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B)  Extent of damags 1o jacket 258 inelstion.
%) Lonsof iusuhtion Cusing & condueting solution).

From the very brarm-ng of the lesting it appesred that the
procedure desaribed in esisting standard on vestical fize (et (1) was
inaduguate, 18 was observed in msost of the teste thyt the reipnition
of the bumer was “bliowingout™ the flame of the burging cabile
before i reachied the dndicalor. As a resalt of this obscrvation, it was
deciged afier & fow drials 1o use the some Bpparatus ss in referose
1) exeept that it wes modified to hicld the specmen at an sagle of
FO degrets with the bumer mounted on & 25 deses block, This
spparatus ey then used for all the fests made with the T and the
Fisher hpmer,

Test No. ¢

One hundied stventy tests on single condurtos of vanous sizss
were performed wilh the Tuadll Burner The fime of bumer applics-
tion varied from & mintmuwn of 15 seconds to « marximum of 300
seconds. The resulis were that ¢ 60 seconds application was chosen
for furtfer tenis on tingle conductors smaller than 8 AWG
(.37 n®).

Test No. 2

« Forty tests on singls conductor cables were performed with the
Fistier burner. The time of sjiplication was the sume as Tos the Test
No. 1. As o result, 8 60 second dpplicaticon was chowen for further
teste un single conducton Yueer tien 58 AWG 65 37 nun®) bet kot
excecding I 80 um overali diameter.

Teet Ho. 3

A group of twenty samples of multiconduvctor cabl To#12
AWG (3.3 mm?) was tests” 58 in Tert No. 1, but with the busner
spphied for 15 minutes Puonng this test the tempsrgture on the
insuletion tivone of the conductors and the In=ulition resistance were
continueus’y recorded. The test was repeated using e Fisher burner.

A coniparison of the results proved that the Vither bumer was
more adequate for this test. The insulation failure was revorded &t
approx.mately weven mnutes for mo.t of the samples.

Test No. 4

Twenty more samples of multiconductor ceble werz tested with
the Fisher bumer applied for thiee minutes. The purpose was to
ohain Infmmhm on the thne required 10 iguite the 7e-#12 AWG
(3.3 mm?) cobles. Observations were made throuphout the fost. The
results were consis’ent with these obtained in Test No. 3. A 60

seconds application was ehosen for further (ests on multiconductor
. cables,

Test No. §

A small number of sunples of medium voltage cable, multicon-
ductor contro! cable with an overs! diameter in excess of 254 em
and wmmmm-mwmm #2/0 AWG
WI‘mImelw&m(mmbykm
Company, Model No. §-8-H) capable of @ much greater output than
uﬁaummmmummmqmmmm

Tost No. 6

The Runsome bamer however was selected for the fire test of
cables in tray. The trays vicd were punched bottom type, 152 wa
wide #nd 7.6 em hish, honirontally mounited. Thirty samples of cable
swiscted by presious trsts, divided mto Hive groups, compatibie as o
frsulation and jacke! mulerial, were Jsid to 3 £l equal to 300 of the
tray's cross seclionad snea. The Raasome Buner was 88t 1.8 em
Grom the bottom of the tiay and sdjusted for an cutpot of approxi-
mately 400,000 Ban/hr, Fagore 1. The fiams was tumazd on for §
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Figure |

rintes Recordings were made of electrica! inzplation resistsnee,
cable, tray end smbien? temporature 2t vadous points, ignition titse,
amount of flame 21ad smoke, time of 2fter bumn, leagth of lame
spread on top und ot boftom, and extent ¢ visible damape to sem-
ples. Good comparstive infoimation wes obtained from thoss icsis,
Othier tegts inzluded different types of covers, solid Dottom trays and
veriinel tray anangrinents,

Fire Testing

During the previous phase of flame selection, # lasge number of
joss promising cables were eliminated. The fingl teﬂmg was per-
formed on 31 zingle conductors #IO AWG (5.2 mm?) or smalier,
8 single conducton #8 AWG (8.27 mm?) to 1/0 AWG (53.5m. "
a4 18 maliconductors T#13 AWG (3.3 mm?). Each test was
repeated three imes for each type of cable.

Samples of the small single conductors were t2sted with the
Tirmill bumer applied four times fur 15 seconds with 15 second off
periods between applications. The buiner was not reipiited if Names
weumpmmnubemdofﬂndﬂndm |

Samples of the rnu!moi\# md larger single conductors were
tested with the Fisher burner replacing the Tirrill and using the same
procedure,

Four trays, loaded with cables with ihe four most promising
types of insulation, were tested uting the Ransome bumner as
previously described.
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?Pnnzu Geyye
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£) Saam Ity
Outis! to Steom Trop

Envlronmento! 10yt opporatus
Figwre 2

Steam wis uillized w8 & source of heat, préssure and homidity,
With the cabie samples fside the cranber, (e conditions producad
wele approsimately 150°C, 50 1bf'e.? and 10075 humidity. These
were consdnuously monitored thicughout the test.

Six: sampics of single ¢onductor eables were mounted in the
thimber. A source of 120 V 2¢ war spphied botween the conductos
and » Baided wire jeckel connected fo sround. The insulation
resistance was recorded periodically throuphout thie tesr, At the end
of each test the resistance value wat diecked (hot and cold) with a
S0OV wegoimmeter. Seven malticesducio: cables were tesied with
four conductors cennected v the 120V ac source and the remaining
three conntited to yraund, The thirteen samples were tesiad, some
for not less than 48 hows, otheis to » maximom of 103 hours

Environmecto! tes! epporatus for \oege cudies
Vigure 3

e : ,:,.‘:;‘_,A' i . !w‘. v.—.wl. . L2y
A sproial enirosmental chamber was buitt 10 reproduse
& iﬁﬁﬁmﬂ%m eos-firions similar 10 thote possit!s inside the
_ eomtmament bulloinz, Figare 7.

The seauiiements foi 2 600 V special type of cable capable of

pesfosming duriae and afies 3 LOCA event, prompited the investis-
tion cf new materials and new eonstrictions.

3t appeascd that a Polyimide insuletion with 2 heavy Chioro
sulphasated Folyethylene (CSPE) sacker could have satisfind the
requirements withopt incureing the extremely high cost of spaeial
sealed o wmored cables. Several manulaciwrers wore approached
end sfter mectings with various engineers a selution was jroposed.
One manulscmires propostd to supply & samaple as required exeent
for the rddition of two camponents that would improve the manu-
facturing procest snd »ossbly add to ths weerali perfonnance of the
cable: The propuassd was acoepted sad & taviple przparcd for ooy
testing.

Dus to the lirge size of the cable {epproxim:tely 1,000 kemil
(57 mm*} and 4.5 om ovirall dianie) our sp. n! eavivonmental
chamber could not be used, A new chamber buillt for the sole
purpose of testing this cabls is shiown in Pigure 3.

Three samplss from 28 te 30 centimcterns Jonp were mounted
in the chamber. The envirosmentzl conditions were monitored as
befoie, with e insulefon sesistunce measursd every Tive minutes
with 2 500 V nepohmaneter. The pressure and teinperatuse profiles
for the 56 hour tes” are shown in Figure 4,

The wst wis completely mtisflactory. The megzer reading for
two of the samples was 3t infinile thionghoat e fest, The athe
sample hed readings invorsely proporticaal to the pressure in the
chamber, with & low of 70 megohm ‘or the high pressure aad a high
of 370 megahim for the low pressure,

[ e - - S ——

3
16 e ‘;7“' ':&‘-‘:':1 Nl TN +
< //
R EE I | ARECEE G0 Rt eSO
£
YTy
L 2 Tennoiah e e d o _Boow
3;"” / £
o | -
g 4 koo b,
e — ot T
£20 653 % &
1 . g
o s F
10 }; SEE
o { - B 1 'y
1 "0 Bme) %10 24 ©5
TIME-hours

Pressure ond fepernture profiles
Figure 4

The three samples were carefully dissected and examined.
Sampk No. 1, the one with a low megeer reading, was <00 thort
to extend completely outside the specal fittings, The epovny vsed 10
seal the open-end of the cable had not adequately peneirated the
strands of the rope lay tvpe of conductor. A very minute path
allowed the steam ¢ escaps from the chamber, through tie strands,
thus causing the variable nepgohm reading.

It is very important to report that samples No. ? and No, 3
were part of 2 banger piece of cable previously aged for 240 houss
in an oven @t 200-C. The cable was aped wih abendin it © apnroxi-
mately 30.5 em in diameter, and samples No. 2 and No. 3 were
purposel;’ cut from the bend portion. The surface of the jacket
was somewhat hwdened. The samples were carefully soraightened,
observing the tiny ciacks that daveloped on the inside of the bend,
When the samples were straightencd cracks were gherrved 1o be only
on the surface and measuied to & mavimum of 2 mm depth. There
was 50 change in the deptn of cracks alter the envirouniental fest,
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p v #nd economy were tir first considerations.
m'ﬂe,mia installation was the so .ond. Tie voluia: of data

bt from the tests was carefilly screened amd evtioted in the
Eight of existing frduairy specifications and inanafactirs’ prubiizhed
data.

 Safety, profusniince

Four basic specifications were comsideed for the bulk of cables
instalicd at the powes plant (with exclusion of the 220 k\ and
S00 kV switchyards). Except for the the:mocouple extension wire,
the selected conductor material was coppeL.

Mudium Voltage Power Cable Specification

This groun inc'uded 15 kV sated cabls {part of it intide of the
contannzent), ?‘{
The mouirements were ‘Grosslinked polyethylene (XLPE) o
ethykene propyhoie nibber (EPR) insviston with an extmded stiand
shicld, extruded insulstion shietd, copper shishd tang and g Gamn
retardant chilorostifenated polvaitytense .'.~~‘s"(,:ﬁj_'[_“) poly it raprens
(N jacker Insulation thickness was 2.78 nun Jor che % kV lass and
$.86 s for the 15 RV ¢l Dxeept fon Qe Covena Level fest snd
the Void snd Contalinment Petemaination Test {ubjects in wineh the
author had substantis! dircet expetienice niin- 16 Jotning the 1 5o
Canyon Nickar Powes Mhast des & wam), this specifieainon was very
similar to & widely wsed industry standarg (2).

The final cho.ce was in favor of e EPRN, Beites Garmal
stability than XLVE at Migher ambient temperatore was copsidered 2
factor (oven if minoe), Tl additions of bedding tpe and beat shield
propused by the supplier were considered improvements and accejied.

Low Voltage Pawer Cable Specifization

This group inchuded 690 V rated bl for use inside and out-
side the containment, end Cliss | power cable.

The rquitements vere for:

(@) Single ronductors, flame refardant heat and moistuse
resistant crcus-linke 4 polyethylene (XLPLE) ulijacketed.

(b Single conductors, heat and moicture resistanit vulcanized

ethylene-p.epylens copolymer (EPM} or ethylenc-

propylens terpalimer (EPDM) with flame retardant, heat

and mosture Jesistant jacket of polychloroprens (N) or

chilorosulfunaied polyethylene (CSFE).

) Single conduciors, flame retardant, heat and moisture
resistant, methyl-phenylviny base, radistion restant gili-
cone rubbies (S) with a Name retardant, heat and moisture
resistant chlorosuifonated polyethylens (CSPE} jacket or a
silicone resin impregnated glass braid y-cket,

The cable designated as Class 1 for installaiion inside the con-
tainment building was requried 1o withstand for five howrs e follow-
ing enviroamental conditions: 4.5 x 10° Rads, 150°C 60 Ibf/in? and
1007 humidity,

The common sequitemets were:

1)} Insulavion resistance, ac and de¢ voltage tests performed

with the cables immersed in water. These tests 1equired for
1007 of the production.

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

In addition the following design tests were required for each
construction:
1) Horizonta) Tray Flame test.

2) & Comosive Effect tast,
3) A Hydrogen Chioride Goneration test.

Thic final choice wes in favor of:

(2) A specially compounded, irradistsd XLPE with excelleat
selfextinguishing characteristics and ¢ low corrosive efiver.

(&) An EPP with a CSFE jacket with pood self-c xtinguishing
characteristics and 2 favomble cost, particulazly in the
Lsge size wonductors.

{c) A Silicone Rubbes compound rated for conlinuous use at
130°C, radiation =and moisture resdtant, with @ flams
retardant CSPF jacket.

A sproiel test was requested for the first two items to delerineg
the pousibility of withsianding the pxposurs ‘o 3 seriod of one hour
at the leuiperature of 282°C. The fost want (o simulaie the
conditions that could develop in case of 2 <iosm Bne bresk in prox-
imity of & conduit. Samples of the two items were enirpred at
480 V and exvosed o the 282°C tzmperaiore for & penod of time
far excecding the reguirswiont, Both samyles performed withew
fatite end withstaod the sibsequent 5§ kV kipot st

Control Cable Spocification

This grovp inchaded sinple 2nd multiconductor, 600 V rated
cables for wse inside snd outside the Contanment Building €or
general applicstion and for Class § service, The requirements were
similar to those previowsly dusciibed fur fhie Yow voliaxe power cable
except for the addition of the everall jackets fo; multiconductor
cabies

The tray flae test was changed to 2 vertical arrangement ond o
smafler flanie. When this specifieation was drafted, a Warking Group
of PGCIEEE was prepating » puide for the installation of wire and
cstle &1 Pewer Plant, The authos wasa member of that poup and ay
that time the vertica) test with 3 small nuinber of cables seamad ades
quat. znd the 70,000 Btuflir flame was more widely accs pted, by the
potential cable suppliers, than the larger flame of the PGandE tast.

For

the single conductor coatrl wire the final chaicc‘)\\\as:
1) XILPE.
2) Silicone Rubber with CSPT jacket.

For the multiconducter control cable the finc! choice was:

1} XLPE, as for the singles, and overall XLPE jacket.

<) Silicone Rubber insulation, as for the singles, with 2 glass
braid and and overali jach et of CSPE.

Specifications for Signal and Thesmocouple Extension Wires

This group included mu'ticonductors for use inside and outside
the containment building, for genersl application and for Cless |
service.

2
Th&"xcqui:emenu were similar to those for the contro! catle
except for the following:

Signal wire makeup consisting of .

1) Two, three, or four twisted insulated conductors within a
common conductive shicld, with drain wire and an overal]
jacket.

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

Thermocouple extersion wire makeap consisting of two insu-
*ed conductors within a common conductive shicld with drain wire
* .1 an overall jacket.

The final chaice wis in favor of XLP'E and silicone as for the
control cables, with e exception that the silicone cables had a oss
braid over the singles and a sibiccns jack-t ovesall.

| ©
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(tempgrofuce, pressure, wumidity).
EPR  Ethylane Propylene Rubber, rated 90 °C.
Coble successfully fire-tested,

Required to perform of temperoture higher then 50 °C
Alse cobla suconsel sity tested at higher temperoture.
Slicens Rubber (Mathyl-Phenyl Vinyitoss) Rated 130 4,

Coclont Accident, Also coble or compunent successfully

tested fo
R

r LOCA,

resistance.,
SPEC (Cobie tesied per P G 8 E. Co. specification, witnessed
by P.G.ABE. Inspectors.

XLPE

Types of coble, use, Instoliation, service ond tests
Toble 1

5

Catls or component succestfully tesied for rodlotion

Crons-linked Polyethylene, roted €2 *C.



t wa taken under considerstion. Desizn tests submitted b
manufactursy indcated that this product, Pely ‘.a:muld ig
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fact meet onexceed the requirements previously set for the silicone.

The Telvaryline snwulifion snd jucket comstruction was alo

for extension wirs installed near the reacior

vesse! where temperature and sadiztion might reach ¢ higher jove)

Ghian ofher locstions inside Ure contalameni. The decumeni=tion pre

sented and ine witne 1eals were convincing encugh 1o show that

the construction was mechanically supcrior (0 the lugh tenperature
cable originaily specified by the reactor supplics.

Conxial and Triaxial Cables

These cables were purchased from the supplicr of the XLVE
control and power cables. The requirements were for XLVE insula-
tion and flame retardant XLP. jacket. Flectrical characteristics and
dimensions were similar to the applicable industry standards with
some restrictions for epecific vatues,

Commen Reguirements for the Acceptance of Cables

Due to the nature of the project the following requirements
were established for ali the cables designated for Ciass 1 service:

1) Qualification of supplier.

2) Implementation of Quality Assurance Plan with docu-
mentation extended 1o full traceability of materials.,

3) Compliance with specification.
4) Evidence of test perforimmee:

(2) Performed by suppliers and witnessed by Company
representatives,

(b) Performed by independent laboratories.
(c) Performad by Company.
Tahle 1 gives an overal! picture of types of cables, where used,
how instalicd, class of service and tests performed.
RACEWAYS

The criteria for the installation of cablcs in trays and conduits
have been established since early 1968 and they are still in line with
the present state of the art.

The special instructions to the Nueclear Power Plant dasign
proup had particular ref~rence to the following:

1) Definition of the catupories of cables with different voltage

cieupy tie same tiav.

2) Limifation of the number of eimultanecusly loaded
medium voltage or low voltage power cirenits placed in the
same tray.

3) Limitation of the maximum fitl, with ths tofa) caleulated
Ceble arez not to exceed 307 of the cross sectionai area of
the tizy and 407 for the conduits.

4) Physical separation of receways containing redundant
circuils by using separete raceways and scparate routes.

§) Minimum s.rtical scparation between treys conlaining
power Gircuit 1o be not Jess than 30.5 am.

6) Limitation of the use of {5lid bottom tiays and solid cover
10 only when no power cables are invelved.

7) Current carrying capasity of ceblas to be caleulated by
IPCEA or NEC rules.

8) Interruption of trays at wall penetration #nd nse of con-

crete encased, square section, metal duct: for a totyl! cross
sectional arca at Jeast equal to that of the Gays.

9) Use of fire stoys in all vertical and hocizontal trays, partic-
ularly at wall and floor penctrations.

10) Use of the color coding of ali the cables for Cless I servier,
for the efficient and clear discrimmivabion of redundan) vital
circuits as well as differemt chansels. For this purpose ali
the cables were purchased in nine different colors:

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

(b) Orage, Grey end Purple for the three Safeguard
Systems.

(¢} Red, White, Blue and Yellow for the different
Protection Systein channels.

(&) Diown and Giecen for Protection Sysiers trains “A™
and “B" outputs actuation circuits.

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

Fire Stops

The use of fire stops was recommended for the following

purposes:

(2) To provide 2 seal impervious to fire at wall and floor

rating or different service that would not be aliowed to penctiations.
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M) To s m ang frays eaicring equipment enclosures,

(¢) To avoii the chimney offect in vertical trays and prevent
fire migration in horizontal wrays.

Four lcading products wers investigaicd with, regard 0. ease of
applicaton, curing lime and shrinkage, resicaal flexibility after cure
and fiame resistance,

Tests were performed on different compounds and incrt filler.
The product selecred was a thixotrepic compound used in conjunc-
tion with filler made of asbestos fiber (Jater substituied with a
ceramic wool).

The interior fire stop for vertical trays consisted of 2 10.2 em
thick barrier of fibers saturated wit) the compound. The exterior
portion of the fire stop consisted of 1.27 em asbestosconsent panel
fastened in a planc perpendicular to the tray and extending for a
minimum of 20.4 ¢m al! sround it Protot ypes of this fire stop were
tested in trays loaded with flammable cables. The fire stop passed the
tests and was approved for installation.

Several heat run tests were also performed 1o detormine the
amount of temperature rise dve to the fire stops and the wire
costing. The results were tabulated and used in determining the cable
derating.

Duririg the last few years some new products became available
and were offered as fire stops. Their installation scemed casier and
faster than the fire stops aiready approved. The new products were
evaluated and recently one of them was selected for mstallation at
the Diablo Canyon Nuclear Power Project.

This product is a silicone compound, 1mamed in place and
installed in 15.2 cm thickness. A crash program was developed for
the tusting of the temperature rise in the cable with the new fire
stops, The tests were performed on & 30.5 em tray loaded with fifty
#£2/0 AWG (674 wm?) luw voltage power conductors, EPR inso-
lated with a CSPE jacket. The way was mounted inside a chamber at
constant, controli~d, temperatuse.

The tests performed were as follows:

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

2) 40°C ambient and 80 A.
3) 50°C ambient and 70 A.
4) 50°C ambicnt and 80 A,

The tray with the fire stops, conductor arrangement and thermo-
couple location is skown in Figure S. The results are represented in
Figure 6. For simplicity the curves were plotted using the maximum
temperatuie  recotded, with the corresponding thesmozouple
identified for each value.

The data in Table No. 2 show all the temperatores -ecorded
for all 20 thermocouples instalied in the cabie bundles shown

ir. Figure S. Also shown is the toral temperature nse over the
ambient,

Thesmocouples No. 2! to No. 24 were used 1o monitor the
ambient temperature for the tests. For both the 40°C and $0°C
ambient, the approximation of (he temperature was within one
peicent,

M is recogniar 1 that the number of conductors and the simul-
tancous cumrent loading used for this test represents & situation
tather unlikely 1o ocowr in any plant. However the bundie arrange-
ments are vuite a cammon practice and the intent was to test a case

10 say none of the trays at the Disble Canyon Project
approaches such an extreme limit.
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POWER CABLE CONNECTORS

Samples of cnmip type copper power cennectors for wire sizes
used at Diablo Canyon were type tested for heat rise, millivolt drop
and pullout force. Both 100% and 125% of foli rated current, based
on Teble 310.12 of tiic 197} National Electric Code, were circulated
througii the terminations consisting of the cable and crimped on
connector. The temperature rise of the connr Jtors was 2lways less
than that of the cable. Voltape drop measurements were obtained in
millivolts over a distance from the junction of the tongue and the
bairel to approximately 1.5 yum on the wir Ir ali cares vo'tage drop
values measured on the crimp were less thaa that measared over an
equal length of wirc. A” <amples were subjccted to a crimp strength
test. Each sample was placed in a Richle Tensil» Test Machine and
sufficient force was applied to pull the termination to destiuction.
Al samples passed the minimum requirements of Underwriter
Laboratories Standard ULASS.

SELECTION AND TESTING OF
SEISMIC SUMPORTS FOR RACEWAYS

Seismic design criteria for the supporting structure of the cable
tray and conduit system consisted of f{lcor acceleration response
spectra provided by a seismic design consultant Based on a design
earthiquake with maximum horizontal acceleration of 407 and
vertical accelcration of 27%g, the supports were designed to provide
8 system with high natural frequencies, to take the predicted maxi-
mum floor accelerations with. 't local amplification. The gizatest
value of floor acceleration used in the design was 165%¢ for ultimate
load conditions (coiresponding to DDE or SSE design).

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

() Displecements would be excessive if flexibility were
achieved,

(®) Complexity of layout » raceways made it essentially a
rigid system.
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TEST NO. 1A TEST NO. 18 TEST NO. 1A TESTNO. 2 TESTNO.3 TESTNO. 4
THERMO- | THERMO- 704 AMB.=40°C 70A AMB,=40°C & 80A AMB.=40°C 70A AMB.=50°C B80A AMB.=50°C
COUPLE COUPLE TEST NO. 18 -
LOCATION NO. TEMP, |TOT.TEMP.| <EMP. OT.TEMP.| AVERAG® | TEMP., ([TOT.TEMP)! TEMP. [TOT.TEMP] TEMP. ITOT.TEMP.
b * RISE °C . RISE °C [TEMP RISEC ec { RISE®°C on RISE °C L] » RISF°C
- 1 §3.2 23.2 63.2 232 23.2 70.2 f 30.2 747 247 80,1 30.1
4 2 64.0 240 54.0 240 240 N2 | 312 €09 109 79.2 29.2
secT. &l
g g 3 61.1 21.: 61.3 213 21.2 68.0 280 724 224 771 271
= = 2
v 4 63.1 23.1 635 235 233 39 229 74.7 267 799 | 209
b 5 648 248 65.0 25.0 24.9 72.2 322 763 269 828 | 3039
o 6 €88 288 €5.0 23.0 28.9 75.8 35.8 80.1 201 668 } 36.8
© o ;
2 7 615 215 61.3 21.3 21.4 633 28.3 723 223 776 { 2186
c.
.:Eg‘r. © 8 67.4 27.4 67.8 278 276 76.7 8.7 793 203 857 35.7
- m -
w 9 67.8 278 68.0 280 278 75.3 35.3 792 29.2 853 358
[ 10 65.0 25.0 65.0 25.0 25.0 79 | e 76.2 26.2 82,0 320
11 54.8 143 55.2 15.2 15.0 618 j' 218 656 | 158 €37 187
——-m'q
12 608 208 €0.8 208 208 67.9 ] 279 2.1 2241 76.3 263 |
:’E:T' 13 54,1 14.1 549 149 145 5¢.4 18.4 65.2 15.3 68.2 16.2
14 56.0 16.0 56.6 166 0.3 63.2 232 581 | 189 71.1 21.1
15 544 14.4 543 148 1486 €10 219 e300 | 1690 60.6 196
16 548 148 55.6 16.6 15.7 62.2 22.2 53.3 18.3 €2.9 199
17 56.3 16.3 56.3 16.3 63 § 636 | 236 | 700 20 729 229
ZEgT‘ 18 58.0 18.0 53.8 13.8 18.4 623 | 223 63.3 19.3 71.7 21.7
19 £6.6 16.6 57.4 174 17.0 €0.7 20.7 693 16.3 71.4 214
20 57.1 12.¢° 57.7 17.7 17.4 61.4 214 69.1 | 191 72.2 2.2
Notes: 1) All temparatures sre measured at 1reacy state.
2) Tests No. 1A and No. 18 are made et different times to varify he rapeatability of the test,
3) The avere,» temparature rise is used to plot the curve of test Mo, 1 1., figure 8,
4) The heavy 'ines identify the maximum values used In figure 8.
Hoet run t212 on fira stope
Tebie 2
n "'




Adjietable metal fraviing elements were wsed 2¢ components of
. the suppori assenidlies, so that on-the-job fabrication could be done
with minimal dolling of holes. However some welding was required
in the asserablies, and hot-rolled steel angles were used for some of
the bracing members.

Embedded sheet metal channeis and expansion anchors were
the ciuef 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 zssemblies were designed for either (2) vertical-and-
transverse loading or (b) longitudinal loading. Omni-directional
supports were utilized as much 2s possible.

Open-sided trays on single-stem cantilevers were designed to be
used whenever possible in order to provide easy aczess for Lift .
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
veaker in the transverse dircction, it probably would have been
better to standardize on multiple-stem “trapeze™ support assemblies
instead of cantilevers.

Standard details were developed with the intention of mini-
mizing the structural design effort. However, due to stringent enforce-
ment of quality assurance rules, over five hundred specia! desipns had
to be made to supplement the two dozen “standard™ assemblies
which constituted the bulk of the upport system.

CONCILUSIONS

The Author believes that this paper demonstrates the deterimina-
tion of PGandE Company to design a plant that would minimize ai
the risks of accidents where cables could be involved. This paper also
shows that the cable is not a commodity which can be purchases in
millions of meters using only one specification. The variety of reauire-
ments in a nuclear power plant demands particular consideration of
materials as 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 evaluation of an impressive

emount of dala which would be impossible to present in this paper.
The fire and the environmental tests combined with the design
criteria puided the designer in the selection of cables for the Diablo
Canyon Unit. The tests on fire stops gave valuahle information on
the temperature risc of the cables. This information was then used
for the selection of conducior sizes.

The standard details for racewsy support were developed to
include special designs that would comply with teismic and quality
sssurance requirements,

Jt is the conviction of the designers that the cable and raceway
system at Diablo Canyon represents the best possible combination of
material choice, engir=ering judgment, economic evaluation and
design criteria available .oday.

FUTURL DEVELOPMENTS

The criteria established for Diablo Canyon could be used as a
guide for other power plants, nuclear and conventional.

The amount of information pre-ented in this pap°r has been
Iimited by the space only. More data are already in o r files znd
more will be coliccted as the effo.t to achieve an even s :fer installa-
tion continues. Heat run and fire teuts of cables in race ways and fire
stops are being performed while this paper is being written.
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! : 'g*¢r1c31 cab;pﬂ of the exack construas tznn used in the plant i
nu#eﬂﬁuattd'sn aa,eavlra1mbntal shatwber undey conditions similasting o 1~sq of e
eﬂéliﬂtiacctqehg (Loeh)..  These cables have etranded coppcr conductors covered '
ﬁi:h & 2% é&l 3i1iconerglnan brafd, -two laps of 3 wil polyvimide (Kaptom) tape,
tuwo leps of & wil asbestos tspe, ard & jacket of chlornsufonated polyerhylene
Euvpﬁlon} ui&h 2 nomibal thickwess of 150 wils.

': ??iﬁﬁ tﬁ the IQCA taﬁt twn nawwles each 5§ feet 10n3, wove aged for 240
haura ‘st 290°C.. The centet three £a££ of each cable were theo iwmeairg. . in warer
~at yoos: hmmggrnturn for 14 days. Dieleetric testz at 4000 volts rms were par-

formed Patly during this perioﬂ' the ci bles passed these tests. Insulatiow’ '
resiztance tests were also performed just prior Lo each diclectric rest, The se
t&sts show thet ehlle the insulation pesistance varied froo day to day, it
neyvex dfﬂpp&d Bclaw 50 mepohims, and had a final rezisignce roading of 4500
w.gohms ¥ "

S For the LOCA test, ¢ sample 12 ineh~s in length wss rewoved from each of
b the speeimens.  First, a woven metal jacket wns placed over each cable for
oy weagucing insulation resiastance with 500 volts DC applied. Then these asscablies
were instalied in 4 chamber into which saturared stesp was injectsd. Chamber
pressuve. of 50 + 2 poig was bnld for 2 howrs aund 50 minutes. Readings of
tnsulation Tesiataace were made at 15 minute intervals, The pressure wag then
reduced to 20 + 2 paig which was held for 21 hours aud 12 minutes; insulation
resistance has weasured at 30 minute intervals. The pressure was fimally reduced
el e e L ey vhich was held for 96 hours; insulation resistavce was weasured
R tuine ﬂa!lyi : :

At no tiwc dwrins these tests did the fnsulition fail. The resis®ance
raading fer the two aged samples, remcined infinite ®n the test r. .ne unaged
thivd sample bad a minimum resistance of 70 wmegohms but, as Liis sawple was
slightly too shert for the test chamber, these results may have becn adversely
ufxqctcd :

Aitbcngh thzse cables were unot expesed to gawna radiation before thece tests
wers made, the materials used have been qualified in other rests. Radiation
teris stance of th@ inofganic materiale (asbestos, plass) in the insulation ise m?ch

AT hgyonﬂ bhaé needed for this cable end, thereforc, need not be considered here.
" The ﬁrganin-uateriqls usel in thn'cable aye pclyiniée and chloresulphonated
‘e@o{se:hya ne, two high quality plastic compounds very suitabl for clectrical

' hﬂ@hiil cahlnt nsed in severe eﬁvironmeuts.




g ﬂv,-!b! mae t!pe mu selecte& for the insulatien because of its excellent
“*"-{_ ‘ﬁyﬁic‘&l.. ehestorl, and electrical properties, ae weil as i-s outstanding
‘resistance to elevated temperatures, gauma radistion asud fi-e. ‘The manulacturer j
(DuPont) of this waterial has determined it w'11 withstand nore than 1610R of
‘gauma,radiation nnd continious temperutures czceeding 200°C with no degradation
of essential propertics. Kapton neither supports - Dustionr ner welts and

begins to char above S00°C. There is no known s it for polyimide £ilm.

Tha coble jacket §& chlovosufonated polyethylenc, also 2n excellent insula-
tion, ond has becn used for this pvrpo ¢ in many high guality electrival cables,
oy L This meteriel has'succegefully passed ceveral tests on similey cables after
fﬁ.' - segquontifal exposure to aging, rediatien, and EOCA vonditions "7 Thng, the
Hypaton jecket alone is sufficienc to qualify the cable for ~arvice under normal '
aad CA ‘conditivng, and alenp with the Kapton insulation th. cable is fully ‘
qualified to perfora its safety [unctiom,
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