FOR INFORMATION ONLY
CALCULATION TITLE SHEET

12400 E. IMPERIAL HWY
MNORWALK, CALIFORNIA

\OIECT _ ANEELPUNG S

e OB NO LoFo T Rl ] DISCIPLINE il oo
: )’J‘CT .')"-/A "'f-"- __t{,:_‘,j_‘ 1;1{)1'1'1’/.‘)://2' FILE: NO __E_‘_!_Z_‘Ql " g'l,
— i - cALc. No. L3EC-FR-E/Q
‘:/3 ? &P - ;f4 -’/ o) G’
ORIGINATOR S1G. ¥ r—ts DATE ~&- e QUALITY CLASSIF 0 eesiias
Ll =
CHECKER SIG o DATE _/-J- e O, LAY PAGE = ‘ﬂ_____&
FPE STAMPIF REQ'D
- ORIGINAL ISSUE
ACTION
NAME REQ'D DATE /L‘)GNATURE
GROUP LEADER Y L CAIREC LA Leview
EGS I fATACO
SPECIALIST T &
CHIEF A AT TR A IR DV AL
OTHER T L S o
\“ RECORD OF REVISIONS
" REVISION N DATE ENG CKR,. EGL EGS SPEC CHIEF
Bdded cable Ompaciiy fak € 107 a Y NG / R
_ﬁc_a_sambx_mi *:upnh 1,9.5,4,.5 || ~P0 76 M Q‘J" 3 A 75"&
FEURY - ‘ " & P LRV O . - - - 4 o )
F‘l o T 2y \ A L Paot (G 07 RES 7237 X ik "\?" Q‘\t.’ C/ﬂV - /“"‘d
7«\"'71"..\-.- nav,...\. O cerY NS | . T s = i ;
\ \ "V PacaTh. ol g [e 77 \T't‘k bl (‘FW wad UE
UFLATED FER \IE\ADQJ yt\}g -25-830Y | w2 | NE- el
PODFIEY fev¢Ise .,,,' [ e i _ '
1&"" 731#”" =2 A!“’ """ 7“2'5"" /{Z JM - |£DY d
A —p
Nerg ] : A
THMIS CHL At pF7cws 75 NOT Wseds MS A REFexReE vcE E)  orAew
r"5\ A A TP . SIRULL TS U Ctnt BTP0 FE Used AS + ﬁffﬁl‘wé"
AV AVCOTHER L el wm200  73/637° TR7S LG d SHeUtL L&
[ AEVISED 7T  INDICHTE THE REFERLNCWVE (ALCUEd 7700,
\\
‘ \
‘. NOTICE '
T ot S T
! APS ACKNOWLEDGES THAY THESE DESIGN CALCULATIONS ARE ONLY AN ISOLATED PART OF THE
}' COMPLETE DESIGN FOR THE SYSTEM THEY CONCERN, AND ARE SUBJECT TO BEING TAKEN OUT OF
CONTEXT, MISINTERPRETED OR MISCONSTRUED IF USED WITHOUT BECHTEL POWER CORPORATION'S
DIRECT PARTICIPATION

PP-6246 110407) 2/84

-t

0 0512 I',‘i"'

101464 930927
PDR ADOCK 0800952€




&

oate..tL

FOEERMS

TION ONL
N SHEET

LADOSI1I87)

carc. no L3-EC-PA-2I0

oate L2/ 43

Y

X3 VA

——-7‘-_.

CHECKED

SIGNATURE W\ & & (ii\u» 4

(. HOJECT ALUPP | P’M{({ ) J08 no.1QYAT- 002
SUBJECT POWER  CRELE  AMPUCITICS SHEET ___| or 19 SHEETS A
TARLE  OF  (ORNTEANTS

PAGE 0.

I STRTEMENT OF  PROBLEM A “

I (R 2

IT. ASSUMPTIONS ANLD DETAIL CALCULATION BASIS 4

IV REFCRENCES 9

Y AMLROTY TAELS
RELES L 2 ¢ 2~ (ARES IN &XROSED OnDums 10

[ABLES 4,5 46 — (ABICS
CABLES

N URDFRGRUND [XICTS
) OFEN- TOP TR

Py
o




CALCULATION SHEET

@ CALC. NO. "" &

i

d ~ *

SIGNATURE Q&'ﬂk WMo parte_I/14/ &2 CHECKED — Y pare—2l12/23

( PROJECT ANPP (| (),RY,,I JoB No. 10901~ Q02 .- ‘
\

|

SUBJECT POWER rH_f;ﬂ LAHPACITIES SHEET (:L OF lq SHEETS

2] 1. SIRTEHENT OF PROELEM

3 THE PUKPOSE OF THIS CALCULATION 1S TO ESTRELISH AMPAROTIES OF

a (AELES HIR 4300 , 416l ,AND 12 XU ROWER (“ CUITS 1A EXAOSED

o COBDUTE | LDERARCU LD BUHBHU._) OPEN - TOP CRRLE TRAYS ¢ EMEEDDED

¢ QMOUTS 3M PACITY TRELES DEUCLOPED SHALL BE LKED AS THE
7 BARIS TO SIEE AL POWER CHBLES.

" A OPFRRIING TEMRERATURES ( REFIVA SECT 4.3)

- CUIDUCTCR q0°C

B e ANEIETT ORTH 30°C (ASSUMZD PER REF D, PAGEXVI ,SET 1d )

B = ORNZIEOT AR 60°C (FOR CRELE NIUTED I THE DG &LDG # AL CLASC IE OFE)

( * S50°C (HRALL rol-CLASC LF (RELE BUEPT FOR CABLES L‘

|
|

8
ol T CRITTRIA
i W06 RDG)
|
\

. E ALL (H2IFS SHALL BE CAPABLE OF CARRTING 125 RER(EAT OF RATED RULL LOAD

18 | 25N AIKREN ”UH&]L LY (Evcerr rivse cibeurrs iired w0 mie JESTen chiT MAN CdL

™ | O U0LTAE  Crop ( RERIVA SET 422.1.D) ijzr/o/\/ 4.332/).

of VIS SHALL BE SIZEL S0 THAT THE UOLTASE DS WILL NIT

4l P CXCF 21D THE wf“i” RIE UALUTT TPECIFIE ) REFR W/? THIS (OMDITION

o 3 <F UCRIFED THRU  AC .u_rfnc DRUP CALLULATION (CALC RO, 13-E(-PH- fa?,
23

24 I “ Al atin [ I'T“(

n L TE CORDUCTOR - TEMPERATURZ- AFTTR - A SHORT CIRCUIT (ASSUMING

- 4 1 RATED 0!\\“'1 R TCMPARATIRE 3'-—. 0k TO THE SHORT (I -Df“hT) SHALL

27 14\ '.hé EXCEED  250°C (REFERENCE IT A ,‘\1 4.334). \
Fa ] i
" 2 THE MAXINUM SHORT CIRCUIT ruee 23T AND  IROTACTION &1 CIRCINT ‘

30

ke CLEARIG  TIHE (OIlL  DETFRHINE THE HIMMUM SIZE CF
i CPELE (OMICH (AN BZ N1SFD (=25 CALC 12-6C- PH - 10D).
b E. QUFFIOAD  QRPRATIGN G
THE CHMZRGEAXT OPERATION AT THE CUZKIOAD TEMRCKATURE OF THE
- OODUCTOR (120°C 0R CRUSS- [ MKFD FOLYETHE kk AND PR SHALL mOT
OCCUR MokE THAY  FIUE m\& LUHU m ur- OFTHE  OLANTT  NOR  MORE
“la] TN 100 HOIRS Pre YZ6P (#0: I A SECT 4.3.3.5)




&

S
SIGNATURE S0 L&TL AL - DATE /4] &3

@ o

SUBJECT

1

z

19

20

21

22

23

24

25

26

27

28

9

30

34

36

€0 ANEQFMASIP B A (

ANPP ([ PUNGE )

oWtk CRELE AMPRCITIES

LAD 0S13 87

catc. no.[3-EC-PA-¢I0

CHECKED Yl paTE L]12 /22

Q02

SHEET e

jo8 no. 1090 T-
= . or__19

SHEETS A

AMPACITY FOR SkU SHIZLDED ¢ LONSHIELDED CABLES ARE ASSUMED

EBUAL .

L THE ELQUNG TRELE CUTLIVES THE

OUDUIT.

-y . nemg s e
7 i I3 ' H
-/ Myl s - \
r e ‘N

il W Nas

42 TRACKETLL

Ll |l

LIC CRELE # &8 AD
LARGER TN FETZL

. g~

INDER(RGUIND

ol ld LiJuk

L.

SAM&

ELE USUAGE:

TKAY

SAME
SAME
2, PRUORED, NONSHELD
4 JKETED

W, ARMORED, CHIELLED
. U, - -~ /

! ]
$ THCKTED,




@ ( CALCULATION SHEET ( . 'uﬂwlmt‘ |
cace. no. [ 3-ECPR-2I( |

\.\ e
SIGNATURE Q\"U‘-B\]&’ C&‘ cpee . DATE— LU /ES cHeckeo Ao pare —ifgs
_ g
PROJECT ANPP _(PUINGS ) so8no.10907 — 002 il
SUBJECT FOWFk  CREIE  AMPACITIES sweer 4 or 19 sHeETs /4

1

2| I, ASSUMPTIONS AND  DETAIL CALCULATION ERAS

a f A_CRARLE (1) BFCCED OUDWIS (s‘af‘ TAKES J 2, 3)
s |4y [ AMEICAT TCHEZRATUCE- —~ ANDACITIES R 40 AMERANT IN RERIZ D,
6 TElCD ARE DFedT#D FOR A0°C AND  AQ°C AMEBENT CONDITIONS

7 BACTL 0N THE HORMULA (Ba) SHIWL On DRCEIL OF IR Pdb -4z

8 LRI ,f:

9 .

10 {

5 o /Tc‘~ To. ~ DA TL

? "y Te - Te~ DM TE

13

4 I' = VEW CIRRENT RATING AT 50°C AHEIFUT 0€ 60°C AMBIGT,

o) L = ORGIAL CURKENT RATilG AT 4Q°C AUBIENT .
% Te' = WBW (ONDUCTOR TEMEZRATURE = Te = QQ°C

" Tf ORIGIUAL ;-J.J_";tI("--. '"-"H CRATURE = Qo°C

nt o= UEW  AMEIZT TEMEe  TIRE

o To = ORIGINAL  AHEIAT TrHeZRATURE = 4°C

w DA TD = DATRTD! = DWFFCTRIC TeMR 10022 (FroM TPCES TRELE)
21

22

= 2 MKE THAD OLF CONDUIT DIBETZE  SPACII ECTWER) ADIRENT OUDUTS
2 S D AL THE ERIC ROF ANSHCITY CALCULATION. (UHER) TIHIS SEACING
2 IZ HOT CREATER THAN THE AUNCUIT  TIAMETER (IR LESS TRAM 4 OF THE

o B (CICIT DIRMETTR TREN TACTORS  SHOWN N THELZ IX ON PAGEIL
P 3 OF RERIVD SHMLD RE (OMSIDERED.
a

| e
- 3 FOR MORC THAN 34C 1) A QN '1 OO TRELE SHOULD EE USED FR
= Dretitinn (R0 1EC ATR "% 10 THELE 3016 THE $10-A1)

7 | AL

JOUCTORS LDERATING FACTOR

iz

-4 “
33 - -
- 24 0.7

X 42 0.60
J

35

t QUER 0.50




(0 Y( waG o813 873
P : EALEGEANS AP B e

care no [ EC FA-2I0

SIGNATURE ““;'r]--‘ygf' kn(\‘ W o DATE !//a /f.?‘.. CHECKED Vrt" DATE 119 /i 2
@® ;PP (PUNGS | son no 10407003
SUBJECT FOUWCR  CABLE  AUPACITICS sHEET o ofF 19 SHEETS &

19

20

'l

22

23

24

a7

8

29

10

4. AHPACITICS RO GO0V, Z/CH ' CAELE ARE eXIRROLATED FROM OTHER
2IC CHBLES.

[_\,‘ 5. FOR COMOMITS ) A wlTH TRl LIUSILATION  (URAP . REF.IXC SHXLD
BE LISCD AS THE BASIS RO AMFACITY  CALCULATION,

© [ KU CARLE  ABULATION ROE Guul CAELE ¢ KU INSULATION FOR

5K/ TARLE.
T INSUCATION  POWER FACTOK 0.027 ( REFIZOPAGE 1L ),

i J ’
| @ LPIACITY  VALHES (AeCar a2 l> FOR M CRHRLES AlE BASED on
\ | . :
[\ & T ¥ OSELES SERx ERDUIT. TH AmmaciTY ox B 1S ASSUmED
| A RUAL T TARVUEX CAELL

|2 _CARIES (1) UNOERGROUND QIKTS (sev 1A#Les 4 £,€)

£ L AURITT TEMPERATURE — AUPACITES R 207 AMBIEHT [AKTH 1IN REFEIZD
F UEEATED ROR =0°c AMCIAN EARTH <ALTD DA FORMULA SHOUN

@~ s o B4 \ f

M PAGE 4, SeC LA

& ANACITC UALUES CALCULATED FOR SINGLE GINDUCTOR CABLES ARE RATD
) ON 3-UKC CARIES PCR DUCT. THE AMPACITY OF 3-1C IS ASINED
& [ TD TRIPLEX CABLE UACUSS ( REFITE, PRGE T) ‘

2. DUCTEANKS WILL BE USEO uP TO a4 DUWTE IN 73 GAUK. TOR DUCTS
) HMORE THAN 9 10 THE EAUK  TYTERAOLATICN OF "TAEBLES 4(5 L YA
25 \’ (PAGES (3-19) IS NEESEARY ( RERJVE PRGE 9 Ak, 332/ c3

4 ACTAAL NLIRTE 1S EEMGRONTIHIED THE CHC. LISES AN CARTH Fiiral
RESITHOTY OF KHO = 90 WHICK 1S REZOMMTNDED B
“"‘/‘\/ w‘\( I\ *1‘1(:’-’ “I(‘(‘Is, ,/7 J'/C’; v{‘; .-"'l’)( Md '0:":’:’ /_‘; [‘{' 'N() HAPLEAA AT '6)
rO GATAHEL ACTVAC BHO VALWES
5 I00% LORD FRCIOR (LF) IS USED FOR ALL  CARLEC,




caLc, No J3-EC-PA-2I0
SIGNATURE LN ‘ /I /X2 cuscxeo_..‘_’f_'c_ pateLLL11/&3 5
PROJECT ALPP U)UM JOB NO 10407 - 002, .....
SUBJECT FOWFR  CARLE  AMPACITIES sueer O or |q —
2 6 FOR COLU 2UC# 10 CARE AMPAQTY IS EXTEAPOLATEL FOM OTHER
) 3C CHELES .
: @/) C. (ARIE 11} (PeN\-TOP (AR Ser TAES Y & 7}
8
1 N A EREES AR = SRS I GHE AU
10 l —RE-TPA O PR Ot A HRR=THEERORE AMPACTY  UALUES
" ST f(a AL - 420  PAGE 207 FOR (REIES (h) AR THAIL EF USD.
L FOR (0l (RELES  AMPACITIES ARE BASED ON  TCER PS4-440
2 AELCS 244 SHIN OK PAGZS ((C ¢ (V RESFETVELY,
2. AMEILT TORERATIRE — AR 5 ¢ ISKU CABLES, AMBIEUT TEHPEERTUGES @
. £ ECC PR DERAED BAFD Q1) THE roeuum SHIOU 01 PAGE 4. iR
" o ChE (7S DERRING FRODES ARZ RASED OO TRRLE SHAN ON PR ¢
Sl | U REFE AUD RRMULA SHOWH ON PAGE 4, SET ILAL. (wmere
wl L LELTR TH = O FrR THE CABLES OF r._q,rgk),\,B
= 100% LOAD FACTOR (LF) ARE USED RIR ALL CAEBLES.
4 AU CAELE AMPRCTY TRELE  CALCULATED 1S RASED OL) RANDOM
- ALED PN -TOP (RBLE- TRAYT.
5. FOR RANDOM FILLED CAELE 1) TRATS UNOER FOMOWING (ONDITIONS,
REF C SHOULD BE (KED AS THE BASIS FOR ANPACITY CALCULATON.
Q. WTH SOUID  TRAY COUZRS
2 b, PASSING THEU IHMR RATED FIRE STOPS.
. ¢ (MY A SOLID TRAY (VER  ABUTTING 10 A 3HOUR RATED FIRE STOP.
d. WITH 1"OF SPCE THTRHAL /ALSULATION (AP FOR. “EXPOSURE AR
' o. (WITH 2" OF KPCF THERMAL IUSULATION 0eAP FIR * exeosuer: Fill)

( ( YolAoosiaen

CALCULATION SHEET




OR INFORMATION ONLY
CALCULATION SHEET




@ ( CALCULATION SHEET ( i
caLC. No. L2-CC- PA-210

SIGNATURE "_J&.“x Q»\“ o oate /1M /X2 cnecxeo___lﬁﬁ__ DATE L4 .

PROJECT Al (( PULGS ) so8 NO. 104 T - 0O2 ..
SUBJECT FOUlCK CREE [HRPRCITICC SHEET & OF Iq SHEETSA
1

2

3

4

s _CARLES /) EMBEDCED  CONDUITS

6

? , APHCITC Rk CRELE IN TMEFODED ONDUIT CAN 1RE CONSIDERED
s | TRD DA A N UWDEGRUND QUCT |, PROwioED 7A47 THE

9 ’ A CONSYCURITTON RESTRLINTS FLE JN705 &,
WL TR ConsIGURPTIONS ormER THAN AS SHOU

i | i SfEFERENCE T D FXTRALOLAIZ00/ OF VALUES
12 TAHALL LBE  FERFOPNMED PER SEC 770/

13 ! . B0 2 OF THIS CALOULRTION

14

) .
16

l e -
ol | £ L ppEasTT FRRRINETEFS
19 | o i
o1 | For  FRAPAMETERS PIFFERENT™ THAW THE &S
i (0 THRELES f  THEWES F, THE CAELE
3 A HACITIES SHALL K& MODIF/ED AS DICATED
23 |

vl SECTIONS LA, ZLE , pvd LT oF TH

" ; e LS TN,

27

28

30

n

32 .
33

34

kL)




(‘ {OJECT

SUBJECT

1

2

21

22

23

24

26

7

28

29

30

&

SIGNATURE M0 070

“ [

LAGOsIYSTYS

care, no [326- A4 210
1)19]43

F OB NEQMIROSHRM Y

™
{ A { -
L, BATI DATE /1 i/}fd CHECKED.__.Y.AZ_... DATE

A
St |
dales

PR [ DyUGL) 10407 - 002

JOB NO

FPOWER

CRELE AMPACITIEC sHeeT 9 or 19

SHEETS A

L.

REFFREL

- ‘[“ 0

A.

B.

)

n

ALFF

BECIHTC

- .

(SO C

EC.64

“SIGH  CRATKIA

LA

MBUUAL , ELEORICAL GUERAL DESIGN COTEA ART
IHT 42

| SECTION) 2.6.4 .

U

R

rCil )
LICH

GUIDE

[ APD  CLECTRICAL  BULLETIN - NO. 20 ~— R&U.L TPO DESIGN GUIDE

cl2l8l

L |

st d W/

e VT, FRE? AR A ../QED

i i
ot o e

16 1974,

e




( caLcuLATION sHeeT ( 0
M b CALC, NO.‘..'.E_CZX"_'Z_\.O
SIGNATURi’ B Uo\,\nu\ DATE \T[\&’/?L CHECKED MS’C DATE S“l ;Sl s
prosect _ANTP j"V“(r\T) ;08 NO 10401 -00L .__
supsict _LOWER  CACLE  AWPAWTIED sweer 10 or 19 SHEETS
1
i TARAE V. @O N - YOWER., ChbLE  AWMPACATY
: N COMDWT
' o & 2]c the S5 H0C AND ©OL AMBAENT
. AR | 90C COND, TEMP,
6
7
: coMpueToR., | RMPACATY BMPRCATY
VEE Aa | AMTS AVes
’ o twewnyy | 900 AW, AR COC AWVE . AR
I @ 74 w 25 20
N C;) ' . 4_‘ 4{(,
' B ‘ | L | 5%
- i 4 ¥\ ; 70
“1 ¥ ‘ 2 WO | 4%
15 .
1 ¢ 3 5 | 42 |
11 /p (I‘, 58} s /4'\
18 4 ?7 L ’]6 \ __._l
- o \SL \G8
4o 245 2\G
z 250 242 297
il y !\ 9w 42 %49
23
25
26
27
28
" MOTES « © IRCA Fdb-426, PAGC 213 (OLUNN FOR LKV (RELE. A
- @ ITh Rb2eh , FHGE 264 (OLUMN R LKU (CABLF. A
@ OXTKAROLATED UALUTS | SEE HG. L ON PAGE 1B
i2
]
3a
%
j“)




KOR INFORMATION ONLY
CALCULATION SHEET

' 4
. oHEETS A




LAD GAI3 872

CALCULATION SHEET .
CALC. NO. [2tic - PRz o

f
-

S’GNATURE_# = / DATE ” o - i CHECKED 8 N DATE &/ » ’ i !
PROJECT B 142 P Ar s P | A JOB NO. L& ilr‘r O R .-

SUBJECT B0V /0L, oyl mdas Lol s /& SHEET I OF (q SHEETS&

3 _ F 1 . ey B r ™ ' -
Tblti 2. 16 Ky Powsil. cawlp AvMPAcTiRS (1 coNdliT
4 RS —————
i € h b L
t
a S e PR R ¥
b
AL & coOPNDILCTOR, TV ab
/
8 ] .- o~ .5
| g% ' | " el A B i [T ; ‘<‘.'v""».‘\
9 ¥ AL 1 '\ x . ,\\| '
10
" i
L1 t > o /_, o
12
|
<& &
~ e
14

> — - 5 Nar A Yoy ] \
a MOTE « © [RCEAR Pdo-424 ACE 264, | &)\




&

(opcm_mmwmnm(
\::{ bt \Slt‘-ﬂ‘ MDATE “ “"’

LAG NI

caLC. NO'2-EC-Th- 200

SIGNATUR CHE(‘KED.......(\_(..._.. DATE ‘/\\ B\L
[‘ vosect WYY Jv? IRYEYS 08N0N2AGRT - 00)
sussect _DOWER CABLE  AMB LATIES sweer .13 or 19 snesrs&
1
’ ThGALE 4, (OGN - VOWER, CARAE AWMRALTY
' W DALY Rawnw
: ¢ 2/p CABLED , 20C AMBI\ENT
. BARTIHY ;, Q0L  LOMNG, TRWP,
6
7
8
. A %y A .
P S TR OF_ 2 PARE ekewTs (008 WR DueT)
BN T (KC,\“,\\\-—\) \‘\ .0 :/ C’ 6;
iy @ Y \© 44 30 24 2\
B ® | $ 5% 46 2 A
o I G 12 ()% 724p £
Q‘ | | 4 44 2 11 7
IR - 2 \22 \&1 %\ &4
18 l
"l @ Low o3 5 | %2 44 42
| ’ o | ¥ 1 54
: 4 \o2 i 38 T4 %%
I ) 204 |\ \29 \x7 Q
. . 4/, 2V | A \1% oY
o | 29 258 | A% 222 2\2
N Y o ol 248 13 252
26
27
8
9
10 &
S CTES « © IPCCA P46~ 4 , AGE 289 |, #H0 90 | I00LF FOR LKV (RRLE.
. @ [XCA Pk -426. MGE 240, RO | 100LF KR 1KV TRIPLEX (ARIE.
@ EXTRARMATED AGURES | SE(' FiG, 2 PRAGE 19




@,,

SIGNATURE L

LAD 0813823

CALCULATION SHEET

)

/

. /
DATE CHECKED Ll le

PROJECT _LLll

JOBNO. L2 2 ~¢

SUBJECT 21

A AT =) T h i o SHEET FZ} OF

o

6

34

35

36

B S, T KV wWE. coBll AMpecllY (N bilc] Bale

B
S

O IXR Pdé- 4%, PRCE 241 RHOT0 | IOOLF ROE KU | o

Be o avslelT pax

2 - o =

\17

i
b
D
)
O
L
w

W\
Ol
LN

i 'f 1 'LF 20 .?

-

| /
| | |
+3¢ AQ | 2L a4

. 813 () | o b 2 | 289

RPLEX (ABLE




IR Y

‘ dadr” e G = 7C f(id ,*ﬂ, 1,/‘
(. ECT L2278 Firpisa ™) JOBNO o frifmt
vy

2 y - ” - ) A 4
SUBJECT _ FOVv/iE12. cmpls Polfny i s sHEET __[2 or 19 SHEETS /&

CALC.NO. 2Ro SR =20

D BV v v .;A',/": Vs f}‘)—z T1E< b 51( AN
| o -y e LA
G P &> A b 2EN ) FafldM
» i - -~
Ao NDUT 2 1 Temi
I\/(:. Tt AL “om

MiMBER. ofF THLER PHASE. cdrcliTs/ olE Pz pUaT)

A
L
L W Y
~
L
——
L
e
ol
o

X
£
(r
L
88
(8 4]

Sid 4NE 216 282

A\ | NITE - Q IRCH M6-4% (HOE oA RHO90 | 1UOLF Rk 154U TRIPLEY (ARLE.




&

LAD 0813873

¢ ( ,

CALCULATION SHEET

/ CALC. NO 25 PR3
SlGNATURE77 fovad DATE & =778 cuecxeo.é__/’.f.;_ onre S anle i .
PROJECT __ Bpss’ (P iniss JOB NO. Ll dil =gl 2 B
SUBIECT L WEX o D2 Sl o T a SHEET __lé OF lq SHEETS ‘_‘2_\
1
: 7 W broe volT Powidli calblBE saMppelt  IN TEAY
. 40, St AND ol AMBIENT; @ -~ o coynieTe e TeMpP |
: éﬁ\ /o 2 /e T ckiTots caBLg. N{ NIDJRCVETES eond,
o Ve FlLl. N A = cpary
7 , AMPAcTY (AMPS) ! AMPACITY (AMPs)
) * e 113 DEPTHOF CABLE N TRAY | 1,15 DEPTH o F CABLE WTwal
: B | Se& AMBIENT € | 400 |goC AMBIENT AR
o] L. OnQ |
: B (R) W O Cf 1 AT 14
! 1¢5(8) 2 | 29 %z | 25
& T (RY ‘ G | 4\ | | A a5
ul 3 (1 4 | @2 @D 53
5 LWOSTR) 2 v ¥ 3 76 .
16 I ! ‘
17 !
:z NI CANGE, 11 @? \S | 2) \7 Z%
1 e | e | ’ 28 22 29 |
- 3% (&) | 4 | 43 - 4% 37
. 65 (5 I 2/, |1 \249 \42 WA
2l ey | 4 || \%4 & 67
L1 | s || 312 | 247 268
1 vasde) v 500 V| 429 477 36
75 i [ {
26
i MNOTES : @ [CER P54-440 PAGE cc TRELER . AMPALITY FOR 1LIS" (AELE DEPMY -~
- N TIHY (S ITERROLATED FROM THE TRELF.
" D [(FA DE4-440 ,PAGE (V TABLE 4. AMPACITY RIR 115" (ABIE DEVTH
= N TRAY (S WIERAOLATED AM THE TRELE.
” 2 0D UALUES ARE GUARANTED MAXIMUM OD (ALUTS BY LENDOR (SRK)
= CMOSE + EMOSEA . APPANDW SE). SINCE EorH BRAUD REX AUD
e ROCKRESTOS SUPPLIED (RELES R ANPP UCE  THE SHALLROE THE
“ TWO 005 ARE (HOSEN AC BASIS FOR CALCULATION. ‘
. R~ BrAND RXX
" - R~ ROCkE~sT10S

e



LAD 0S13 873

CALC. NO. (=S ~Th ~240

A / /
4 . ¢ 5 R = oo / ir f’ - v/"v"’
SIGNATURE! tutlor Do S DATE L =7 - e CHECKED & Lf= DATE foss
(. QJECT _BNL s Finias ) JOBNO. Lo ds 7 =002
SUBJECT o\ Epl, arlmid. poliinm e/ % SHEET | 1 OF 'q SHEETS &
1
ez &, 2 Kv PowWBE ZABLE AMPaciTY 10 TEAY
Boc AND GOC AMBIBNT  Ar e ConNbl 2lok- TEMP
e SACEETEE ca BLE
" cTale wizh | AMPmo(TIRS ( AMPL) | AMPACITIES { AMPS )
| \ 3 ’
Ao KoM Q0 C AMBIENT M | @e < aMUIENT Al
|
-+

e et e < —————— o

e e — P PSS

Q # L | 237 245

- s Z\ 219
2%2 22

WMBIENT 42 ¢ leTok~ e
PSS BT CON
3 ' s | NOTE < © IPGh P46-426, P20
f . | R SKU CABLE. 0 AR.
2% KeuiL - | @ IPCHA Ol 426 P3N
| R 1SKY CRBLE I AR
' 22\ |




e T Sl R T - B " T R e L I R D e T e T T I B & N IR e . Y an TN Se Y S T R T TN . T TRy WTT e

B e

et = b U P A\J_f\uug?r/\ll .

B o

=
4

“NERL K ¢F (4

e g B - I s b §
555; TRBE = B R o i N -
L BEE
| 1328538 © O W08 RO AW L 1 L i s o 1 > e o
_ ! = ¥4 g
m. ETibewE S R TR - £ 2 ol B |
: i ,. 2 g .
| £i “

-

Qamer @

| - ; il er
_., DEE R m
. % o o 8 i 1 : !
- e i W iRl gads
] = ' + 1
L

4

i

=T TSRS S AT

L ~
e

g&ﬂh@l\ -

A
$
T
3

4 |¥!'

35
n

Gy

il

g

TAR=E)

i

s

TTT [YTRY TRRYS PRNNY AR

.
-

e

4
* e
5!

4
-4

D RS SRR S S0 QEREE T S -

—aen ¥ O wu

|
AWRRINY WG (cadiaw ) L) [vdiew

-

WD €84 % 5w 2 . eovol
ERED 5§ ¥V € I CCOGRT

teq <9 § ¥ ¥

~

T L —

Jv\ o/ 025 9% w/ S St ey ~/ :




!

Alames
“l'.-..ak ]
)

LOGARITHMIC 3 x § CYCLES
Bl v 5 i oo st o w 46 7520

~21C
( |
(

B Fles =

A

et

I2-Bc-
TEXNR |
o
W
<&
b3
I 3
X
=
.
w
&
W
-3
~
m
it
LS
2
»
x
>
B
w©
-
-
;
e
.
o

g

E a o et LR
;._Mm : WIEE 4 EBBAL LI 1 1 118 |

72 R 5208 5k . 1
35 i fi

L it 5

. 6.—v_w i s =
3 4 1 tisd

FV 4v01o4|wd
) ﬁu!» *.

LY !

w - -~ xv(.b.qﬁ K<Mil-)

N TS i ke i i
i

CICder

-

Pt WU S S |



ENCLOSURE 5

APS INTRODUCTION AND
BECHTEL MEMORANDUM IOM-E-13521
DATED FEBRUARY 18, 1987



The following is provided to clarify the calculation method used by Bechtel in memorandum
IOM-E- 13521, dated February 18, 1987,

JUrpOs

The calculations in Table 1 establishes that the Watts/ft method is conservative, resulting in heat
dissipation values less than the resulting Watts/ft values calculated based on the U.L. test results.
The calculations are based on overfilled tray since U.L. loaded the test trays to approximately
61% where as the Bechtel design limit is 30%.

Although Bechtel did not use the Watts/ft method for determining the derating of Thermolag (it is
based on a 12.5% derating specified in T.P.O. E2.6.4), it is shown that the Watts/ft calculation of
overfilied and uncovered tray, calculated in accordance with 13-EC-ZA-300, is more conservative
than the calculated result derived from the data provided in the U.L. report for overfilled and
uncovered tray. Similarily, the Waits/ft calculation of overfilled and covered tray is more conser-
vative than the U.L. based calculated result for Thermolag covered tray. In fact, even the result
above for overfilled uncovered tray, based on 13-E-ZA-300, is more conservative than the results
of the U.L. based calculation for Thermolag covered tray.

U.L. based thermolag, overfilled dissipation:  49.1 W/ft

13-EC-ZA-300 based overfilled, uncovered: 35.5 W/ft

13-EC-ZA-300 based overfilled, covered: 26 W/t
The above results establish that the 13-EC-ZA-300 Wauts/ft method for covered tray provides
conservative results, even for thermolag covered trays. It was then used as the basis for Tables
2,3, and 4 to compare the Watts/ft of thermolag coverd trays, calculated in 13-EC-ZA-300, to the

maximum heat dissipation levels for covered tray. These maximum levels are established in 13-
EC-ZA-300, especially Attachment E.

Table ]

The following equation is used in Table 1 for determining the Watts/ft from the U.L. data._

2
I*:R Watts conductors
—e—e » # of conductors e ¢ # Cables ¢ e
conductor _ conductor cable
total length of conductors total length of conductors
_ Waus

ft




The depth of cable fill in the tray for the U.L. report is determined based on the following:

=2

# of cables « cross sectional area of cable (in)2 # cables « (cable diamctcr)z )

tray width tray width

= depth of fill in tray



To

Subject

Copies to

N &'1“>*\‘.,

Bechtel Western Power Corporation

Interoffice Memorandum

R. A. Schmicter FileNo. p,4,32.3
- -453836

Bechtel Job 10407 Date e r%alrayszl)B, 5%9 23
Derating of -Cables
PIR LA 86-22 From ¢, M. Herbst

of Engineering
J. Aguilar At BWPC Exts) 50
V. Karrian

J. E. Mahlmeister

R. R. Stiens
All w/enclosures

| FOR]NF&&, e

The results of the formal test reports covering the recently
conducted Ampacity Tests by Underwriters Laboratories using TSI 330
(Thermo~lag) material were reviewed by project engineering, and as a

result we are revising our "action taken" statement to PIR LA 86-22
as follows:

ACTION TAKEN:

The fireproofing material used at PVNGS is Theimo-1lag 330~1. The
cable derating calculation was based on a Thermo~lag derating
factor of 12.5% which was given in TPO Design Guide E2.6.4,

Rev., 1. Since all power cables were sized to at least 125% of
full load currents, there was sufficient margin to compensate for
the 12.5% derating and no additional cable derating was taken.
The PVNGS cable derating calculation was based on information at
the time of issue and was approved by the Chief Eng ineer.

Since no additional cable derating was taken for Thermolagged
cable trays, the U.L. test results were compared to the cable
derating calculation (13-EC-2A-300) for trays overfilled, covered
or passing through firestops.

Table | shows the comparison between the U.L. test report and
calc. 13-EC~Z2A-300. The U.L. test configuration of 71-3/C#é

cables in a tray is equivalent to 2.323 inches depth fill or

60.8% fill which is an overfill tray condition (allowable is

1.15" depth or 30% fill of a 3" power tray).

LAD-0800 6 08




R.

A.

Bechtel Western Power Corporation

Schmitter

Page 2

IOM-E-~13521
MOC-453836
February 18, 1987

Based on the 2,323" depth fill, PUNGS derating calc. 13-EC-ZA-300
has more conservative derating values as compared to the U.L.
test results as shown on Table | (at 40°C ambient temperature,
62.6% better for overfilled open trays and 47% better for Thermo-
lagged overfilled trays).

After the comparison of the U.L. test data and the !3-EC~ZA-300
calc., a review of Thermo~lagged cable trays in Units 1, 2, and 3
was done using EE580 reports [Enclosure (2) outlines the
procedures used to track Thermo~lagged raceways in the EES80
program|. Tables 2 through 4 in Enclosure (1) list the Thermo-
lagged trays and their calculated watts/ft and allowable watts/ft
as documented in calc. 13-EC~ZA-300. The calculated watts/ft
values are all below _allowahle far covered trays. No

overfilled tray conditions exist.

Based on the above study and investigation, the derating factors
of 28% for one~hour protective system and 31% for a three-hour
protective system has no safety impact on the PVNGS project. The
project”s current cable derating calculation 13-EC~ZA-300, which
is by watts per foot method has more conservative values than the

U.L. test results.
(ot Swtes

C. M. Herbst

CMH:JSF:eg

Enclosure: (1) Tables Listing the Thermo~lagged Trays

(3 pages, 1 copy)
(2) Procedures to Track Thermo-lagged Raceways
(1 page, 1 copy)

Written Response Kequired: NO
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ENCLOSURE 2

PROCEDURE:

Raceways wrapped with Thermo-lag to comply with Appendix "R"
requirements are shown on Appendix "R" drawings and trackec in
the EE580 program.

Raceways wrapped with Thermo~lag to comply with Reg. Guije 1.75
are determined in a case-by-case basis by the field engineer and
documented via an FCR and in addition are tracked in the EES580
program.

EES80 tracking of wrapped raceways is accomplished by assigning a
unique secondary status (G7) control characteristic value of "wp"
(wrapped) to the raceway when the Appendix “R" drawing is issued
and/or when review and approval of the FCR is completed by the
home office engineering.



UNDERWRITERS LABORATORIES INC..

an independent, not-for-profit organtzation testing for public safety
January 21, 1987

l’,\“\_
a‘ F \‘_\
Thermal Science, Inc, / @7&? 00, -
Mr. Rubin Feldman, President . Jl#g-;liau t\“\\\__
2200 Cassens Drive ' "“'ﬁj@j?y,.ﬂ S — .
St. Louis, MO 63026 U Aa

Our Reference: Project BENK23826, File R6802

Subject: Special Services Investigation Of Ampacity Ratings
For Power Cables In Stee ~onduits And In
Open-Ladder Cable Trays With Field~Applied
Enclosures

Dear Mr., FPeldman:

%

The following is a Letter Report summarizing the details and
results of the ampacity investigation conducted at our Northbrook
Testing Station. The sole purpose of this investigation was to
develop information which you intend to use to determine if the
ampacity derating caused by the field-applied enclosures meet the
requirements of Bechtel Power Corporation for use at the South
Texas Project Nuclear Power Plant. It is understood that the
information developed as a result of the investigation described
herein is to be submitted only to Bechtel Power Corporation,

In no event shall Underwriters Laboratories be responsible to
anyone for whatever use or nonuse is made of the information
contained in this Letter Report and in no event shall
Underwriters Laboratories, its employees, or its agents incur any
obligation or liability for damages, including, but not limited
to, consequential damages, arising out of or in connection with
the use, or inability to use, the information contained in this
Letter Report.

The issuance of this Letter Report in no way implies Listing,
Classification or other Recognition by UL and does not authorize
the use of UL Listing or Classification Markings or any other
reference to Underwriters Laboratories Inc. on or in connection
with the product or system.

THERMAL SCIENCE, INC. AND ITS EMPLOYEES AND

AGENTS SEALL HAVE NO OBLIGATION OR LIABILITY
FOR DAMAGES, INCLUDING BUT NOT LIMITED 7O
CONSEQUENTIAL DAMAGES ARISING OUT OF OR IN
CONNECTION WITH THE USE, OR INABILITY TO USE,
THE INPORMATION INCLUDED IN THIS REPORT.

Look For The & Listing or Cla

Fonee 20 e D S Aha Ao ase WL SORTRSION 6 B Ve e S e i
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MATERIALS :

The following is a description of the materials used in the test
investigation.

Cable Tray - The nominal 24 in. wide open-ladder galvanized cable
tray con.¥|t.d of nominal 4 in. deep siderail members with ribbed
and vented rungs. The rungs were spaced 12 in. OC. The loading
depth of the cable tray was 3-5/8 in. The cable tray,
manufactured by MP Husky Corp., Greenville, South Carolina and
designated Type §9J-24-144 VENTRAY, was supplied in a nominal

12 ft length. The cable tray was purchased by Houston Lighting
and Power Company, Wadsworth, Texas under their Customer Order
No. CF28294.

Steel Conduit - The nominal 4 in. diameter rigid galvanized steel
conduit had an outside diameter of 4.500 in., and an inside
diameter of 4.026 in., and a wall thickness of 0.237 in. Two
nominal 10 ft lengths of conduit were purchased locally and
connected together using a threaded steel coupling. After
assembly, one conduit was cut to provide an overall conduit
length of 12 ft, 0 in. Each length of conduit bore the UL
Listing Mark,

Cables ~ The 3-conductor No. 6 AWG power cable was marked "THE
OKONITE CO PLT #7 OKONITE VFR POWER CABLE 3CDR 6 AWG CU 2000V 90C
RA~306 1979." Each of the three stranded conductors consisted of
seven 0.060 in. diameter tinned copper strands. The outside
diameter of each insulated and jacketed conductor was 0.340 in.
The outside diameter of the cable was 1.000 in,

The reel of cable was shipped from the South Texas Project
(Shipping Notice 5813 dated August 29, 1986). The reel of cable
bore the following information imprinted on aluminum plates:
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BECHTEL REEL 7
RA306 503 Ui s

YR .
P.0. 35-1197-8046~-POC2 \“’,-7,
B4R ITEM NO. 9 - VIOLET Yot 7
SOUTH TEXAS PROJECT e

THE OKONITE CO.
CUSTOMER REEL RA~306503
2100 FT QC 23588B3
CLASS 1E

3/C & 7X CC-2000V

.055 OKONITE~.030 OKOLON

.080 OKOLON

F.0. 07-2597~1

SEQ FTG T.7010108
B.7008008

Enclosure - A total of six different enclosure materials were
supplied by Thermal Science, Inc. for inclusion in the ampacity
investigation, The four enclosure materials used on the cable
tray sample were each supplied in sheets and were identified by
the manufacturer as being:

1.

THERMO-LAG 330 Prefabricated Panels
Regular Density - Nominal Thickness: 1/2 in.
Color - Off white

THERMO~-LAG 330 Prefabricated Panels
Regular Density ~ Nominal Thickness: 1 in.
Color ~ Off White

THERMO-LAG 330 Prefabricated Panels
Low Density - Nominal Thickness: 1/2 in.

THERMO-LAG 330 Prefabricated Panels
Low Density - Nominal Thickness: 1 in.
Celor -~ Charcoal Grey

The two enclosure materials used on the conduit sample were
preformed sections split in half, longitudinally, and were
identified by the manufacturer as being:

1.

THERMO-LAG 330 Preshaped Conduit Sections
Regular Density - Nominal Thickness: 1/2 in.
Color ~ Off White

THERMO-LAG 330 Preshaped Conduit Sections
Regular Density -~ Nominal Thickness: 1/2 in.
Color - Off White
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Small samples of each material were obtained by representatives
of Bechtel Power Corporation and Houston Lighting & Power
Company.

Joint Sealant Material - The material used to cover the joint
openings of the various enclosures on the cable tray and conduit
samples was supplied by Thermal Science Inc. and was identified
by the manufacturer as being "TRERMO~LAG 330-]1 Trowel Grade."
The material was supplied in a 5 gal plastic pail.

Banding Straps ~ The stainlees steel banding straps were 1/2 in.
wide by 6.6!5 in. thick. The 13/16 in. long by 0.605 in. wide

winged-sleeve cinch clips used in conjunction with the banding
straps were formed of 0.028 in. thick stainless steel. The steel
strapping and clips were manufactured by Childers Products Co.,
Cleveland, OH.

Corner Angles - The corner angles used in conjunction with the
stainless steel banding straps on the cable tray sample consisted L
of nominal 2 in. lengths of nominal 2 by 2 by 0.046 in. thick
stainless steel angle.

Tie Wive - The stainless steel tie wire used in conjunction with
the 1/. in. thick panels on the cable tray sample had a diameter
of 0.030 in.

CONSTRUCTION OF TEST ASSEMELIES:

The cable tray and conduit samples, with cables, were assembled
by members of the technical staff of Underwriters Laboratories
Inc. under the supervision of the engineering staff of
Underwriters Laboratories Inc. The various enclosures wvere
installed by workmen in the employ of the submittor under the
supervision of representatives from Bechtel Power Corporation and
Houston Lighting and Power Company. The installation was also
witnessed by members of the engineering staff cf Underwriters
Laboratories Inc.

The nominal 12 ft long cable tray was supported 18 in. from each
of its ends by a nominal § ft long H~shaped Type P100] steel
Unistrut channei. A nominal 3 by 25 by 1 in. thick piece of
ceramic fiber blanket insulation was placed atop the Unistrut
channel beneath the cable tray in order to provide a thermal
break.
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The cables were installed in the nominal 12 £t long cable tray as
shown in ILL. 1. The first (bottom) layer consisted of 24 runs
of cable looped back~and-forth in the cable tray with each loop
of cable extending approximately 8 to 12 in. beyond the cable
tray end, Each cable was secured to the cable tray rungs with
No. 16 SWG steel wire ties spaced 12 to 24 in. OC. The second
layer consisted of 23 runs of cable looped back-and-forth in the
cable tray and secured to the cable tray rungs using No. 16 BWG
steel wire ties. The third (top) layer consisted of 24 runs of
cable looped back-and-forth in the cable tray without attachment.

The first and second layers of cable in the cable tray systenm
were installed using a continuous lergth of cable. The third
layer of cable was installed in one continuous length with the
three conductors of the third layer length spliced to the th:se
corresponding conductors of the second layer length using
split-bolt connectors in conjunction with multiple wraps of ™WC
electrical tape insulation. The three conductors of the spliced
cable were then wired in series in such a manner as to repreient
& single No. €& AWG conductor having a total length in the tray of
approximately 2980 ft. The measured resistance of the No, 6 AWG
conducteor was 1,287 ohms,

The cables were installed in the nominal 12 ft long steel conrduit

adjacent to the cable tray as shown in ILL., 2. Seven cables,

each 14 ft long, were tightly bundled together using nylon ties

and were inserted in the steel conduit system such that 1 £t

projected from each of its open ends. After installation .n the
teel conduit, the individual conductors were wired in series

ng split-bolt connectors in conjunction with PVC electrical

e which resulted in a single No. 6 AWG conductor having an

rall length of approximately 294 ft.

18 1
tag
ove

The four enclosure configurations for the cable tray sample were
each installed in essentially the same manner The general
installation details for the four cable tray enclosures are shown
in ILLS. 3, 4 and £,

two enclosure configurations for the conduit sample were each

talled in essentially the same manner. The two halves of the
preformed panel sections were installed about the conduit with
the longitudinal seams oriented at the 3 o'clock and 9 o'clock
positions. Adjacent 3 ft lengths of the preformed panel sections
were butted together. The pairs of preformed panel sections were
secured to the conduit sumple with stainless steel banding straps
located at each end of each 3 ft long section and maximum 12 in.
OC ainng the length ©f the conduit sample. After completion of
the banding installation, the longitudinal seams and end seanms
were covered with the joint sealant material.

The
ins
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A piece of glass fiber insulation was placed beneath the enclosed
conduit sample at each support channel location to afford a
thermal break.

At a final step in the installation of the protective enclosure
on each test sample, the ends of the cables projecting 8 to
12 in. from each end of each system were wrapped with glass fiber
insulation covered with PVC duct tape.

TEST RECCRD

AMPACITY TESTS:

SAMPLES

The ampacity tests were conducted on the cable tray and conduit
configurations described previously in this Letter Report under
*Construction of Test Assemblies."

METHOD

For each test of the cable tray configuration, 53 fusion-welded
No. 24 gauge chromel-alumel (Type K) thermocouples were used to
measure temperatures. Thirty-six of the thermocouples were
located on the copper conductors cf the cables, as shown in

ILL. 1. 7o obtain accurate conductor temperature readings, a
slit was made in the cable jacket and insulation materials, and
the thermocouple was inserted in the slit, in contact with the
copper conductor. To ensure that the thermocouple remained in
intimate contact with the copper conductor, the strands of the
conductor were spread apart, the beaded tip of the thermocouple
was inserted between the strands and the copper strands were
released, thereby locking the beaded thermocouple tip in place.
The slit in the cable jacket was then sealed with multiple wraps
of PVC electrical tape. The remaining thermocouples were used to
measure the ambient temperature of the test enclosure and the top
surface temperature of the cable tray protective system, as shown
in ILL. 1.

4
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Thirty fusion-welded No. 24 gauge chromel-slumel (Type k)
thermocouples were used during the conduit ampacity tests to
measure temperatures. Twelve of the thermocouples were located
on the copper conductors of the cables, as shown in ILL. 2. To
obtain accurate conductor temperature readings, a slit was made
in the cable jacket and insulation materials and the thermocouple
was inserted in the slit, in contact with the copper conductor.
To ensure intimate contact with the copper conductor, the strands
of the copper conductor were spread apart, the beaded tip of the
thermocouple was inserted betveen the strands and the strands
were released, thereby locking the thermocouple tip in place.

The slit in the cable jacket material was then sealed with
multiple wraps of PVC electrical tape. The remaining
thermocouples were used to measure the ambient temperature of the
test enclosure and the terperatures of the top and bottom
surfaces of the conduit or conduit protective materials, as shown
in ILL. 2.

Testing was performed using house current in combination with a
variable load bank. Fcr each configuration, one end of the
s2ries-wired No. 6 AWG cable conductor was connected to 115 V ac
house current protected with a 110 A fuse. The return leg of the
series-wired No. 6 AWG cable conductor passed through a 0.1-101 A
variable load bank The current was measured using an ammeter
shunted from the Joad bank.

The thermocouple wire used for e : = -
purchased from Claud §. Gordon, Richmond 1i and was

designated K24-2-305,

-

The date loggrer used to measure and )rd the temperature data
. test. configuration was a Fl 28SE Data Logger (UL

\E8e ic. 85 1075, Serial No., 39100

The analog ammeter used to measure the current for each test
configuration was manufactured by Yokogawa Electric Works, Ltd.,
Tokyo, Jepan (UL Instrument No. 97836M).

The calibration records for the dat ammeter are orn
file at Underwriters Laboratories Inc
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The ampacity tests weré each conducted in a draft-free enclosure
having inside dimensions ©I 7 ¥t, 6 in. wide by 15 ft, 6§ in. long
by $ £¢t, 10«1/2 in. higd The floor, ceiliny, walls and door
were each fnsuletsd. A 140 V, 2100 W heater was mounted on the
inside surface ol the insulated door, 4 ft above the floor of the
enclosure, to supplement heating of the enclosure as required.
The hester was mounted &t an angle such that its heat was
directed upsard with no direct radiation onto the test sample.
The radiant heater was provided with & Variac to allow manual
control of the heater output. A small exhaust fan was loceted in
the ceiling at the center of the enclosure to exhaust heat from
the room as needed. In addition, & nominal # by 12 in., shuttered
opening was provided in esch corner of the ceiling to vent heat,
as necessary, through natural convection. To prevent movement of
air across the tecut samples with the exhaust fan in use, a
nominal 4 by B8 ft sheet of plywood was suspended approximately

8 in. below the ceiling of the enclosure, centered under the
exhaust fan outlet,.

The cable tray and conduit "baseline” ampacity tests and the
ampacity tests on the various cable tray and conduit
configurations were all performed using the same procedure. For
each test, the sample was installed in the draft-free enclosure
and the cable circuit was electrically loaded with current at
110 V ac. The load on the cable circuit was adjusted to the
value necessary to attain 2 steacdy-state temperature of 90°C ¢
0.4°C as measured on the hottest cable conductor at the center
section of thermocouples (Thermocouple Nos. 13 through 24 on the
cable tray sample and Thermocouple Nos. 2, 5, 8 and 11 on the
conduit samples). During each ampacity test, the ambient
tenperature within the enclosure, as determined from
Thermocouple No. 0 (average of three thermocouples wired in
parallel) was maintained at 40 ¢ 0.3°C using the radiant heater,
ceiling vents and/or exhaust fan, as necessary.

For each ampacity test, approximately 15 min time was allowed to
elapse after the final electrical current adjustments were made
to ensure that the cable conductor temperatures were stabilized.
Upon reaching and maintaining the steady-state temperature of
90°C ¢ 0.4°C over the 15 min time period, the electrical current
was recorded and the temperatures of each thermocouple in the
test set up were measured and recorded at ] min intervals for a
60 min time period. During the 60 min time period, the
electrical current was monitored to ensure that it did not
change.

«
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RESULTS

The temperature data from each test is on file at Underwriters
Laboratories Inc. in Northbrook, Illinois. The results of the
ampacity tests are summarized in the following table:
e |
Mt { enit Conductor

Tenperaturs, °C !&ngn. e 1.C. Current,
Ampacity Test Configuretion Start 60 min Stert 0 min Mo, A

Cable tray without protective 40.3 0.1 90.3 90.3 16 LHS
witlosucn (Bave’ine)

Cabla tray with reguler density LTV 0.0 %0.0 %0.3 17 3.
173 1n, thick pene?! enclosure

Cable tray with reguler density 0.1 a0 9.2 $0.1 18 172
1 in, thick pane! enclosure

Coble tray with low density LTV 80,2 0.2 0.1 17 1.0
172 in, thick pane! enclosurs

Cable tray with Yow density 80.3 40,2 90.4 90.3 19 19.5
1 in, thick pane) enciosure

Condyit without protective LT LTV 80.2 $0.2 2 LT
enciosure (Base)ine)

Conduit with regular density 0.2 4.2 L [V 90.1 2 8.8
1/2 in, thick preform panels

Conduit with regular density LTV 39.9 v 90.2 2 .9
T in. thick preform panels

4
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For each of the ampacity tests, a

representative of the Bechtul

Power Corporation made the determination &8 to when the ampacity
test sample had reached a steady-state condition. One or more
representatives of Thermal Science, Inc. was also present for

each of the ampacity tests.

Very truly yours,

/;;,);Ez;qp///
MARK T. FAVA

Laboratory Assistant
Fire Progection Department

-y

JOHNSON
Senior Engineering Associate
Fire Protection Department

i

Reviewed by:

£5 h.

K. D. RHODES
Engineering Group Leader
Fire Protection Department
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TYPICAL INSTALLATIOM DETAILS
""TOR _CABLY TRAY ENCLOSURES

1. The Type P1001 Unistrut support channels were each covered
on the bottom and sides with a "U"-shaped section formed by
slitting & nominal 10 by 38 in. panel with a razor knife and
folding as shown. The "U"~ghaped panel sections were each
secured to the support channels with a stzinless steel banding
strap on each side of the cable tray.

2. The cable tray siderails were covered using four nominal
4-1/2 in. wide by 6 ft long sections of panel. The bottom edge
>f each panel was notched approximately 1/2 in. at the support
channel locations such that its top edge was flush with the top
©f the cable tray siderail. Pairs of siderail cover panels were
secured in place with stainless steel banding straps passing
around cable tray. Each 6 ft long pair of siderail cover panels
was secured by a banding strap near its center and near each end.
For configurations using 1/2 in. thick panels, the ribbed surface
of the siderail cover panels was placed against the cable tray
siderails (flat surface exposed). For configurations using 1 in.
thick panels, the flat surface of the siderail cover panels was
vlaced against the cable tray siderails (ribbed surface exposed).

' The panel sections on the underside of the cable tray were
cut to extend 1/4 to 3/4 in. beyond the siderail cover panels on
both sides of the cable tray. Sections of panel, with the ribbed
surface toward the cable tray (flat surface exposed), were
secured to the underside of the cable trav with stainless steel
banding straps passing around the cable tray and spaced 18 to

24 in. OC.

JA. For configurations employing the 1/2 in. thick regular or
low density panels, the panel sections on the underside of the
cable tray were additionally supported along the longitudinal
centerline of the cable tray using stainless steel tie wires. At
each rung location (12 in. OC), two holes were pierced through
the 1/2 in. thick panel using a Phillips screwdriver. A length
of wire was passed around the rung of the cable tray with its two
ends extending through the pierced holes in the panel. The panel
was then pushed against the underside of the cable tray and was
secured in place by twisting the ends of the tie wire together
using multiple tight twists,

4. The nominal 6 ft long panel sections on the top of the cable
tray were cut to the same width as the bottom panels and were
placed atop the cable tray with the ribbed surface against the
cable tray (flat surface exposed). The panel sections were
secured to the cable tray using stainless steel banding straps in
conjunction with stainless steel corner protector angles at each
corner with the bands spaced 12 to 18 in. OC.

K802
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5. The openings along the top and bottom of each cable tray
siderail penel, formed by the ribs of the top and bottom panel
sections, were covered with a thin coating of trowel~-grade joint
Sealant. No attempt was made to fill the openings through the
thickness of the siderail panels. The seams of the top, side and
bottom panel sections at the center of the cable tray sample were
also covered with a thin coating of the joint sealant.
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ENCLOSURE 6

AMPACITIES FOR CABLES IN RANDOMLY FILLED TRAYS
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AMPACITILS T'OR CABLLS IN RANDOMLY FILLED THAYS
1. Stolpe
Southermn California Edison ¢ ompuany
Los Angeles, California
ABSTRACT

The allowable current which may be carricd by a given conduc-
ot size cable has been thoroughly wvestigated in almost every
conceivable type of cable installation. One area which has not had
much stiention up 1o now is the asliowable current which can be
carned by cables in cable trays, o1 troughs. This paper presents @
completely general method lor calenlating the ampacities of cables in
cabie trays, it has been derived from elementary heat transfe: theory
and amply verified with many full-scale tests. The method shows that
currently published ampacities for small cables in highly filled trays

must be reduced, but the large cable ampacities can be safely
increased,

INTRODUCTION

In the studies which have been made on the current carrying
ability of eleciric power cables, the most simple case of onc cable
operating in air has been expanded to multiple cables in a wnduit.'
multiple cables or conduits in stacked bamks.2 and several cables
putied into steel raceways.? The results of these studies are incorpo-
rated to various extents in both the AIEEJIPCEA Power Cable
Ampacities and the National Electric Code,

The ampucitics, or derating factors, which have been deter-
mined 50 far are for cables which are in some form of an orderly
arrangement, a further simplification which has been easily justified
in the past i all the conductors considered were the same size.
Unforiunately, this simplifying treatment cannot be Justified when
considening ampacities of randoml y arranged cables in trays.

A typicai cable tray installation which 18 found in the electric
power generation and distribution indusiry can be visualized as a
3ineh deep 24-inch wide metal trough containing anywhere from 20
to 400 randomly arranged single or multi-conductor power and
control cables ranging in size from #12 AWG 10 750 MCM. This array
of cables is usually sceured along the cable tray with some ties 1o
prevent the cables shready in the tray from shifting if additional
cubles should be pulied into thg tray, Duning construction as cables
are secured inothe tray, group by group, they tun become packed
topethier tight enough that air is unable 1o crreulate through the mass
of cabies, With the' phiysical tigs and the normal vibration which is
prescnt i most plants. even many of the nitially loose cable srrays
can b expected o settle wid thas become more of less restricling 1o
air MNow,

Saveral other vanables 1end 1o complivate the determnation of
ampazities of cables in trays. Sonse of the more apparent nnes are the
fullness of 3 tray, diversity of loading of catiles in a ey, determining
the focation of the hottest spab over the trsy erosssegtion, and the
amount of power cuble (which Fenwsates heaty o proportion 1o the
amount of control cable twiveh pencrates neglipible heat) in a tray,

All the above variubles can be, and arc accounicd for i the method
described herein,

Paper 70 TP 557w recommended and spproved by the Insulas
ted Conductors Commitior of the L1 Pewer Group for presenta-
tion at the 1IEEL Summer Power Meeting and LIV Confetence, Los
Angeics, Cahi,, July 12-17, 1970 Manuseript submuticd September
18, 1969 made avaluble for printing Apui 28 1970,
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PROBLEM DEFINITION

The fust of many variubles to be examined is the exient to
which the cables in any tray are packed. It is apparent that cables in
8 very loose arrangement are essentially immersed in alr which can
frecly flow through the vacant space in a tray. As the space between
cables is reduced, by packing cables closer together, free Now of air
through the pack is gradually restricted. Taking this to the point
where adjacent cubles are touching cach other on all sides, the
continuous free space between cables becomes practically non-
existent and only small air pockets remain between tie cables,

Applying this reasoning to heat Now from cables in a cable tray
we see that a loose packing is desirable since air can naturally Now
around each cable. The heat will then rise out of the pack and be
replaced with cooler air from the boltom. When cables become
tightly packed, there is no air Now through the bundie, and thus heat
cannot be carried out of the bundle by natural air Now. In fact, the
only wayv for heat to flow out of {he tight bundic is by heat

conduction through the conglomeration of cable conductors, insula-
tion, and air pockels,

Cable ampacities in randomly filled trays must be based on the
assumption that cables are tightly packed and that we cannot depend
on heat being carned out of the bundle by air Nowing through it
Without guestion, this tightly packed condition does not exist in
every cable tray, but it does randomly occur often enough that, for
safety, each cable tray must be desipned as though it was poing to be
tightly packed It is not even necessary that the entire cable way be
tightly packed, since a packed width of only about three inches is
sulficient to prodicce o hot spot in an othcrwise cool tray,

With the criterion of tight cable packing established, it is then
required to determine how the heat generation is distributed in the
tray crosssection. The many cable sizes possible, both single and
multiconducior, and each carrying a different current apparently
makes it quite difficull 1o place allowalle currents on such g
heteropencous mixilure. However, looking o1 the problem from the
standpoint that we do nol want any hot spots in the cable tray , the
problem can be solved.

Hot spots in o thermal sysiem are produced by locally intense
heat sources; thus, in every ares of the cable tray we must ¢liminate
such conditions. In other words, the heat pencrated in every area of 2
cable tray cross-section must be uniform. This is the key to the entire
problem of ampacities for randemly arranged cables in cable trays,

and the concept of uniform heat pencration cannol be overs
omphasioed,

Consider Figure | showing 2 hypothetica! stice of arey from 2
typical, ughtly packed cable teay. The heat intensity within cach unit
arci, expressed i watts/fi, per sguare inch of crosssechonal area,
must be constgat ull the way down to the smaliest unit arca nside
the teay, which m the smallest cable in the ttay. We therefore place
ampacities of cables, such as shown in T gare 1oan propartion 1o the
overs'l crosssectionsl arca of the individus cablyy,

mcluding the
conducior 3, on.

H owe know ‘the allowsble hegt interisaly fur o given cable
tray, we crn mumediate’y place ampacities on every cable in the tray

»
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by knowing the crosssectional arcs of esch composite cable Thus,
the problem now remains 1o establish the allowable heat intensity for
various cable tray configurations

The reasoming presented thus far is significantly dilferent from
that used for cable tray ratings we now use. To show this, consider 3
large cable tray randomly filled with, say 300 tightly packed €90 volt
cables of assorted sizes. According to the ratings published so for,
every cabie in this tray must be derated to 50% of the ampacity for a
3<conductor cable in air. %567 Figure 2 shows ihal seven single
conductor #12 cables can occupy about the same ares in the tray as
one 4/0 cable. Comparing the heat which is generated within the
equal areas of cables it can be seen that three o Tour times more heat
1s produced in the bundlc of seven #12 cables as in 2 singie #4/0
cable, even though the two configurations occupy (he same area in
the filied tray. This effect is exactly what we wani to eliminate in a
cable tray installation because it is possibic to get bundies of small
cables which produce locally intense heat sources and result in hot
spots wathin the cable tray cross-section.

Fig. 1. Cross-section slice from o randomly arronged, closely packed
cable tray

o N
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Fig 2. Mhivsicol size comparisun of tyvpucal subsber insudated ecables

Thes compatison can be made over and over with the present
ampacities tor cables an trays. Tl result is that small conducior size
cabius are allowed 10 “work™ harder thin the larpe size cables when
tiey are all placed i 2 common random iray Actuatly, all vables

should e worked umifonnly by conung 1o the same operating
temperataire in the trgy

ANALYTICAL MODLL

Whenever cably smpacitics can be established with culculations
mstead of an emparical approach, a better understanding of the

*
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overall heat transfer mechanism 15 possible. A sunple analytical
solution to the heat transler from the gencral, hypothetical cable
tray in Figure 3 has been made, and some rather subtle findings from
the analysis will be pointed out,

CABLE MASS \‘\\\\\

WITH UNIFORM
HEAT GENERATION

Fig. 3. Simplificd analytical model for heat transfer from a tighily
packed cable tray containing ell power cable.

Before proceeding with the analysis, two additional conditions
must be specified. The first condition is cables in any tray must be
instalied a1 a constant, or uniform, depth. This is to prevent cables
from being heaped on one side of a tray with a resulting vacant space
on the other side, The second condition is to assume, a* first, that all
the cables in the tray are power cables which will uniformly generate
heat througheut the tray. These conditions sllow the random
mixture of ca'sle to be treated as a homopeneous rectangulor mass
with uniforr, heat gencration,

The task now is to simply find the allowable heat intensity (Q)
for trays containing variable amounts of cable. Once we find the heat
intensity, the heat which can be gencrated by euch individual
conduclor (1) can be caleulated from

where n = number of conductors in cable
A = cross-sectional atea of the nconductor cable
Q = allowabie heat per unit arno generated in the tray

and, of course,

q= 'R ()

whicte I
1= maxamum allowable current for a conductor
R = e resistance of conductor at the maximinm operating

temperaiue e of the msulation material in the cable tray,

Hest generated in anv ughtly packed cable Lray must pass
through two media 1) the cable muass, and 2) the air immediately
around the truy: Since heat Dows through the media there is a
fesuting temperature drop in cach, s shown in Figure 3, A‘Tc
through the cables and &7, throvgh the aie

To determine the total smount of beat (W) which cun be
dissipated by @ cablv tray s an amsbient emperatore ”a’* and
maintaen ats fughest wmperature at or below the operating tempey-
FLETEES l]m) of he cable insttation n the tray, we wutt hmil the
system temperatuee drop (AT 0

Ll = rln'l'u ()
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The system temperature drop is the sum of the drop through
the packed cable mass \&T¢) and the drop through the air (&T,)
around the cable tray.

Thercfore
AT =AT + &1, (4)

The drop through the cablc mass (8T ) can be obtained from
the equation given by Holman® for & rectangular slab with uniform
internal heat generation,

Wod
AT‘ = -5: (5)
where p = effective thermal resistivity of cable mass
d = depth of cable mass
w = width of cable mass and tray
W= the total heat generated in the tray per unit length

Equation (5) is specifically for ane dimensional heat flow out the top
and botiom of the tray and it ignores any heat flow out the sides of
the tray. This is a realistic simplification which is accurate for Ganch
and wider cabie trays.

The temperature drop through the air (&T,) is obtained from a
heat balance between convection and radiation heat flow. Using basic
equations from McAdams® we find

W= hAAT, 4 0Ae(T 4 - T, 6)

where hAAT, = the heat loss from the tray due to
conveclion
0A{ITC‘ . T.‘l = the heat loss from the tray due to
radiation
and h = overall convection heat transler coeflicient
for tray
Ag = surface area of cable mass per unit
tray length
= Stefan-Boltzmann constant
€ = effcctive thermal emissivity of
cable mass and tray surface
T, = average cable mass surface temperature

The three equations (4), (5), and (6) have three unknowns and thicy
can be solved 1o get the total allowsbic heat wlich can be generated
m 3 cabie tray (W). Since equation (6) is Quile non-lincar, the
solution to the three, equations must be obtuined by eration; thus,
for general application the solution for W is done mest casily on a
computer,

Having the total heat gencrated in the cuble tray, the heat
BENCFILION per unit arca is simply
W

W S (7

(d)w)

The ampacity of each cable in the tray is linally determined
with equations (1) & (2).

THLORETICAL RESULTS

The solution 1o equations (43, (%), and (6) for W and soveral
degrecs of cable tray fill Will tesult i curves smilur 1o those shown
i Figure 4. 1 is seen that as the coble tray percent fill increases, the
allowabic hest intensity decreases due to Breaten iemperature drop in
the tightly packed cable mass Figure 4 was nade for an effective
thermai resistivity of the cable mass being 400° Cocmiwatt: and the
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test resulls 10 be presented later show this value 1o be valid for cither
aubber or polyethylene insulated cables which are lightly parked.

At this point we must define cable tray percent fill as the sum
of the crossscctional arcas of all cables in the tray (including
conductor, insulation, and jacket) divided by the total availuble
cross-sectional area in the cable tray (width times heght). It can be
seen that @ cable tray which is packed as ught as possible and level
across the top is filled 1o abdut 75%, because ahout 25% of the tray
area is void area between the circular cables, From the above percent
tray fill definition it is apparent that a 6-inch deep tray with 200 fill

has the same depth of packed cable as a Jinch deep tray with 407
fill,

In applying equations (1) and (2) to get the ampacity of specific
conduclor sizes in a given cable tray. an interesting observation can
be made. The cable ampacity (1) 1s given by

’ 0A
|= Y (8)

and substituting for the circular crosssectional area of cach cable (A)

we get
n-%’/% \ ©)
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11 is seen that the ampacity of o cuble s ditectly proportional to its
overall dhameter (D). Thus, mercasing the insulation tinckness on a
given conductor increases its diameter and thus increases its ampacily
when installed in 2 cable tray, for a given percent teay fill and the
same temperature himits,

Here 12 must be pointed out that the ampacities of the bulky
rubber insulated cables in trays are not 31 all the same a8 ampacilies
for the small crosshinhed polyethylene msulated cables with very Uun
insulations. For example, 3 number 12 AWG rubber ansulated cable
with o diameter of .24 jnches may have an allowable heat intensity
(from Figure 4) to give an ampacity of 24 amps, the same conductor
insulated with crosshinked polyethyiene would have a diameter of
only about .16 inches and therefore, from equation (9), an ampacity
of 16 amps. It thus becomes necessary 1o distinguish between thin
wall and thick wall insulated cabics, throughout this paper, refercnce
1o polyethylene cable implies thin wall insulation and rubber implies
thick wall insulation,

The above difference in ampacity comes fram the fact that for s
piven percent tray fill, more crosslinked polyethiylene (tun wall)
msulated conductors can be packed into the tray than rubber (thick
wiall) insulated conducrors. Since the total amount of heat which may
be pentrated in the tray must temain constunt, the heat per con-
ductor must be less for the small diometer cabies than for the large
ones

With the aliowable hea! intensities from Figure 4 and using
them in equation (%), the ampacities of several cable sizes and
percent tray fills can be obtained. The resulis are shown in Figure 5,
which Js a graphical ampacity table for typical single conduttor
rabber insulaled copper conductors instalied in 3-nch by 24-inch
cable trays. For companson, the presently published ampacitics for
the same type cabie are also plotied . they are for the assumed case of
maximum derating which is for 43 or more conductors in the tray,
ard thus are 50« of the ampucity of a three conductor cable in air.
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HCEA end NEC vabivs for prevs contaimng more than 44
condinctors. 9U° C aperatng temperatiee in g 30° C amdicist

This graphical comparison. glong with 1est resubts presenicd
later. mabes o0 gquiie cleur that The prosent ampacitics for trays with
high pezcent filly are too Kigh tor sniall conducior sizes, while being
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100 low for the lurge conductor sizes. Note that for the thin wall
XLP insuluted cablus. the ampacitics are even lower than for the
thick wail rubbur cables, and the safety of the present ampacities
would be even more yueshionable,

This .pmnl is made to supplement one of the favorubls
erties of the small diameter XLP cables. Specifically, m It
cables can be installcd in o cable hray than other hinds of d

cables, and thus there 1s economy i using fewer cable tray . ong
with being able to install more cables in o tray it is essential that the
thin wall cables carry less current than the heavier insulated cables, If
this is not done, there will be overheating of the XLI cables and the
accelerated loss of cable life resulting in premature cable failures

The best observation 10 be made from the theory is relsted to
heat generation in cable {rays being in proportion to the cross-
sectional arca of cuch cable. A somewhal evident justification for this
requirement can be scen from the following reasoning.

The most elementary equation describing convection heat Now
is

q = hAAT

where h s the canvecton heat transler coeflficnt, Agis the surface
area convecting heat to the air, and AT is temperature difference
between the cobie surface and the ambient aw. The basic equation
for conduction heat transfer is

e AT

q ACE;

where K is (the thermal conductivity of the heat conducting medium,

A, is the cross-sectional arca through which heat flows, and A7 is the

temperature drop over a distance Ox in the direction of heat flow.

Note that convection heat Nlow 1s proportional 1o surface area while

conduction heat flow is proportional 1o crosssectional area, Since

conduction is the poverning method of heat Mow within a tightly

packed cable mass. we should be concerned will vross-swetional areas
of cables rather than peripheral or surface arcus

TEST PROCEDURE

Five dilfcrent cable tray arrangements bave been thoroughly
tesied in order to deternune the heat trongler properties of each
arrangeinent. Two of the tests nvolved randotady arranped cables of
vasious sizes in 24-inch wide trays and three tesis wene performed on
12:inch wide trays with only onc cahle size in the tray. Table |
sommanzes the various tests which were perinrmed and Faure 6
shows the overall 1est setup

TABLE 1 - Sureary of Tests Conducted to Support '
Anaivtical Results

TRAY  PERCENT  CABLE S)2f- INSULATION
5128 FILL TESTED TYPE
I"x24” 20 12 to &/C Rubber

x4~ 55 52 to 470 F‘.;.LDC"} th:?l
a2 40 3/C-812 Ry:ver J W@
I*x12" 40 3/C-810 gO) } thin
3 x)2" 50 V-SG9 we wail

Sonie details of the testing which were commen o all 1o8ts car
by seen from Figure 0, 000 volt rafed copper conductor cables were
lasd in 2 24400t long cable vay and iCrmperatises were mweasured ot
three different troy Cross sections, one was in the nuddengtly of the
tray and two others 3t the quartet leagths. In muny cases cables
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cable, but it s conceivable that the No. 6 cables could be placed
adjacent 1o, of between, some 4/0 cables, I the cables in Uus
conliguration had increased ampacitics based on assumed diversity,
there would undoubtedly be o Jocal hot spot in the cable tray . Thus,
Woseems impossible (0 apply o peneral increase in the ampacities of
smalier cables due to diversity because there 1s no gencral way 1o
assure that small cables would reman separated from large cables in
randomly filled trays,

Figure 9 shows results for two different tests on trays with 407%
Al one with 3/C o2 thick wall rubber insalated cable and the other
with thin wall XLP insulatad cable contained within @ neoprene jacket.
The same toral amount of heat was gencrated within each cable tray,
but the smaller diameter cables gencrated bess heat per conductor
because there were more small cables in the tray. This shows that all
3/C-12 cables do not have the same ampacity when imstalled in 17ays,
and for a given tray fill the smaller the cable diameter the Jower its
cable tray ampacity, in accordance with equation (9).

11 is interesting 1o note that in the tests producing £0°C rise in
Figure 9, the two thermocouples closest 1o the tray sides only ran 2
to 3°C cooler than the other five in 1he tray. With the verticyl
temperature gradient through the cable mass being on the order of
IS°C, it is quite evident that most of the heat in 3 cabile tray flows
vertically, zather than horizontally, as assumed in equation (5). From
the above finding, il beconics clear that cable ampacilics developed
with tlus methiod are valid for trays 6-inches or more in width.

5 8
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Fig 9 Test vesults for 1 2<neh wide trgys Juled 10 40 peeeent con-

twening thick well and thin wall insilated FICH12 cablex as
shawn below

THIN WALL

THICK WALL

R P
f-.YNC MOCOUPLES ‘\ \
g B

Coble OD. - 475"
(g - N}

Cable D10 ~ 70"

Lhegritiey - 38

Lhe Bual tost was run on single conducior 500 MON O woll
XEP snsudated cable, 1 wure 10 shows exeellent aercement between
caliulated and st smpacitios Tor the XL cabivs Alikough the
sty are for o 1anch wale Bay. a Jdinch wide tray would

Yol

respond the same A twice the number of cabies would be in it Using
the present derating facions for more than 43 conductors in the tray
(46 in this casc) one-liall of the three conductor cable ampacity
would result; tlus would be one-hall of either 487 amps. or 365
amps. depending on whethier IPCLA or Nations! Electiie Code
respectively s used. Both of these values are sipmificantly less than
the 324 ampere ampacity which comes from calculstions and testing
on the SO% il tray.

Figure 10 also shows excellent correlation between ealculyted
and tested ampucitics for only one tightly packed layer of twelve
cables, which is a 26% Mill, This example sgain shows that the present
derating factors for cables in trays are much Loo low for the large
cables installed in wide trays,

3

2
L=
N

o
<

0% 26%

TEMPERATURE RISE (°C)
~n
o

100 150 200 250 300 400 500600 600

CURRENT (Amps)

Fig. 10.Test results for the 580 MCAS thin wall insulated cobics in
1 2:nch wide trays filled 10 30 percent aud 26 pereent as
showsn below

$50% FiILL 2EFILL

?E?THE AMOCOUPLES ;'——-—-——-\

Cable O.1. - 1.01"
sty = 23

Cable QD - L O1
Quanriry - J2

Gne last example of this same idea cun be taken directly from
the duta of the unpublished Underwriters' Laboratorics report, which
is the bass fur the present derating faciors for cables in trays, Figune
i1 shows culculated ampacities for rubber nsulated, single conductor
500 MCA cables in o 300 DMl tray and o 607 Gl tray . In both cases
the dats Trom Figure 4 of e UL, report shows the cobik ampucity
to be even greater thun the calculsted ampacity, The reason that the
cables ran cooler in the tost is most bikely due 10 air flow through the
tray because of air gaps between the cables,

Al the resulls presented thus dar are tor cable trayvs which have
achieved steady state thermal equilibriun, Figure 12 shiows that #
requiney about sin hours for o cuble ray 1o reach steady staw
conditinns, whether at 15 fitkd 10 20 or 407 These fosulfs can by
used 10 calenlate sransient ampadities of cables in travs winel may
s loudune bor, say, only one our ot a e, T ins wounld be Posathie,
of course, only i ull the catskes in the tray were foaded und unluoded
simultancously, and if o precise knowledpe of the maximum louding
duration could be assured
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Fig. 1. Underwriters’ Laboraiories test resulis Jor @ 24-inch wide tray
contaning one and two layers of 1/C-500 MCM rubber-like
cable with an assumed overall diameter of 1.16 inches.
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Fig 12 Temperature response of theee diffeeont coble tray ussemblics

/

DISCUSSION

It is seen that the ampacitics of rundomly arranged, tightly
racked cables in trays con be caleulitod with about 57 error, The
method is sale for any number of cabics in & iray as long as they are
packed 10 a uniform dopth across the tray, (I should be noted tha
tus is o condition which is casy 1o tnspect o8 constructiun Progresses
in the Gield)) Although this method was developed and tested for
many G600 volt class cables in o tray, o also yiclds realistic ampacitics
for 4 kV class cables mixed with low vollage cable.

To apply this method and fonn a4 workable smpacity table,
some precautions must be observed. Figure 4 is the most gencral way
1o present cable tray ampocitics but it s awkward to ase since heat
intznsitics must be converted to sty for a given cable diameier
with cquation (9). This has been done in Table H o foe 20, 40, and
60 - ikl trays cuntaming typical diameter XLIP and ribiwe -
sulsted cables. For actual cabies which may have a different di-
ameter, the aztual smpacity 18 obtaned from the sunple proportion,

) Trvpie
aclual R n!ut.n

(10)
Pt Dyl
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Another precaution can best be explained by visualizing a tray
with many small cables and three 750 MCM cables. When the tray is
filicd 10 & uniform depth up 10 the top of the kirge cables (about
3%} the eriterion for the theory s fullilied. B if a tray would
contain the three 750 MOM cables and enough emaiting small cable
to bring the fill 1o only about 18%, the farge cables would stand
about twice as high as the small cubles, and the theory would not be
satisfied. Using Figure 4 for o 15% tray 111 would assume & unifarm
depth and would effectively Natien the large cables into a rectanpular
shape, rather than circular shape. The calculated ampacity would
then be for o "rectangular cable™ of 750 MCM cross section which
would be meaningless.

For the above reason a limitation must be mude that unless
specilically engincered, no cable in any tightly packed cable tray
shall be allowed to carry a current greater than that of the same size
three-conductor cable in air operating at the same temperature limits,
This is because it turns out that one layer of tightly packed single
conductor cable has aboul the same ampacity as that of a three
conducter cable given in reference §.

It must alse be made clear that the pereent fills used in this
paper are specifically for 3«nch deep trays only. The tray width is
varuable without error, but o 3-inch deep tray with 30% fill would
only have half the depth of cable in it as s 6anch deep tray with the
same percent fill, Obviously, fur the same pereent Gl the Gainch deep
tray would run much hotter than the 3-inch deep tray because heat
would have to Now through twice as much racked cable. Thus, to
simplify the applicaticn of this method. percent fill is best figured by
dividing the total area of cable in a tray by the area availablke in the
same width bui 3-inch deep tray, even if the tray 1o be used would
be other than 3-inches deep.

The results presented, in this paper are for open trays without
any cover. In locations where covers must be used, he Underwtilers'
Laboratories found that open cable tray ampacities must be reduced
by about 4 to S%. Since cowered cable trays are uswally found
outdoors where they may be exposed 1o the sun's rudistion, care
should be taken in specifying the smbient temperature for outdoor
trays. Specifically, umbient temperature for 3 cable tray s the
highest temperature which will be feached i the tray due to il
external hieat sources excep! the 1R heat from the cables within fhe
tray,

This delimition of amibient femperatire ¢an be uselul for g fiest
approximation in handling cases of mutual hieating of severul truys
stacked in a vertieal row. The exient 19 which lower trays will affect
trays above them will depend on how much total Lieat is generated
within cach tray. For trays containing both power and control cable,
the etfeet of mutaat heating will ususlly be much bess Hian with truys
contuining all power cable. An ambicil increase of about 5 to 10°C °
for moderate and extreme eases respeciively, would frobably be the
simplest way to account for mutusl heating, if necestaty

The last observation 1o be mode involves Ihe wea of deter-
miing some “oplimum®™ percent tray fill, Fipure § and Tuble 1
show that cable wmpacity draps off sienifigantly when going from
low 1o lugh pereent tray fills Combinmg this with the fagt that the
cost ab istulhing o tray is ustsally fess than jusl one large copper
conductor which would Ly in Uhe Lrav, i somie cases it may be poor
cxonamy to Tl trays more than one calsle deep. This would vary
Wikh vach anstallition wisd wold e prantandy  dependent on the
avalable hwad rovm s o Pariculase atcy of o plant. But in cach cuse,
an eptimum tray Lill would probably exist
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TABLE 1
Ampacities for Copper Cables in 34anch Deep Cable Trays,
90°C Operating Temperature in a 40°C Ambient

. ‘
Typicai Cable

Conductor Outside Dismeter 205 Fib

Size Rubber  XLP Rubber  XLP
1<4 22 ot I 9
3/C14 57 46 17 13
1He-12 24 A9 15 12
3C12 62 S 23 19
1/C-10 26 22 21 18
3/C-10 69 52 32 26
1/C: 8 36 28 37 28
3C- 8 54 74 50 43
HWC- 6 A0 32 s 4)
3C- 6 1.00 82 60 60
1/C- 4 A5 a7 72 60
3C- 4 115 93 BO 8O
1C 2 51 43 104 87
3¢ 2 . 1.28 1.07 105 105
HCA/0 65 54 167 139
VIC-2/0 70 A9 202 170
1/C4/0 80 69 287 252
1/C250 92 n 320 304
1/C-350 1.03 8% 394 394
1/C-500 1.i6 1.01 487 487
1/C<750 1,38 1.24 615 615

Notes: 1) Ampacities are for any width tray filled 1o a uniform depth.

Ampacity for Lach Conductor

407 Fill 605 1

Rubber  XLP Rubber XLV
7 6 5 4
3! $ K 7
10 8 7 6
15 12 1 9
13 1 10 9
21 17 16 13
24 i3 18 14
36 28 27 21
33 26 25 20
48 39 26 30
47 38 35 29
69 56 52 42
67 56 51 43
97 8l 73 6!
108 89 B1 68
130 110 98 83
188 162 142 123
234 196 177 148
310 268 235 201
419 365 317 276
610 548 461 415

11 A G deep tray with 2000 il bas tie some apipacilics 5 @ 3" tray with 407 fill
31 Correction for different ambient or diffcrent operating tempuersture is done by the establishied IPCLA methods in reference S,
4) The sbove smpacities are specifically for the cable diameters shown; dceonnt for devistions with couation 10,

CONCLUSIONS

It has been demonstrated that the temperatures produced in
tightly packed cable trays can be predicied with good wceurucy, ahd
ampacitics can be culculuted for rundomly srranged cables pucked to
» uniform depth across o tray. Cables are permiticd {o gencrate heat
i proportion to their individual cress-sectional areas, and thus cable
amipacity is directly proportional to each cable diameter.

The derating factors published thus far for cubles in trays can
Iead to serious overheating on small conductor sizes while resulting in
signihicantly underioaded lurpe conductor sizes, Even though the
previously published derating factors have distingt lunitations, the
unpublished busic data which was uwd 1o form the factors agrees
sery well with ampacitses culoulated in this report,

A simple table of derating foctors which can be spplivd to
existing ampacily tubles to pet cable tray  stmnpacitics  svenms
impossible. Table 11 15 aboul the only wav to simplify ampacities of
cubles in travs. and it can be expanded for different tray fitis with
Frgure 4 or for ditierent tempratute Jinuts witli the mcthods
deseribed in relerence S,

The wmpacitics in Table 11 are consistent with derating faetors
for cables with maintained spacing in that a logica) tansition is made

970

from a closcly spuced cable tray ampacity to a higher ampacity onee
cables arve separated 1o shout one-fourth dumeter,

A surprising finding whicis has been made is tiat typical rubber
msolated cubles have sigrificantly higher ampacitics than typicsl
crosslinked polyethylens cables when packed in trays. This seems
contradiciory to what would be first expected, but a closer anslysis
shows thut more XLI cables can be placed in a given tray because
they are smaller in diameter. Therelore, the beat per conductor must
be less for (the XLP insulated cables 1o keep the total heat generation
withun 3 piven tray constant,
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NOMENCLATURE v

A = gcrosssectional srea of a sinple or multicmrq:nclor cable
including conductor, insulation. and jackel in (in=).

A, = surface arca of sable tray per unit length in (l(z).’fl.
D = the overall diameter of a cabie in inches.
¢ = depth of packed cable mass in a tray in inches,

h = owerull convection heat transfer coefficient for the cuable tray
a
in (watts/it<°C,

e ampaerty o maxisam allowable curronl for g conducior
N anperes

no = the sumbyr of conductors i a cable

e ablowable uniform heat per wnit ares whiich can be
-
gencrated witlun a cable tray s twatts/ )=,

q = the beat generated by cath condactor in a tray i watts/1
rd
R = the a.c. resistance of o conductor 41 the opetsting temper-

ature of the susulahion material i the cabile tray wr olimy
LT = the total temperatuee drop from the hollest point in the tray
to amibnent in *C,

STe = the wemperature deop through D packed cuble mass in °C,

bT‘ »othe temperature drop through the sir surroundmg the vabic
tray in *C

TJ e ambivnt temperature of e tray due o all heat sources
ouimde the cable tray m ®C

T ® average bl s surluge tempwratare jo ©C

= thy masntum

sperahing fempenitaie of thy cable mswlation
m e by ",

m

W o= the total amount of heat which i gencrated m s cable ray an

watis/fr
= width of packed cable mass or tray in inches,

= the effective thermal emissivity of the packed cable mass and
tray tdimensioniess).

= the effective thermal resishivity of the packed cable mass in
(YT watt,

= Stefan-Boltzmann constant in (watts/fi° )/ K4

Discussion

Marshall Moreis (Consolidated Edison Company of New York, New
York, N.Y. 10003); The author is to be commended for a very
ingemous solution to a complex probiem. Where applicable, Tabie 1f
pives o quick and convenient method for mting such groups of cables.
However, practical considerations do not usually resull  the
uniform distribution of watts throughout the mass of the cables
which s assumed by the suthor. In our experience many of the
circuits ave hittle of 1o load while o few key circuits may be heavily
loaded. The IPCLA method takes this into account by giving
recognition (o load diversily in establishing  thewr Factors. The
author's statement, “that 1t appears 1o be unwise (o increase cable
ampucities on the basis of diversity™ is a good rufe for conservative
design, although there are many cases when the application of
diversity would scem 1o be justilivd.

F would sugpest that Joud diveraiy could be incorporated into the
author’s method by adjusting the vilue of pereent fill used in the
caleulations, This could be done very simply by interpetation i
Table 1L The proper value to use would be a matter of judgment
depending on the selative Jocation of the heavily-loaded and hightiy-
toaded vables

Manuseopt received July 10, 1970

Ralph 11 Lee (£ 1 Du Pontl de Nemours and Congny, ine.,
Wikimngton, Del o The mutbor nas pertonmed o highly comme ndable
SUrYIE o Out twechnology in demonstrating that cables in travs
perlorm tiermally i g manner guie ditierent Tram that i piveways,
Recogmuon ol this fsct should be the starting point for adoption of
rational derating factors for cables o aers and reahistic foading ol
trays. Jiow bair do sy that dlogics! derating lactors have been
respomsible Lot many wsers’ negiect o detatimg. Ths, with the
shasenve wl waliste applicaimn ks, has arined oach ol 1
maltunctions ol ay systems 10 power use, Fhe Sun Onolre case 15
prime example of tis

Wiitke we ggree i pencrs! with the aothor, on the basis of mierim
restidls of @ test o we have o progeoss there are o lew pounts af
diagrecment. First i the autinn s isstmplion that the transversy
thermal condiw tunoe ot gl calile sz os i the same (400 ¢ walty

In larger sizes the condoctordauamalabon fatio i grocter, sho
there are fewer bat Lisgee sit spaves. Both of these Tagctors would
logcally smpose g reastanee Lactor which iy lower for e Llange sizes,
greaner o smaller sives The ot of sl (o Large cabiles i tray
woukd markedly attect tae swerall theomal resistivity, waking any
Corsbant Lactor vither oveesomsenvative foe the ikl of mostly isrge
cable or ovcr-iiberal and dangerois il S B s mosily siall cables.

Svcnml, tiw vanabilis of beat sonetation heiween Uie sZCS, pet
A s aechert s secoeized by the aitor i oo ios with
Bis Fogore 20 I thovosesen #0330 cables arg shown 1o puvnerate Mo
4 Wy 1D bt ot onie 230 3 0 b haveng LHC sy Crons section
atea e Dt hiswever s subsegoenthy sol consiglensd by the
ddthor apparestly omo the dheory 1l this wonild e vigualized
Lty e Ihetnnad vomduatioan of the B Deparine ot absenad

Mamsonpr weersed July 281970
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dola Trom theoretical calculations,
Ut 10 this and the previous pot.

Third, in Figure 7, the author's obwrved data
atures tumscaled) Fabl well below the theoretical lmes texcept #6.ga ),
Calcwlations ot the ratiw of heat sy, 21 rated cuerent, 1o the sitlace
arca of 2.0 cables shows ®6 g4 16 be the most beavily loaded of ait
BAES. Lot of waltage per umil surfoce anca, The 196K NIC
Tatmgs pernut s suriace thermgl Wi 10 445 lagher than #12 £
and 0% Mgher than #4/0 gnd SO0 MOM, B signiticant that (i
author's duts for #6 conducions show WA demipersture nise at fated
current 1o be highest of sl sizes tested.

In our bests (using cables of Oily one size for each test) for §o and
A2 g, results agree rather well with the author's observations. fn
Fueure | for #2 ga., our 2373 Gl Lalls well between the suthor's
PUO ond 4. 208 Gl dats. Ako our #2 pa. 47.4% Nl daty s
lermdiate between the author’s #4170 and #4885 Al duta, The
penersl slopes, ikewise, agree rather well,

tor lurger pereentage (4, may be

for cabie tempet-
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In Figure 3, o #42 B vt by andicaton compinderabiy preutos
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Where (e bl of the vonductons or cables are of the smaller
Varly, Bt appears that the derating factar nevds (o be preater than
whete the installation ¢ onsists of SVETURe or lurge-sized cahles,
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Unavordabily, our tests all utilize 3C type THWN conductors with
over-all vinyl jacket, this calsie bype s bhe one approved for fray use
for more than 3 conductors. dod s fypical of our general instally
tions, The suthor's daty 15 largely based on thicker insulation, and
prinaipaily for siigle conducion rather than 3/C cables. He indicates
hat muliiple condactor cabiles Wtry e inberently Iugher gme
pacity. but that condurton with  tinh ansalation have reduced
AP TEle fathwr o wprevment of his dita with ours APt s
ta andhicaty thad the FMPACHY A rvase Ter madiple ganductor vabling
and the decrease for Wi insulstion are approxisiivly vgual.

The poud agreement shouid o Credviioe to Hw author's observg-

Lians, m contrast 1o the theorctical fines, cspecially those shown
bis Figurg 7,

Fourth. the premise of 4 uridhorm kel of tway £i% s et

compatibl with the use of & fow very harge Cobles e g, 30 SO0
MONMY such vun dhe bap of these i movh above thy hewght of thy
balance o thy tray (4 Likewin 1y somept o percenioee LM of
VEAMS Ot Variemee wath o fundameisl detamtion ol trays. e, o
cable stipport, not a raceway, Varation RN side heipht as busiculs,
for the putpese of Mung suieraupport distances. or INCECUsing the
wereht b e supporied. psthier than fos vonrbimment. As the anthor's
residis amdhicate, 1he degree o) detating fequited when tw deptl of
Bl temchion whowt 2% s ao st That addibional trays and fower fitly
are econonncally pastified. The voncept of average (il dopth rather
than pot cont il las greater fhesabibiny, and sinee 4t appeirs 1o he
the Same tmenon. should feceny Mecedency
Falth, v would  custion Wty that gy
revemniended Tor pwae
Ciatly the sifuslicr sizes
Suppori” mdicates.

monel antended of
With sghovonduitor wires or vubles, espe-
AS o gl e oo Rigid Cabile
trav sl be sl ooy w i vables incorpo-
g 4 pratectne. vavesmy ol s W over e andividaul
COtRIuCE winilation. Muns  buates ail some fires liave been
snbiaied Fross destruction of (the teblativeds thim imarbation of sngle

SOmBItOts i Wtays o conmnineg watli Batger cables Hhie machumics)
fEors o wistallivion, aml e

AUlanties sl the inee sartces Ol trays
Oty eheed tise s vossdint . tor whch sinelescanducton il
bt anbomdod Do iy srvi g miechannal ghet of protective
il and s opegiared by Ok Nationgd Lievinigal
In g wom gy VAP RCRCY . Wikl oser G0 rates of Iy i osctvige,
Sy ol bor gilites e ovnrred
VU S W padvetten iy st Hledd an frivs

sheathe gt
L ogly

hy Whicre  siall single-
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Santi onr om o antenim results, and apparently those of the suthor
mdicate g wtonm raho of wmpetature rise 10 watls Joss per unit
plan ares of the tray. for tray il excluding through-ventilation.

By this creaion, the denting tor 3 3" 1l would logeally be such
that the 1R foss would be 5o more than that of @ 1" §ill in the sanie
tiy So vurtent derating wonkl be inveesely moportonal o the
sitare 1ot of the Bl depth, While detating by this mcans would be
too vomplivated for direet use, 1t would be possible 1o factor it into a
derating table cunsidering cable dimensions and actual heat Joss of
thie tange of wire sizes,

5. Stolpe: 1 would tike 1o thank Mr. Motns and Me. Lee for their
discussions of the paper. They have raised sonie micresting and valwl
pouits regarding the method of calculating ampacities for cables in
randomly filled trays. Mr. Morem s absoluiely correct in stating that
there are niany cuses when the application of diversity would seem (o
be justifwd. The difference between the IPCEA treatment and the
one herew s the IPCEA ratiogs avsime that diversity always exists
and that control and power cubles are unidormly spaced tivoughout o
cubly tray. This ts generally o very opumislic assumplion,

It oseems that better judpment would dictate gencral ampacities
assumig it disersity dovs not geivrally vxist, because all i (akes is
Iwo Lirpe conductor, heavily loaded oirciits Jocated side-by-side in a
tray 1o produce o focal hot spot in the tray crosssection. I these two
Circuils were the only powor cirewils i a tray filled to, sy, 40
pereent. 1 wontk] he possible 1o gecount for diversity in deteemining
Hhe anpacity of cach circant. This is endy of the vngineer is absolutely
sire the cabics will net be bunched together when they are finally
placed in the tray

In cuses where only o few power cubles sre in g highty lilled tray. it
ty be feasihle 1o partition the tray so the power snd control cabies
would be solated. Thos, slt the contral cebles could be heaped
tordther witbiont danger of any lieating wiatsoever, and the power
cahics could then be piaced i the remainder of the lruy, al a
frelatively shiallow depthi. The ampacity of cach power ¢able would be
determmed feom the percent fill of the side of the tray which
cantaiied the puwer eabile only.

Mi Lee has made the valid observation that Uie effective thermal
resistnoty of karge conductor size calies 1 fess thiat that of the sl
cordudtor ster. The value of 400°C.cmowiatt wis chiosen 1o 1it Ui
s wliere darge and small cables ore wiermised wt random, in
sPwensl cases, s Wikl diversity . amipaeibies of large eabrlen can be
valogiated uming lower values of effective thermal resstivity af the
enpiner i absolutely Sure of all relevant parameters. But for penvral
ampaciiy tables. the value chosen will work the best because il
deennts for the case where 3 Birge conductor cabic is surrounded by
many smabl cubtles m o tray.

The comment that the variability of heat generation is fregted in
Fagoute 2 and posubsequently not considered i tie paper s ruther
dowouranng, and indicates that the whole pomt tu the wiifonn heat
Feneraiion coneept s been missed . The caleidated ampacities in this
paper are all based on L regurement that the heat per emit area of
every cabke sige pt the boav i e same, tor o Eiven percent tray il
This o be castls chiecked m Table H by volculating the 121 for each
sible and dividing by (he tespuctive vable cross-seehonasl area. Foe
example, dhe 3024 and 1/C-500 rabber wwulied cables ligye shoul
the some cable dismeters of LIS and 10 sespectively, and thas
Thes bovupy the sumy spproximate total drea in a cable teay, Using
e smpaciiey Jor A0 percent teay Bl showe in Table 1L the
ol g adenticl heat genetation meach cably is obtaimed

JCmd < 30 (230w Ve 3N wanis My
HC-300 = 1 x (4192 (278082 110 = 4,87 watis/fy
The <L disvrepaicy s din (0 the Latger wroyswvtional ares of the
00 KON cable

This pomt can be tarther cosphasizod from the Tagt, @y will be
sowi Lter, dhat cable amipactiies van by calonlaesd Tronn Fagaeee 4
And cqustion (8 or (99 For i tray with a giena percent 1l Fagure o
st tie Alowable Ungorm Fleat Gehetabuan for any coble size i
Rt Flis coiistant s e s thom s B suatiot X0 oF 1Y T
SHBE L ampacity Yor vach conducinr size i the Ty
SMpP el lor

Singy al!
g pargent tray Gl are based o une unifonn hest
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per unit arca, the situation shown m Figare 2 is not only corrected,
but 1 s umpossibic 1o occur with the methe 4 developed in this
puper,

The reason for the poor correlation beiween the unseuled tray
dats and the caleulations in Figure 7 is due 1o the manner in which
the tray way assembied, as explaned in the paper, Every ampacity in
the tray was prescalculsted on the basis of uniform hest penerahion
for cach cabiv size, and the 1/C#6 cables ran hotiest because all 4K
of them were loeated together, The gir happened 1o be more
effectively trapped in that particulsr portion of the tray. The fagt
that the NEC permits the #6 cables to pencrate more heat per st
surface arca than other conductor sizes had nothing te do wilh the
test results in Figure 7, because the test currents were calculated
without any reference whatsoever 10 the NEC. Actually, heat per
umt surface ares is not as good un indication of cably loading
randomly filled trays us the heat per unit cross-sectional area.

The duts which Mr, Lee has obtained is most valuable, and it
serves 1o point oul the difficully wlich can be encountered il sn
adequate theory is nol used in its evalualion. Mr. Lee hus Ined
compuring 3/C cable data with 1/C cable duty, and this penerally
cannot be done. He hus also compared daty from thin wall insulated
cuRt with datu from thick wall insalated cables, without Lukmng o
account that the larger the cuble diameter the higher its ampacity
will be, for a given conductor size,

The ampucities of the cables tested by Me, Lee can all be
calculaivd. Using Figure 4 of the paper o find the Allowabile Hem
Intensity (Q) vorresponding (o each percent fill libeled in his F gures
-3, evach cable ampacity s calewlated with equation (9). The
diameters of (he cables tested by Mr. Lee were obtained from private
correspondence 1o be:

3C-#12 - 38" 0D,
YC-#6 - 69" 0.D.
HC-#2 10100,

A sumple calculution for the ampacity of the 3/C#12 cubles which
filled the tray to 26.3 percent proveeds us follows, assuming a 90°C
conductor i u 40°C ambivnt, or S0°C rise.

watls/t
From Figure 4, Q=79 e
n-
From vquation (9 i
wirtiy/
REGTH 3,04 % 7.9 -
I= &
3 n

3 x D1oelusl/in

L= 11K amps

This cropacity compates sery micely with fhe intersection of the
S0PC rise conrdimate and the 20,8 G Tine w Fagute 3 ol the
discuasion. wlhich w approsimately 12 amperes, Sonilar calenlsians
for all the 1ests conducied by Mr. Lee are shown in Table L, angd

TABLE
Comparison of Lee Data and Calculations

Conducior Pereent Measured Caleulatedd
Sioe Tray Fill Ampacity Ampacity
From Graph
3/Cm 2 N7 23 e
J/Cm2 17.0 Ihi | w3 15
MCHI2 2.3 12 13
3Cwf 15 $9 60
3020 Ry “i ‘ bag. 2 4t
3086 dits e X
3)C.a2 24 lwt 106
XCm2 47 T3} bia ) 19
Agad 71 47} 4

the'y are compaeed with moasuned arpaciwes e sgreenwnl i very
pood when sl e subily dotsls are tiken sl avvanng,

Phe anatier of how bo generally deacnbe how much cable is i i
cable beay o debatabiv, Ll o Comrien agtevment s not asly




chtamed. bvery means with wingh the suthor i fumilior has
sdvantapes gy well o diaivantupes, and whotever convention s
finally adopted by the industry stiould be adapuable 1o the method
deseloped hwrvin. Pervent Gl was oliosen as the Py for quantity of
Cabric i g tray dor thas studdy becase it i acvepted by the magonity of
Fray wsers, (o winch the author has knowledge.

The problem of latge cubles rrotruding above the averape depth of
a tray 1l s avcounted for by Bastang thwe maximam ampacity of any
caldv in @ tray to that correspanding 1o the | laver pereent fill of the
parbicular cable size. A cable size winch would resit i o 28 percent
Gl dor 1 Jayer o2 tray, would huve the s ampacity when
anstatled i ali travs of less than 25 perecit Gl aud 0 would suffer a
loss in ampavity only when mstalled trays fillvd 10 more than 2§
pereent. This resthichion apphics to songle-conductor, as well as
multiconductor, cables which are instalied in tundomly filled trays.

The sinth point made by Mr. Lee is that for o given wadth tray, the
Tutal watts per foot of tray length should be the same repardless of
the percent tray Al That s, of 3 tray filled 10 20 pereent can
Benetate o total of 70 watts/tt of length and Just bring the hottest
conductor in the tray up 10 its rated femperatute, then the same tray
filled to 40 or even 6O percenl can also generate o 1oty of 70
walts/It, but the heat pencraled per cable must be reduced pPropse-
tionately. This observation holds with Tairly good accuracy.

Sinctly speaking, for o Biven amount of heat gencration in a given
width cable tray, the temperature nise of the ouler surface i constant
with all percent tray Nills; but the wmperature rise through the cable
mass s darectly  proportional o e depth of the cable mass, as
descnibed by equation ($) Therelfore, as the percent tray il
mereases, the temperatore rise through  the packed cable mass
mereases relative 1o the temperature rise of the tray owier surface
for 4 given amount of total heat gencrabion. Thus, in determinimg
cable ampucinies, i js NCCessary 10 reduce the total heat gencration in
4 tray as s percent Nl s ingreuwed

The amount of tolal heat wduction cun be seen by taking
Aliowable Heal Intensitics from T rgure 4 for varions percent teay Nills
and multiplying them by the cilde ares in the tray for each percent
L Doing this for 4 12 inch width tray yickds the results shown in
Table IV, For smafl changes in preteeit Leay (il

TABLE IV

Comparison of Total Tray Heat (W) with Varivus Percent Tray Fills
12" Wadth x 3 Depth, Effective p = 400° Cam/watt)

P'ercent
Tray
Fill

10
20
A
40
50
o)
70
80

M:. Lee's observating
i pereent Gl Analy

Allowable Cable Area
Heat Intensity In Teay
allsl ;
2 ":-2‘:—{-'- o~
1.1 = 23
67 10K
4.0 144
34 180
3.7 26
ol 252
1.7 28k

similar te Table V.
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Total
Triy
Heat
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06

6l

5K

53

49

 goud, but it does not hold for kirge changes
g s data in 3 similar manner viclds resulty
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