihes v'hich shcvid b. comri!o1 tn;>!I cables vscd in pov'er plwts.
lt ivas at (his ii:n: that ihe sclectinn of -'Ales for Diablo Cz»yon
had to be ii;adr., Hoivever, there werc i!o existing stanoards vvid"')
I )eluded ac;ei ted and satisfactory fire lest procedures.

Test; rcecd<'ies adop!ed by !; i!ities and nianufacturcrs gave
) ! i c<ily dif>'ent rcs»tts when perform:d by Pacific Gas arid
El:ctric Cumpiny (PGandL). it v':: this ni.".c.ence i1 test results (hs!
w>!vinecd PGar< E eno'neew that (he)a existed enovgI< just!f)c>t!on
(o i!itiatc a pro(earn of <esca)'ch .nd dcvcicp)nent v:hich (<IPuld
provide PG ndE with its n<vn fire test.

CADLESELECTIOY

The objective was to select a c"ble construction that svould
perform well in a new nucl ar plant. Thc first step!n this s lection
was to obt "in frnm vaiious manufacturers aD the information rvaih-
b!c on !heir respective products. The next step was to compaw the
various cons(n:ctions, materials and tes>s.

>t <vas during thc comparison of'ublished data tha! some
d!ffcrcnces, par<!euler!y between f)ie test results, werc observed.
Furthcrmorc, thc discrcpanaes becaiae even !nore cvidcnt when (he
published data .vere compared v'ith results obtained from fire tests
performed earlier by PGandE on 12 types of control cable and 21
types of'pov er cable.

Pr~cei uz<-b~~t v I.S0
I'cr«ewe><s 42.00
At !each):gi $ !.00

Acc pugh&
RzbeAucd

6<I I"EE

T 7f> 43'3-3r A M~r )'Qcci iv,!Y>ed zi)d apse. ve'J bj
the '~ Pcier G>~>Ail'at~on Cc.-Lttee of the ~ P~~r
Er.Sic:eris)g S<xaetv fcr pmsentetiol) at tlv.
S r.cr Ih~ttzp, Pnr.1~1d, CR) Ju'y 10-23) 1976. Yan-
1L"u'i~ s!''kite'.d P>9)~'E"y 23a 197o I zvtrjd ilvafl> alefor p~1~tg I!ay ii, 1976.

Since!he cariy (960's the nvclear power phn(s Lnridents v'hich
have occurred around t>he world, v'erc reported by the media. Jl!c
results of s!)b;.cquent h)vastiuatinns werc c!os"ly scrub)>ize<i ny
utilit, ecmpanies (I!mug! o ! (hc coun(ry.

It b"ca)re clear that fire was a co1(iib>.ting f"c:or to the losses
suffc.ed by the facilities. In n!any cases pov,er end control cable
werc involve l. Co»tenue))!Iy (he Industq foc!ised its at!en!io1
par(icuh<!y on ihe )) e ie.'."i"ancy of wire u)d cab!cs. Subsequent
cffnrts in resea!A an<'. Cevciopmen( prndu..d an i1!prcsrive varic!y
cf')<:s and;ablcs fni 1uclear power p! )(s.

R.spu1di<.g (o a PG."ndE invi(at!on, <J.e manufac(urers sent a
I"r„e qua".Jv>> of c b!es representing 130 different (ypcs. E:>ch!ypc
was in <())iu<ti!y suificier>t to p.rforin a mul(i<ude r>f i< s(s. T«. typ:s
oi'c'bl'eceive I, c) cept for s!rail;mount <stc;! 5 >.V and 15 PV,
v>erc single condvc'.or lcw vol(agc power, sinvje and inulti.conductor
control cables "1d some instmn)en(ation cable.

!VI(h tlris pnshiva respor>sc t!.e proem was o!T to a good start.
'

FLATTIETESTS

'fhe objective of this phase of'he pro~am wzr to irvcstip~ta
dif('erent types of Ignition sources and different test!ng procedures
for varinvs (I Pes of cables.

'fhe purpo(e was to find acceptable fire tests f"r each typ" of
c.ble, cons!n!ction «n<I(or condition of i>usta!!>tice. Ti)e selecteo
tests wovld have to satisfy!hc fnliovving rcquirernen!s:

I) Bc reproducible.

2)

3)

4)

De adeqvate, with reference to vo!ume ofmaterial exposed
to thc igni(ion source.

Have zn igr>itio» source with fhme characteristic constant
ddring the length of the test.

Dc suitable for direct comparative results when absolute
values are not req!dred.

The three different buniers wed as!gnition sources for thc lasts
were:

I) Tirrill.

2) Fisher.

3) Ransomc Company, handel No. S-S.H.

For all >Jie tests pcrformcd in this phase the fo!IO)vying
observations werc recorded:

I) Time to Ifx)I(e.

2) length of ihme application.

3) Time to cxtinquish af(er removal of!h i@itin» source.

4) Smnu!dcring time.

Cal>!e T< (h)g

S!nee doubts acre raised by the fire perfonn~ncc r')w~acteristics
of different cable cons(n.'ctivns and materials,!t was d;cidcd to
assign (op priority to a fire tcs(h)g prngra)n. Tnc elec(rica!,1d
physic:I test> w re lone cst'blishc<i znd wiin snr!e miror exceptiens
or uditions (hc i<)Cushy standards w re cons!C red accep(abl>e. For
Lo's of Coo! nt Accident (LOCA) ."1<i mdiaticn tests it )vrs decided
to ac'.pt .sr(if)cd report o1 ieeen! (c.S perfnn!)ed on the san:e
matcri"< or c'bh ccnstiucuon beLng corsidcrcd by >'G"!CE. KVhe:)-
ever neccss~~ PGandE ivnuld requiee radiatinn and LOCA tests
pcrfc;n:cd ' inde.,:1d<ui! quz!I«cd laboratories.

Deca'uc of (he fai.">y Iaig a)novn.s of c>b(e. insh!!cd i»side the
con(ejinmsnt buildin.", it wzs riec!ded tn cxpa. d the scope of the
"in house" testing progr m by ad>ii1g an enviio1mental test to repro-
iuce sc!ne of the conditions that thc cable!vovld have to wiDistand.





5) Dropping of flaming partic<es o;~l)ipping of r<).lung
r)at riah

6) A r spy< of f))am~ «nd <rro<r~

7) Spreadl))g o!"hn <"an)cs.

8) Extent of damage to jacket a))d insuh!ion.

9) Loss of insulation (using a conducting so!ation).

From th very bejnnb)g or thc tes"ng 1! appeared thr.t the
procedure described in existing 3!Andard on vertical fisc test (I) vras
inadcqua!c. It was observed in most of thc tests that the ~!dition
of ihc bar..cr vras "blowing.ou!" the flame of the burning cable
before it reached L)e indicator. hs a result of J!is observation, it vras

decided afier a fcw trials to usc the same app"-atus zs in reference
(1) except that ii vrzs modified to hold '.he sp elmer. at an angle ot
70 degrees wdth tl.c bur..er moante'n a 25 degee block. Tb's
apparati - was the! i us.d for ~)'h tcs!s made wi<k thc Tinilland )be
F)shcr bl!rner.

Test ".lo. I
0:)e ha:<died s"venty tests on single ccnructors of varicus si="s

werc perforined with ti!c Tirrillburner. Th time of burner r pplica-
tion varied from a irinimum of 15 seconds to a inzximum of 300
seconds. Thc resul!s were that a 50 seconds applicaticn vras chosen
fo. fu,<her to<is on s,ngle conductors s)nailer LQ~ «8 AWG
(S.37 mn)2).

Test Nn.?
~ For!y tests on single conductor cab!;s vrcre performed with thc

Fisiicr bu)ncr, The time, of application was '.he same as for thc Test
No. l. A a result, a 60 se"ond application was d)oscn for further
tests on sinpre co..due)err iargcr then ),"o AWG (837 n)m~) but not
cx,.ceding 2.50 cm overali diameter.

'flie<moeoupfesglia I

i -0" I~L

to.roz~) 03o)~a )O3eO<s!

2

jwQ

QA

Ut) o ( ir+<<r2"
LFCF.)lh

O«o P Trcrmoeouo'.cs

QARonsome Surrar
Qt) Lou'o ins'o:ion Res!sion:o Meosuring r):;!oes

FLAME LATA

F<ee F)erne Heig<<) ~ ILC'0205m)
Flone Vridlh ~ 9'0.22ond
App<osimo)e Cu)pu) ~ 400,000 g)u jh

Flic iusi of cohfes in )roy

Figure I

Thc Ransom br=.er however was s.lec!ed for tiie fire test of
c"b™s in <my. The trays t!s!d were p!'))oiled bottoin tyi~, 15.2 em
-de ~a:d 7 fi cm high, horizontally mounted. Thirrr;"mples of able
seiee ted by previous tests, rhvi<ied mto five groups, eon)patible as io
insrdatiion end jacket mztrrizl, vrcrc!a!0 ton ftl equal to 30.o of the
tr y"s c o"s se tio""'rea. Thc Rznsome bmr". v as sct !7.8 c...
from tl)e bo<to)n of the tray and adjusted 1'r ar< ou',put of approxi.
mately 400,000 3tu%r, Fip)rc 1. Tn flame s)r s turned on for 5

Tcsi iso. 3

A group of tv enty samples of m<slticcnductor cable 7c412
AWG< (3.3 mmg) was tcstcd cs in Test No. I, but with the burner
applied for 15 mina:es. During this tes! the temperarurc on the
insulation in ore of:hc conductors and ti)e insulation resis~ vvere
continiiously recorded. Tne test was repeated using th" Fisher burner.

A compaiiion of ihc i salts prov d 0<at tlic I'islier buirer w 's

morc adequa;e foi this )est. The insuiaticn frdlurc was recorded at
approximately seven minutes for most of thc samples.

m!nates. Recording vrerc made of electrica insulagon resistance,
cable, tray and ambient temp rature at various points, i!s)itinn tin)e,
amount of flzr)e and smoke, tirrc of after burn, lang!h of Dame
spread on top and at bottom, ard extent of visibl: dainage tn sam-

ples. Good comparative information was obta!ncu fro)r< these, tesLs.

0!her tests i7cluded different types of covers, solid bottom trays and
verucal tray arr~gcments.

Fir Testing

Test No. d

Twenty morc sz:nples of multiconductor cable werc tesicd vrlth
the Fisher burner applied for three minutes. Thc purpose wzs to
obtain inforination on the time required to ignite the 7c-<<12 AWG
(3.3 nun ) cables. Obscrvatio»s werc made througl)out thc test. Thc
icsults were consistert wi!i) those,obLuned in Test No. 3. A 60
seconds applic"ion v as chosen foi fur'j)er tests on muhiconducter
cables.

Test No. 5

A smaU number of samples of medium voltage cable, malt!con-
ductor control cable with an overall diameter in excess of 234 cm
and sincere conductor low voltage cable larger than 42/0 AWG
(67A n)nP) were tested using a larger burner (made by Ransomc
Company, hlodel Vo. S.S-H) capable of a much greater output than
thc Fisher burner. Thc results of these preliminary tests werc incor)-
elusive. lt was then dccidcd to limit the scope of thc program in time
and cost by concentrating the efforts on ignition sources suit"ble for
rabies less than one bien in diameic)'.

During the previous phase of'liame <"lection, a large number of
less promising cables were eliminated. The final testing was per-
forrned on 31 sing!c conductors /)10 AWG (5.2 mnP) or sma!ier,
8 single co:)ductors 4'8 AWG (S.37 mrs) to 1/0 AWG (53.5 mnP),
md IS mul!iconductors 74'12 AWG (3.3 mmg). Each toit a:a;

repeated three times for each type of eabl .

Samples of tlie small single conductors werc b.sted with the
Timll burner applied four times for 15 wconds with 15 s:cond

of!'eriodsbetween applications. The burner was not reignited ifflames
were still present at the end of th offperiods.

Samples or the multico<~ and larger single conductors were
tested with thc Fisher burner replacing the Tirrilland using thc same
procedure.

Four trays, loaded with cables with the four most promising
types of inuilation, werc tested using tlic Ransome burner as

prcrioi)sly described.
\
is





FNVIRONit&lTAK,T '
A special envirlsnmcnfat chain!)cr was built ter reproduce

adverse environm.n!»l conditions simiiar to t!!ose pos!iblc trsiCc tnc
containment bf:lading, Figure 2.
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LEGEND

~ Q3S»edge Lock Dfvf»os for Coble Sump!e

End cr Cab!e Sample Sealed rith Epoty
Qs Etc«treat Ler.'i fo Lniufa!I n ftss:stance hfecsurintf Dbd er c

6 Prcssure Gouge

7 TIE« moeouplt and Leads
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Faf: Coo!cr I!olorCables ~
Thc rcquircm»nts foMri00 V sf»cia! typ" of c"blc, capable of

pcifofn:i ig during and after a LOCA uvcttt, prompted the invcstiga ~

!tun of ncsv tnatetials tuid new constructions.

t appc .=d that a Po!.'imid» insu!atio!I wit!i a !leavy
Chloto-'ulphonatedPolyethyienc (CSPE) J«ckct could have sat!!lied thn

rrquireinents without inrurring the cx!Ien!c!»!ti,",tt c"rt cf special
s"afcd or arfncrcd c"blas. Several manufacturers were approacitcd
and after meetings with various cngin»cfs a soiution vras proposeu.
One manufacturer proposed to supply a sample as required except
for the addition of two components that v ouM improve the manu-
facturing process cnd possibly add to thc overall perform«ncc of the
c"b! . The proposal was aaxptcd and a sample prepared for our
testing.

Duc to the large si:e of'l!c cable (approximately !,000 kcmil
(507 mm ) and 4.5 cm overall diameter) our special cnvirorrmental
chainber could not bc used. A ncw chamber built for thc so!c
purpose of testing this cab! c is shown in Figurc 3.

fhre samples from 25 to 30 centimeters long w rc rtoimtcd
in th» chamber. The environmental conditions svcre monitored as
before, with flic insulat,'on resistance measured every live minutes
wit!I a 500 V megohmmcter. Thc pm.i re and temperature profiles
for Ihe 9!I hour t. st are s!:own in Figure 4.

'l7!c test was con!pi»tciy satisfactoiy. 'Ihe rneggcr readiing for
tvro of the samples was at infmitc I'hroughout tile test. Tiie ntiier
sample had readings invers»ly proportional to thc prcssure in the
chamber, witli a low of 70 megohm for the Ihfg!t pressure;dtd a high
of 370 tncgohm for t!ie low prcssure.

Si;am wis utiiir«d as a ss ulcc of!icat, prcssure and humidity.
tyith I!ie cable s«mplcs inside th c!tan!bar, the conditions produced
weie approximately !50 C, 50 Ibf/in anti !00m humidity. There
were continuously moritofcd througoicut thc tesl.

i
Six san!plea of sing!c conductor cahl"s were mount d in thc

chairbcr. A source of l20 V ac was app!icd Iictwecn thc conductor
and a braided wire jacket connected to,pound. The insulation
fesistaiicc was recorded periodica!ly ti!roughout thc test. At the cnd
of each«test the icsistancc value was checked (liat ard cold) with a
5fr0 V megohmmcter. Seven multiconductor cab!es were tested with
lour conductors connected to thc I 20 V ac snurce and the remaining
three conn»»tea to pound. The thirte n san:p)cs werc tested, som"
for not less than 4U hours, others to a maximum of IOS hours.
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Prcssure and temperoture profiles
Ffgure 4

The three samples were carefully dissected and examined.
Sample No. I, the one v»th a low meg"er rcadin,", was too short
to extend completely outside Vie special fittings. The epoxy used to
seal the opcn<nd of thc cable had not adequately penetrated Vie
strands of the rope lay type of extnductor. A very minute path
allowed the ste m to esc:pe from the chamber, V rough the strands,
thus causing the variable megohm reading.

Envfrcnrnentot teil apparatus for farce «obles

Fleur e 3

It is very important to report that samples No. 2 and No. 3
were part ol' longer piece of cable previously aged I'or 240 hours
in an oven at 200oC. The cable was aged with a bend in it ofapproxi-
mately 30.5 cm in diameter, and samples Yo. 2 and No. 3 were
purposely cut from th. bend portion. The surface ol the jacket
was'somewhat hardened. The samples were carefully strag!!toned,
observing the tiny cracks that dcve!oped on the inside ol the bend.
p/I en the samples sv'rc sf»a!pit«nod cracks werc abscised to bc only
on thc surfa«e nd measured to a maximum of 2 mm d;pth. 'Ptcrc
was no change in thc depth ol'racks after thc cnvironfnental test.





Ci!B LE SPECIFICA'Pi

Safety, p rforn anc,. and econoiny werc tne first considerations.
Design of the piope!'nstallation was tlic second. Tnc voiunie o: data
o'bt.iined from the tests was caret'uily screen d and evaluated in '"."
liglit of existin" ind'-try pccilications and manufacturers'ubVshed
data.

Fo" r basic specilicctions werc considered I'or the bulk of cabl«s
instaVed at thc power plant (with exclusion of the 220 kV md
500 kV switchyards). Except for the thcrmocouplc cxtcnsion wire,
the selected conductor materia was copp."r.

Medium Voltage Power Cable Specification

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

r~gf
The requirements werc cross. linked po)ycthylcne (XLPE) or/

ethylene propylene rubber (EPR) insularion v:ith an extruded strand
shield, extruded insulation shdel, copper sliield tape and a liar.".e
retardant chlorosulfonated po!ycthy)ene~"or+CSnE) polyc)iloroprenc
5i') jacke!. Insu)ation Vdckness was 2.78 min 7or the 5 kV c)ass and
5.55 mm for thc 15 kV c)as;. F"c pt for !lee Corona Levei Test and
the Void and Con:zinment D. termin" tion Test (subjects in v.hich tnc
autho. had substan:i:) direct cxperiencc prior to joining the Diablo
Canyon Yuc!ear P.wer Plant d'si-, team), this specification was very
simila to a widely used industry standzrd (2).

Th. fina) chci. v:as h favor of the EPR-N. Dcttcr thermal
stability than XLPE at higlier ambient temp:raturc was considcicd a
factor (cv:n if irinor). The additions of bedding tape and heat shield
proposed by the suppbcr were considered improveinents and ..ccep ted.

Low Vo)!age Power (:~b!e Specif cation

This group inchided 600 'V rated able ior use ir.sid and out-
side the containment, and Class I power eab)e.

fhe r.quiremcnts were for:

(a) Single conductors, I)arne retardant heat.and moisture
resist" nt cross-linked polyethylene (XL?E) unjackcted.

(b) Single conductor, heat and moisture resistant vu)canized
ethylene-propylene copolyiner (EPSI) or cthylene-
propylen terpolim r (EPDhl) v'ith Aamc retardant, heat
ai.d moisture resistant jacket of polyc)iloropiene (N) or
chlorosulfona! cd po!ycthylcne (CSPE).

(c) Single conductors, flame retardant, heat and moisture
resistant, methyl. phenyl. vinyl base, radiation resistant sili-
cone rubber (S) with a name retardant, heat and moisture
resistant chlorosulfonatcd polyethylcnc (CSPE) jacket cr a
silicone resin impregnated'ass braid jackeb

Thc cab!e designated as C)ass I for insta!)stion inside the con-
tainment building was requiied to withstand for five hours thc follow-
ing cnvironmcntal conditions: 45 x 10 Rads, 150 C,60 Ibf/in and
) 007~ humidity.

The common rcquircments werc:

I) Insulation resistance, ac and dc voltage tests pcrforined
with the cables immersed in water. These tests required I'or
100io of the production.

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

ln addition the following design tests werc required for each
different construction:

I) Horizontal Tray Fhine lest.

2) A Corrosive Effect test.

3) A Hydrogen Chloride Generation test.

Vne final choice was ii r of:

(a) A spcciaVy compcund d, iwadiated XL"E ':rith cxccllcnt
sclfwxtin)mishing characterisbcs and a )ov corrosive cffcct.

(b) An EPP..w!th " C rE j c);c! vrith good self<xtinguis)iing
'cliaracteristics and a favcmblc ~:, pa. ic-i"r)y in Lic
I"rgc si c conducto;..

(c) A Silicone Rubber compound rated for continuous usc a'.

)30oC, radiation and moisture mrismnt, with a flame
retardant CSPE jacket.

A special test was requested fcr thc first two items to determine
thc possibility, of withstanding the exposure for a period of one hour
at the temperature of 282 C. The test v<as meant to simu)atc the
conditions that could develop in ~~e of a stcain lire brcak in prox-
imity of a conduit. Samp)es of the two iten>s werc.cncrt",'zed.at
480 V and exposed to the 282oC temperature for a period of time
far exceeding thc requirement. Doth s:.rnple". performed without
fa lure and wiVistood the subsequent 5 i:V hipot test.

Control C.ble SpecLication

Tldis group bicliided sinJ~c and mu)riconduc'.or, 600 V rated
cables I'or use b.side and o teide thc Con:zinmcnt Building for
genera! application and for Class I seri!a. T)ie requirements wcr
rani)a! '.o those prcidously describe for thc low voltage po~er cable
except for the addition of th. overall jackets I'or mu)ticonductor
cables

Thc tray fiame test was changed to a vertical a....ngement and a

smaller Game. When this specification was drafted, a Working Group
of PGC.IEEE was preparing" uide for thc instaVstion of wire and
cab)e L", Pcv cr P)ant. Thc au'.hor v:as a rnemb'r of'hat group and at
that time the vertical test with " small number of cab)cs seeircd ade-
quate and the 70,000 Btu/hr Game was more widely accepted, by thc
potential cable suppliers, than the larger flame of the PGandE test.

For the sing)e conductor control wire the final choic:};was:
I

I) XLPE.

2) Silicone, Rubber with CSPE !acket.

For the multiconductor control cable the final choice vrasi

I) XLPE, as I'or thc ringles, and overall XLPE jacket.

2) SiUconc Rub)>er insulation, zs for the singles, with a glass
braid and and overall jacl'ct oi'SPE.

Specifications for Signal and Thermocouple Extension Wires

Tlds group included multiconductors for use inside and outside
thc containment building, I'or general application and for Class I
service.

Th'h'requircmcnts were similar to those for the control cable
except for thc following:

Signal wire makeup consisting of:

1) Two, three, or four twisted insulated conductors ~dthin a
common conductive sldeld, with drain wire and an overall
jacket.

2) Two twisted insulated conductors, nonshicldcd, and an
ovcralljacket.

Thermocouplc extension wire makeup consisting of'wo insu-
lated conductors within a common conductive shield with drain vvirc
and an overaV jacket.

Thc linal choice was in favor of XLPE and!)licone as for tiic
control cables, with the exception that the sVicone cab)cs lied a ghss
braid over thc singles and a silicone jacket overaV.





CABLES CLASS AND TYPE
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Cable insfolled in conduit or troy.
Chlorosulfonaled Polyethylene.
Cable successfully tested In environmental chamber,

( temperature, prcssure, humidity).
Ethylene Propylene Rubber, roted 90 'C.
Cable successfully fire-tested.
Required to per(orm at temperature higher than 50 W

Also coble successfully tested at higher temperature.
Silicone Rubber (Methyl.phenyl-Vinylboso) Rated l30 %

Types of cable, use, Instollotion, servico ond tests
Table

IND Cable fasted per industry standards, vdfncsscd by P.G.GE.
Inspectors.

LOCA Required lo perform also during and ofter a l.oss of
Coolonl Accident, A(so cable or component successfully
tetled for LOCA.

R Cable or component successfully tested for radtollon

resistance.
SPEC Cable testod per P. G. SE. Co. specification, witnessed

by P. G,BE. Inspectors,
XLPE Cross-linked Polyelhytcne, roted 90 'C.
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~ Bcczus of dcLU cry prob!cms for par'. ~silicone cable a rcw
product '.~as taken under consideration. Dig/ test,submitted by
Vie iiianufac purer Ind!C ted tliat t.",iS prOduet, POlyiu p Ienc> Could hl
fact meet or exceed the requirements pre~ous!y sct for Vi". silicone.

Thc Polyaryicne insulation nnd >acket constniction vas also
proposed for thcrmocouplc extension wire instaUcd near Vie reactor
vcvc! wiicrc tci'iipcrature cnd radiation rni~it ~ .Ccn a Ligher 1=:cl
Vian o!J:er!occtiens inside thc containmcnt. Thc doc mcntati .", p;-
s ntcd and thc witnessed tests werc convincing enough to show Viat
the construction was mcchanicaUy superior to thc Iriigh temperature
cab!c origin".llyspecified by V'c reactor supplier.

Coaxi=l and Trir~ilC".blcs

Thcsc cab!Cs were purchased from thc supplier of the XLPE
control and power cables. The requircn:ents werc for XLPE insula-
tion znd Aamc retardant XLPE jacket. Electrical dizractcristics and
diinensions were siinilar to the applicable industry standards with
some restrictions for specific:aloes.

Common Requirements for the Acceptance of Cab!cs

Duc to thc nature of thc project the following reqiilrcments
were estabU.hcd for all Ihe cables designated for Class I service:

I) QuaUfirotion of supplier.

2) In:plementation of QuUty Assvrancc Plan with docu-
mentation cxtcndcd to full traceability ofmaterials.

3) CompUw"" with speci ication.

4) Evidence of test performance:

(a) P rformed by suppliers and ivitnexA by Con:pany
representatives.

(b) P rformed by independent laboratories.

(c) Performed by Company.

Table I giver an overall picture of types of cables, where v "d,
how instal!cd, class of scnricc and!ests performed.

RACBYAYS

Thc criteria for the instalhrion of cab!cs in trays and conduits
have been csiablishcd sLnce carly 1968 and they are stiUi in line with
the present state of Vie art.

'he special 'instructions to the Nuclear Power Hant design
group had paiticul r reference to thc foUowing:

I) Definition of the categorie of cables with different voltage
rating or different service that would not be allowed to

~ I

~upy the san

2) Limitation of VMnumber of siinu!tancously!oaded
medium voltage or!oH voltage power circuits piaoid in the
same tray.

3) Limitation of the maxlnulm fri! with the total ca!culatcd
cable area not to cxcecd 30% of the cross sectional area of
the tray ""." 40,"u for the conduits.

4) Physical separation of runways containing rcdunilant
circuits by using separate raceways and separate routes.

5) Minimum verricaI separation between trays containing
power CLcuit to bc not less than 30.5 cn..

6) Linutation of thc usc of soUd bottom trays and solid cover
to only when no power cables are involved.

7) Cvirent carrying capacity of cables to be calculated by
PCEA or NEC rules.

. 8) Interruption of trays at wall penetration and use of con-
crete encased, square section, meta! ducts for a total cross
sectional area at !cast equal to that of thc trays.

9) Usc of fire stops in aL'ertical and horizontal trays, partio-
ulaily at wall and floor pcnetrations.

10) Usc of thc color coding of aU thc cables for Class I service,
for the efficient and cleai discrimination of rcdund nt vital
circuits as v,cU as diffcrcnt channels. For tiiis purpose aU
thc cables were purchased in nine different colois:

(a) Black for thc general us, non Class I cables.

(b) Orange, Grey and Purple for the three Safeguard-
Systems.

(c) Red, 5'hite, Blue and YCUow for the diffcient
Protection System channels.

'd) Broivn and Grcccn for Protection Systems trains "A"
and "B"outputs actuation circuits.

Thc coloring of the singles in the multiconductor cable matched
that of the jacket. In addition aU shigies were numbered for
identification.

Fire Stops

The usc of fire stops was rccommendcd for the foUowing
plirposcs:

(a) To provide a seal impervious to fire at walI and'Ioor
penetrations.
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(c) To avoid thc chiinney effect in verrJcal tr ys ahd proven'.
fire migration in horizontal trays.

Four leading products werc investigated with regard to: ease of
applica(ion, curing tinie and shrinkage, residual Acxibilityafter cure
and flaine resistance.

Tests were performed on different compounds and inert Aiilcr.
The product selected was a thixotropic compound used in conjunc-
tion with filler made of asbestos fiber (hter substituted with a
ceramic wool).

The interior lire stop for vertical trays consisted of a 10.2 cm
thick barrier of fibers saturated wi(h the compound. The exterior
portion of the fire stop consisted of 1.27 cm asbestos.cement panel
fastened in a plane perp ndicular to the tray and extending for a

minimum of 20.4 cm all around it. Prototypes of this lire stop were
tested in trays loaded with flainmable cables. The lire stop passed the
tests and was approveo for installation.
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Several heat run tests were also performed to determine thc
ainount of temperature rise due to th fire tops md thc wite
coating. The results were tabulated and used in determining thc cable
derating.

+ Test No. 1. 40'CAmb.,70A
8. TeSlNO,2. 40'CAmb,BOA
o Test N(h K 50'CAmb.,70A
~ Test No. a. SO CAmb., 80A

During the last few years some new products became available
and werc offered as lire stops. Their installation seemed easier and
faster than the Are stops already approved. The new products werc
cvaluatcd and rccen(ly onc of them rvas selected for installation at
thc Diablo Canyon Nuclear Power Project.

A-A 8 8 C-C
Fire Siop

fast THEJ(h'lOCOVPLE LOCAT(ON

D-0
Fire Sroo"M2

Jlaximum lurnperolure meosured in coble bundles
Figure 6

This product is a silicon: compound. foamed in place and
installed in 15.2 cm thickness. A crash program was developed for
the testing of the temperature rise in the cable with the ncw lire
stops. Thc tests werc performed on a 30.5 cm tray loaded with fifty
g2/0 A'VG (67.4 mmz) Iosv voltage power conductors, EPR insu-
htcd v:ith a CSPE jacket. The tray was mounted inside a chamber at ~

consta»t, controlled, temperature.

The tests performed were as follows:

I) 40 C ambient with a current of 70 A circuhti:ig in each
conductor.

2) 40 Cambientand 80A.

3) 50 C ambient and 70 A.

4)'04C ambient and 80 A.

Thc tray wi(h thc lire stops, conductor arrangement and thermo-
couple location is shown in Figure 5. The results are represented in
Figurc 6. For simplicity the curves were plotted using the maximum
temperature recorded, with the corresponding thermocouple
idcntiAcd for!ach value.

The data in Table No. 2 show all thc temperatures recorded
for all 20. thermoccupIcs installed in the cable bundles shown
in Figure 5. Also shown is the total temperature risc over the
ambient.

Thermocouples No. 21 to No. 24 were used to monitor thc
ambient temperature for thc (ests. For both the 40 C and 50uC
ambient, the approximation of th temperature was within one
percent.

It is recognized (JJat the number of conductors and the simul-
taneous current loading used for this test rcprescnts a situation
rather unlikciy to occur in any plant. Ilowever thc bundle arrange-
ments are quite a common practice and the inten( was to t«st a case
limit. Nccdicss to say none of the trays at the Diablo Canyon Project
approaches such an extrcme limit.

POWER CABLE CONNECTORS

Samples of crirnp type copper power connectors for wire sizes
used at Diablo Canyon werc type tested for heat rise, millivoltdrop
and pullout force. Both 10¹ and I259u of full rated current, based
on Table 310.12 of the 1971 National Electric Code, were circulated
through the tcrrninations consisting of the cable and crimpcd on
connector. Thc temperature rise oi'hc connectors was always Jess

than tha( of the c ble. Yol(age drop n:easuremcnts were obtained in
miliivolts over a distance from the junction of the tongue and the
barrel to approximately ).5 mm on the wire. In aH cases voltage drop
values measured on thc crimp werc 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 Riehle Tensile Test Machine and
sui'ficient force was applied to pull the termination to destruction.
All samples passed the minimum requirements of Undcrwritcr
Laboratories Standard UL486.

SELECTION AND TESTLVC OF
SEISSI IC SUPPORTS FOR RACEWAYS

Seismic design criteria for the supporting structure of the cable
tray and conduit system consisted oi'loor acceleration response
spectra provided by a seismic. design consultant. Based on a design
earthquake with maximum horizontal acceleration of 4¹g and
vertical acceleration of 2?~log, the supports were designed to provide
a system with high natural frequencies, to tak» the predicted maxi-
mum Aoor accelerations without local ampliAcation. The greatest
value of Aoor acceleration used in the design was 165%g for ultimate
load conditions (u..vesponding to DDE or SSE design).

The flcxiblc support concept, which supposedly isohtes the
supported raceways from movements of the structure, was rejected
for thc follosving masons:

(a) Displacemcnts would be excessive if Acxibility were
achieved.

(b) Complexity of layout of raceways made it essentially a

rigid system.
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71.2

68.0

69.9

72.2

30.2

31.2

28.0

32.2

74.7

60.9

72.4

74.7

76.9

2t).7

10.9

22.4

24.7

80.1

79.2

77.1

79.9

82.9

30.1

29.2

27. I

29.9

37.9

CV

0
Z

6 68.8

6).5

28.8

21.5

69.0

6).3 21.3 21.4

75.8 35.8 80.1

28.3 72.3

30.1

22.3

GG.8

77.6

3G.8

27.6
ECT o

D-D
67.4

67.8

27.4

27.8

67.8

68.0

27.0,
28.0 27.9 75.3 35.3

79.3

79.2

29.3

29.2

057

05.8

35.7

358

10 65.0 25.0 65.0 25.0 25.0 71.9 31.9 76.2 26.2 82.0 32.0

SECT.

8-B

12

13

14

54.8

60.8

54.1

56.0

148

20.8

14.1

16.0

55.2

60.0

54.9

~ 56.6

15.2

20.8

14.9

16.G

15.0

20.8

l4.5

61.8

67.9

58.4

63.2

2).0

27.9

18.4

23.2

65.G-

72.1

55.3

58.1

22.1

15.3

18.1

68.7

76.3

71.1

18.7

26.3

18.2

21.1

15

16

54.4

54.8

14.4

148

54.8

56.5

')4.8 14.6

. 15.7

618

62.2

21.9

22.2 18.3

18.6

109

17 56.3 16.3 ~ 56.3 16.3 16.3 63.6 23.6 70.0 20.0 72.9 22.9
SECT.

C-C
18 58.0

56.6

18.0

16.6

58.8

57.4

18.0

17.4

18.4

17.0

62.3 22.3

20.7

69.3 19.3

19.3

71.7

71.4

21.7

21.4

20 57.1 17.1' 57.7 17.7 17.4 Gi.4 21.4 69.1 19.1 72.2 22.2

)Iotas: I) Alltemperatvres ara messvred at steady state.
2) Tests tfo. IA and No. IB are made et dilf eront times to verify the repeat sbNty of the test.
3) The average temperature rhe Is vsed to plot the curve of test No. I ln figvre B.
4) The heavy lines Identify the maximum valves vsed In flgvre 0.,

Heat rtrn test on f)re stops
Table 2
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Ad!~stable mrtal framing elements wer as components of
thc support asscinblies, so that on. the-job fabrication could bc done
with minimal drilling of holes. However soine welding was required
in the assemblies, and hot rolled steel angles were usi d for son e of
the 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 designed for either (a) verticahand-
transverse loading or (b) longitudinal loading. Omni-directional
supports were utilized as much as possible.

Open. sided trays on single-stem cantilevers were designed tobe
used whenever possible in order to provide easy access for lift-in
placement of cables. Duc to the complexity of layout of the tray
system, thc 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 thc transverse direction, it probably would have been
better to standardize on multiple-stem "trapeze" support assemblies
instead of cantil vers.

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

CONCLUSIONS

The Author bclic'ves that this paper demonstrates the determina-
tion of PGandE Company to design a plant that would minimize 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 ofmeters using only one specification. The variety of require-
ments in a nuclear power plant demands particular consideration of
material as well as design.,

After reviewing thc state of the ar'. in fire testing, new tests
were developed. The selection of cable Usted in Table 1 represents
thc final results obtained from the evaluation of an impressive

amount of data which wou impossible to present in this paper.
'The fire and the environn ental tests combined udth the design
criteria guided the designe'r in the selection of cables for the Diablo
Canyon Unit. The tests on fire stops gave valuable information on
thc tempcraturc risc ol'he cables. Tlris information was then us.d
for the selection of conductor sizes.

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

It is thc conviction of the designers that the cab!» 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 I'or Diablo Canyon could be used as a
guide for other power plants, nuclear and conventional:

The amount of information pres ntcd in this paper has been
limited by thc space only. More data arc already in our fJes and
morc will be collected as thc effort to achieve an even safer installa-
tion continues. Heat run and lire tests of cables in r'accways and lire
stops are being performed while this paper is being written.
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