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.~ Background
'Durlng an. analysrs berng performed in response ‘to Condrtlon Report C-
PAL-96-0756, it was discovered-that analysrs does not. exist to confrrm
the. adequacy of ampacrty values for power cables routed through
- penetratlon contamlng firestop materral As required per the FSAR the

~ampacity of power. cables shall be adjusted due to the effects of
‘frrestop materlal :

: .Power cables are mstalled in penetratlons in one of four dlfferent
confrguratlons, conduit, sleeves, free air and cable trays This EA wrll
_ '.-;establrsh the methodology for establlshlng the adjusted ampacity for’
- continuously energized power cables routed through penetratlon
‘contalnlng flrestop materlal at the Palrsades Nuclear Plant

e ‘1The purpose of thls analysrs is to evaluate the ampacrty assocrated o

with the contrnuously energlzed power cables mstalled in penetratlons 1
" This’ analysrs will consrst of the foIIowrng : > '

"')"".'Cable Trays
1) " ‘use of a computer model and program (Reference IX 11) whrch o -
" ... _calculates the maximum cable mass temperature for a cableina | -
B raceway and applres further deratlng for the flrestop :

2'.),',-_compare the maxrmum calculated cable temperature wrth the
expected cable msulatron temperature ratlng '

:Conduns, Sleeves and Openrngs

' 1) : 'determlne a deratlng factor for the mstalled confrguratlon and
R adjust the aIlowabIe ampacrty usmg the deratmg factor

"'-;' 2) Compare the establlshed full load current wrth the derated
L ampaclty of a cable at a grven raceway -

'» ‘ .'(%;'_13..) ; For those cables wrth derated ampacrty Iess than the full Ioad
- .|:.. .~ . .current, compare the maximum calculated conductor temperature :
I VIE wrth the cable rnsulatlon temperature ratmg ' S

Reference/Comment _
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"The scope of this analysus is ||m|ted to an ampacuty evaluatlon of

. _continuously energized power cables installed in penetratrons )

-~ documented in Manual M66F (Reference IX.5) and any addltlonal

S-7. penetrations 'discovered during the penetration. walkdown and ‘
fdocumented |n Attachment 4 of thls analysrs R

1) "Appendlx R Manual M66F "Penetratron Seal Database Entrres e
S :.(Reference IX 5) ' e ‘ R I . :
20 The Pallsades Crrcurt and Raceway Schedule (CRS) Thrs ‘
L ﬂlncludes but is not Ilmlted to, quantity of cables per conduit,
* type and size of cable.- The. existing CRS database required--
L. 2 .7 some minor enhancements to ensure accurate results.’ These
: . o -.5"5"“:enhancements include verlfylng data such as cable srze, cable | SRS A R
e e, type, cable use and are documented in Attachment 9 DU I T

e 3) ”f-Attachment 27 contalns a complete llstrng of the cables TN T R Rt
~ "1 identified as power and the associated load current The load T [
,,__‘_.;”._j.:.current was determrned usung Pallsades plant documentatron as
TR |dent|f|ed in Reference IX 9 R S :
B X Ampacrty values for the varrous cable sizes were obtalned from
=" IPCEAPub. No. P-46-426 and.the National Electric Code. "
E "}“f(Reference lX 13) The ampacity values are based on an ambrent
air; temperature of 40°C (Reference IX 1) L e

. A_ef"A walkdown was performed to determme the electrlcal I B
components routed through each affected’ penetratlon The .
f._f-’;results of thls walkdown are documented |n Attachment ‘3

. .'_"»;"Documentatlon requrred for the Heat Transfer Model for Cable e
: .,-..'?j:‘tAmpacrty in.cable tray is: referenced in Attachment 28 and .
_mcluded in. Attachment 29 i }

g S&L performed a calculatlon to determme the deratlng reqmred
. for multiple cables in conduits.  This includes both multiple- -

. ._..,__._,"__’-?--power feeds i in the same conduits and multrple cable types in the S :
i same condurt This calculatlon is mcluded as Attachment 31 J IR TP B




Consumers"

@nw ' PALISADES NUCLEAR PLANT - s EA_ELEQ_AMLQAJ_
s s - ANALYSIS CONTINUATION SHEET

Sheet J_ Rev # _;

‘ S ‘ Lo ’ ) - S Reference/Comment o

lNEU_'LQAIA (contlnued)

’ 8.) The methodology for the heat transfer model used for cable tray

’ “analysis is included in Attachment 28 and is based on a o
- horizontal section of.cable tray. "The justification for using thls -
. methodology in vertlcal sections of cable tray is provuded in EA-
’_ELEC AMP-033 Rev O (Reference IX 4) :

.. 9. The amblent air temperature for general areas of the pIant |s .
40°C per Reference I1X.1. Area’ specific temperatures are ,
available per Reference 1X.17 and were utilized for cable tray -
routing point XP121, located in the Cable Spreading Roo_m

" 1) "The englneenng judgements requnred for the development of the A4
el -analytical ampamty and heat transfer model are mcluded in
e .“_’-Attachment 28 :

2) -The purpose of Attachment 31 is to determlne the ampacnty '
" derating factors for multiple, power and control cables in a slngle
. 7" conduit.” The ampacity values included in the IPCEA for cables
.+ installed in conduit is not a functlon of conduit size.. Although by
I calculatron, the. ampacity may be slrghtly |mpacted by condurt '
.. size, the IPCEA considers them to be free of variations.. The: " .
‘calculated deratmg factors assume that the cable is carrylng its'
S rated. current and the selectlon of a' 3" conduit is consrdered .
E L representatlve of the condurts at the Palrsades Plant

. ‘-Based on the above approach the selectuon of 3" as the basrs o
. for the conduit derating values will be conservatlve and can be '
. used. for aII condurt srzes : : .

'some conservative' assumptions were used. These assumptrons 1 o

j . 3) In. the determmatlon of the full load current “for each power cable. o
e - ‘are rdentlfred and documented in Attachments 26 & 27
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R Assumﬂloms (contlnued) v

- 4.) Attachment 5 documents conduuts mstalled in penetratlons
- 7" without conduit numbers." The cables associated with these -
" .conduits could not be determined.and therefore- these condurts o
_were’ excluded from further analy5|s However, it isnot . .-
o expected that the cables installed in these conduits will have a
. significant impact on the results of thls analysrs and therefore, L
- --'Avenflcatlon is not requnred : . : s

5. A revnew of the CRS database mdrcates that the msulatnon ‘
.o . temperature rating of power: cables at Palisades can'be 75°C
. '85°C, 90°C and 125°C. The msulatlon ratlng used in thls
c analysrs are-as follows : R

s RE . e L. R .'.,’ -
o X L ; . . - A i - R - '
B o . e - . .. ) L B . R
[E R . K - 5 . .

g C ‘_The lnsulatlon temperature ratmg from the CRS wnll be RN o
. ’f_,~".;j_"determmed and the ampacity value from the appropriate tables - |
s _’mcluded in- Attachment ‘30 will be used. If the CRS database ‘
LT does not. |dent|fy the: msulatlon temperature ratlng, a ratmg of AL A
T 7 75°C will be used. This is the lowest rated cable at Palisades and j_',", L R

. .r;-._.,f,therefore IS a conservatlve assumptlon No verlflcatlon |s o
f~.~_’-'requnred SR L ot e

As prevuously stated the conductor msulatlon ratlng of 75°C is.
":".+ the lowest rated cable installed at Palisades. Therefore, ‘the:-

..~ cable trays will be ‘evaluated usnng this, assumed msulatlon ratlng
,of 75°C for all power cables : AR 4

o However |f the"calculated temperature of a cable tray is above
- 'the assumed 75°C value, the power cables mstalled in the tray

- will be reviewed to-determine the actual |nsulat|on rating. The

- insulation’ ratlng for cable types’ not identified in CRS were -

: " conservatively determined and are documented in Attachment B E
#.+ 37, and the analysis for cable trays above 75°C i is lncluded |n '
,"'.'?'Attachment 36 No further verlflcatlon is requured R

: ‘ Bl g AWork Order 24712044 (mcluded in Attachment 26) requnres the |
|- . .. - cover on cable tray routing point XP600 be raised by 1-1/2". '
% This analysls assumes the cable tray cover has' been ralsed and
s pendlng completlon of the Work Order L e

M '.“
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For each cable wrthln the scope of th|s analysrs a comparlson erI be
o made between elther ' oo :

the calculated derated ampacrty for the cable and the calculated 1
loadlng of the cables e : : :

N “the calculated expected maxrmum conductor temperature and
‘ the msulatlon temperature ratlng of the cable

. ,-If the calculated ampaclty of each cable exceeds the calculated loadlng,
. t-orthe insulation temperature rating exceeds the maximum calculated
% f,_vcable temperature no further dlsposmon is requrred - :

, 'ln order to perform an ampacnty evaluatlon of power cables mstalled |n
S flrestops, a comprehensive list of electrlcal components installed’ in-.
-+~ penetrations had to be developed Once. the electrical components ,
O - were identified, whrch was done by data review and walkdown, it was \
L -'_necessary to determine the: approprlate deratlng factors assocrated wrth' Tk
L penetratlons contalnlng flrestop matenal : s :

e ln an attempt to reduce the current deratlng values in EGAD ELEC 05
L (Reference 1X.2), temperatures of the- cables inside and outside of
", .. various penetrations were measured.. Using these measured values, -
'.'-_'temperature factors and ampacrty multrpllers were developed for B
‘ .'-‘penetratlons contarmng frrestop material (Attachment 8) O ‘

, 'Usmg these calculated values, an evaluatlon of the temperature and f{fl.'f' B
-z ampacity for contmuously energlzed power cables mstalled in the ST o
o ‘;';'"!_.penetratlons was performed B : o

D .EIE'[[D'IDEI'IQ'D Q' i QﬁE.EIEd Racewavs:" .o A N :

- e

S I drscussrons wath Pallsades personnel in the Appendlx R group, |t was| . T

By N learned that a walkdown of penetrations had been. prevrously completed L

3 <" and is documented in Manual MB6F, "Penetration Seal Database Entries |-

N (Reference 1X.5). Th|s walkdown provrdes a unrque "FZ" |dent|f|cat|on
I - ,,"-’to each penetratlon e 8 i T v
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One of the supportrng documents for thrs database mcludes a
© walkdown checklist for ‘each penetration. This checklist identifies. the
‘general location, size, material and, in part, the |dent|f|cat|on of the

components |nstalled in the penetratron

B However, unlque numbers for all the electrrcal raceways are not
_Aldentlfled ‘Based on thls it was determined that a walkdown of each
.. penetration containing electrical components ‘'would be’ performed. A list |

of penetrations contarmng electrical components was developed to

_“ determine those requmng fleld verlflcatlon Thrs Irst is rncluded in
' ,‘Attachment 1. o o R

" Using’ the data on the walkdown checklrsts, drawrngs were created to -
- show the location of these firestops in the general plant areas . These | '
s drawrngs were created to act as a gurde to ensure the" affected e
: ”penetratrons were walked down-in an efficient manner and to provrde a

- tool for documentatron of the electrical components found during the
" walkdown.. These drawings are identified on Attachment 1 wrth an
. ;"RFZ" preflx and are rncluded in Attachment 2 T

-The results of the walkdown are documented in Attachment 3. Thrs

attachment is sorted by electrical installation drawing and identifies

Durlng the walkdown, penetratlons were found in the plant that were N I S
" not documented in Manual M66F and do not have a corresponding; "FZ" G
. “number. - ‘The electrical components installed in these penetratrons were T
. identified, if possrble, and are included in Attachment 3 by a_ -

_penetration number of either- "DET" or SECT." A separate Irstrng of
L these penetratlons are mcluded in Attachment 4 : Lo

Another rtem drscovered durrng the walkdown was that some condurts ’
"~ did not have’ unique: identification labels. Therefore, the cables - .

C 'assocrated with these.conduits; which are included in Attachment 5, AR
. ".could not be determrned and these condurts ‘were excluded from further T
analysrs (See Mmor Assumptlon 3) SRR :

o “A comprehensrve lrst of raceways mstalled in the penetratlons was R
generated from the data included in Attachment 3. It was noted durrng L
. areview of this attachment that there are 4 types of electrlcal N
raceways. mstalled in these penetratlons A cable is either in a condult :
ca condurt sleeve (short piece of condurt embedded in the wall) a cable :

Referance/Comment

-, ‘each penetratlon by its correspondrng "FZ" number and the assocrated RO N
A electrlcal raceways mstalled in the penetratlon ' e s L

tray or in open arr
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"Therefore, the evaluatlon of the cables erI be based on the above _
- installation conditions. Attachment 6 is a comprehensive list, sorted by
. the 4 types of mstalled condmons, of the raceways mstalled in‘the
a -'-;varlous flrestops ' : ~

-vln an attempt to reduce the exrstlng deratmg values in EGAD ELEC 05
. (Reference 1X.2), ‘actual measuremments of cable tray, conduit and . .
- . conduit sleeve temperatures msrde and outside of various penetratlons ’

“ was performed. A test procedure was generated providing the |

* instructions for gathenng the temperature data. The test procedure, o
.. supporting documentation and the test results are included in L
T =Attachment 7. Based on the measurements documented durlng the - |

. ‘test; temperature factors and ampacrty multlpllers were developed for
.. firestops. The methodology for these factors and the results of the S
S calculatlons are mcluded |n Attachment 8 : S e

R . . - - RN RN S - - L . N N
R . L Coo . R S . T ol =L e, e T . _-— o w ) - . -
e . ", T : s ... L -" IR PR Lo e . ) " e -, .
”

'Usmg the results of Attachment 8 WhICh |dent|f|ed temperature factors =
. - -and ampaclty multlpllers, an evaluatlon of the cables installed in the
,f—*"penetratrons was performed The evaluatlon depended on the type of i EIEEL B
. raceway mstalled in. the penetratlon Below is a descrlptlon of each 3 AT P R
-f"f,';evaluatron S : e PN SRR

1) Cable Trays "

f‘}.’:An analytlcal model whrch calculates the maxrmum expected
"‘temperature-is being used for cable trays mstalled in" T T
"ipenetratlons Th|s model uses the ‘Mathcad Software to perform o
.the Iabor rntensuve calculations assocrated with the analytlcal N EEE R S B
* ‘model. : This. model utilizes the cable loading. dwersrty (i.e. the B COEENE T S S
" fact that cables at Pallsades are not all carrying their rated:’ A B
current and that physrcal dlstnbutron of contlnuously energlzed  ER A

- power cables in trays exrsts) : O SO
""Afeature of this' model predlcts the maximum: cable mass steady i I
. state temperature that exists in a snngle horizontal cable trayin | Lo
open air.- The. temperature is then corrected for the firestop SR
£ material using the temperature factors identified in Attachment .~ | = - s on
¢ 8. The methodology for the development of the heat transfer - | = AT
model is discussed in Attachment 28. This ‘adapted model and ST T

- approach are drscussed |n |EEE paper, 94WM100 8 PWRD
S '(Reference lX 15) o - :
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The cable data for trays rdentrfled in Attachment 6 was revrewed

.. to determine the population of cable trays requiring analysis.
Cable trays with a segregation of "Instrumentation,” as identified
- in EGAD-EP-06 (Reference 1X.3), were removed from further -
- analysis. Attachment 11 documents the remaining 34 cable o
. trays which require further analysns usrng the methodology '
e descnbed |n Attachment 28 i : S .

A report was: generated for each of these' 34 tray polnts This.

report identifies the cable tray and the cables routed in each’

point. along with cable charactenstlc data requured to. perform the
' temperature analysis. Thrs report is included as Attachment 12.

. The load current for each continuously energized power cable is
~required as an input into the ampacity analytical model. These

o, « - values wrll be used to determine the "layer” arrangement-. : .

- adopted in-the model discussed in Attachment 28." In order to -
“determine the actual load current, a review of exustlng plant

- calculatlons, load center sheets, MCC setting sheets, plant

o drawmgs, outstandmg change paper and vendor documents was

' »_performed.. The documentation; associated with thls detailed- -

" review is included in Attachment 26 Each power cable for the

34 tray points was included in‘a unlque file. These files include

a reference to the source data for the respective current values,

" " and are included in Attachment 13. In addition, a cumulative A
o {,-__-Ilstlng of the power cables that were researched for thls analysrs Tl
L \}',;-"are mcluded as Attachment 27 ST

L The S&L Mathcad Ampacnty Program is executed by I|nk|ng two T
. input files for a specific routing point to ‘the executable version of R
A -'_‘the program The input files are text files that consists- of
T raceway and. cable data that specify the composmon and. ..
EEa charactenstlcs .of the cables (size, diameter, -amps,’ etc.)’ |n the
i tray. The assembly of these input files consnsted of revnewmg
. “7 - the cable data included in- Attachment 12 and 13 for each:

routing point and determining those cables that have srmula_r .' .

- .. cable characteristics. Cables that have -the same characteristics | . = :
~ - are "bundled” together as. one cable group. The result_is an mput L
“. " file'which lists unique cable groups that represent the total \
. . cables in each routing point. These input files;, and an .
- explanation of the data lncluded in the frles are mcluded |n
* Attachment 14 ‘ : S

Reference/Comment |
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' '_as an appendlx to Attachment 28 and the data included in -
- . ‘Attachment 15 will be the unique input and output data (usually

.cables at Pallsades have an insulation ratmg of 75°C. A revrew '
- of Attachment 16, which is a summary of the calculations for

. - is below 75°C. " Therefore, using minor assumption' 5, which " -
~. assumes 75°C as the conductor insulation rating for all power '
~_cables, these 6 cable tray routrng pornts Tequire additional -

: 2 _-supportlng ‘the addrtlonal analysrs is mcluded m Attachment 36
,and |s descnbed below ’ : . S

e - ~data. The. documentatlon for these cables is mcluded |n Lo ) BN
=-Attachment 36 f_, T |
iff:The 6 mathcad mput flles were then revrsed to reflect these |
- " 'measured load ‘values and the 6 files were rerun using the. S&L -
" Ampacity Program The documentation of these: load changes, .

o in Attachment 36, pages 3 through 26.

- -Revision 0 and the revised temperatures. A review of this. ,
- 'summary sheet shows that 4 cable tray routing points still have

Reference/Comment

~ The output of the Ampacity Program contains the input data -
used by the executable program and the resulting calculated
“cable tray temperatures. This output file for each cable tray -

" routing point is included in Attachment 15. The cutput of thrs

. program is a set of approximately 34 pages for each routing
. point analyzed The majority of these pages contain various

. equations and calculations that are repeated for each routing _
. point. Therefore, one complete sample output report is mcluded

Vtwo pages) for each of the 34 routlng pornts N

) ,Per Mlnor Assumptlon 5 thls analysns assumes that power

~'the 34 affected routing points, indicates that the calculated -
- maximum conductor temperature for all but 6 of the cable trays

.-analysis._ A listing of the 6 routing points and the data-

‘ -The Mathcad output flles for the 6 routlng pomts ‘were revrewed
"and. the power cables with the highest percent of the: IPCEA
" ]ampaclty were submltted to Palisades to obtain measured _load

the revised input- flles and the Mathcad output flles are mcluded g
Page 2 of Attachment 36 summanzes the temperatures from

' a calculated temperature above the 75°C: maxrmum allowable
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“value. These 4 cable tray points were reviewed to determine the
actual lnsulatlon rating of the cables.installed in'each tray.. ‘
The E39.db file in the CRS database |dentlf|es insulation ratings
of most of the- cable types at Palisades. However, 18 cable type |

~ codes were found that did not have a rating associated with
- them in the E39 db file. These 18 codes were assumed to be

75°C (See minor assumption 5) and the supportlng data for thls
assumptlon is mcluded in Attachment 37 Lo .

~ A query was then performed using the E39. db and the ‘
“cablcode.db data files in the CRS to determine the |nsulat|on
" rating of the cables mstalled in these 4 routing pomts The
. results of this query is included (in Attachment 36, pages 27 _
through 32. A review of these results indicates that 2 cable
trays contain cables with a potential msulatlon rating of 75°C and -
a temperature above the maxrmum of 75°C -

_ . 2) Condurts |

o The cable data for condurts |dent|f|ed m Attachment 6 was

- ‘reviewed to determme the population of conduits requlrlng

. ‘analysis. A review. of Attachment 6 indicated that there are 397
-'numbered condurts installed in: penetratlons These. 397 conduits
-are documented in Attachment 17. .A review of CRS indicated R
that.126 of these conduits contain contlnuously energized power |. .-
cE , cables These 126 condurts, whlch requrre addltlonal analysrs, U

Ss .lg;jr - are mcluded in Attachment 18 . ‘ o

AN The approach for condunt analysus f|rst Iooked at the condunt prlor: e
G to the mstallatron of the. flrestop material. _In this envrronment ;
the ampacrty for the mstalled cables in conduit is obtained from B E
IPCEA or-NEC; depending on the cable size and cable insulation .| .-
e e ‘rating.The rating of the cable was determined using the’ existing | .
L ET - CRS database (E39 db) and the results of- Attachment 37 These .
NI ampacrty values are mcluded in Attachment 30: - [EEEEE I

S The ampaclty values from the IPCEA/NEC requnre deratlng due to' S
B . ~ - the lnstallatlon of both muitiple power and control cables in the: |

" same condult The appropriate derating factor from Attachment
°31 was obtalned based on the total number of power cables in-.
the ‘conduit. This derating value was then applred to the -
ampacrty values lrsted |n Attachment 30 for a glven cable srze
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S Next, the deratrng for the frrestop materials identified in
.-+ .Attachment 8, is required. A review of the location of the
"~ -conduits indicated that they- penetrate 12" or 24" walls, and 12"

.- floors. The worst case ampacuty multlplrer for these mstallatrons
whrch is 0.87, was used - -

lBased on the above, a deratlng factor for each of the 126 ,
_..7 conduits was calculated, This. deratlng factor was multlplred by
the ampacnty value Ilsted in IPCEA/NEC and a new derated
- . .ampacity was calculated. The full load current for each .
aenergrzed cable in the conduit was compared to the new derated o
ampacity and the percent Ioadlng was |dent|f|ed Thls analysrs |s
T |ncluded |n Attachment 19 C - - .

o 3) Condurt Sleeves

‘The approach for condurt sleeves is: srmllar to that of condurts _' B R L
oL T except for the-ampacity values from the IPCEA/NEC. Conduit- | - = 7o
k ~ - "sleeves mstalled without firestop material use the. free air- L

- T ampacrty value from the tables in Attachment 30 :

B .';'l_The cable data for condurt sleeves |dent|f|ed in Attachment 6
“+ . -was again reviewed, but this time for conduit sleeves. Thls
.- _review determined that 63 conduit sleeves are impacted by .
" firestop material, “as documented-in Attachment 20. However, a
AR review of CRS indicated that only 32 of these' siéeves contain
- power cables, as Ilsted in Attachment 21 and requrre further ot
- ~‘;analysrs L : :

< As wrth conduut sleeves can contaln both power and control
' " cables.: Therefore, the deratmg factors in Attachment 31 will be
S ue"used for sleeves. as-well.. . This deratmg value was then applred to
AP the. open air. ampacrty values Ilsted rn Attachment 30, for a glven
PR .'cable size: S AP O :

R Next the deratrng for the frrestop matenals ldentlfled in-
IR Attachment 8, is requlred ‘A review of the location of the
n ;_'--_“5’_"sleeves indicated that they penetrate 12" or 24" walls.. The R B
..l worst case ampacrty multlpller for these mstallatrons, whlch rs 1 Ty S X
| '3»,'.0 87 was used. : : : < R T R

. ' Agam a deratrng factor for each of the 32 sleeves was CT
..calculated This derating factor was multiplied by the open arr o e
ampacrty value lrsted in IPCEA/NEC and a new derated ampacuty R
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" was calculated: " The full load current for each energized cable in S
. the sleeves was compared to the new derated ampacity and the | -
~ - - percent loading was |dentrf|ed Thls analysrs |s mcluded in’ 1
T _Attachment 22 : :

4,) Opemngs

. “The approach for openrngs rs qunte srmllar to sleeves in that the N
- ~free-air ampacity-values from the IPCEA/NEC are used ifno .. ¢
firestop material was installed.: However the deratrng factor for |
] ‘multiple cables was obtained from Table VIIl, page Vofthe “ - ‘
- IPCEA (Attachment 30). . This table provides a deratrng factor for Sl
S multrple cables when spaclng rs not malntamed .

e _The cable data for openlngs |dent|f|ed in Attachment 6 was once,
_more revrewed and it was determined that there are 119, ’ P

| . . openings in walls or floors where open air cables are routed, as jj IR
. .. documented in Aftachment 23.- The-CRS was again reviewed . -~ | -=..: o

" and only 74 of these openrngs requrred addrtlonal analysrs due'to |
contarnrng power cables as documented in Attachment 24

Next the deratlng for the flrestop materlals |dent|fred in- e
v.,Attachment 8, was required. A review for the Iocatlon of the . [T
' __openings mdrcated that they penetrate 12" floors and 12" or’ 24" |
o walls. The worst case. ampacrty multrpller for these lnstallatrons,
[whrch rs 0 87 ‘was. used . : > cl

R ,Frnally, a deratlng factor for each of the 74 openrngs was . '
'calculated -This deratrng factor was multlplled by the open air.
o ‘ampacrty value listed in IPCEA/NEC and a hew derated ampacrty .
R was calculated The full load current for each energized cable in Loy T
* " the openings was compared to the new derated ampacity-and - " | - =t L
R o ‘the percent loadrng was ldentlfled Th|s analysrs is rncluded |n 7 BRI
- Attachment 25 s SR S e

N B 'Each contrnuously energlzed power cable lnstalled ina penetratnon I [ )
By 'contalnrng frrestop material was derated based on the appropnate E L TN RO I
. - derating values (from IPCEA, Attachment 8 and Attachment 31) and - R R B
+* applied to the approprlate ampaclty/temperature values. The results off
."’ﬂthrs analysrs are as follows S e L
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..-',_'-,36 and the remalnlng attachments are summanzed |n Attachment 32

A review of Attachment 32 mdlcates that 2 conduits contain cables

resultant calculated conductor temperatures were below the |nsulat|on Lo
o g’-'temperature ratmgs Attachment 32 documents both derated ampacuty e

P and the maxumum calculated conductor temperature for the 2.

j"(?,_A revnew of the summary data mcluded in Attachments 16 and 36

. "'v-;{-_!mdlcate that there are 2 raceways contamlng cables whose calculated

e -",g'temperature is above the insulation rating of 75°C;;

below. have an expected msulatron temperature rating of 75°C and
T should be analyzed to determrne any Ioss of I|fe :

© o xeet0 mosmarn

g Reference/Comment J : B

... .Cable Trays - Attachments 16’ and 36 .~ .
Conduits . . . Attachment 19 " . - = -4
. Sleeves - .~ Attachment 22 .

' »‘Openmgs Attachment 25 o

' summary of the cable tray results is mcluded in Attachment 16 and

f 'iA review’ of Attachment 16 and 36 rndlcates that contrnuously o

,energlzed power cables mstalled in cable trays. Iocated in penetratlons |-
‘_’"'_'1.conta|n|ng firestop materlal are wrthln the aIIowabIe conductor . ‘
- lnsulatlon temperature rating, except for routlng points XP02O and

: ,.',.XP310 The calculated temperatures are as follows e

“XP020. " 78C. 7. 5°c
XP310 75°c S Tee

PR

i"’;that exceed the. derated ampacny values These 2 condunts were’
further ‘evaluated using the. methodology in Attachment 34 and the -

~Though the::
'majonty of the: cables in these trays are rated at 90°C the cables Ilsted

308/221 1/1
81 2/M05/1

. BO8/M57/1
; 808/2211/1
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SN ___,'Systems o

. Number Desrgnatlon

B 'Power Cables |n Vertlcal Versus Horlzontal Cable Trays L

34 Cable Tray Routlng Ponnts (Attachment 15)

3 Data requrred to support the load currents for contlnuously B TR T R |
: -.‘_"_energlzed power cables was obtained from data mcluded in” .f_" SR
: ‘;._{Attachment 26 and the data llsted below :

‘ "?“"Calculatlon DRS 032591 1 "Determlne capacrty for all
: '{‘;;‘ji_transformers, cables crrcunt breakers, Ioad_centers, and o

Meetrng Notes for a meetlng between R
and B: Baker (CPCo) -

Palrsadesh Drawmgs and other Plant Data .

,Measured load data -

“in, the Ampaclty Analysns (Attachment 27) -

‘Methodology for Development of the Heat Transfer Model for
i’-"",‘,-,Cables in Tray (Attachment 28) PR
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e ICEA Standard P-54.440, Rev. # 2, August 1986
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- Randomly Fllled Trays ,by Stolpe PAS 90,1971, pg..

1962 974

Volume 1 - Copper Conductors

S 4. -:.'Ampamty deratlng values due to mstrumentatlon/control cable
Co ,,f"'mass occupying the conduit with the power cable and multlple
_power cables in the same condurt (Attachment 31) B

745 IEEE Papers (Attachment 33)

--.smgle Open-Top Cable Trays", by Harshe and Black

A 'Slngle Covered Trays by Harshe and Black 1996

‘_'.ff-;ff.f:CabIes in Conduut Routlng Pomts (Attachment 34)

. '.November 1,1982 (Attachment 10)

'IEEE Transacttons on Power Apparatus and Systems, | PRTRE NN R
" “.. “Paper 70 TP-557-PWR, entitled "Ampacrtles for Cables i in- o VR

| 13 :,--?Ampacuty Values mcluded rn Attachment 30 were obtalned from;i

' IPCEA Pub No P 46 426 "Power Cable Ampacmes, g R

e -"7'\_ NEC Handbook Slxth edmon Based on the 1993 Edmon

o __-‘.:"-ﬁ..f_:‘~~."g4 WM100 8 PWRD ‘entitied “Ampacnty of Cables |n
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} . BT
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- The purpose of ’rhls oh‘achmenf is 'ro develop fempero'rure focfors ond ompccufy

o .,-;‘,dunng Mcrch 1997 T

‘multipliers for fire sfops bosed on fhe tests 'rho’r were conducfed of Pchsodes

: Revuewed py:, ‘Ao
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Purpose

.,,‘“

The' purpose of thxs calculatton section is to determme temperature factors and ampacrty multxphers for
- the Kaowool fire stops at Palisades based on the tests that were carried out in March 1997. The_ .
= " meisurements were made in accordance thh the “Fire-Stop Deratmg Test Guideline”, which is
" included in Attachment 9. “The selection of the. measurement locatlons was made to mclude the
' boundmg cases in the test measurements. ST S ‘ o

Temperature measurements were taken on the raceways passmg through seven fire stops at Pahsades RS .
durmg the normal full load operation of the plant. All of the fire stops were constructed of Kaowool . 3+ ¢ (7 ¢ i
" ceramic¢ fiber. The fire stops contained virious combinations of cable trays; condurts, and sleeves. The i I
- fire stops were installed in both 12.inch and 24 inch thrck walls. As a part of thie'tests; the Kaowool fire EO
'stops were opened and thermocouples were installed on the cables and tray of cable trays it intervals'of -
approxxmately 2 inches and on the edch quadrant of the outer surface of conduits in the center of. the
4 ~ fire stops. A similar number of thermocouples were installed outside of the fire stop to measure the ‘
: ‘ - temperature of the race way in free air. Additional thermocouples were installed to measure the ambxent o
- temperature in the test area on the same side of the wall in which the temperature-of the race wayin - .
. freé air was measured. In the cases of Fire Stops FZ0179 and FZ0553 additional thermocouples were . -,'._ . ‘
' installed to measure the ambient temperature on the opposite side of the wall. After the installationof -~ . -
*= the thermocouples, the fire stops were restored to their condition before the test. Temperaturé . = -, :5" ERE
-’" measuréments were taken at. intervals of 10-15 minutes over a penod of at least two houts whenthe ~ 7 .
unit was operating at normal full load output. The details of the test procedure are described in .
L Attachment 7. The data that were collected durmg the tests i 1s shown in Tables 1-8 Informatron on the -
AP wall constructron is grven in Table 9 N PR :

The collected data were exammed, and a smtable measurement time penod was selected for each race .
“‘way. The rulefor selectmg the measurement to be used for calculatmg the temperature factor wasto . " T
“select the measurement that had the largest difference between the temperature measured in the rmddle L
of the wall and the ‘temperature measured outside of the wall. Since the ambient temperatures remain <.
) relatlvely constant durmg the test penod, thxs measurement wxll result in the largest temperature factor |
out of the measurements ina ngen test.. - R, R DT :

The temperature Tise of the surface of the raceway outsrde the fire stop is calculated drrectly from the .

‘ - measured values as the temperature difference between the raceway temperature outside of the wall and

: the ambient | temperature. In several cases, the ambrent temperatures on the opposite sides of a fire stOp '
. was significantly different. Therefore, the reference 1 temperature for calculatmg the temperature rise

T : 1nsrde the fire stop was taken to be the average of the ambient temperatures on both sndes of the wall ' -
' Thxs average amblent temperature was calculated in one of four wayss - o e 'f_'f SRR




¢ and inside the fire stop. However, the cable conductors are not accessible for measurerent inan” " -
" measured. The temperature rise of the parts of the thermal circuit between the point where the -+
e ,_outsrde of the cable tray to calculate the desxred temperature factor

: u Detaxled heat transfer calculatxons have been made in calculattons EA-ELEC—AMP-O34 and EA- ELEC-

- the cable mass surface’ temperature (where the temperature measurements were made) for a given -
- ambient and loading condition. Assumirig that the thermial resistances between the surface of the cable

. EA-ELEC-AMP-041°
.." Atachment 8
’ Page 3 of o

S V. Amblent temperature measurements were made on both sndes of the wall for Flre Stop R
. - FZ0179 and these measurements ‘were used dxrectly to calculate the average amblent
o temperature reol o : . R

- 20 .The measured temperature for Case F20132 of Condult X1568 msxde the wall
T represents the average amblent temperature on both srdes of the wall 7
I A . The average ambient temperature was calculated by usmg data collected in.more than A
~ onetest for Fire Stops FZ0134 and the conduits'in FZ0138. The’ temperature on one "~

) srde of the wall was rneasured in-one test, and the other test provxded data for the other'
a _slde of the wall, - SN R

4 The average ambrent temperature for the cable trays in F20138 was calculated by Ly
> 7" assuming that the ratios of the thermal resistances between each of two cable trays’ and
- ambient inside and outside of the fire stop was the same and then solving simultaneous 7L

e equatxons to deternune the ambtent temperature to be used in- the wall SRS ‘

- The temperature factor that is desnred is- the ratio of the temperature rises of the cable conductor outsrde' R

operating power plant. Therefore, the temperature rise of an accesstble surface of each’ raceway was E o

" measurements took place and the conductor must be added to the measured temperature rises 1nsxde and

AMP-032. These calculations determine the temperature of the conductor (hot layer temperature) and

© +'~mass in open:air and ambient and between the cable conductors.and the surfacé of the cable mass are’ -
" - constant, the temperature drop between the cable mass surface and the cable conductors canbe -7

y estrmated as follows




T

o eamucameon
<Y . Machmens -
R I TN T -_~.~:.;Page4of B A

. where: Tm wm, xs the estimated cable conductor temperature

oo e T ablerrfc is the measured cable surface temperature ' _
Tdmm, is s the . cable conductor temperature taken from the calculatxon
Talc rurtace is the cable mass surface temperature taken from the calculatlon

Talm,b,m is the ambtent temperature used in the calculatron SR L R
. This method of calculatmg the temperature drop through the conductor mass is used for both cable‘
e trays and sleeves.. LT - . RN .

- fA s1mrlar approach is- used for condults where the temperatures are measured on the outer- surface of the™ S
" conduit. The condition where a smgle power cable is installed in a 3" trade size conduit with sufficient - . *
unloaded or control and i instrumentation cables to achieve 40% fill is- consxdered as being representatwe e

.. of all.conduits. The detailed calculatxon for thxs condmon is taken from pages 5- 13 of Attachment H of T
Calculatxon EA ELEC-AMP-O39 "_ A : L - :

- e ~Smce the temperature range of the measurements is qunte small errors, due to the devxatxon of the
- : ‘ . thermocouple characteristics from the ideal thermocouple charactensttc are expected to be quite
. _AEE untform. Since the differences in two sets of thermocouple measurements are being taken, much of thts o
RN error will cancel out. Also, the absolute temperatures are low, suggestmg that there is stgmftcantly more_ o
S margm in the actual design than has been indicated by previous calculations. Therefore, no spec1al R
allowance was made for the measurement tolerance of the thermocouples. SIS P -

'Ampacxty multxpllers for the fire stops ai are derxved from the temperature factors. The ampacrty = o .
: multxpher forafire stop is deftned as: - SR e R

v'where. Mult is tﬁé ampacxtymult:pher L

de is the rated conductor temperature_

L .>T is the conductor temperature outstde of the fire stop when the conductor msxde the fire

stoptsat ratedtemperature Lo e T
' Tmhm is the ambxent temperature\ e T D



TR EA-ELEC-AMP '041", o
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- T e PageSof L
| Since the concep t Ofanampacn;y multxpher lmplles the aSSumptlon ofaconstant thermal resistance L

.- .. berween the cable conductors and ambient inside and outsnde of the ﬁre stop, the defimtxon of the
ampacxty multnpher can be restated. ' ' g :

A where. : T

test op&:

T

mt




'Input Data o e

4The followmg calculated cable tray temperatures were used

'EA-ELEC-AMP-041
~ Atachment8
- Page b of ___

Cable Tray :

» Amblent S
Temperature

usedin -

“Calculation
.(oc)

Calculated - .-
| Cable Mass

Surface

Temperature _

Calcu.lated -

.| Cable _
Conductor
.Temperature

{0

Source Reference

- (data mcluded in Attachment 7 of

thls EA)

)

60.697 - |-

7797

| EA-ELEC-AMP-034, pp 1536-1557 [ i

© XKO016

53474 |

62.238

| EAELEC-AMP-034, pp 68"3-704"“

| xe021

|- s0023

59336

,EA ELEC-AMP-032, PP 490491

- 62'.9’83""-_'.f _.

: 76 936 f}f

EA ELEC AMP-032 pp 35@351 S

. ‘-The data from ‘the test measurements are the followmg The measurements that are to be used in the S
S calculatxons are shown thh an astensk : :




ToscElK

e -‘vwallAmbtentTemp. ==

AT 1ass -
e mass calcSurfaceTemp cachmbTemp
Dk n’ -~—9676-°c

AT outsxde AT mass+ (t&tOutsrdeTemp tcstAmbtentTemp) outsrde l 486 °°C

‘ -7-'{'.-,‘]on138 and FZ-0138A - !;

. EAELEC-AMP-041
‘ ;:AttaChment 8

| Fz0134, Cable'Tray XPo1o

The test data for FZO‘I 34 |ncludes amblent temperature data for Room 106. Ambrent temperature

B :', - data for the room on the opposrte srde of the fire stop (Room 116A) is available from the test of Fire '
Stop FZO138a Therefore, the amblent temperature in the wall wrll be taken as the average of the o
‘ ',-.,_',amblent temperatures at FZO134 and FZO1383 T o RN - N

' ‘Frrst the temperature drop through the cable mass must be calculated From Reference 1

g cachmbTemp 40°C o Ambrent temperature used in calculabon :‘ )

calcSurfaoeTemp 60 697- °C ‘ Calculated surface temperature of the cable mass

. calcCondTemp =71. 97. °C - Calculated conductortemperature S - e '__'-; .. -
Thetestdataareasfollows LT ' ST e e

‘ "—teetInsrdeTemp 30 28 °C N A‘Measured temperature insrde wall

tcstAmbxentTemp 27 90 °C Measured amblent temperature ~ -:'.
L _testOut31dcTemp =28 71-°C Measured temperature outstde of wall
e opposrteAmbxentTemp 30 35 °C Amblent temperature on the opposrte srde of the wall

testAmblentTemp+ opposxteAmbrentTempW "! brentTemp 29 125 -°C
. . 2 _"- . . )
calcCondTemp cachmbTemp o

st st

'r‘fiAT msme AT ass+(twt1ns1dc’l’cmp wallAmbxentTemp) AT ms,dc-r 831-°c LR

- tempersircFactor = 1-«232,;: i

:These data consrst of two separate measurements one for condurts and another for cable trays )

~...-The amblent temperatures were’ measured on opposrte sides of the wall for each test. Therefore
..~ the average ambient temperature, used to calculate the temperature rise in the wall will be- = ="
O deterrnmed by averaging the ambient temperatures from the two tests. The test data for Room 125
. .. was taken on March 11 and that for Room 116a was taken on March 10. However; additional data . .
' “taken on March 8in Room 116a for F20003 and FZO132 |nd|cates that the amblent temperature in B
T Room 116a is qurte stable w : \ 4 : : S
" The estrmate of the temperature drop between the surface of the condurt and the conductors wrll be‘ v

. based on the case for one power cable in'a 3 inch trade size condurt grven in Attachment 31 of thrs o -
-EA The foIIowlng values are taken from the calculatron '--' ST - s




o éﬁlblthbientTemp :=40°C . Ambient temperature used in the calculahon R

' ' calcSurfaceTemp 54 l6l °C Calculated condult surface temperature '
’ calcConductorTemp =90, 043 °C . Calculated conductortemperature‘ '

- .'on138 Condurt x17os

" <ﬂ‘r=zo138 CondurtX1709 e

- 'j:'._ ( Then the temperature drop between the condurt surface end the conductors rs

}fAT omde AT mCond+ (twtOutmdeTemp twtOutmdeAmblent) AT, outs,de =282 -°c

E———

_ _conduntRatlo =

FZOl38Amb1entTemp =24 50- °c _ ‘Amhient temperature from conduit tests .-

U": wallAmblcntTemp =—

o l'-'-testInsxdeTemp 2718°C

‘ .’."twtOusxdeAmblent.-2455 °C s RO
. testOusideTemp =24.18 c CmE e Frun g
“in this case there is no temperature rise lnsrde or outstde of the wall from the respectlve ambtents

| ) to, calculate a temperature factor for this condurt

' ‘-4_3'.'AT mCond (condultRatxo— 1) (mOutstdeTemp testOutsndeAmbtent)AT mCond-z 027 c ST

AT (AT mCond+ mrns:deTp) wallAmbtentTemp - ATm&;—S z77~°c e

B L
A\ o
. : .
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calcConductorTemp cachmblentTempv con dm tRatm =3 53 4 o
_ calcSm‘faceTemp cachmbtentTemp e T Tk R

o - Average amblent temperature used for wall calculatlons

FZ0138aAmbtentTemp '-305 °C , Ambrent temperature from. cable tray tests ST

FZ0138AmblcntTemp+2 F?OlBSaAmbnentTemp w allAmblentTemp 27 S'°C :

L The test data are as follows

This indicates that the loading of the cables in the condurt is negllglble Therefore rt is not possuble ": -_7 '

.,

The test data are as follows

~;momsxdeAmbxem-—2445°c Ve Lo SRR
S testOutsxdeTemp =255 oc

‘:,» T4 I

| M e |
temperatmeFactor -—mmie; tempe,ramreFactor,=,l_.159»
AT outsuie e . .




' : | calcSurfaceTemp 53 474 °C Calculated surface temperature of the cable mass "'-'1 '
— calcCondTemp 62 238 °C Calculated conductortemperature e

o The test data for XK016 are as follows

S A.Tma'ss)dcms”.

ATmassXK016 0462 '°C

G ATmassXHOZl =

o EA- ELEC-AMP 041
FLli sk iAttachment 8
© . Page 33 of .

FZ0138a, Cable Trays XK016 and XH021

", First, estimate the temperature drop.in the' cable.mass,of )'(K01_.é> _

'cachmbTemp 40°C Amblent temperature used in calculatlon :

testlnsxdeXK016 31 05 °C Measured temperature lnsrde wall
twtOutsxdeAmbrent =30, 50 °C Measured ambrent temperature o
testOutsxdeXK016 31 21 °C Measured temperature outsrde of wall

l,(,k

y _ calcCondTemp cachmbTemp
calcSuxfaceTemp cachmbTemp -

1 (tmomsiae)u(ois . t_e&st(.;)‘utsideArnbienti):ﬁ ’

' Flrst es’amate the temperature drop m the cable mass of XH021

°81°Am"TemP 40°C Ambrent temperature used in calculat:on
l.:"'cal"surfm'rmp 50 023 °C Calculated surface temperature of the cable mass L

calcCondTemp =59. 336 °oC" Calculated conductor temperature 'f. o ~
"« The testdata are as follows I R o B

‘ - tthnsxdeXHOZl -34 48 °C Measured temperature msrde wall

e ‘.f,.,.momstdemozlz“

: 34 00 °C Measured temperature outsrde of waII

PR S

calcCondTemp cachmbTemp
calcSurfaceTemp cachmbTemp

(twtOutsrdeXHOZl - tcstOutsnchmbxent)

B »AT mass)mozr =3 252‘°C R _.'lj T N 'j\‘ R v..i:f-, LA
oL The concept of deratmg and temperature factors |mply that the ratlo of the temperature nse |nsnde the;'_ i -
.- -.- fire stop to the temperature rise in open air should be. constant for. cable trays installed in the same’’
-+ fire stop. Therefore, the equations descnbmg this proportionality can be solved simultaneously to. -
"+ obtain the ambient temperature msrde the ﬁre stop and the temperature factor for the surface .;:- AR

-'j"temperatures Therefore L T ~- : e
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| AT outsxdeXK016 = testOutsrdeXKOlG testOutmdeAmblent | .lAT outs1deXK016 =0, 71 -°c ‘ o
- AT outsrdeXHOZl -testOutsrdeXHOZl - testOutsrdeAmbxent AT outsrdeXHOZl = 3 5 C Lo
L""V T adg F 27 °C Intral guess for amblent temperature msrde wall

‘l'-,,"‘.SF 2 ;" Inmal guess oftemperature factor forsurface temperatures '_

: t%ﬁnSIde)(KOl6 T gucss—SF AT outsrdeXK016

l_'_testInsrdeXHOZl - guess'SF AT outsxdeXHOZl

wallAmbrent N\ -
S -::ﬁnd(T Y
; s_urt‘eoeTexgpFact- PR o

-~ wallAmbient = 30.177 '-6(:
surfaceTempF act = I 229

4VATmassXK016 “0462°°C

:.':;:ATmassXHOZl_3252 C_ L DI Sl
: AT pasaXKol6 + testInsxdeXK016 wallAmbrent A

Sk ff.,.temperatureFactorXKOl6 =

" ,AT massXKOlG +4T outsxdeXKOl6

~‘t§rnpéreterefeétor}d(bl A.
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FZO1 84
B l The test data for CondurtT2069 are: BT
. testInsxdeTemp 40 58 °C

o .testOutmdeTemp 4413 °C o
"'--...,..-testAmblentTemp =43, 70 °c o

[ on184, cénduitrzoss
' "}‘ . The test data are as follows T
mrnsxderemp =44, 25 °C.' o
tcstOutsxchmbxcnt =43, 70 °C .
tmowsldcremp 44 58 °c
. L "\The data for the two raceways (T2069 and T2063) are inconsistent: Also, nearby hot pipes may
Fie o 7 have affected the measurements Therefore the test results for this ﬁre stop wrllnot be used to a
calculate temperature factors ‘ SRR : - : : e

_f_onoos e R

:';‘_ThefollowmgdatawereobtamedforCondultX1614

: testInsxdeTemp =31.43°C - R

AR momsnderemp 3023 °c Ve el
tcstAmbnentTemp 30 35 °C

o : The foIIowmg data were obtalned for Condurt X161 5

2 L téstinsideTemp = 30.43.°¢° i T T
* " testOutsideTemp':=30.75-°C
L testAmblentTcmp = 30. 35 °C

' ;Fre Stop F26003, Condurt x1 1590 "
" The following test data were ebtained
testinsideTemp =3128°C. . -

i tcstOutsxdeAmblent.-ZiO 35 °C RS - Loy T .
e 3;.-',':test0utsxderemp 3]83 °C _ S e

,(‘,

........
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;Flre Stop onoos Condurt x1s13 a

o f.f'._AThe followrng test data were obtalned:_' S

i '.testInsxdeTemp ,_30 15- oC e
- iestOutsideAmbient =3035.°C . |
*moms’deTmp =3138C { R § RO ;:' ST

The temperature nses outsrde of the waII are |ow in aII cases Two condurts show a temperature nse —
. "_v_.outsrde of the wall, one condurt has a surface temperature less than the ambient temperature outsnde
i+ . of the wall, and one conduit outside of the wall is at ambient temperature Two conduits have . . =
S ‘temperatures inside the wall that are higher than the temperatures outside the wall; the opposrte is .
. trie for the other two condurts The data for thts ﬁre stop is too mconsrstent to. allow the evaluatlon of
- the temperature factors o SR L e R S S ,
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" The wall amblent'tem'p"eraturers based on the data for Conduit X1568. The measurad temperature
- . outside of the fire stop is slightly less than the ambient temperature measured nearby. The cable

 inside this condurt was off during the test. The measured temperature of Conduit X1568 inside the
_ wall,rs therefo.re‘ representatrve ot the ‘avera.ge arnhrent temperature on bcth srdes_of the wall.

o wailAmbientréi;ip? = 28.4(‘); c
Fi F‘re Stop on1 22, Condurt X1567 -

L The followrng test data were obtarned

munsideremp -36. 63 oo Ll
S momsldeAmmem = 3o 35 °c , o S UL SR

i ‘ . Then the temperature drop between the condurt surface and the conductors s o

-~

" .AT (condurtRatxo- l) (testOutsndcTemp testOutsrdeAmblcnt) e ‘ . o ;
“’C°nd . ATmCond 9831 c TP
'AT =T +(test0utsxdeTemp—twtOutsrdeAmb|ent) T

. outsrdc mCond AToutsrdc 13 711 c T ST

1-AT (ATmCond+ tatInmdcTcmp) wallAmblentTemp “ _":. AT —l8061~°C o

temperaturcFactor'-—dee temperamrcFactor—1317 C Tl e e e
- : AT outsxdc L e L I s T e e




L AT, omslde ATmass+(testOut51deTemp testAmbtentTemp) ., AT outside = 3 568 -°c

FZO1 79 Cable Tray TK600

B F‘ rst estlmate the temperature drop in the cable mass

"f..'_calcCOndTemp 76 936 °C Calculated conductortemperature S

- AT

AT, inside 4T is+(t&st1nsrdeTcmp wallAmbtentTemp) AT de 3718-°C .

2 - temperatureFacter e temperenxrelfactor? l.042‘

"EA-ELEC-AMP-041 -~
Attachment 8 . - .

“ i Page 38°0f

. C~

Temperature measurements were taken on both srdes of the waII The average temperature (used as

". the ambient temperature in the wall) is taken dlrectly from the spread sheet The foIIowrng data were.
obtamed o . Lo : ] i

o testInmdeTemp 27 82 oC

testOutmdeTemp = 26'92_0(: .
 testmbientTemp = 2470°C.
"~. lWallAmhentTemp 25 45 °C

e 'cachmbTemp 40°C Amblent temperature used in calculahon

calcSmfaceTemp “62. 983. °C Calculated surface temperature of the cable mass o L Sk

O calcCondTemp cachmbTemp
mass calcSurfaeeTemp cachmbTemp

(t&stOutsxdeTemp testAmbnentTemp)

' =1 348°°C

AT msnde
AT outsnde
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 Fire Stop F0S53, Cable Tray XP600

o .T_hé test data are as fot_lows:" B

i coverTemp 27 43 °C Surface temperature in covered tray section h

i coverAmblent = 25 90 °C Ambient temperature correspondlng to surface temperature in covered tray; :'.";' '} o

sectron

openCoverAmblent = 26 10 °CAmb|ent temperature for open tray in tray cover test e '__ ' |

e opchoverTemp 27 90 °C Surface temperature |n open tray for tray cover test o

L wallSuifaceTemp : 27 33. °C Cable surface temperature msrde the ﬁre stop _ ‘
o 'wallRoomAmbnent = 25 95 °C Amblent temperature m the stalrwell area for the ﬁre stop test
wallOpanmblent = 26 lo °C Ambrent temperature opposrte the starrwell for the ﬁre stop test

o _.ij',"openWallTemp 27 87- °C Surface temperature in the open tray for the ﬁre stop test B o SR

o "The temperature rises are very smail, The results of this test are inconcluisive and are mconsrstent ﬂ_ L ST
L wrth the thermal beha\nor of cable. trays wrth tlghtly ﬁtting covers and fire stops




“+i 1, Table 9— Summary of Calculation Results "\ . -
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L
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. |

" EA-ELEC-AMP-041 .

. Aftachment 8

'Page 40 of - - '-

| Fire -
| 'stop

4

Raceway

| size .

| erature
Factor -

| Temp- :

“Ambicat
 Temp- -
e . .| Outside
| wan

Temp-
erature -

erature.

Inside

Wall .-

: Effécﬁvc

‘Ambient -

| Fzo134

Ty .,

319"x 39"

\

123

127.90°C

28.71°C

30.28°C

29.12°C

o

Test for FZ0138a used to *

estimate appropriate ambient
.| temperature for wall. The - -

results from FZ0003 and
FZ0132 suggest that the

temperature on the opposite« . | -

| side of the wall is relatively -

stable.

6'6"x8'9" |

2455°C.

24.18°C

27.18°C..

27.50°C

Since the conduit surface - -
temperature is less than the o
. | ambient temperature; itis . -
| assumed that the heat

generation inside the conduit is

: ‘negligible. Therefore, no

meaningful calculation of the
temperatitre factor is possible.
There is a steam line in the

" | upper part.of the opening.
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.| erature | Temp- ... |erature |erature [Wall . | -~ . .
Factor |erature. | Outside |Inside | Ambient | =" . -

116 - |2445°C: | 2525°C | 2875°C | * " -..’| Ambient temperature -
' " oA e ce ol " | caleulating temperature risein

+ .| test (FZ01384). The resulting -
'ambient'tempe_rhture (27.5°C) -
gives reasonable agreement with

 the temperature measured inside
the wall for X1706 (27.18°C).

Ixkote - fTry |1 T o [ e ] seseec | 3s121°C |31.05°C | 30.18°C | Ambient temperature for wall
- e s e i ISV =1 . " | temperature rise determined - -

XHO021 - ' Tray S & N EA L 112 v30_.5oocl - 13400°Cc |3448°Cc | . wlving relationships for XK016

' AR BTN R T IR R .} .. .. | and XHO21 simultaneously.

| Fzotss [ T2069 ., | Sleeve i {2: [ sleeves - |= 17 [4370°C | 4aa3°C | 40580 - -
-' ‘ | _ | ; , ; . o S DR - Datafbt';hetWo racewayS S

SRR L & —_— e —————— ' - -+ | inconsistent. Also, nearby hot’ 2

177 | =" ]4370°C ' | 44.58°C. | 44.25°C| ~ | pipes may have affected the - ,

R DI BT A SRS : | measurements. Therefore, the |- & .~
results from this testare = |-
‘rejected. '

wall developed using cable tray " TR



Lot

' EA-ELEC-AMP-041.
‘ _}'_Aﬂachments L
3 5 Paged42of .

Nseop

| Ambieat

Temp- .

Temp- -

Outside
| wall

Temp:'
erature |
Inside -

AWall_""'

Effective .

Wall

Ambient N

Remarks . -

| xt614

X615 .|

X1590

x5

| Sleevm E

[ s0asec

3023°C

3143°C |

3075°C--

3043°C [

:31.83°C.,

| 3128°C 1

| 31380

30.15°C-|.
S ~ | fire stop is too'inconsistent to-
allow evaluation of temperature | .

The témpe;afur;e rise outside of

| the wall are low'in all cases. -

Two conduits showa. |

| temperature rise outside of the

wall, one conduit showsa
temperature fall outside of the 4
wall, and one conduit outside of
the}wall’ is'at ambient
temperature. Two conduits "
have temperatures inside the -

| wall that are higher than L
outside the wall; two conduits.~ {.. ™

have temperatures inside the

| wall that are lower than outside

of the wall. The data for this |

factors.

' N E.
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| Size

Temp-

o Factor -

Temp- -

erature

Temp-~
‘| Outside
Wall

Temp-
erature

Inside

| wall -

:_Effeaive :

Wall

" | Ambient

Remarks .

X1567 - -

‘Conduit - |7

| 8erxa3 )

......

30',4,°°C.f". .

30.13°C

28.4°C

' g (_1.32',’;' B

30.35°C .

34.23°C

36.63°C

| 2840°C

The test data for Condunt ‘

' "X1568 -was used to determme -

the appropriate ambient _
temperature to be used to
calculate the temperature rise -
inside the wall, since the cable
in this conduit wasnot . |
energized at the time of the test.

| rzor7e -

104 -

24.70°C |

26.92°C

27.82°C',

2545°C

‘,iThe temperature nises for thns

calculated from this test has a

- hlgh tolerance. -

. | test are quite small. Therefore, 1
| the temperature - factor

FZ0553 | X

S E

25.95°C

| 2787°¢

27.33°C

26.10°C -

Temperature rises were very

|- small. The results are
.| inconclusive and are.

inconsistent with the

.- | anticipated thermal behavior of | :x
/| cable trays with tightly . flttmg A

covers and ﬁre stops.
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" Summary and Concluslons

SE Informatxon on the temperature factors for cable trays can be obtamed from the tests on Frre Stops
FZ0134, FZ0138a, and FZ0179. The temperature rise for the cable tray assocnated with Fire Stop-

“- FZ0553 (XP600) was small and the test results are inconclusive. Therefore, it is not possxble to obtain
o rehable mformatlon for calculatmg temperature factors from the data for Flre Stop F20553

o Informatlon on the temperature factor for conduxts can be obtamed from the tests on Flre Stops FZOIJSV S R

and FZ0132, The tests on'conduit sleeves did not yreld reliable data which'could be used to calculate the

L temperature factor fora fire stop The temperature factor for condurt sleeves can be consndered equal to NN
R that of cable trays S . : s . o :

The test data was obtained through fxre stops in walls Reference 3 determmed that the temperature rise R

" ofa fxre stop in‘a wall was 61°C whrle the temperature rise in a similar penetratxon mounted ina floor '

o . was 70°C Therefore, the temperature factor for a floor fire stop is :2% times that of the correspondmg

‘Cable TrayS&'.Sleeves 114 -] 1.23 131" 141

a . wall fire stop The hnghest calculated temperature factor for each type of raceway and wall factor wrll be. g ‘_,:,

_— used Therefore, the temperature factors that wrll be used elsewhere in the calculatlon are -

A Wl ‘ 'f: - Floor”. ' Nl
1 Thick | 2' Thick |1 Thick |2 Thick |

Conduxt SRREEER BT URRTE BT NN B : RN BT R R

-~

" The corresporiding ampacity multipliers arer. "~ ©

| 1 Thick |2 Thick |1 Thick [ 2! Thick |

Cable Trays&.Sleeves Tose ~loso . Josr. . |ose .

PRNEN

L Condwr oo Josye Josz fosr iolosi
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| :Calculaﬂon MethodologY

'EA-ELEC-AMP-041

o VPage 2 of '

i The accepted method for evaluatmg the ampac1ty of cables in tray has been the

o ‘Stolpe method(l) This method : assumes that all cables in the tray have equal -

. . f Lk ‘

.- loading: In actual power plant cable trays, the currents of the various cables vary
o s1gmﬁcantly Therefore, an evaluation of the ampacity based on the Stolpe method

for the most heavily loaded cable is overly conservatlve g1ven the presence of a

, s1gnlﬁcant number of hghtly loaded cables

Cables are mstalled in the cable tray in a'more or less random fashmn Wh11e a e
group of heavily loaded cables may run together in one part of the tray, ‘they will be AT

redistributed in the tray in other locations. Therefore, it is overly conservative to

The max1mum temperature of the cables in a cable tray is calculated by ﬁrst e
"| " grouping the cables in three layers namely, “Hot”, “Warm” and “Cold” layers The )

resulting grouped cable arrangement along with the1r respective actual load”

.currents is used to calculate the maximum temperature of the cable mass for the
.above mentmned three layers After obtaining the maximum cable mass © ' -
' -temperature using the layered model the diversity of the cable loadmg 18 taken mto '. e s
‘account and the temperature for the most heavﬂy loaded cable in the “Hot” layer is’ A
'_:est:lmatedbasedon 1tsload1ng - SIS A P T AA

- The “hot” cables are put m the center of the cable tray, and w1ll be ca]led the “hot
-~ layer”. The “hot layer” is sandwiched between the “warm” cables. These layers are
. called “warm layers”. The “hot layer" and “warm layers” are sandwiched between .
_the cold” cables These layers are called cold layers Thm layer arrangement s i o

'ATTACHMENT 28 '

- place a]l heavily loaded cables together in a compact mass. Reference 2 suggests a e L
- model arrangement that is less conservative than placmg all heavﬂy loaded cables
A‘together in a compact mass, whﬂe prov1d1ng a reasonable degree of conservatlsm

N e The depth of ﬁ]l for any tray is determmed based on the w1dth of the tray and the . B
. ‘total cross sectional area of the cable mass. The available cable mass is d1v1ded into:  © .
2 ,three dlﬁ'erent categones, namely, “,Hot” “Warm and “Cold” S TR e
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. shown in the figure below. -

- l_j : - ' Eié.fif: 55 EE - 2  Cold Layer* : L |
TR LN Warm Lager

e IR Warm Layer. .-
R R E§§ 5:5 :55 E S Cold Layer  *

SR .‘The above cable arrangement is acceptable when there are large number of “hot”
.~ _cables, such that the sum of the d1ameters of the “hot” cables exceed the physmal e
- >width of the tray. When there are a small number of “hot” cables, 'spreading the “hot L
. layer” across the entire physical width of the cable tray results in the area used for o
=" .- heat dissipation’ bemg larger than the actual area producing non conservative . ...
. . . results. Therefore, when there are smaller number of “hot” cables only the hot spot
‘ - part of the cable tray is modeled The model tray width'is calculated as PR
) ; mode, Z D,,ombml + ’/z Depth OfFl.l.l S

L where, PR , 4
| Dhotcablea Dlameter ofhot cables TR 5 _':f;:" LRI I S

EE ..'The Y Depth of £ill term accounts for frmgmg eﬁ'ects of the heat transfer path from [;,,;: s
SR |_'ithe hot cables tothe surface of the cable mass. < ool P T

‘In the model tray all the “hot” cables are mcluded In addmon one “warm” and one "

7. “cold” cable, etc. is included until the depth of fill of the model cable tryisequalto ~ " %,

S the depth of fill of the physical tray. The selectlon of the “warm and cold” cables is
SEPSRANR performed usmg the followmg rules: . L R . : c e

Warmest large cables are selected ﬁrst

e
| ’(r'f'.""';Coldest small cables are selected ﬁrst

After mcludmg the “hot” “warm”, and cold” cables if the depth of ﬁll is greater _
h o than the. depth of fill for the phys1cal tray, the model tray w1dth is adjusted to L
o achleve the same. depth of ﬁll , : . » -

B St B . Ceel YL L : N
”
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| Introductlon to the Mathcad Calculaﬂons S '

The Mathcad calculatron scratch sheet contams sectlons to perform four tasks

- .'0 Gather parameters such as amblent temperature and thermal
"“emissivities, that are entered manua]ly and read the cable tray width
f .and the data on the cable groups from ﬁles that have been prepared
extemally : , _ : L

‘ Calculate key parameters that will be used in the remamder of the
e calculatron including the depth of fill, the ampacities of the cables'
~ calculated according to ICEA P-54-440 / NEMA WC 51 1986 and the
loadmg of each cable in per umt of its ICEA ampac1ty T g

Separate the cables in the tray into “hot” “medlum and cold” cables S
" ‘Then determine the model width of the cable tray requrred to contain’ o
" .the “hot” cables Fmally, add a sufﬁment number of “warm” and cold”
“-cables so that the depth of fill in-the model tray is the same as in the
actual cable tray Ifnecessary, the w1dth of the model cable tray 1s
, SRS T adjustedtoensurethrs B RPN ST
‘ DR - “Calculate the conductor temperature usmg the Harshe Black model
S ) forthecablemass T e A T

o ,_f"Gather Input Dota

LT Most of the input data is manua]ly entered mto the scratch sheet by smple
.- 4. equations. However because of the large number of cable groups (a set of 1dent1ca1
- - cables carrying the same load current) and the amount of data associated with- each
T ‘;'cable group, the cable group-data is read from a text file. The cable tray width i is’
i read from a separate text file due to the limitations of Mathcad 4.0’s data ﬁle -
- _functrons The followmg mformatron is entered manually Ll L L

i The amblent temperature } L
,\The em1ssrv1ty of the top of the cable tray
:The emrsswlty of the bottom of the cable tray

-’-"ti,'-,;Three possrble break pomts for separat:mg “hot” cables fromm warm”
'j.::"‘cables The appropnate break point is selected based on the loadmg of
;the most heav11y Ioaded cable in the cable tray R Lo

L - 0 - The break pomt used to separate cold” cables from warm cables e
- ' s el ‘A code md1catmg the type of ﬁre stop (Or no ﬁre stOp) msta]led in the oA

- L T el
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| | | "6' The thermal re51st1v1ty of the cable mass. EEA
_0, The max1mum a]lowable conductor temperature

The cable tray w1dth is read ﬁ'om a data file that contams th1$ value and is
assoc1ated with the file variable hdr_name. The followmg cable group mformatmn
1s read from a second data file assomated w1th the vanable mput ﬁle '

e - ‘The cable sizes ifi the Oth column (Mathcad numbers arrays begmnmg S
- - -with 0 in the manner of the C language.) In order for Mathcad to read " - i
.. - the'cable size, a “1” must be subsututed for all “/ and:a “0” or space R
77~ must be subsututed for “¥. Therefore' “410” is mterpreted as #4/0
AWG and 010 or. 10 is mterpreted as #10 AWG: - - - .

o o ', 'The number of cables in each group in the lst column

e _The number of conductors in each cable in the 2nd column

RERERALS 0 - ‘_V;The cable d1ameter in mches in the 3rd column ST ) .
‘ 'i_ g e’ L-'._jf‘.» The copper area in the 4th colunn. In the Black program thls is used
' ‘ " 27 [ to calculate the cable resistance. Since this does'not account for skin .
~ effect, etc., the Mathcad scratch sheet determmes the cable re31stance R

. by lookmg up the resistance in a table based on the conductor trade
size. Therefore the scratch sheet ignores thlS ﬁeld '

B = ,_o - The conductor load current m amperes in the 5th column

2 Ni ote: The dtsplayed array anludes the tndex number of the rows of the array SRS
SRS ,whtch is not part of the tnput data. The zeroth column is obtained by . .
S 'augmenttng the input array wtth the row indices. This is done to make

o ‘examtntng the data contamed in the array easter for the reader '

. , X
.

-'The next subsecuon of the scratch sheet contams a senes of look up tables for pre- -
. defined values; siich as conductor res1stance versus size; air characteristics such as ST
* the thermal conduct1v1ty, kinematic viscosity, and Prandtl number; the effect on the
temperature rise due to fire stops and some m13ce]laneous constants such as the R
) Stefan-Boltzmann constant & R AT

=Y

B T S

o F1rst the cable re31stances are deﬁned Th15 is done by a look up table consmtmg of IR
/“the vector Table._size conta1mng the conductor size code and the vector Table_ _resist, - .o
2T T containing the conductor resistance in ohms per foot at 90°C. The Mathcad hnear '
N . - mterpolatlon functlon “hnterp 1s used to look up reswtances ﬁ'om the cable 31ze
' f"codes : ‘ e R




ca e Y e TRt
LRSS IURTU SRS 1 PN SR S S

- EA;ELEc-AMP-041
S o U ATTACHMENT 28
ey R E Pagesof '

Next temperature rise factors for various ﬁre stop conﬁg'uratlons are deﬁned The

o -source of these factors is Attachment 8 of this EA. These factors are applied to the N

‘¢onductor temperature rise at the end of the calculation. The temperature factors™
1 for fire stops in vertical risers are calculated ﬁom those for honzontal cable trays -
: ‘usmg the mformatmn contamed in Reference 6 ‘ :

. ;:.AThe values of the thermal conduct1v1ty, kmematlc v1$cos1ty, and Prandtl number of

~ /" air are based on the data given in Holman. As a srmphﬁcauon a smgle value for

. these items and for the coeﬁiment of expans1on of air is glven for an assumed ﬁlm

S : temperature of 60°C

L Next the oﬁ'set between degrees Celsms and Kelvm and the Stefan-Boltzmann

L constant are deﬁned The accelerauon due to grav1ty is already deﬁned by Mathcad ,;

y _‘._.Calculate Key Parameters

_The next sectnon breaks down the data for use to the calculauon ‘The amblent and

- ‘maximum conductor temperatures.are converted to Kelvin. The cable size
S i_..(Cable size), number of cables (n_ cables), number of conductors per cable j J
.- (n_conductors); cable diameter (Cable dia), and load current (I,,,;) are unloaded .
S from the data read from the cable group data file (Cable data). Next a vector w1th p
" the conductor resistance of the cables R..iz) is created by lookmg up the conductor ,f i

‘res1stance of each cable group based on the cable size code

AR ‘.-{The depth of ﬁll of the actual conﬁglll'atmn °f the cable tray is then calculated Th1$ N

* "will be used later in the scratch sheet to calculate the ampac1ty as defined in ICEA .

" "P-54-440 and to develop an eqmvalent cable tray to analyze the “hot” cables. The " - "

- depthof fill is defined simply as the sum of the squares- of the d1ameters of a]l the e
L cables in the tray d1v1ded by the w1dth of the tray R S S

'}.The next sectlon of the calculatlon calculates the ampaclty of each cable as deﬁned
. by ICEA P-54-440. This is a “stand alone section which is designed to reproduce. .

5% the results shown in the standard as closely as possible. The heat transfer function A

- - - and constants:are defined mdependently from the rest of the calculation and are-
s deﬁned and used exactly as in the standard. FlISt the heat mtensrty, that is the -

- 7. " amount of heat that can be produced per unit volume of cable mass, is calculated

- The Stolpe method used in the standard treats the’ cables as a uniform mass that

© ’ generates a constant amount of heat per unit volume. The heat d13$1pated by | the

‘“slab of cables is removed by convection and radiation using ‘the constants and

. formulae’ given on page 17 of the standard. The temperature drop through the cable o ;;

. mass 1tse1frs calculated usmg Equatlon 5 of the Stolpe paper (eqmvalent to
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'Holman s Equatron 2-23). The equatlons are solved to ﬁnd the amount of heat

generation that results in-a conductor temperature of Togna I the center of the cable o
mass. A Mathcad solve block’ is used to find the allowable heat generation per umt "
length of the tray. The heat intensity is this value divided by the cross sectional

- area of the cable mass. The ICEA ampacity is the current which will produce the

amount of heat allowed by the heat intensity. within the 'square area occupied by

_ each cable. The ICEA ampac1t1es are stored in the vector I;cz,. The load current in e _
- each cable is then expressed in per unit of the ICEA ampamty in the vector IICE A RTINS

:,,Classiﬂcailon of the Cables as “Hot" "Warm" and “Cold" o , |
The deﬁmtlon of a “hot” cable is based on the ICEA ampacrty of the cables and

depends on the loadmg of the cables in the tray If at least one cable is loaded to e

- .more than 1.00 per unit of the ICEA rating or more, a “hot” cable is defined asa "~ '
cable loaded above 1.00 per unit of 1ts ICEA ampacrty If the most heavily loaded
. "cableis loaded to greater than 0.80 per unit of the ICEA ampacrty but less than. ** .. " -

" -1.00 per unit of the ICEA ampacity, a “hot” cable is defined as a cable loaded to .-
' ‘greater than 0.8 per unit of the ICEA ampacity. If no cable is loaded to more than =~ oo G
"0.80 per unit of the ICEA ampacity, “hot” cables are defined as those loaded to more_' Dy

- than 0.60 per unit of their ICEA ampacrty In a few cases none of the cable groups - .
.. meets the definition of a “hot” cable. In this case, the hottest cable group in the tray " s
- 'is selected as the “hot” cables. The Mathcad max function is applied to Ijcg,. antofind

the loadmg of the most heavily. loaded cable (Hottest) The value of Hottest

T 1determmes the'applicable definition of a “hot” cable. The scratch sheét then o
- compares the loading of each cable (I;ggs,) With the criteria and marks the “hot”

L .. cables in the vector Hot_set. The members of Hot_set with indices that correspond

' - to hot cables are set to'l with the remaining members set to 0. ‘Therefore, once the " SRS
_index of a given cable is known, Hot_set can be used to determine if it is a “hot”.. = - e
cable or not. A summation is used to count the hot cables marked in Hot_set: The e L

number of hot cables i is stored in the scalar variable NumHot The number of

'A warm’ and cold” cables 1s then calculated from the total number of cables

1 The Mathcad solve block automatrcally performs a numencal solutlons

: usmg the Levenberg-Marquardt method of a set of non-linear equatrons The .7
-scratch sheet uses the Mathcad default tolerance of 10°. The solve block conS1sts of
‘three parts. The initial value. of the variables to be solved for are defined e
. | immediately before the key word “Given”. The equations to be solved are deﬁned
| . between the key words “Given” and “Find”. The variables that contain theé final .= = ::
solution and the vanables in the equatlon deﬁmhons are deﬁned by the “Fmd” - R
f.-'functmn S e T D NI R e Y
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- l;v: . (Data S1ze) and NumHot Thrs value is stored in the scalar NumNotHot “Cold” b f ) L
-.cables are defined as those cables loaded to 10% of the1r ICEA ampaclty or less _i'y S

i The next step is to calculate an mtenm value for the w1dth of the model cable tray
* As described elsewhere in this calculation, the width of the model cable tray is set
_to the sum of the diameters of the “hot” cables plus half of the physmal depth of ﬁll

" width of the actual cable tray. The max1mum Wldth of the model cable tray is the ' SR

- actual w1dth of the cable tray

.Next a matnx (W armArray) 1s created to determme the order that cable groups

- 'should be added to the tray in order to bring the depth of fill in the model cable tray |

. .- tothe phys1cal depth of fill. The Oth column of WarmArray. contams the indices of -
L the cable groups, the Ist column contains the cable loading in per unit of the ICEA "
.. ...ampacity, the second column contains the number of cables in the group, and the A;j_ ._-‘
. -".7 - 3rd column contains the area ‘occupied by the cable group in the tray (equal to the
-, number of cables times the square of the diameter). It is intended that the rows of
)~ ::the matrix be sorted- using the cable loadmg as the primary key and the cable area
' asthe secondary key. However, the Mathcad sort functions do not provide for such
o multlple sorts. Therefore; a' 4th column is added to use as a sort key This is set to., -
.. 10000 times the cable loadmg plus the area occupied by the cable group in per unit
e of the cable group- occupying the most area. ‘The sort index of the “hot” cables is set
- © to -=. This forces the hot cables to one end of the matrix. WarmArray is then sorted

L "-Qt,“‘cold” cables below the warm cables and the “hot” cables at the bottom e

v N ext a summatlon is used to count the warm” cables (N um Warm) The number of _
- cold cables ‘(Num_Cold) is also calculated. In the sorted WarmArray, ‘the “warm” ... ..

" “in descending order by row. The sorted matrix has the “warm” cables at the top, the

R o cables lie from 0 to Num_Warm-1), the “cold” cables from Num_Warm to” - J

ol ..(NumN otHot- 1) and the “hot” cables from NumN otHot to (Data srze-l)
- '-Next a matnx of cables to be consrdered for addmon to the model tray wﬂl be
-' “ 7 in the order of warmest, largest; coldest, smallest: néxt warmest, largest; next -

“ et coldest, smallest; etc. If all of the “cold” cables are exhausted first, the remalmng
"+ “warm” cables are added in order of descendmg loadmg and descendmg area - . i

......

" created. Whlle there are unused 'warm” and “cold” cables, the cables will be added

L “occupied by the group. If all the “warm” cables are exhausted first, ‘the remammg

_ :;5 _cold cables are added in. order of ascendmg heat generanon and area occupled by - vl
> the cable groups R S e e .'

-
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. Th15 process is controlled by the ﬂag Most of This has a value of 1 1f there ar¢ more - .l
. “warm” cables than “cold” cables, 0 if there are equal numbers of “warm” and “cold” " -
- - cables, and -1 if there are more “cold” cables than “warm” cables. The variable ~ .
. Max_Alternate gives the number of cables that can be added in an alternating

- . fashion (the lesser of twice the number of “warm” or “cold” cables). The information ‘":':- -

- about the cable groups is now mserted into the matrix Add_Pointer in the order in -
" ‘which the cables will be added to the model tray. The 0th column of Add_Pointer
"contains the index of the cable group and thé 1st column contains the number of .

2.7 ‘cables in the group. Because of the way WarmArray has been sorted, “warm” cables .A T
- *_‘ are taken from the top of WarmArray working downward “Cold” cables are taken oLt
.~ from the bottom of WarmArray working towards the top. The range variable “I” S
C controls the add1t10n of alternatmg ‘warm’ and cold” cables S g T

. The remammg warm or cold” cables are then added ThlS is contro]led by the .
- vector “iik”: A.vector is used here rather than a range variable as it allows defeatmg
" this section of code if all of Add_Pointer has been filled with alternatmg warm” and

. .2 “cold” cables. In this case, all members of “iik” are set to 0 and the Oth row of .
e Add_Pointer is copied back to itself. Otherwrse “nk” is used to ﬁll Add Pomter w1th
warm or: cold” cablesasreqmred SREI o B .7

o In the next sectlon the vector Hot Pomter is created It is ﬁlled wrth the mdlces of S
R the “hot” cables It is used to access them qu1ckly durmg later computatlons

. \' L 'The next task is to determme how many cables are to be added In order to do th1s T

" avector of depths of fill, DOF,,, is created. The Oth member contains the'depth of = ]

o fllin the model tray with just the “hot” cables. The 1st member contains the depth e

R of fill with the “hot” cables and the first additional cable to be added, the 2nd . IR
member contains'the depth of ﬁll w1th the “hot” cables plus the ﬁrst two addmonal '_" -

o ._ ..'.'cables to be added etc

4(: _-!. _._._,1-” e

B 'DOle is then searched from the bottom up to ﬁnd the number of cable g'roups to ‘ )

. be added so that the depth of fill in the model cable tray is the closest to the depth i

“of fill in the physical cable tray while being greater than or equal to that in the -

~'4 -physical cable tray. This'is done by a summation that decrements the number of

S " cables in the group for each member of DOF,,,, for which the depth of fill equals or - .
“ i exceeds the physical depth of fill: The result is stored into NumCables_in_Set. Thls‘b AP
- .is set to 1 for “hot” cables only, 2 for “hot” cables plus one add1t10na1 group, etc., A *.‘ :'ﬁ-".

PR ' check is made on the result. If altematmg warm” and “cold” cables are being added
- to the tray, the number of cables to be added is adjusted so that equal numbers of

“warm” and “cold” cable groups are added to the tray. In those cases where all .

.if'_:fi"‘-cables in the physmal tray are mcluded in the model tray, it 1s p0551ble for the value -
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S of NumCables m Set to exceed the max1mum value due to the round off error of _: R

.7 “calculating the depth of fill. The check ensures that the value of NumCables_in Set T T

- does not exceed the maximum poss1ble value of NumNotHot+1. Finally, the width .~ = .+
. of the model cable tray is adjusted so that the depth of ﬁll of the model cable tray is e
" _the same as that of the physmal cable tray : IR _ Con e

RN Next the number of “warm’ cables in the set to be added is determmed and placed Tt
i in the variable Num_Warm. This is done by searchmg the Add_Pointer matrixand ~. = = 7
%+ comparing the cable loadmg in per unit of the ICEA ampacity against the definition . =’
> of a warm cable. The number of “cold” cables in the cables 1s then calculated and.. . =~
o placed in the vanable NumCold Ll

e The last step before performmg the actual heat transfer calculatlons 1s to calculate”
< 2. the amount of heat generated and the depth of fill of the “hot”, “warm”, and. “cold”
. < “cables. The vector Hot_Poiriter is used to select the cables to be mcluded in'the" . -
*. :- summations for the hot cables. S1m1lar calculations are performed for the “warm” " "~
- and the “cold”. Cables The data for the “warm” cables is located using the pomters at" -
" the top of WarmArray and that for the “cold” cables usmg the bottom of LT
:WarmArray R .

2 .'The amount of heat generated in the cable trays is calculated for a temperature of IR
e 90°C A function is then created that'can determine the heat’ generated at any layer. [T
SR ,,temperature This function will be used during the solution of the heat transfer - L
i equations where the heat generated by the cables is calculated using the conductor L
-‘_‘.':electncal res1stance correspondmg to the actual layer temperature for each of the
A three layers : Tt S : RN e

4 1_-1

ERE

; ZQ."'Squﬂon of the Heat Transfer Problem

The vanous heat transfer equatlons are. ﬁrst stated as a senes of functmns These
e _._equatnons are then solved to give the. conductor. temperature First the heat

*, dissipated by radiation from the cable mass is g1ven asa functron of the surface
temperature of the cable mass."’ ' o P .

_The functlons for convectmn are’ more comphcated F1rst a functron for the Grashof
number is written using the functions for the characteristics of air described earher .
Aand the definition of the Grashof function. Next, ‘thé function for the: Rayleigh. .« - ..
; number (product of the Grashof and Prandtl numbers) is; written. The function for S r
. -the Nusselt number for the top of the cable mass can then be written: This functlon PR

] “ < - has two definitions, one for lammar flow (Raylelgh number less than 8x 103) and o
‘ ‘ Ty f-{another for turbulent ﬂow (Raylelgh number greater than 8>< 10“) The overall heat
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B transfer functlon for convectmn from the top of the cable mass can then be Wntten . S
based on the deﬁmtlon of the Nusselt number : -

: Holman recommends that the charactenstlc length of an 1rregular obJect be taken e
 as the ratio of the area to the perimeter of the obJect The charactenstlc length lchar _5 TR
_ of a cable tray of mdth w. and length list = - L ‘

- [ LA
T g

' 1i1'. the caseof the:cable tray;'lﬁ_i'ﬁ, so:»- o
i 2

AT

‘ ~" . Note that the two terms for the w1dth (the charactenstlc length and the area of the Tl
S cable tray per umt length) cancel each other out B R S
B The funct10n for the overall heat transfer from the bottom of the cable tray can be R
. “-  writtenin a S1mJlar manner, except that only one flow reglme needs to be ACA S
R cons1dered Two alternate forms of the heat transfer function are written, but only.” "'
S Qbot conv 1S actually used. Qy, con; iS an alternate funcnon that is only used for o
L _*.'companson w1th an altemate solutlon method T e B

,\’A solve block is now used to. solve the heat transfer equatlons The equatnons for the ST

. ~7: temperature rise through the cable mass are written based on Harshe and Black’s '
. ... Equation 6. Thls equation can be derived as the superposition of the temperature T
o .v"nse through : a mass with umform heat generation per unit volume (aswas donein*~ : 77 ;
- the. original Stolpe method) and the temperature drop from conducting the heat '
.. generated by the layers inside the layer under consideration. The solve block - _
RIS calculates the surface. temperature of the cable mass and the temperature 1n31de
L -ﬂthe cold” “warm and “hot” layers : = ST T

_‘-The last step 1s to mcorporate the eﬁ'ect of the ﬁre stop and/or tray cover (1f e
~. =7 .. present). The conductor. temperature rise, which is the temperature dlﬁ‘erence - N
"; " _between the hot layer and the ambient temperature is multiplied by the . - . 7 ¢
1 L temperature factor that corresponds to the ﬁre stop or tray cover type in questlon
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o _'_Thls mod:ﬁed temperature rise is then used to calculate the conductor temperature . _
/i at the routing point. The factors for fire stops are based on the calculationsin . S
. "Atachment 8 of this EA. When fire stops and tray covers are both present, the -
. temperature rise will be higher than if only the fire stop was present. However, - S
- . _some of the heat whose dissipation would be restricted by the tray covers can escape ~. -~
~ ...through the opposite side of the fire stop, provided there are no tray covers o the - -
" opposite side. Intuitively, the additional temperature rise due to tray coversonone . & .-
" | side of the fire stop is about half of that caused by tray covers on both 31des of the ERREA
- ﬁre stop (1 e. half the 15% deratmg attnbuted to covered trays) L RN

|- ,The layered model used in calculatmg the maxlmum cable temperature ina cable - o e
| trayis'an interim step in estimating the maximum tempeérature of thecableina
| cable tray with random cable arrangement. The final step focuses on the real cable e

| tray - not the layered model - ‘considering the random layout and loadmg ot

| L , .

e distributions of the cables in the tray.

R | ;The temperature of the “hot" cable layer that has been calculated above represents
"..o . | the maximum cable temperature in the tray provided that the cable loadings as. a "o
B ‘ .. | percent of the ICEA ampacity ratios of the hot cables are within a reasonable -
- | threshold of the average loading of these cables based on the field testing as~ .. -
.| reported in the Reference 2. Cables with higher loading ratios than this threshold .-
. - will have a higher temperature than that calculated for the hot layer and cables P
' with loading ratios below this threshold will have temperatures below that
.- -calculated for the hot layer. The temperature of the most heavily loaed cable is - o
'+ calculated by adjusting the temperature rise calculated for the hot layer with the B
.~ -ratioof the cables heat intensity to the heat intensity correspondmg tothe - ..
“ - threshold current This is equivalent to multxplymg the temperature rise of the hot L
..+ layer by the square of the per unit ICEA current of the cable to the threshold per L
' '~<umtICEAcurrentofthehotlayer ,' Do ) S T .

i -The threshold current was selected to be 20% hlgher than the average hot layer per ; )
-"-unit ICEA current. The use of thm threshold value is conservative since it limits the "
. credit taken for the temperature averaging that takes place in the actual tray . i”
| installation as a result of random cable layout. If the loading of the most heavily -~ .
“+ °| " 1oaded cable ddes not exceed the threshold current, the cable temperature is taken L
|- to be the temperature of tbe “hot” layer Ll LT e Ty e e T T

LN,




1.

. ’ . - : ) . ' N l;r 2 4~ E . . \. o N N - T : : 4. V . . e - K : " : -
“ y - . ot . . P ‘ Ly .
A .- : L .

. :.EA-ELEC-AMP-041
" ATTACHMENT 28 -
- Page 13 of ___

References o

' 'Stolpe, J. 197 1. Ampaclues for Cables in Randomly Fllled Trays IEEE
. _Transactwns on Power Apparatus and Systems 90 (May/June) 962- 974

E -A'.:‘Black W. Z and Harshe B.L. 1994 Ampac1ty of Cables in Single Open-Top i
‘ 'Cable ’I‘rays IEEE Transactwns on Power Delwer:y 9 (December) L .

" Holman, J. P, 1981. Heat Transfer. (5th Edition, 4th Prmtmg, 1983) New
““York and Tokyo McGraw Hill Kogakusha, Ltd. - - -

. Haddad, S. Z.; Bloethe, W. G.; Lamken; D. C.; Stolt, H. K; and Sykora G.
1982, Tests at Braidwood Stahon on the Eﬁ'ects of Fire Stops onthe "~ ... o
f~Ampac1ty Ratmg of Power Cables Ch1cago Proceedmgs of the Amencan ff IR
4 f_'.‘Power Conference . L A c
" Ampacity of Cables in Open-Top Cable Trays WC 51 ICEA P 54-440 (Th1rd_} S e
- ___’Edltlon), NEMA WC 51- 1986 Natlonal Electnc Manufacturers Assomatlon ..
‘.v'Brand Indust:nal Serv1ces Inc 1976 “BISCO Ampamty Test Performed at o
~ .-.Portland Cement Association, Test No 9027 10 Elk Grove Vl]lage I]lmms L
Brand Industnal Semces Inc e S i . ,

PERTU ST R N T D N S




. - . -EA-ELEC-AMP-041
R SR S Y imemer | Attachment 28; Appendle
B S _Page 1 of 2l )

- kCase XPGOO
C Cable Tray Emrssrvrtres

2 105 2095, " Top surface ‘of cable tray

'. abottom ‘:_0.65 Bottom surfac_e of cable tra_y )

A : top bottom , L ipae P PR S
WA smcan -——2—— E <- emean —08 C Emrssrvrty used for calcu_lat;ons .

Break Pomts Consrdered for Selectmg Hot Cables g 'Ftre Stop Codes
Breakpomtl -lO S e T 'O—NOﬁrestop L
BreakPomtz =08 .o .. 1-24"horizontal concrete '
Breakpom[} -06 e L e ot 224" horizontal Kaowool
I o 3—24" honzontalsnllconefoam
e Maxrmum Loadrng for "Cold" Cables L e—24 horlzontal double srded 3M
S S v - caulk - IR
M‘L\ Lo}d O 0 o T e e e 24" honzontal srngle snded 3M L
N ';- © 7 caulk - S o cot
O Physrcal Wdth ofthe Tray S 6—24" yertlcal concrete ,_
. ; . physrca] READ(hdr name) l m . physrcal 24 ‘in - 724" vertical Kaowool - 5
B Fire StopCode ;Ji‘ TrayCoverCode '%‘,8—24""9’“‘73' S|I|conefoam S
. 2 9—24" vertical double srded M caulk R
Frre Stop (,ode.- o Tray Cover Code ~2 o 10_24-- vertical double sided M caulk — ;
ST e T T 11— 12" horizontal concrete. ER R
12— 12" honzontal Kaowool" .
" 13- 12" horizontal silicone foam
. 14— 12" vertical concrete-. .
o - :15—12" vertical Kaowool
e _~1 6—-—- 12" vertlcal smcone foam

Cable Mass Resnsttvuty '
p ma\s 400 K- cm watt L
Ambrent Temperature " R

' .3,; T C: 4oor< c L

amb Uy

I

: N : ' - Allowable Conductor Temperature )
Cet the cable data from an external file-: . s 90 K .oé. L

Tcond . ¢ e
READPRN( mput nlc) ;f.’, Tray Cover Codes e

~Cablc data ‘

~ 6NO Cover-
_ ”1—- Raised Covers,
" 2—Closed Coyers -~

S _:J: D'ata sizeé” Data srze —3l

Data mdt.\ -0

rows( Cable data) B

Data size = l) Fo

, '[n‘de.\_,_an ay’

e —Data mde‘(
N [)a »

Threshold Factor for Temperature of "Hot"- Cables,”: - =

FThrcshold l 2 , f-.n
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(

o b eoo
1750

-L.2590

| i"|(‘)00"
1250." L
11500 S

" 1750 |
e
o hees
12000 |

-' - Té’blé’—:’iiz'c :5‘!2-310: o "":Tjab'le_-r'c:‘si_st.:.}:
. S T R
500« T

| f ( 00161‘;'
17010203
00334 |
0.0513 |

10,0818

O 130

0523

OOIOI

+0.00804

o | 0,6‘04389:1' -
;000341
<] 000639
- 0.00275.
10.00231°
000187" .
" hoo0144 | i

1000119
000103,.. o
00009131 .
o008, |
0217
f0-:0003.3\‘ e

| ;.'0 206, |
| 03287

00128

Ty

0103"‘“'

o oosaz

i EA- ELEC-AMP 041
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Lookup Table for Conductor Res:stances at 90 C (See Sargent & Lundy Standard ESA—1 02)
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100000' '

ffooOoo\-

b

" Cover_Témp_Factor =7 1.10803
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Miscellaneo-Us C'onstants R e B e
L-, =9, x()7 "m-sec 2 : Acceleratlon due to gravrty

Stefan Boltzmann Constant - o
o -:669 lO wattm K Holman page 307

Conversron between °C and K ‘ -
CtoK. =273; ISK. -

Physrcal Charactenstucs of Arr

The charactenstlcs of alr are glven for an assumed flm temperature of 60°C (333K)' T

Thermal conductrvrty

r(Tl T2)"0029wattm D e T T T e

Klnnematrc VlSCOSlty

‘ alr(Tl T2)'-l928 1077 m?.sec ‘ B
‘ Volume coefﬁcrent of expansmn E '
[l T ) _
R b) 60K+(,toK
Prandtl Number . ( B

mrm T’) -0700

Get Basrc Data about Cables in Tray '3':' '
“"_"_(,ahlc \lZC —Lable data ‘ 4

i oable . (,able data <1z

_R "'ableDm md;{- -lmtcrp_(!T.ablc slzc Tablc.r“cslst (,ab‘le slz-eD - mdﬂ)--
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Physrcal Depth of F|ll

(Data srze - l) ‘ - .
D U ! cables KCablc_dlai‘)z
-.i‘=0A ST e

 DOF 1573 “in '

__: [)()thyslgal = hys I physml
: : p 1ca_;_:,‘~ :

Calculate the Heat lntensrty accordmg to NEMA WCS1 9986 / lCEA P 54—440 (1 986)

Note The formulae used in thls sectlon are taken drrectly from NEMA WC51 to ensure HOE
thatthe results match those |n the standard . S Sl

DOF l(.EA =DOF physrcal T ambICEA = T amb

Calculate the surface temperature of the cable mass as a functlon of heat generatron

‘f_ SRS "; Qp DOF[(,EA »; Yo Sl
. o Ts(Q) = cond = ;nass Stolpe Equatton 5
_ = RS thysrcal B

Heat drssrpated by convectlon )

lm"'

T S S NEMAWC si- 1986/ e
B LA (T T cEA) ¢ n o ICEAP-54-440. 7
B ) t_._ Q b[LEA( T) —0 223 \vatt tt m K am /- 2 l)hYSICal, .Appendle - L ‘

. LR ,l <
. Apttysi‘cal, ST :

- Heat dissipated by radation _ NEMAWC 51-1986/. " 17
L e T . ICEAP-54-440, . .0
"Apnenth@f R I RRETAES

i : Holman Equatron 8-43a for g
2 w phvsrcal tray completely enclosed in-
R ' a Iarge area S :




- . . . EA-ELEC-AMP-041 .
T O S = Attachment 28; Appendle
SR . Page6of

= F'"d the heat dlssrpated bY the tray fo. glve rated conductor temperature g
Qte 3 =5 wattr‘t
Given -

Qres®QclEA(TS(Q rest)) + QricBA(TS(Qeest)) .
Q IOII(,EA 126 243 °watt ﬁ T ) ‘,"A"' _ - ’ | o - '.‘ R
e Q CI(_,EAr TS(Q totILEA 36 063 -watt- ﬁ

Q rICEA TS<Q totILEA § —90 l8°watt ﬁ . ‘ h .

L HI ILEA == tOtICEA ‘ HII(,EA —3 344 watt in’ & iy Stolpes Equatron 7 ..

. . L - DOF [CEA Dh\srcal . R I A T ." SR

 Calcillate the ICEA Ampacities of the cé_b_lés Ce

e T ;_; "—H] ~ e The NEMA standard treats cables as squares
. ICEA ampacnty(d n, R) = I(;EA T occupymg an area of d2 : . o
'_‘ n “_A:-_- . i - .

U leina s’ICEA-'a'mpa‘cit\' Cable_dia_ . - i conductors LR " ) T
. I.(TEA'Data index” . - . N7, "D_a!“‘—md‘ . Dau mdex . CableDam lndcx

- (.utPomt -nt/Holtcst BrcakPomtl BrcakPomtl BreaU’uth, S
e (.utPomt ,—1t(Hottest BreakPomtz,_CutPomt BreakPomt 3, L
Y V' (,ut[’omt :- lt(Hottest<BreakPomt 3,Hottest (,utPomt) e R -
‘ | CulPomt—l' g SR e s e
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o Hosets i (LR A SCutPoint. 1.0,0.0)

LT Nunﬂ—lot":':-ZHot_sél’

- . NumHot =3 Number of cable groups in hot Iayer , _
- .NumNotHot = Data size - NumHot Number of cable groups not in hot layer CnE : R 2
_Nlm]NOlHOI 28 Mulu(noup - NumNotHot>O Flag mdrcatung some cold/warm L e .
Lo _ ' ‘cables . .o T e
: The effectlve tray width to be used in the model is equal to the sum of the drameters of the hot "; o . el TR
. : cables plus half of the actual depth of fill. The upper bound on the modeled tray W|dth is the TS RN AP
-f‘physlcal tray width plus half of the depth of fll in the physucal cable tray ‘ R e OE

' 12 =Data_ srze- l _

: " poF e
model = Z Hot setn cables (.able dla __lhEc_al o |
T J—O ‘ 'l ‘ - LN e t: - ,‘;.», ' : . . . L ' . ..:,. P »L

3721 " R model‘ _______pzhyswal _2,'-94"‘_(‘ L e L T T e '

1—3 727°m )

W i'no,del =

modc

In order to add cables to the cable mass pornters will be developed so that the hottest and coldest .
SRR f';.;f"_cables can be added i in order to the cable mass. The ponnter matrix will consust of the element - B -
ol f“;number in the orlglnal cable vectors (the pornters) in the Oth. column the load current’in per. unit of P
“i the ICEA ampacrty in the 1st column the number of cables in the group in, the 2nd’ column;the.. ~ " sl )
.- area occupied.by the cables in the cable group in 'the-3rd column and an artificial index used for PR B
:""sortlng in the 4th column:’ The column of ICEA ampacrtres will be modlt'ed as to force the hot - Lty
- i cables to the bottom of the matrx after it is sorted. The cables that are'not “hot” will-be at the topof .. -l
i the column |n order of descendlng Ioadlng in per umt of the ICEA and descendlng area occupled b -

W ;
amlAn avD:ll:: mdr:( l'

e e oS s cablesD 4 (Cable dm
e R Wani 'Ta)‘i Lo ~: ata m (34

~ . “Data_index.3 .., - T l .2 :

ot - ) - :' Lo A“ ’.ln. JPEE

,"‘7"’.{'Ma‘< Arca ‘-max(WannArray<3>) Max_Area=90l Lo -

: . 2 S .
Dau lnd::() -

P




=
t i.-.,
\

: Wamv\nd\ S rﬂ/Hot sé | wlloor l()()()OI - - B Wax Ta\D‘"" index 3} S
a ‘Data de‘( 4 L[):tta md::\ : ) [LEALH)au mdct/ Max Area /l’ o )

. ‘ . WannAervDam l‘nd-c(VZ Zh Cab]cbDat‘n}vln‘dc( '. - :; ,‘ . ’ o L : V.': S .
- ; sl ’-;j'_ EA ELEC-AMP o41

WarmAnav :1eversc( ort(WamlA.rTay 4)) L -
A e -~ - Attachment 28, Appendle
e R (NumNotHot— I) S T AT e Page 8 of
e Num Warm -1t Multl(rroup Z - f(WamlArra\" >Ma\( Cold 1 O) 01

e ' Num Warm 12

Num (.old NumNolHot Num Wann : Num_Lold 1=_'16":'

'iI‘A‘-':MOsI or A-u(Num Wann>Num Cold l E l) -1 lfmore warm cables 1 |f more cold cables .

o 'M0>t ot ,-rt(Num Warm-Num Lold 0 Most of) 0 rf the same number ofwarm and cold cables f_

'Most of —'—l T e ? 1: Select the number of alternatlng warm : *"»
u and coId cables to add dependmg on -
whether the warm or; cold cables run

3

.Tr Ma\ Altcmate = 24 RS '; "' - out ﬂrst S s

o ,:-"“Ma\ Altcmate —1I(Most ot>0 2 Num (.old 2 Num Warm)

Start out selectlng cables to add alternatlng warm and cold cables -
untll the supply of one or the other runs out ' L

,, . it o 20 1I(Ma\ Altemate>0 (Max Altemate- l) 0) ¥
Add Pomter N WamlArray ,' SR S
e R R (2>° Wa""_ P°'"te' , r. NumNotHot 280 T

‘WarmArTay FERE TR NumNotHot— l— Max Altemate 3
L < ) Number of Cables in Group

Add Pomtcr

A ,Add‘_Point_érﬁ" = itl Multr(noup WalmAJTav

AR VA <NumNotHot—l it o™ | 7. coldCable Pointer”
S . L S

B > .
Add [omter( 1—1) | !

lﬂ MumGrouP Wm b ay(NumNotHot-.l—5."_‘-:_2.{0" Number of Cables rn Group
=" . Fill upthe remamder of
: o ' the array with warm. or’”
(NumNotHot_' “Max'_ Artemat;)) cold cables dependlng on
S - ‘.what is left o

_”m 1-() l 1I(Num Cold Num_Warm,

- Max Al[‘f"?a[e)' 'Srnce Mathcad 4 does not allow placrng an lf condrtron

around a block of code, we wrll use an mdex here lf there
are the same number of warm and cold cables we flled the L
: 3pornter array already, ) thls |f will cnpple the followmg '
o statements in that case by only repacrng the Oth element
o "wrth rtself ) Lo '
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iii + Mex _Altematc

Add I’omtel ik .—1tTMOst ot>0 WmmAnay<

Add Pomter/“k ) o

- Add._Pointél*ﬁkj, ;'? it{Mosﬁt;_bt}O;fWamtAnay ( \I:lx AJtemale Add Pomter K 1} S

: vaet e I

- - Add Pclintel'ﬁj —lt Mo;t ot<0 WannArra ‘ R
L TS T _ e y(NumNotHot 1 Max_Alternate ';‘“"_“'9 "ii;}'.o

Add Pomter(uk ) e
Sl :

Ma'( Altemate ...\’ ’Add;l,)olntel.‘iik---,l o

Add Pomter L ‘-11Most ot<0 WarmArray
: . - . (NumNotHot

L Set up pomter for hot cables T ‘ Lo
'- K 0 1. (Data mzc— NumNotHot- l)
L 'khot »—l\+NumNotHot .
Hot Pomter WamtArra\ ,khot

" RN L s x0T N AR ..‘»‘-»

specnfed by Add Pomter s

Just the hot cables

.',

(Data snze - NumNotHot— l)

I[(’able dla Hol Pom!cr nf_c‘?blels_(Hot_Pointerj)‘I"'.'

Wmodel . ©

DOFhOt 0395 in” . H

I DOF mal DOF hot: The Oth element of the vector represents just the.hot cables

Add Pomtcr( ” Oﬂ n <:ables[/\dt‘l Pomtcr( l) 0]

‘ '.V_V'm,odel TR
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. . Look atthe Irst to fnd the mdex of DOFtnal that is the smallest that is greater than or equal to the
’ ~phys10al depth of ﬁll Thls lndrcates whrch cables ought to be added to the hot cables :
Num(, ables_in_ Sct.-NumNotHot+2r L thOF F i - _DOF physm, I, o)‘ |

: ' ' J—NumNotHot ’ - ‘

- ls cven ’-Num(,ables _in_ Set- 2 ﬂoor(l\mm('ablﬁb in,_ Sc‘) ’is_ev_en =]
; 2 : S

0if value is even .- 4

“no_ more --(Num(,ables in_ Set— l) “Max_ Altemate " 'rio_more =O :Q.ifr-alt,erriatin‘g: cables Ie'ft;

-l,,_bump.-rx even + no_more S - b . S ’ T
Num(.ablcx m Set' 1t(bump—0 Num(_ables in_ Sct+l Num(,ables m Set)

“Putan upper I|m|t on the number of cables in the set in case the counter goes out of range due s _f-'" i ’ o
':to round off errors.” L LT K ST

NumLablcs in’ Sct'-tt(Num(.ables n Set>(NumNotHot+ l) (NumNotHot-— l) NumCables in. Set)

Hot cables + number of warm and cold groups to
Num(.ables in_ Set = ll ~ be added; 1 means hot cables only, 2 means hot B

. e cables+ 1 warm or cold group, etc ST Ly DT
‘ ' s DOFtnal ST R TREE I ‘ )

Cw .d. | (NumLablcs in_, Sct— l) od ] el o I A ‘ e
: m'o el =T : m e e T T e e e e
' . B DOthySlca] . _1:. S ) e T ey

model 3 787 -m

5 Calculate the depth of fll of the whole set as a check on the loglcl'f s =

(Num(.ables in. . Set

2)

[Cablé dla[ (Add Vt’vomtcr 0:"

ST

DOF

modcl

DOF

modcl l 573"“ '

: ‘D"oF' DOF

‘ - model physncal "0’_'“3 I T L
| S .- AT * t' ' C :‘-) TR R .‘ e - . -: o SO -




N Establlsh Separate Llsts of Pomters for the Varlous Categones of Cables
Warm Cables R S , .

NumWaml -rtl Num(,ables m Set I 0,

e NumWam =5 .

, Num(,old—a S . .
Calculate the Depth of Frll and Heat Generatlon at 90°C for Each Layer of the Black Model
Hot Cables ‘ ’ T ' - .

12

Warm Cables

Calculate theHeat Generatron

J2 -1t(NumWam1 l NumWann— l 0)
. Q wann‘)O(, Z n cablcs[ (wamAmy 0 )J]n cohductorsr ;e
. Q wam190(, '-lf(NumWarm>0 Q warm90C‘0 watt ﬁ > R,

. Q-'“"( Q G . L ~
_-.»‘;}Waﬁ? _ waxm90 _.\lj ‘234_\SK____ 90K o o L TR e e

L e EAELEC-AMP-04T
S ) - ~Attachment 28, AppenleA
Page 11 of

“Go. through the lust of cables to be added and count the number of warm ones L
by brute force (Not elegant put probably the most rellable way. ) -

(Num(.abl n Set -2).

I o o Z ’ TI ICEAU[ (Add Pomter 0 \J]>Ma.‘( COId ! 0 J
l V ‘ : ‘ . v" - v - = ' . N ’ ) - ot .

Cold Cables A S . : T
Num(_old Num(,ables n_ Set- l— NumWarm - Allow1 for hot cables then’ |f rt is =

not warm it has to be cold

Lol e . - B . S e T s T

Calculate the Heat Generatlon =

Q h0[9og - Z n cables{ Hot Pomtefj) n conductors(Hm Pomtcrj) [I load(Hot Pomtefjl j 1_R C@b]_e /\ l-lq:'_Pointérj)

Q hot90(, =6. 388‘walt ft v

B
>t
s
3
3

12345K- CtoK+T L e e e
[ 2345K=90K: | Lo e T T e

Q hot(T) Q hot96C

| .Z.- RIS iy CEHE_ 0 p |

EY

DOF hot =0 389

HES

L\WarmAnay :7"

]—O

234.5.K - CtoK T\

i —_—_—
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" Depth of Fill -

W N cablc e Cable dlar: B
LT Z_ ‘ Ab[(wam\Amv [0+ /\} !L . “ammmv o..)j]] L

wammm . R . W

i -'DOF warm,’ f(NumWann>O DOF warm’o m\ - DOF " warm ° 0 857'1n:: s SR
ColdCabIes o - : - - oL T .
Calculate the Heat Generatlon s
i . il .-NumNutHot— I SN ‘ - P
- J2 —II(NumCold l NumNotHot- Num(,old 0) _‘f.Z' ;:o‘zwa‘n.ﬁt.l_“ B S N

2o g e
MU][I( ro . Z cab] . . co dU t . . I o
{, l- up " es[(wamay o W n‘ B OrSr W“'“‘A"-"Y >J] [ load[(WannArray 0. ) Int

: JJ L

Qcold90(, :-“’ NumCold>0 Q 0-watt ﬁ )
e Q bOldg()(, 0‘\\3[( f(

Y o sk CtoK+T f. IR TEE R R
N =@ ( SR SRR
1:..2°°ld cold0C |- BASKAOOK [l e

S

. Depth of F.m_. o
lﬂ Mul[l:GI‘OU 'Zl o C'ZIF')!?S[(W“"“A":W 0‘ \ J __Cable dla[[( WarmArray) ]]] ,Om

DOF cold '-

y ; . «." . model .' e R
[)()F cold E 1t{Num(,old>o DOF cold’o m\

ki DOF Cold-o 328°m o

N

.TAm;l;‘x iz'ﬁmédél“;._'A4':;"-:Holmani‘.EqﬁQfa'ti'_c;n' 8:_435

s S 89(T' T2) (Tl T2) (2) - '.Holman Equatlon 7. 21 Slnce the length of
: ("(Tl TZ W) ‘ " the tray is much lafger than the w1dth take

r(Tl T7-) the characterlstlc Iength as 1/zw

: ;‘:4:‘_;"?."Rz‘_1>(‘1v".li-,]v"5 )A-(rr(Tl 12, w) Pralr(Tl T2) Holman_, Equaﬁom_?s R

K




EA-ELEC-AMP-041 =
;. Attachment 28 Appendlx A
Page 13 of

4 ‘Cbhvéctlo'n "from_ the Tob_S_drfa‘cev .
':"_~ > Nusselt Number ‘;-;.';_"‘:': S - A SR
- N S / B U I 1 _‘; Holman
'.',Nut ,(rl T2 w) -nt‘Ra(Tl T2, w)<8 10°,0.54 Ra(Tl 2w 0 15 Ra(Tl T2.w)}) TaBle 7T
- Ul o Equatlon725 RS
‘A..~Ove‘rall C_:onyection' ; S e , T o
R - Nuto (T, Tz w) © ... Holman, Equatiori 5-42 -~
Qmp wnv(Tl TZ w) = P r(TI T2)(Tl TZ) - (Sincethetrayarea = -
o (l) ' P Ut - perunitlengthisw,
Y7 S - . thewinthe -~
S L R denommatorforthe
. Convection from the Bottom Surface”” ~ ;- - -7 .7 .- expression forhis:,
) Sew oo e T "'.‘canceled out

©0 N bﬁéttém(_Tl:\Tz;“’:)'35,0~58'R?(Tl»‘T_,2A7,\‘¥)':Sf H‘olrp.éhl', Tab_ig 7-1 S T Soegen Lol S
" Nubottom(Tl T2 W) S 'Holman Equatlon 5 42 L L 2

Qbot conv(Tl T2 w) =

Tl T2 Tl 2)
T a"( )( T ) (Since the tray area

A (5) S Tl Cperunitlengthisw,
Lo T e T e 5‘-"thewmthe

S e e L. erhe - expressionforhis
o Ra(Tl 7 w) k e edout ,

Qbot conv|(Tl T2 W) —0 27 alr(TI T2) (Tl T2) 'ca,ncgled out

It Velues o the Surtace, Cold Layer, Warm Lajer and ot Layer "~ =+ " 1
e “‘“b*lK :
':'Tgc“Tgs+OlK B
o -Tgw Tgc+Ol 1< .
'-LQ hot(Tgh) ¥ Q warm( Tgw ) + Q cold(TgC) Q rad( Tgs) + Q top conv\Tgs T amb Wmodel) S

+Q bot conv(TgS Tamb Wmodel)

Tgc-Tgs + —-_' mass
4'w

i B - L T DOF col d % Hatrshe'véhd;*‘: .
(Q hot(Tgh) + Q wann(Tgw)) DOF cold + Q cold( Tgc) — - Black', : L T
model ) _ . R -2 Equation'6. -~ . -

s Tgw-lgc,:r— lQhot(Tgh)D()me+me,m(Tgw)
Sl 4Wmodel U L Cul
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.4 o 'Tgll-Tg\v+_ mass Qhot(Tgh) hol P

,- - A _4 model 2

Teold [0 .0 T
-=Find(Tgs, Tge, Tgw, Tgh) -

Twam | - s B S L R

'T»;urtaoc 33" 722 K :T ' -CtoK 60 572 K - °c Cable Surface

surtace ~ et e T

".Tcold 337.508K Tooig- COK =64358°K ' ColdLayer

warm warm " Qtol( =71 547 K '-OC-, - Warm Layér_' S

T 344697[( T' -
AiThot 345716 KL Thot— CtoK = 72. 566 K.C . HotLayer

Cover Temp Facto

amb*FS Temp Factor -Stop Code

»__T hot la\er Mray. Cov“ ot (T hot_‘-T am b)‘ T SR

Thot lavcr 368 59 K AT FS Thot layer" Thot AT FS 22 875 K o
. AThw Thot—T : : S T
S R T L Thot layerj Ctol( 95 44 K °C,~ adjusted for fire stop. -
B ‘_Q.rad(Tsurtace) 7 412'“'3“ ﬁ T : B IR
l = ' Q top_<,onv(T §uﬁooe'T amb w model) 3 707 'Watt ﬁ Ko ( surface' amb) 0 029°watt m’ K
'- N i e l h B '}- _.P -‘v .-
o bot._ conv( surface amb model) 2 212'“'“" ﬂ - Pr alr<T surface'T amb); 07 Lo e

- Q coldt T u)ld) 0 watt ﬂ

wann} 7 286 'watt ﬁ ;, L

' Q warm T - ) ‘ ' v A
,Q hot\Thotl 6045 watt ﬁ S "',‘.:AT hot Thot layer ,T amb - AT hot 5 5 44 K

Q hot(T hot> DR I

1DOF hot '

- HI hotl -

HIhot =4, 106 “walt: ﬁ HI [CE A -3 344 ‘watt ﬁ
mode o - . _

2345°K - CloK'+ Tcond

2345K- CloK v T hot St

HIh

HIICEA T T ot

Ly IThrebhold "Iav hot F Threshold

: Iwom- nﬁa’:&<l lCEAu,l L I"\l/orst = 1195 Loadlng of the most heawly loaded cable in per Tl

By T L R -unlt of the ICEA ampacnty IR I a ». e
. _Get the mdex of the most heawly loaded cable - '» L S ,' .. _;‘:;

Y -,,;‘-

0.0 ..

TMzL\ Inde‘< -reverse(csort(augment(lndex axTay llCEAu) )) TMax_Index=26
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‘ Estimated tembératulrgf'of the most heavily Ioéded éa_blé, -

' Sb T tworst »

- T C\])M’l\ A 'ﬂ Iworst IThI'C\hOld AT hot l n P T amb T hot lavcl - LtoK‘_.:
o o [ s N \ Threshold/ i v . R

.

E Te\pMa\ _}95 44 K (C)

Dlsplay —augment(lnde‘( array Cab]e data)

thlayDala mdcx 7 ICEAU‘Dau mdcx " :




| ‘RoutlngPomt Data
SN 1.3 038 0008
£ 0.580.008
0.58 0,008
" 058 0.008 -
049 0005
0527 0,005
© 052 0005
052 0,005
052 0005
L 052 Q.oos
170.37 0003,
0.42°°0.003
042 0003
0.48 0003 -
059 0,003
_‘».'._0003
70.620.003
1 0.540,003"
.0.64", 0.003
£ 0.65 :0.003
/066 0,003,
071 0003
103 0003
05 [00s2”
1-70.37 0,033
+ 042 0033
f-?xo.{iz" 0033
9 . 0,021:,38.
33 .0.013."1
0.55 6.013" ,
3 ."_;;foom 26 0839

r

PR VAR (AR
AR (1)
ST

10

RN

e Display =

l2 ._
i

T -

1114
1214
113 14

15 14

"N SUURTSREN B VA T

e
T2
"":‘12-

12 1
P10 141

RErSri

- =T L S U T T L N S N T N ot X O S o N VTS

a o000 ofo '.o o .u-.«_'O'. ‘W

>0~ ‘0
13 'j
19 -

~,

RIS )

S o

0

-+ Col.0: Index for . i '-; '

o

' ;,‘TMax Index —26

= Maxumum Expected (°C)

:CableTray:” e ' ' s

R

. ‘t.ThreshoId Current

13- 0616
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identificaton - .o e e TS

Col. 1: Cable Size - ._
~ .Col. 2: Number of Cables - "
“-Col..3: Number of ..

Conductors per cable ~

~ Col. 4: Cable Diameter (in.).

Col. 5: Copper Area
Col. 6: Load Current

- ~Col. 7: Load Current i in Per
-~ Unit of the Cable ICEA
"-Ampacity ‘

- Indéx of the Cable wuth ; - AR -
_the nghest Loadlng S e R

_Temperature inthe’

T 954 K

T C_XPMaX - '.' '.7:: - LIt -

' IThreshold'l 367 SR SE T
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Cable_size = :

cable T

- 100013 -
00013

0.0013

00013 |
000206 |
000206 ¥R
o oo0206 |
] 0.00206 |

0.00206

1000206 |- .
1000328 [ "
~ | 000328 |-
0.00328 |
.. o003 | T
"l oo0328 |
| 000328 |
“fooosas |
.1 0.00338 |0 -
| 000328 | o
=1 000328 |

0.000818 |
10000818 |

_ n_é;iblgs =

. ‘.

B R SV

B 'Page17 of -

n_conductors = |-

© 0 'Y N N L L R RN W W W W W N W W W W o

14. " | 000328 | Fza

14| 1000328 7] |

14 1000328 et | 12]

Sl 0000203 ‘ g - ? ‘l, .y
0.000324°| . 3 - 0
f():006;524‘ 3 : S
0.000324 30 - L




- Cable_size =|

o Céblc‘_dia_. =

“In

|02
NER
19 -

. Iload'f :

— )

uA

‘A0 0 do 0O 00 . O nio w O o

-amp
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Cable size=|

Licea=|;

116983 |

3ese |
12.095 |
| 12005 | . -
“li20es |
12.095°

716,983 ]
116.983

16.983

12.095

|83s3: ]
o482 |

9482
| 8ses
o842 |

18567 .
| 8853

amp " Licpau =} 0

e .6517.;l§ -

sy
Clrsaa
[ 7.0247}
17556 0
"'“64 17‘ '
e i v
42,666 r
lazees |
Slaeas L
211098
3564l
310067
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, s

30

- WamAmay =

0639 4" 1
0616 2 0218
0. 594‘-_,‘_'l - 0348
L6579 1. 027
052710176
' 0.248 ‘.:'fiz"jo.Szil

oS 0. S0 0o 0 0.0 0 o oo o
!

0984 3 041l
0839 1 .0.706

0827.'3‘:. 0.811

0. 823‘3'1_ 098
'.0765u 10336
0707 17 0.336

o
N
\o
(o]

"_027

RIS 2’.“_"0673 P10
119573 0529

'8.385+10°
8267-10°
8.234-10

3

3

3
7.654-10°

-
3

7,066+ 10°

638910 )

6161410

248100 L
5 0705 " -
0471 1
o3
y ous3.. LT
::‘:0128 S R
o2
0097
> 0059
0047 1
Coor
0034 - L
2 0032

003
0027 1
'i_;oms

7
030
307

l 10307
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9.843-10% |-

_ _The warmest cables are at. the top of the

- listand the coldest cables are near the
9 P - bottom running to (NumNotHot-1) The hot -
59354107 -| =

.5787410°

cables are at NumNotHot through ~ -
(Data_size-1). (Mathcad numbers arrays T

oy beglnnlng W|th 0 in c style)
5.27310° |: » Lo T ST
2 'Warm cables wil always betakenoutof ~ . T
.. WarmArray from the top down. Cold . ' SR SR

cables will, always betaken outof Sl .
WarmArray from the bottom_‘up_ '“. LR e

Py
-
X3 B




- Add_Pointer =

e
3o

1 '0th column is pointer to' -
_ cable data. 1stcolumn - -

- isthe number ofcables' o

~in the group

-Hot_Pointer =3 | - -
o)

N2

" DOF y35=

1013 |in

'EA-ELEC-AMP-041 .
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B R ATTACHMENT31 o

The purpose of thls attachment is to prowde the methodology for S sk
determlmng the ampac1ty derating factor for condmts carrylng both power'{, SRR
and control cables |n a smgle condunt ' R

ot vl . : . H
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T Purpose T

e The purpose of thls sectton is to determme demtmg factors for condmts w1th muluple power. .;‘;' - L eEs

' _.and control cables ina smgle conduxt The conduit is assumed to have 1,2, 3,or4power . - ..
- cables: In addition, the conduit is assumed to contain control cables that generate neghglble

- heat, but wh.tch act as a “blanket around the power cables

B .Methodology

o The deraung calculatxon consxders both 3" and 5" trade sxze condmts contalmng three phase “

L circuits of single conductor, #2 AWG, 600 volt cables. The amipacity for.a single circuit with -

- no other cables in the condmt is 130 amperes accordmg to AIEE §-135-1 / IPCEA P-46-426.".

e _The conductor temperature of conduits containing 1, 2,3, and 4 circuits in'a 3" conduit and -

T 1,2, and 3 circuits in as" conduit plus sufflcxent 2 conductor #14 AWG control cables to fl.ll o
T 40% of the condmt cross secuonal area of 23" conduit are calculated using a Mathcad sheet. .~

S ‘The load current in the j power mbles is then ad)usted by hand to achieve the rated conductor e

o temperature of 90°C. The ampacity mulupher is then the ampacxty of the cables in the test
‘condult d1v1ded by the nommal ampacxty of 130 amperes s D

g { ‘The Mathcad sheet used for the calculattons isa modlﬁcatxon of the Mathmd sheet used for i B

‘the calculatron of the conductor temperature of cables in a conduit in free: air. The pnncrple S
e 'modrfrcauons is that the load currents of the power cables are muluphed bya factor F_, . A; P
B .Mathmd global define statement is used so that Frpres can be set near where the conductor T

~n temperature is d;splayed for convettience.

S Wrthm the Mathoad sheet, the cables in the condmt are dmded mto three groups The cables"_-"f B
- E -that are unloaded are consxdered cold” and are assumed to surround the other cables. The N
= : group of cables that § generates the maximum amount of heat per unit volume are the “hot g
RS '"_,'cables and are lomted 1in the’ center of all of the cables Cables that are nerther “hot”. or cold”";‘ =

N are. consxdered warm” mbles The “ warm cables are located between the cold” and “hot

B “_cables. (Bemuse of the nature of the test cases used in thxs calculatxon the data only contams S

“Z}"':“hot " and “cold" cable) -

- VThe condmt trade'Stze rs‘entered into the Mathcad sheet The msxde and outsxde dtameters of :
f;;_the condmt can then be determmed bya lookup table in the sheet The, conductor size, ..
o number of cables in the group, number of conductors in each cable, cable dtameter, cable »f

470 area, and load. current for the cable is read from a data file. The conductor resistance of the R

o various conductors are determmed from the conductor : s1ze using another 1001““? table: The o

<" sheet then calculates the heat generated by each cable group. Next, the sheet divides the heat i

n ) Agenerated by each cable group by thearea occupred by each’ cable group to give the heat ot

i mtenslty for the mble group In order to facrhtate later calculanons, an array, Hot Flag is set'. e
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- ‘up Each member of Hot Flag is set to O 1f the cable group generates no. heat (“cold”) 1 if the
. "_cable generates héat but does not have the greatest heat intensity of all the groups in the . L

- conduit (“warm”) and 2 if the cable group has the hrghest heat mtensrty in the conduxt

T " (“hot”)

L o each layer, the dtameter of the layer cin then be calculated.

o Usmg H°t Flag to Classlfy the cable groups, the sheet calculates the area occupred the Cold” L

;7 “warm”, and “hot” cables Since circular cables will have spaces between them when they are . :7:-' A
. bundled together, the area calculatxons assume that the cables are square to allow for this L
" additional area when'there is more than one cable in the group- Based on the area occupted by' SR

S "._fThe heat generated by the warm and “hot layers is then calculated. The heat mtensrty of S
" . " the two layersis then calculated using the areas of the layers Also, the total heat generated in, L TE
_ i the conduit is determined. All of the heat’ calculations are based on cable conductor _ " -
ce T temperatures of 90°C the rated operattng temperature of the cable conductors '

) ":‘__ :'-.:._.I»:;The surface temperature of the condutt can then be calmlated. The heat dtssrpated from the i
' .7 outer. surface by convection and radtatron is first written as a- function of the surface ST j;
.:"temperature These equattons can be solved 1terat1ve1y to find the surface 1 temperature at sl

- *‘which the total heat dtssrpated in the condmt equals the heat generated inside. The * L
S témperature drop through the condurt 1tself can be calculated based on the condurt bemg a
SRR ',,hollowcylmder S R g e e

- ;:_condxtton to account for the hollow core of th.ts layer

'.'The temperature drop through the air gap between the msrde surface of the condurt and the
. outer surface of the cable mass is then calculated using the semr-empmml formula given. by

S ’I'he temperature drop through the “warm” cable layer has two components The temperature"-" N

drop caused by the flow of heat from the “hot cables msrde is mlculated by treattng the "
" “warm” cables as a hollow cylmder ‘An add.ttronal temperature drop is caused by the heat R

3 Vgenerated wrthrn the warm” layer This temperature drop 1s mlculated by a formula srmtlar S

e “to’'that given in. Sectton 2-8 of Holman, except the ¢ equatton is frtted t0a dtfferent rmttal

e The temperature drop through the “hot layer is calculated usmg -Holman ’s Equatron 2-26 T

- : V’ 2 :The conductor temperature is then. the surface temperature of the condmt plus the sum of the R
L ftemperature drops descrrbed above T S Cd

L ' . ‘Neher and McGrath. The témperature drop through the cold” cables is calculated by treatxng o
B .Ar;:",the cold” layerasahollow cyhnder R e _4 S
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Resulis and Concluslons

The results of the cases exammed are as follows S

| Number of Conduxt_ Mathcad File . _Ampaaty
... | PowerCircuits .| Nominal Size |Namé . = | Multiplier

D 1T : 'plc4bs;n1cd : 0915_'-.

1 s |plesolmed . 0955

I3 |p2estsmed o688 |t
'- 5' | p2cOlmed 10722 o AT

I3 T |p3csosmed o |0584 .
5 - plc4olmed - [0615- -
3" § P4C40s.mcdi“t"::- ‘:0.519*'.'*1'

I B KV K N A

L Based on these results, the "‘mPaC“}’ multlpllers to be used in conduxt amPaqty Calculatmns': S
| are the followmg The ampacxty multlpher for 4 power cables wdl be apphed to condmts e
- thh more than 4 power cables because : A o RS

It is unhkely that all of the power cables in the condmt would be loaded to the lumtf o
. -of their -ampacity due to load drversxty and the selection of cables with ampaaty ' "
E lugher than the rated load current based on avaxlable cable sizes (granulanty)

|
|-
’ | 2 3 The results of the fu‘e stop tests mmed out in March 1997 mdtcated that race ways
' | .
|
|
|

w0 were relatxvely cool, mdxmtmg that the operating conditions encountered in normal."_ o

S B statxon operanon are less’ severe than mdrcated by the calculatxons ' " Y
BN R »‘The mcreased area occupxed by power cables w111 reduce the area avmlable for t.he

N blanket of control cables : SR ST L

' Number ' Ampaaty S e
‘ of Power Multiplier - "ol T

B E R FITS R

2 e L

G s

‘I 24 0 [52% o |l Dy T e e e e
+
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. . ) EIEY 3 . - RN B c . . - P
s . P . . . . . L. 2 .-
. . e L R R L . . B . -

Test Case Three Power Feeders |n Condurt. 40% Cold F'ﬂ—— p3c40s mcd

Conduxt Data RO

.Conduit dee sze 3 -in
Enter Cable Data S
2 9 l O 5 00 130 1

Cabledata
. 142820370000

‘ .v"“i Data size := rows(Cable data) Datn s1z==2 Nuniber ofcablegroups in'tt'le‘d-at;-j_
Detamdex 0,1. (Data sme-l) R P
M"‘"‘“mm'o"“m“"‘ ERR

Thefmal Res:sbwbes A ' ' : '
pm._ SOOKcmwau lnsulauon _pm-:too}(cmwau CahleMass(Stolpe)

Jacket = 500 K cm wm = Jacket p oond 2 08 K cm: wau Conduxt thermal conduemnty
AR P LT L (S&LStandardESA-ws)
. Amblent Temperature i .
Tambc 40K o "

Mlscellaneous Constams

Stefan-eonzmann Constant i
3 "0' 5669 10 wnum K'

"7 Holman, page 307

_ » m 033 Condultemtssmty 5
ConvemonfactorbetweendegreesCelsiusandKeMn
rmb rmhc*cmc Tm=31315K R T
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ICondu:t Data R : '
Inner and Outer Diametets Thermal Conducuvny and messxwty

’o.éfis 0493 _0.67_5
|05 0622 0840 - - e . . - SR
0.75:-0.824 1050 | Reference ANSI cso1 1966 eI e
| 1001049 1;;3-15_ " Note: The inside dlametets forconduxtsbuﬂtto ANSI . |
1.25 "1.380 1.660 |  C80.1-1983 and later are somewhat different. The 1966 -

"1's0 1610 1.900 | - - version of the standard was selected basedonthe ~
2V 1010 L : j,commencal operatmg date of Pahsades Stauon -

' Conduit_Sizes = | 2.00 2.067 2375 |in
o 2s0 2469 2878 L T
. ]3.00.3068 3500 - L Tai
e a0 ase w000 T o
e ST DR ~$.00'j571647 sse3 | oo il
e ,f dm hmap\Condmt szm Condun Slzes<‘_> Conduu 'I'radc szc)dm=3 oes-m

dm lmterp(Condmt Sizis™ Condmt sizes” Condmt Tradc 5m) dm=35°m
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Lookup Table for Conductor Resnstances at 90'C (See Sargent & Lundy Standard ESA-1 02)

Lo an

sie el R

[ Cosier |
TS . 6.6203"
41 C | o032 |
e ooss
8 | 7 . |ooms
S R 2 L, 07'10:3 |
e (0328 T
Je o e | eszs |
S e e T oons | N SR
| Tablesizéi=| 210 | - 'T&blé{aist? -0.01.01‘ lOanl R R e
S oelason| oot fooosaz | e o e e e T ,
SIS0 |000s0d | '
oo loocosss | .
000341 - T -
5 |ooosse |
- . 9-00275 o
. ogossr |
" |ooo1s7.| -
Tl oaes |
-':0:2”__‘;’

‘ Cable _size = Cable dma<°> N\nnba' cables . Cable_daa”! Nmnber conductors cam, >

:=c‘bl° dauf” Fcunem ‘“‘P L

Q“blebm _index .

‘ @xwmw (c“bl" d“om mdnx) N“mb“ Cablﬁm.m ' W‘M(Qdensuy)




EA-ELEC-AMP-OM‘
ATTACHMENT31

| PAGE 45OF

Ty < Qemsity | ||
Temp revctse:cson{augmem{lndex my,——-i-mlv—\,’l))'
\ AR Y T

H_@zpda:: T@b;o " Hot_index=0 -

o =0- 2
e S Qd“”“"'ﬂam Hom Owanft m' BRI
L Hot FlagH“ m 2 “Hot Flag now has values of' -

' - - .. 0forunioaded cables S

" 1 for "warm" cables - )
2 for the hottest cable i in the condurt

' Dlameters of Layers ‘
Dlameter of Hottest Cable . o
Nmnbercablumm 9
AR : Am Nlmbacablaﬂam(&ble dmﬂa @)"I Am=zzs-m
SR T Cable_diay, )
._ ",‘ Lo Aw 8“Nm cablamm( Y m)

dhoum c“"‘ d“‘ﬂa mdn

oS oo o
) ‘7 . E B . . . . B . . ' Ah“ R " 2y I . A . ,. ) - . ) . N . A

" Area: anddiameter of ‘\varm cable layer L
o (Data size--1) T R
A 2 xf[Hot nag,-n (Cable dm) Numba cablu Om ] m=0m R

Al

. ‘j.o. -
(Dms'” .) » Cabledm . L e
Z . H"t Flag-l ——z—' KNumber cablu Om ST

4 L R

Area and diameter of cold" cable layef |
I Co (Dﬂl Slze-l) L PR SR
A’ww' = 2 Lt{not ﬂagJ-O (Cable dm) Number cabla ,0-in } Awu=3 833-m o

R . 'lﬁ ,}'j»ao‘.‘ - . o . . .

(Data sxze- 1)

—— xN\nnbacablaj.Om B PSR aE




Heat generated by hot cables

R (Data sxze- 1) RIS :
Apower’ s Z o lloadj>°‘°m9 Nmnber cablu % (-—i—-—

. EA-ELEC-AMP-041
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. ",‘ z',
dcondl\\

-5”“‘5f”ﬂ(-“~z JERD WL EU T

(Dﬂ“m-l) RO Cablc;i.mtbz.:*" |
‘ Nmnbercablu 1:( “)

;j='='0' :

Cable. dmj)

V'Q“{ > power = -

Qhog Q%m. Qhot=l°531 wnuﬁ

Heat generated by 'warm cables

R A (Damsm AV R - - ‘ -
. men= Z ;f(Hot FIAgj-l_ Qcable .0 wanﬁ ) Q “=0-wanftl

- . .-

N -
: rL L
. . .
) - &
’ i~ . o

B iy B

EN L s

_ ATTACHMENT31

Apower =MT6Timd

ST A +Acnm-+Ammf [ "‘A oo At o Kt .
: l"lll;_u = M Fxll _power uT bnl.f Fill_cold u''= ——— Fill warm u = ———— - @ . "
R Aecnd e T Aend T T Acmd T 0T Acead T
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Co Caleutate the Surface Temperature of the Wrapped Assembly :
K Note In order to soive the energy balance equations, the equatxons for the heat .
’ 'dissipated by-the wrapped assembly will be written as functions of the surface
* temperature. The area of the wrapped conduit per unit Iength is equal to ’
. = times the drameter of the wrapped assembly i

Heat Dtssrpated by Radnanon

" Heat bissipeted by_cbrjvecﬁdh" )

Qc('l‘) lBZwanK m m

 Initial guess ter itera’thte‘ solution et_ the surface _t:em-peremre:,df-’me‘ wrapped conduit - -

T R0K

»Q W-Q E"E. -|’ + Q !;"“‘l“\‘ Heat drssrpated by radrahon and convectxon i :
' ( b _ c( g mustequal heat generated by cables ‘

Tm CtoK=5676l-I( °;: smacetempmmofme., .

. ~
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N ”Tgmpérgt‘zjge_bropﬁir‘oﬁgh‘me QOndx_:'iAti‘ E i ) 2 ’

AT cond = =P cond 18} === 'Qtotal - See Equation 2-8 of Holman - -

| ATm=0015.K ;

D et Tcmdo"ATcand SR AITIC N S
N .'"Tennd: =329 926 -K Temperature of the mslde wall of the conduit"v' ’ AT

. ?’rm CtoK=56776-K ©

]‘.:. : 'Temperature Drop through the Air Gap Ins:de the; Condurt R o
o Constants for Neher-McGrath Formula for Temperatm'e Drop in the CondmtAir Gap SN

-32Kftwan m

- "A; Wt . : - .- . N . R e .
AT oondg,ap B’ "dcold

Q mm See Equanon 41A of Neher-McG,ath SR

il Tm .Tm * 4T mgap Temperatum at theouts:de surfaceof‘tﬂecablemass
L T gy = HIISLK - ‘ |
lz.jd' : -cmx=ssmq< (°C)

Tempemmre drop through the cold“ cables B

. _'f_;’l-.-::f m‘n( co

: ATeozd ’Qmm : Al‘wu=10938 K
Teold -7, ’Arcold '.T;Q;ﬂswé-x "TeomemK.?‘7?;04§,-iéc§“:

~ e A
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 Temperaturs Rise through the hot cables

: ,'AT,mt =10, 997 -K

| EA-ELEC-AMP;041
. ATTACHMENT 31
%-}‘PAGE 49 o;: A

:_.,,:fl’emp‘.ém_twefdrop t.hrough t_ﬁe 'warm" caAb'le,s L o L_'-'; il

I T B L TN Ll

qdmwarm( hot) ln
2k 2 -

r“m "’-Twu+AT , .‘T‘M‘QQK.‘.?-??-O"*?'K"C{ R

e



,

R . LR ;
. " B |
<

e

~ . T I

N £ R

C Qw=lostwegt o TLETOEEL
5 Quabiegy (g 103 v TRPERTOEE

il wanmu=0" o

- EA-ELEC-AMP-041
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e augm 5 t(Inda : armay Ebl’cﬁ@ (0 29 1.05.0 130 1\
LT . ,Cable = - : - L
S 11428 2 037 0°0° 0

T Fill cold u=0407. i
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e Methodology for Determmlng

. . | the Conductor Tem peratu re
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- Purpose |

Calculohon EA ELEC AMP 041
Attachment34 . . - -
CPagezot2zs T

. The purpose of thrs section is to determme the conductor temperatures of cables in selected

- conduit routing points. The addmonal temperature rise due to mstallat10n in fire stops is
. .mcluded for those condults that are 1nstalled in f1re stops g '

: Meihodology

_The temperature of the conductors 1n the condult are calculated by a Mathcad scratch sheet.'

Informatlon on the condurt size and the type of fire stop is entered manually The requlred,l o

o 1nformat1on is then obtained from look-up tables within the sheet, (References 4-6).
Y Informatlon on the cables inside the condult such as the conductor size, number of -
“conductorsin the cable, number of cables iri the. group, cable diameter, and load current, is -

- read from an ‘extérnal data file, The contents of these data files are shown i in Attachment’ 34 of
* " this calculation. The conductor re51stance per unit length is obtalned from a look up table

:‘,basedontheconductor51ze ’ _1':;.. Coe T

T V\Wlthm the Mathcad sheet the cables in the condurt are drv1ded into three groups. The cables |

..~ that are unloaded are considered cold and are ‘assumed to surround the other cables. The Sy
. group’ of cables that generates the maximum arhount of heat per unit volume are thé “hot”

" cables.and are located in the center of all of the cables. Cables that are neither “hot” or cold” =

" are consrdered Warm cables The warm cables are located between the cold” and “hot - B

1’.-:"'cables T : SRR

: VThe condmt trade 51ze 1s entered mto the Mathcad sheet The msxde and outsxde drameters of

: jthe condult ¢an then be deternuned bya lookup table in'the sheet. The conductor si size, -

" number of cables in the group, number of conductors in eich cable, cable diameter, cable area o

""and load current for the cable is read from a'data file. The conductor resistance of the. varidus s

o conductors are determmed from the conductor size usmg another look: ‘up table. The'sheet

© -’ .then calculates the. heat generated by each cable group. Next, the.sheet divides the heat ~

PR ‘generated by each cable group by the area occupted by each cable group to nge the heat * a
“intensity for the cable group. In order to facilitate later calculatrons, an array, Hot : Flag is set - -

*up. Edch member of Hot_Flag is set to 0 if the cable ; group generates no heat (“cold”}, 1if the R

- ,Ef_"'cable generates heat but does not have the greatest heat intensity of all the groups in the
;. conduit (¢ warrn and 2if the cable group has the hlghest heat 1ntens1ty in the condurt
T («hot”\ . . ) ) .

: Usmg Hot Flag to cla551fy the cable groups, the sheet calculates the area occupled the cold”

warm and “hot cables Smce c1rcular cables wrll have spaces between them when they are .
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bundled together, the area calculatrons assume that the cables are square to allow for thrs 4
. additional area when there is more than one cable in the group Based on the area occupred by

' "each layer, the drameter of the layer can then be calculated

condrtlon to account for the hollow core. of thls layer

."'The conductor temperature exclusive of the addmonal heatlng assocxated with fire stops is '7:' Lo
L then: the surface t temperature of the conduit plus the sum of the temperature drops descnbed

i form Reference 12 o

-The heat generated by the ¢ warm” and “hot layers is then calculated The heat i 1ntensrty of .
it _"the two layers 1s then calculated using the areas of the layers Also, the total heat generated in -
" the condult is determined. All of the heat calculat1ons are based on cable conductor -
o temperatures of 90°C the rated operatmg temperature of the cable conductors

B »The surface temperature of the condurt can then be calculated ‘The heat dlssrpated from the : ER S
) ﬁouter surface by. convectron and radlatlon is first wrltten as a funct10n of the surface B e ‘ B

- tempeérature. These equatrons can be solved 1terat1vely to fmd the surface temperature at S e e
‘which the total heat dissipated in the conduit equals the heat generated inside. The -~~~ /=% i~ e¥
'temperature drop through the condurt 1tself can. be calculated based on the condurt bemg a .
hollow cyhnder s O ' : ‘ i

iThe temperature drop through the air gap between the 1nslde surface of the COl’ldUlt and the

‘outer surface of the cablé mass is then calculated using the semi-empirical formula given by ' o
- Neher'and McGrath The temperature drop through the cold cables is calculated by treatrng o
"“the cold layer asa hollow cyhnder b S

o 'The temperature drop through the ‘warm” cable layer has two, components The temperature R
L drop caused by the flow of heat from the “hot? cables inside 1s ‘calculated. by treatmg the - & -
" “warm” cables as a hollow cyhnder An addxtxonal temperature drop is caused by the heat = . . .-

.' generated within the warm” layer. This temperature drop is. calculated by a formula srrmlar

" to that grven in. Sectlon 2-8 of Holman, except the equatxon is ﬁtted toa drfferent 1n1t1al

The temperature drop through the “hot” layer 1s calculated usrng Holman s Equatlon 2 26

. above. Fromi.this the temperature tise of the conductor above the ambient t temperature is .o ‘
' .’calculated The addrtronal temperature rise due to  fire stops is mcluded by the use temperature'- L
multlphers that were obtained by testing in Reference 4 for those conduits that pass through N

“Kaowool fire stops. The correspondmg factors for concrete grout fire stops, ‘which are made’ - e
from materials with hrgher thermal conductrvrty and produce less temperature rise are taken T
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'Based on the results shown above, the conductor temperatures are below the conductor rated ST

. Page 40f23
Resultsand Concluswns ) L
The results of the cases exammed are as follows
Routing P.oint»--.' 'Conduit ; Fire St'.o'p_‘Type lConducto'r,.
.~ |NominalSize. |- - - = - | Temperature (°C
IX1514 . |3"RigidSweel |24 wall - - |8413 -
Colxaste | 3'RigidSwel | 24'wall | | 730

‘temperature of 90°C Therefore the performance of the cables at these routmg pomts is e

s satlsfactory
s References

: Holman ] P 1981 Heat Tmns,er Tokyo McGraw—Hlll Kogakusha, Ltd

A‘t Neher,] H and McGrath M H 1957 The Calculatron of the Temperature
~~ Riseand Load Capability of Cable Systems AIEE Transactzons on Power o
U Appamtus and Systems 76 (October 752 772 A - ~

- Insulated Power Cable Engmeers Assocratlon and Insulated Conductors ]

. Committee of the Power Division, AIEE 1962. AIEE Publication $-135-1 s

e jfj‘IPCEA Pubhcatlon P-46-426, Power CableAmpaatzes, Volume I—Copper _
Lo Conductors New York Amencan Instltute of Electncal Engmeers e

_Attachment 8 of Pahsades Englneermg Analy51s (EA‘ EA—ELEC-AMP-O41

‘fAmpacxty Evaluatlon for Continuously Energixed Power Cables Routed
through Flre Stops Rev 0 by R. Hernandez dated March 24 1997

-';i:'U S A Natronal Standards Instxtute 1966 Standard C80 1 “USA Standard
Specrficatlon for R1g1d Steel Condult ch Coated” New York U S A »; L
‘\Natronal Standards Insurute RS S g L

- Natlonal Electncal Manufacturers Assocxatlon (NEMA‘ 1983 “Amencan 5 o
' Natlonal Standard for Electncal Metalhc Tubmg— ch Coated New York: |




-, .'j; 10 .

. ,ji- 11

o __ AAmerlcan Natlonal Standards Instrtute (ANSP

'AAttachment 28 Appendlx A of Pahsades Engmeermg Analy51s (EA‘ EA-ELEC-
:AMP-041; “Cable Ampacity ] Evaluauon for Flrestop Penetratlons , Rev 0 by o
' R Hernandez dated March 24 1997 - _

Colculohon EA- ELEC AMP 041 '
Aﬁochment 34 s '
Page50f23 o

:‘-'.StOIPC ] Ampacmes for Cables in Randomly Fllled Trays 1EEE Transactzons - e |
L on PowerAppamtus and Systems PAS 90 (May / ]une 1971\ 962 974, o

i Hudson, R G 1961 77ae Eng meersManual New York ]ohn Wlley & Sons
e page 317 L : : ~

: .-Sargent & Lundy Standard ESA 102 “Electrrcal Engmeerlng Standard for ’ .' .
- Electrical and Phy51cal Characterlstlcs of Class B Electrrcal Cables ” Revrsed
| ‘__'Apnl 14, 1993 S T -

_Insulated Conductor Engmeers Assocratron (ICEA‘ 1986 NEMA WCSI / SR
.- ICEA P54-440, “Ampacities of Cables in Open Top Cable Trays Washmgton, S
" D. C Natronal Electrlcal Manufacturers Assoc1atlon L L L

Attachment 34 of thlS calculatlon (Cable data

i
-
4
=g
"




T Cable_data ;'_: READPRN(data_ﬁle) o

‘Page 6 of

- EA-ELEC "AMP-04"1',,

Attachment 34

Condu:t at Rouhng Ponnt X1 514 Passmg through a 24" Wall Flre Stop FZ-0588 -

Condurt Data -

~ Nominal suze— ngld steel '

Nominal size + 0.0002"— EMT
* Conduit:_ Trade_ Stze = 3 O m

""Enter Cable Data -

; -,.‘_-'.Data size : —rows(Cable data) . Data size = 7
‘Data mdex--O 1. (Data 3123’ l)

- ',Index arrame w.-Data mdex

e Thermal Resist)vrties

p msul 500 K cm watt Insulation

p ]acket 500 K cm watt Jacket

S » AAmbaent Temperature

TambC ‘40'K,7 °ng.'

o ""f""“MLsceIIaneous Constantw

c 566910 wattm K'

‘ Ftre StopCode T
R E;rer_Stop_Code.-_Z’

T 'f : Stefan-Boltzmann Constant

Holman page 307

L eoond 033 Condu:t emtssmty (NEMA WCS1 page 17) ;

Convers:on factor between degrees Celsaus and Kelvin

CtoK 27315K
Tamb TambC+Ct°K

'Tén;‘:)=3'13.'15‘g1"<'1__.“- Lo

Number of cable groups in'the data. " - - -

 Pmass’ 4oo K om: wan‘ 1¢ Cable Mass (Stolpe)

p cond 2 08 K cm: watt Condurt thermal conducnwty

" " Fire Stop Codes
0— Free air
A—12" wall

- 2— 24" wall -
3— 12" ﬂoor

(Hudson page 317)
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: -: Condurt Data E
lnner and Outer Dlameters

0375 0493 0675] . R N
©]03752,0498 0377\ "-References ANSI c8o.1- 1966&C80 3-1983
-1 05-:0622 0840 - R
A IR o "0;570’0'2: 0622 '0.706 : Note The mSlde dlameters for ngld steel condunts bunlt' ' 5
e Lars s oso | ‘.?hﬁ'ﬁ'egigrl.l: ot :Zf:?feﬂﬁﬁii';ﬁ«a SR
L : -0 (07502 0824 0.922 ) on the commencal operatmg date of Pallsades Stanon"f LT
e e 100 1049 1318 | = R
T 2710002 1049 TE3 |
C s Al ) 1as 13801660 s L
Torasoz 1380 10
1,501,610+ 1.900

SLoota 15002 1.610 ,1740 ol

A.',.I:A_-QOJFree‘ a_lr
L 100 (127 wall e . S , -
.- FS_ Tefip_Factor := 1,064 [24" wall (Calculahon EA-ELEC-AMP-041 Anachment 28, Appendle o
Sl A e o ’_12_ﬂ forconcrete grout fire st0p8) Do T oI e -
1. _24"ﬂoor "" - '
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Lookup Table for Conductor Resnstances at 90°C (See Sargent & Lundy Standard ESA—1 02)

| e . Joolel
2 | 0.0203
a0 T 00324
le [ o0 oosis
8 | 7 oosis

o | . . {003
10 T easo |
Jae| T e fesas | e
e Loses |
R (1 B 00128-'} PRI e e
" Tablesize :=| 210 |~ Table_resist:2| 00101 [1o02qat T L s L L
amome o fasen ot Th feoosaz | e UL T e e T
30 e 000389 | e
00 e 01063417,’ e
500 [+ i 000278
cle00 | T Toozst [ T
Claso bl e 000187":-'.: 5 UL
UL e T T e | e e T
1925 0217

e cable size Cable dm<0> Number cablw < Cable_dats thbéfjeohqqu;é e
[

Cable dm .-Cable dataQ>

E-NumbercablamumNtnnber conductorsomm(lload ‘ )gﬁl I T
s J—ﬂ hntexp(Table sxzc Table resxst Cable smeDm du)
nn' s T

AR S QcableDm o |
_ Qdenmtym mda (

o P i)

© Hot FlagD s, m “(Q densxtym ;d“>0 ﬁatt £l o)




o Temp = reverse

" Hot_index = Temp, B Hot_index =4

' -'Dilarhet,ers‘:of Layers.

dhot '“(N“mb“—cabl“ﬂu_mda>lz < dhottw

- EA- ELEC AMP—O41
" Attachment 34 -
,_Page 9of

s - \ [
Index may’_M)' )
oL wattftin U

csort (augment

- Q densltygo‘ m& - Hot;est =0 w‘att !

| ,Hot_Fla%. RORLY2 Hot Flag now has values of:

. 0 for unloaded cables
.1 for "warm" cables ,
-2 for the hottest cable |n the condu:t

- Diameter of Hottest Cablé
Number cablesH o index —3

: _Ahot -Number cablesHm M(Cable dmﬂtmd ) | Aho't‘o 529 \in®

- " .. [Cable di 2
Ahotf xNumber cabl%w(éfg) -

L dhm:-Caéle dmﬁa M : dhottest=042m 7 .

Ah~ .

dhot—o 821 il

Area and diameter of "warm cable Iayer
§ (Data size-1)° :

] =0..

- Cablc dia,
Hot Flag :l J

warmf ':-5 e ¥ 4 Number cablm 0 m

=167

.Area and qlameter of cold' cable Iayer

cold- Z : |{Hot-Fla8=0 (Cable dxa) Number cabm o in ] e g
'-.'=.0 R : R . -
" (Data_size - 1)

| Cable dxa GRS A
Hot Flag ==0 ¥ 2 Number cablw. O m

C o ..' Jzo,

w i

u{Hot Flag=l (Cable_di%)?'Nu:ﬁbgér;cabl,aj,().-ihz]' Ay = 168247 1
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: d 2.
A  condi) o ‘
o fond " 2 Acond 7393m

(Data snze— 1) s .‘ N

Number cablw 2.3 . eable = 2:6'64;&2 ‘

. Cable dmJ
cable' 4

S _ (Data size < 1) L ‘ o
e e Cable dl& 2|
L Apower: . Z : Iload>o amp Number cables P 3 (" § 0 -in Apowef —l 736°1n

T Aot Al A A"‘ G A A
qu_ hotf coldf mexll_poweru* htf]:m ldu coldf‘ warmf

Acond S TR _Ac‘?_nd PR Acond : .}_\wnd

:"Heat generated by hot cables

—327°wattﬁl RIS
Qhot Qcablemm _ Qhot | SRR I

Heatgenerated by "warm cables ~,;‘7:~.’> SR . ST 0 R S
- (Datasnze—l) e L oL el
o Z u‘(Hot Flagal Qcable ,O wattﬁ )

me-5327-wauﬁ‘

S R




EA-ELEC- AMP-041
Attachment 34 R

Calculate the Surface Temperature of the Wrapped Assembly
Note: In‘order to solve the energy balance equations, the equations for the heat
‘ dissipated by the wrapped assembly will be wntten as functlons of the
surface -~ . -
temperature The area of the wrapped conduut per unrt length is equal to
x times the dlameter of the wrapped assembly ’

Heat Dls5|pated by Radlahon j ,
Q r(T) o dwndo mdc (T‘ T ) " (Holman, Equation 8.43a)
Heat Dissipated by Conyecﬁcn L

’ Tv'r
m4ﬂ(__a_m;b) condo (T Tamb)

Q (T).-132wattK m
) g d condo

(Holman Table 7-2 and Equat:on 1. 8) _ SR

" -Initial guiess for iterative solution of the surface temperature of the wrapped conduit " .

. Tm=330K B N SR LT N A
:Given“ l-"' - -/_;"

- f{:;ngml-Q ( )+Q ( gum) Heat dlSSlpated by radiatlon and convection LT
s S - must equal heatgenerated by cables

Surface temperature of the
condu:t : s




 EA-ELEC-AMP-041
- Attachment 34 =
Page 1__2_of

- Temperatur'e Drop mreugh the éendl.ritf

R d e T
PR AT cond :-_1_ pcondln °°nd° Qtotal See Equatron 2:8 of Holman -
“2x d‘mdl N N C
| ‘ATcdnd;—o.o_'lz'{x"' o
S S condx =T ndo"'ATcond B RO
: w-»."i-" . ; }Tcondl 327 295 -K Temperature ofthe rnsrdewall ofthe condurt .
‘ N j;. "Toondr CtoK 54145-K °C ' '
Temperature Drop through the Alr Gap Insrde the Condurt
Constants for Neher—McGrath Formula for Temperature Drop in the Condurt Arr Gap
S A'f-321<ﬁwan o (Neher-McGrath Table vu)
".‘-t-"; : ' ” B 0 19~tn » »1:: ‘,: o e i

i . N N '_: R T .

"'i"""::.T. '-:"T condl*' AT oondgap Temperature atthe outslde surface of the cable mass it Tl
T 4 -339424.1( SRR SR i
T masg- CtoK = 66274 K (°C)

o Temperature drop through the cold" cables

d. S
oold . .
. ) . A?_cold =3-842 X,

;A?.ool'd =Qtotal u' ln

cold Tmm+ AT wld Twld =343 266 KT cold_ CtoK =70, 116-KC

‘1
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Tehpéfatufé drop'mrough'm‘ei"‘w_a‘rrh" i:able_;s L B
Kmasg =—— . . -
* 'Pmass

: ; ATwarm"Qhot 2: ln

R . d.. 2 d 2 . R
Lo ;-'qdot' - (> warm)  (~hot Sl Ty T
dw’arm)*_’ wamm 2._.:‘) \ 2 /| qdotwam (dhot)"m(dwarm
dpot Akmasg - kg 12 /| dpo

» o (Based on Holman sechon 2 8 solved for a dlfferent set of . ‘
warm"7 942 'K S0 initial condmons) : S

v AN T B S s .. T N
' BT L . - .. . . L. N
L Coh s . L S

AT

_Twaxm:'.Toold*'ATwann T A—CtoK 78058K°C

eI

ey | " Temperature Rise through &g_ﬁbt’cableé ST

‘yﬂam -] Holman, Equation 226 -

":;AThot
“.--"VAT h°t—3415.K

"y\‘- R

s;op Cods (T cai;lé "Tamb)

Tm- Cuoke - 84127temperamre T
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= cmmj@asm =3+in : T éonduétof; CfoK =84 1‘2‘7:»-temperatu.re‘: °C. .
,12 .
4
14
14

. 0.52 0.005 13 ] “Column 0— Row number . . ¥ i

037 0003 0 | Column1—Cablesize .°~ ..~ -
o :" o | Column2— Number of cables

.0.42 - 0.003 O :

RN B Column3—Numberof

0.48 0-003' 0.1 conductors

10.42. 0033 58 Cdumn4—-CaMedmmemr7

08470013 28| ColumnS—Notused | - .°

084 0.0ii_i_' 3 AC:‘qlglrn:nS—Lo'Aag_,cgr‘rer.\t»}. e

augfnegt( Indexéafréy ,C abié_ci;f,;) =

B Y S S A T
,_. — uu ‘N:'-"""_‘_‘ ,
S L " I S S T I

Qtomi=8596~wanﬁ‘ ol Filles 036 |
S e SRR 'Fxll_powet u=0056
- =327-wattﬁ S - S R
o .',AQ_c_abeot_indu s e T cEOT L el

: L R _ Fill warm u=0 179 T T TR
o Fill_cold u=0125" S PSR
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-' Condurt at Routmg Pomt X1516 Passmg through Fire Stop FZ-0588 . o o .
,COndult Data . . -- ) Fire Stop Code : g_ir_e:t::;‘eees h L . T \
-~ Nominal size— Rigid steel - .= L, . Leean. AT
. Nominal size + 0.0002"— EMT" ‘ F“?—StQP—CQde,' 1= 127 wall
2— 24" wall

;.Condmt Trade_ Slze\-30m ; -'_ s S t2feor
- :_EnterCabIeData R T '7__:"‘_',4—24"ﬂoor -

" Cable_data ‘=READPRN(data_file)

- Data size :’rowlivs'(Ca‘ble 'detd) Data size = =6 Number et“éaele'greugas_‘ih the data ) /‘f-vff, T

" . Data_ mdex =0,1. (Data size - 1)

B ‘i'“:';Thermal Reststmﬁes

f‘-_'i" Ambient Temperature

" Index .

Pmsul sooxcmwan Insulahon - pmml 400 Kcm watt Cable Mass (Stolpe)

p jacket 500 K cm: watt Jacket p cond 2 08 K cm- watt Condutt thermal conducnvﬂy
S R (Hudson page 317)

T ambc : 40'K hec L o

ES

" Mlscellaneous Constants

Stefan-Boltzmarn Constant | oc s
525,669 10“wan Ic‘ ,i _;..'.°;'Holmén,'pag'e'3o7'

o emd.-oss f_; Conduntemlssmty(NEMAWC51 pagemﬁ,fj;:'

Conversson factor between degrees Celsuus and Kelvm
ClKE2BASK T o e
Tamb 'I'ambc«r-CtoK Ty IISK
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’ ConduttData S s
' Inner and Outer Dlameters ,

{0375 0493 0675] ° . | S
03752 0493 0577 . ° References ANSI cso1 1966&C80 3-1983
105 062270840 |. i
L o 0.5002 0.622 0.706 | - Note The |nStdedtametersfor ngld steel condunsbuut
R o T Cnme na “ to ANSI C80.1-1983 and later are somewhat different.
- e -0.75: 0.824 .1.050 |. ‘
S L 0 > L .So - The 1966 version of the standard was selected- ‘based
~ 7+ 07502 0.824.0922| ° onthe commencal operatmg date of Pallsades Station-
Co T 100 1049 1315 ) , e
e 10002 1.049 1163
e o0 1 12s 1380 1660
e 7712502 1380 1510
SRR I X B 1610_"1.900

- A 10021610 1740 | L o T T e
<o e T 117200 _2067 2375 |- .7 o ) o L Ll e

f20002 2067 2197 |0 T ST T

lase 2ae92sms|s o Lo T e e
- |2s5002 2731 2875 -

- | 300 3068 3500
"% |3.0002 -3356'.3_.500 e T e
- 35002 3.834' 4000 | el el

1| 400° 4026 4.500°|
i |a0002 43344500 F L D T .

5000 s0a7 sse3 | L el Ao

._dcondl lmterp(Condmt s.zee c«mm Smee Condmt Trade Sm) i‘_’- dmd, 3068-m"’:':

s l.dcondo hntel'p(Condmt Sm Condmt Snzm Condmt Trade sze) _ dcomdo=3 S'm :._ E

T 1°°,‘ Free air |
Ll T e T e | 12 wall S
. “ . FS_Temp_Factor:=|132 | 24"Wall. (calculation EA-ELEC-AMP-041, Attachment 8)

o
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Lookup Table for Conductor Rescstances at 90°C (See Sargent & Lundy Standard ESA-1 02). _ : _'
- O 00161’ ‘ g a
2 |0 . | 00203

4 S 00324 -
6| foosiz|
8 | | 0.0818
9 0.103 |
oo a3
a2l lea0s |
T R T " 0.328
Como | e fooemzs | T T T e e
7. Table_size :={ 210, | .. Table_resist:=| G.0101 [102QRL . o R e T
ST 00 |0 T T ooy s s e T T
‘ R Lo DR " |o003ss | IO
R e S e | T e
Szl T e [ e e e
s ~_.‘~0-2'n-2; R

=
S !

Cable sxze Cable dam“’ Number cabla =Cable_data™' Number_conductors =Cable_data™®

Cable dm Cable dm<‘> Iload Cabledm amp R

Q ' e ey Y
e @”Dmm (Cable d%m m) ‘Number cabl&om mm" Hm'm(Qdensuy)

B Hot Fl"gnm mda “(Qdmwm; ' >°Wm ﬁ' in"?2 g 0) o
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L Qe
Temp :=_rever'se(esort(apgmem Index_array, _M_ )’1 .

_Het_lilidex':: Temp, o ' Hot mdex 4 ; -

Q densltyH“ dex - Hottcst 0 'Wan ﬁ m

| " Hot Flag .. =2 - Hot Flag now hes values of

. ‘1:_',: ; =0

: Awarmf o

Awann dhot Sem e T T

g 2+ [Cable_dia\? - FT N
: A°°ldf: ‘Z - n{Hot Flag (_2_) ‘Number cablee. 0 m

e R e

0 for unloaded cables e
: " 1 for "warm" cables
Dlameters of Layers - 2for the hottest cable in the condurt

DlameterofHottest Cable . cen L : -
- Number cabl% m—} T e

2 . .
Ahot.-Number cablmHm m (Cable dmﬂm m) | Ahot"o 529 'm

: ' C Cable_di e "
Ahotf xNumber cabl%m(—_—;ﬂd—) fA

dhot nr(Number cabl% mdu>1 2 ’ . dhotmt) dhet:—.'ofsz-l'_m-"f};:f.' BT '

'~ Area and diameter of 'wann cable layer: - T
. (Data size- 1) R T T Sl
S Z L 4Hot Flag=l (Cable dm) Number cablw Om] Ay =0.503+n> R

(D"" size - DL e dig\? ol e
_' Hot Flag:l xNumber cablw 0 m el

o

t‘ _‘l-r»" ! 2 N ‘.‘ .

Area and dlameter of cold" cable Iayer o

Acod’= i B s _n.f[Hot Flag=0 (Cable dx&) Number cables, Om] eo1d=1 124-m
"-’s"‘jl=0-'~.‘ C LA ; : R

- (Data_size - 1)

=00

t. S 2 .
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- A ,_- " dwﬁdiz.' ,
L Teend PRI A cond = 73931n :
| L (Das m'l) S éable da\2 - :
A ible = i Z " Number_ cables x( 4 'cébl_e ='l.694°i§? )

. j.=0

e o (D““’m'l) L e s ]
oLk X 2 . .
L R AROWCT-:'-, Z N Il°a¢>0ampNumber cabl&x(—z——) Om Apower 08111n
SEEIEEERES . T h°‘f{ ldf menll_poweru—. Wm ldu.- °°'df1=1nwmnu.- wermf

' ,;Heatgenerated by hot cables R N

Qm.:;‘_Qcmé" Qhot-z 73-wau ﬁ‘ :

| Heatgenerated by "warm cables R 1_. SR e L
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DI Calculate the Surface Temperature of the Wrapped Assembly , - = :
- Note: In order to solve the energy balance equations, the equations for the heat
' dissipated by the wrapped assembly will be wntten as functions of the
surface ) :
-~ temperature. The area of the wrapped condurt per umt Iength is equal to
- x times the diameter of the wrapped assembly

: " Heat Dlssrpated by Radiation =
B } : "j Qx(T) "‘dcondoecond" (T‘ T b)' (Holr_nan',' Eguaﬁen 8-43a) A
Heat DiSsipated by Conye'cﬁen '
. - . ] -1 Ty 4 . ’ . [
e TR T [T T e o
QM =132 watiK fm lm: (d—ﬂ) %4 ondo (T T amb)
~ . (Holman, Table 7-2 and Equation 1-8) - -

)

: | Tgum‘_:=.330-.K, R

’ Q totale r(T M)* Q c(Tm) Heat dlssmated by radlahon and convechon -
I L S : must equal heat generated by cables

,;'; ':‘" :";J'rcondo'-"321 396 K

| Q ol " =4 553 it n'
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Initial guess for terative solution of the surface temperature of the wrapped condurt L L

.-yT condo‘-ch ’4- 48 246 -K"C ‘ Surface temperature of the -
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B Temperatur_e' Drop through the Conduit ‘. T
U (doondo
AT cond -2— P cong' 18

T Q total See Equatlon 2- 8 of Holman -

cond1
a0
'"Tcondl Tcondo*‘ATcond g

o0 T condl = 321 402 ~K Temperature of the msrde wall of the' condurt
T condi ™ CtoK =48 252 K°C -

‘ Temperature Drop through the Arr Gap Insade the Condurt _ :
Constants for Neher—McGrath Formula for Temperature Drop in the Condurt Alr Gap

= 3 2 K . -watt in - (Neher-McGrath Table vu)

o.wm L

; L A‘A;,
VAT°°““8"P Brd

Q total See Equatron 41A of Neher-McGrath '

oold

L,.-‘l

-.T - _;- T m+ AT oondgap Temperature at the outsrde surface of the cable mass o

T aeg=329.291 K e
T mase '-CtoK=56l4l°K (°C) B

Temperature drop through the cold" cables ,' B
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" Temperature drop through the "warm" cables
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Pmass dwax'm
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U de |- qdot g ( warm| [Chot} |- o .
d'Warm)*_', warml || 75 T\ T | adotyery (dhot) n

| | dhot

ln ° Y . N . .
| dpor 4Kpass . 2K\ 2

\_yarm Q hot

wm 2471~K : A B |nmal condmons)

T —CtoK 62.115°K°C -

e 'i'efhperam'ré Ris_a'""OUQh.ﬂie h°t‘¢_"'b'-°s¥: -

: AT hot-z 851 K _ ‘f o

. ' Tcable : T m+ AThOt ‘ Tcable_ CmK=64966 ’K °C, " -

(dhot)u“ o A
Qd‘“"'ymm "2/ - Holman, Equ'aﬁbnvz-z'e;-" e
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(Based on Holman sechon 2—8 solved for a dlfferent set of
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 Conduit_Trade Size =3+ .. Twnducw,- CtoK =72.955+ temperature °C.

12:2 3052 -“_d.ods 0] Column O— Row nimber
14.. 0.42 - 0.003 0 Column 1— Cable size
14 5
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e - Column 2— Number of cabtes'.-._ .
0.42 0'003‘ . | Column 3— Number of
0.48. 0.003 conductors- . B
“042 0.033 :53| Columnd4— Cable dlameter
: o | Column 5— Not used g CEL
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