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the significance of factors A'
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for same.

Pages 8,9 Revised Tabias A and B because

of changes made to factors A°
and B'.

Attachment Bl, pg 2 Revised “CABLE" wmetrix to
clarify accuracy of hdc2s.

Attachmsent Bl, pp 9,13,14 Revised factors A' and B', and
related matrices.

Attachmeant B2, pp 1,2,3,5, Revised matrices dapendant upon
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Rev 2.

Changed titles of attachments
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Modified text to agresa with new
attachment, re-numbering of
attachment, Discussion added to
cover calculation of ampacities
based on 3, 4 and 5 inch
conduits. Approach to account
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operation. Statement of
"prelimary issue™ deleted,
since referanced docunent nas
been issued.




Q'&A

CPSES UNIT 1 16345-EE(B)-140, Rav 2 age leof i
“Ampacity of Power Cable Wrup, W/Thermolag lusd. as Free Ar Dp*

Page 9-12

Attachment A

Attachment

Attachment

Attachnent
Attachment

Attachment

Attachment

Attachuent

Attachment

Attachment

Attachment

Attachaent

bl,
Bl,

Bl,
Bl,
Bl,

Bl,
B2

B3

g 32

a8 & % 3

Table A, B and text revised to
reflect new results., Takle C
added to convey results in an
alternate fashion for use by
construction.

Heading revised for clarity
Haading revised for clarity

Revised approach to calculate

numbar of cables in conduit to
reflect approach in NEC and to
calculate numner of cables in

3,4 and 5 inch conduits.

Text addsd for clarity.

A\

New results. [

Revised to reflect results of
Attachment ¥
Results changed. ?""""“‘ A
Completaly revised tio

taken from Rev 1, Atta ant

Bl. No change in methodology
except to include thermal
resistance of jacket in
computation. Results have
changed.

Previously called Attachment B2
in Rev 1 . New results. Table
headings revised for clarity.

Revised heading and text for
clarity.

Revised heading for clarity.
- \Culare

Added to Galuiate

diversity factors.

ampacity



CPSES UNIT 1 16345-EE(B)-140, Rev 4 Page 1f of 18
*Ampacity of Power Cable Wrap. W/Thermolag inst. as Free A Dp”

This page has been deleted.



QO @ e e e s e oW

S o & 3o ne e w =

.o,..o..u.,u‘a-u-uuv""uun"-h..u
w.uu,OQ.i.ubvh_O‘-q.‘D‘~_'

»
L

AN

STONE & WEBSTER ENGINEERING CORPORATION
CALCULATION SHEET

CALCULATION IDEMTIFICATION NUMBER

AT

J.0.0R W.0.NO.

DIVISION & GROUP
N

EELR.

-Jule 2.A
3. 4 ,ZJ,
i 12/ 1% -y

Ll ﬂ‘d 2 it;u 'O';f
bR ded CaMpedn o Key? ¢ hane s

Added new v£¢u¢&~ ';Ad'm.&“

edv."'mld
Todox chargos

)‘Nc(kJL M 47143, ’;-/‘, H’
Which o aerel bECawia Tharmeles
Prodiet thiek s Chbuged |

dote  rodhetHaikues for
olMH-v.’

R fll  Yeviewsr K803 hdashadis,
e :

Moo arhtemiet weo Oalludate
R Giwple. hits TAGEY OM (hasac

InG (ke et Phog ks

e ALt Oebmturt Jo_a;l
e LA s L "ML ‘n

i
Nes: (haer Arom TSI ;“aauna,,-»»-

ML i OVEAgE THrE e
or 2

CALCULATION NO. [OPTIONAL TASK CODE uc!L@.

| 4o X ¥ ke %




CPSES UNIT 1 16345-EE(B)-140, Rev 4 Page 1h of 18
*Ampaaity of Power Cable Wrap. W/Thermolag Inst. as Free Air Dp’

This page has been deleted.



,.@Lé!vglgk
CPYES UNIT ] 1634S-EE(8)- 144 REV2 Page 2o &
Mnmu:yd?hurdﬂ*%ﬂqpaVﬂan&'butaF%vAvop'

QUTLINE
PAGE NO.
TITLE PAGE 1, t»
INDEX SuLkr - la
ra Gy 1l rn Al A

SUMMARY OF CHANGES

1d,li,la AL

OUTLINE 2&1&0 ZS)
OBJTECTIVE OF CALCULATION 3
METHODOLOGY 3«5
ASSUMPTIONE 5.m@2§<§§
SOURCES OF DATA/REFERENCES 7,8
CONCLUSIONS 9 - @IRA A\
APTACHENENT A “Cable Parameters” 9 pages
NEYACKMENT 3L "Interim Calculation of
Cable Ampacity of Thermoclagged Cable in Fres
Aly: Template 1* 9 pages

ATTACTHMENT 02 "Cable Ampacity of
Thermolagged Cable in Free Alr: Templata 2 12 pages
ATTACEMENT B3 "Ampacity Comparison Betvsan
Free Alr Thermolagged Cables and Cables
in Thermelagg«wd Raceways 17 pages
ATTACEMENT C “"Cable Bundle Multiplying
Factors 2 pages
ATTACEMENT D "Thermo-Lag 230~660 Emissivity

and Thermal Conductivity" 2 pages
ATTACHEMENT E “Manual Confirmation of Cale~

ulatioisby Rgliewcr" 14 pages

v ) 4
ATTACEMENT ¥ "Development of “Ampacity
Diversity Factors

2 pages




CPSES UNTT | 16M5-EE(R)-140, REV 3 Page 24 04 '3 4\
‘Anpdlyd?mCathnp.wnumdqlmumuw

ATTACHMENT G1 Interim Calculation of cable
ampacity of Thermclagged cable
in Free Air Template 1-Modified
for & cables Total pg= 9

ATTACHMENT G2 Cable ampacity of thermolagged
cable~ 3/8 inch product in Fres
Alr: template 2

Total pyg= 14
ATTACHMENT G) Ampacity Comparison Between
Free Air Thermolagged cahles
13/! inch product) and Cable

n Thermolagged Raceway Total pg= 17

ATTACHMENT H Compariuon of Ampacities for S5/16"
vs 3/8 * Thermolag product
Total pg~ S

ATTTACEMENT I Latter from TSI 11/17/89
Total pg= |

ATTALHMENT BRA, Cable ampoaciiyv ot Thermolanged
cable 1 Sree ait (for taree
lawyers sf TN -?,f‘"\o\cug wa Buadleg
less than three aches)
Total py= M

AT‘ ACLHME NT 8%3 (.,Of'\Pdrf: $ON be./*wi’.e'l\ 'gf‘cb G‘\(‘

Thermo \agged 00-\0\94 (for Yhwree
losers of Theemolan on buadleg

legt +hoa Yhree \\'\L-“@S\) and
Cas\e g o T\e.rmo\ag}rﬁcd

Cal? Wity Totu! pox (8




P |
w W b &

cabl N
cableg

The ampacit ¢ cabl \ r when wrappec

” ' E Y @ . % FaamMmiemn A€
Thermolag ) Amxtar‘,a§g‘on as
cables . : &n ;§§fe‘§r.
Thermolag A8\ : R : < {6, and )

now Tharmol ied tn ! free a

Wrap wi. 10t be an - th the ?apxe.

. \ -
tall

: S
n onduit An air ¢ ! e

43

insulation
nd between the
uyations from

paper) and

rence

RS

nce £ |\ A Y pape (el TV AVel

Y \C axliad
trans




CPSES UNIT ( 16343-EE(B)-140, Rev 4 Page dof 18
"Ampacity of Power Cable Wean W/Thermoiag Inst. as Free Air Dp°

outlined in Reference 3. Due to memory limitations this lﬁ&
MathCAD template is sub-divided, with the results of

ampacity caiculation sa/ed on a computer file in ASCII

é§§mat and transferred to template Attachwments B?, !ﬂ!ﬂ@}

The ralationship between the bundle diameter for the

cables and the diameter of the individual cables is used

in caleculating therral resistance between cable wrap and

air. This relationship is defined on template A
Attachment C and the results saved on a computer file in

ASCII format and transferred into template Attachnments

Bl and Gl.

The properties of Thermolag 230-660 are taken from
Attachment D. Since the product requires two layers
wrapped longitudinally, and eazh layer nust overlap 2 to
4 inches, the total applied thickness will be taken as 4
times the product maximum thickness., For attachments
Gl, G2 and G product thickness data will be taken from
Attachment I.

&>

some load diversity is considered for cable bundles

greater than 3 cablies, see Assumption No. 5., Diversity A&}
factors are developed and documented in MathCAD template

(%fiffggent F and used in MathCAD template Attachments Bl
nd G

The basic approach is to consider that cables 1 and 2
produce heat on the basis of 1.25 times full load 4
current and subseguent cables produce heat on the basis
of 1.0 times full load current. A diversity factor is
arrived by dividing this effective heat production with
that based on al!l cables producing heat at 1.25 times
full load current. The diversity factor is used in
MathCAD template Attachment Bl. The actual number of
conductors in the bundle are multiplied »y this

diversity factor §0)generate an effective number of
conducters for uso\i\ the thermal resistance
calculations. Z§>

calculated in MathCAD tempiate Attachments B2, @n

it is compared against the ampacities for cables in a
Thermeciagged trays-Maintained Space, b) Thermolagged
trays-Random Space, ¢) Thermclagged Condult-Box and 4)
Thermclagged Conduit-Zhell. These ampacities will be
taken from DBD~EE-52, Rev.3.

once the ampacity for various numbers of cable nfé veen

Thas maximum number of cables in a free air drop which
can be contained under the wrap without exceeding the
ampacity of the adjoining sections of thermolagged
raceway will be clearly shown on MathCAD template

Attachments B3, €43 °N fé
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Azccuracy of file transfer between each MathCAD template
will be verified by printing the files from templates
and comparing results. Computational accuracy of
MathCAD will be verified by having the Reviewer rerform
a manual checlt of a portiun of the complete calculation,
selected at random using source data ue input. This
manual check is included in this calculation as
Attachment E. 423

Attachments A, Rl, B2, B3, C, F'W‘u
the print outputs of MathCAD, describe Yy Refevehce 19.
Attachments Bl, B2, and B2 cover calculations for

Thermolag product thickness of $/16 inch, Attachments
Gl, G2, and G3 cover product thickness of 3/8 inch.

Ampacity results in Attachment G2 were rounded to whole
integers befsre ampacity comparison. This was not done
in atcachment B2. Ampacity comparison logic in
Attachment G) uses less than or equal to instead cf less
than from Attachment Bl.

Attachment DB2 uses the PRN file from Bl t- calculate
ampacity for free air drops. It adds an c.tra layer of
Thermolag for cable bundles less than three inches in
diameter, per CPSES-M-2032 Rev. 0 and DCA 95794 Rev. &.
Attachment BB) uses the ampacity from Attachment BB2 and
compares it to tray and conduit Ampacity.

In Attachment EB3 Thermolag tray ampacities are based on
a 40% derating factor instead of BIE as was done in
Attachments B3 and G3. Impacts on power carle size of
40% vs. 31% tray Thermolag derating factor is documented
in Cale 2-EE-0033.,#

Thermclag conduit ampacities in Attachment BEJ are
identicol to those us 2 1n B3 and G3. This is because
it covers 3 inch and .arger size conduits. The
thermolag conduit ampacity for 2 inch and smaller size
has been changad( see calc. EE-CA-0000-3250).

ASSUMPTIONS

Trays and/or conduits are thermoclagged on one or both
sides. Conduits could be boxed or shell design.

Cable bundle sizes will vary, but never b2z larger than
the number of cables that would fit in a 6 in. conduift.

* Confimation Required
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An air gap is assumed betwemen the wrap and the cable
because the wrap is not flexible.

For maximum thickness of groduct. 4 "layerss" of wrap are
assunmed. The wrap is applied lougitudinally (eg.. cigar
wrap, with a 2 to 4 inch overlap for each layer). Two
layers are applied, but conservatively most sections
will have 4 Yayors because of the overlap. Also product
thickness of 5/16 and 3/3 in. wil) be considered
separataly.

Load diversity is considered for cable burdles
containing more than 2 cables on the basis that third
and higher number cables in the bundle carry oenly 1.0
times gull load current at the same time as cables 1 and
2 carry 1.25 times full load. This is a reasonable
assumption since:

a. DBD-EE-052 rc?uitol all power cable to have a
minimum ampacity of 1.25 x full load current (FLA) .

b. In practicas only a few cables

i
operate at 1.25 x FLA; the rest operate at
or less.

.0 X FLA

Thermolagged free air drops can be modelled as a conduit
in the horizontal plane (conservatively, a model in the
vectical direction would produce higher ampacities).

cable diameters and insulation thicknesses based on ICEA
thickness, and conductor diameters will produce
conservative mmpacities. It also produces the smallest
possible ~able dianeter (smaller than that used in the
database of CARDS).

The equation for Rsd, thermal resistance between cable
and thermclag, uses empirically derived constants.
Since none of the references tested thermolayg, the basis
for selecting these constants had to be established.
These constants are assumed to depend exclusively on the
thermal resistivity of conduit (or Thermolag).
Reference 20 supports this by stnting "It follows
therefore that a considerable variation in B for cables
in single-fibre ducts may be expected dcpandin? upon the
relative thermal resistivities of the duct wall and the
surrounding medium, and other data which has come to the
author's attention confirms this. Thus the curve of
{igureul for fibre duct should be considered as an upper
imit.

The following Table has been developed from data
contained in Reference ). Interpolation of this data on
the pasis of thermal resistivities is done to davelop
the A' and B' constants for Thermolag 330-660 used in

T satlre B
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” =y /3
MathCAD template Attachment B2, ‘and G2,
i ——

Thermal

Resistivit
Materxial (Is Adxi A B {C= v
Fibre 5.6 0.33° 480
Thernolay 4.5 0.27 232
Transite 4.4 0.26 200
Metal conduit 2,2 0.19 2

9. Three layers of 3/8" Thermolag are the maximum thickness Zg&
on cable bundles of less than 3 inches in attachments
BB2 :nd BB3, resulting in a possible 6 layers due to
overlap.

10. DBD-052 will be revised to reflect new base-Thermolag
ampacities for tray of 40% derating and 35% for conduits
lass than 2" in diameter.+*

* Confirmation Reguired
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11/21/88 (note that pages 5 thru 10 contain above data
for all cable considered in this calculation).

14. National Electrica’ Code, NFPA-70, 1987.

1. DCA 79272, Rev. ), "Detaii for Wrapping Air Drop Cable."

16. Draving Mi«1701, Sheets 3 and 7, “Thermelag Typical
Details,” dated April 1989.
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Barrier Materials.”
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ton, D.C., National Electrical Manufacturers Arsocia~
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19. Mathsoft, Inc. User's Manual, "MathCAD, Version 2.0,"
1987,
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The ampacity of power cables, installed in free air and

vrapped with Th.tlollz 330-660 are shown on Table A below.
n

These are for cables
separation of one bundle diameter batween other bundles.
No entry indicates that resulting cable bundle would be
too large (see Assumption 2).

TAILE A
Power Cable Ampacity For Cable Installed

\n Tres Aix aad Wispked ¥ALD TRAIMQLAG 130-660
A( Sl in. produet Hogkres) a

stalled in %0 C ambiant air with a

No. of Cable Various Bundle

An Bundle* §ize to Eit Sonduit
Iyee Cakle ) 2 a | L At 14 (-
1/C~%00, 8 kV 168 348 316 289 169 169 169 348
1/C=3%0, 8 kV 9% 281 255 23] 299 299 281 355
1/C=4/0, 8 kV 223 209 1%0 173 223 22) 209 172
1/C=78%0, 600 V 444 416 378 341 444 444 416 416
1/C~500 600 V 150 326 294 266 350 150 326 264
1/C=350 600 V 282 261 238 213 282 261 218 213
1/C=4/0 600 V 204 187 168 182 187 151 147 131
1/C=«2/0 600 V 153 139 125 112 128 112 99 89
TRI=4/0 600 V 204 187 168 152 204 187 151 147
TRI=2/0 600 V 153 139 128 112 139 128 112 o9
TRI=2 AWG 600 V| 97 87 78 70 70 63 57 50
3/C=4 AWG 600 V| 75 68 61 31 61 53 47 41
31/C~6 AWG 600 V| 87 51 46 42 42 37 3 29
1/C=8 AWG 600 V| 42 38 34 31 28 24 20 18
3/C«10 AWG 600 V| 32 28 25 23 18 1% 13 12
3/C~12 AWG 600 V| 24 21 19 17 % 10 a 7
2/C=2 AWG 600 V| 117 106 96 87 96 87 75 €8
2/C=6 AWG 600 V| 67 60 58 49 47 42 as 33
2/C=8 AWG 600 V| S50 4% 41 26 32 27 24 21
2/C=10 AWG 600 V| 38 33 30 27 21 18 15 14
2/C=12 AWG 600 V! 28 28 22 20 13 11 10 9

2.

All 1/C cables are assumed to be bundled in groups of 3.
Therefore, when the above table indicates 3, a total of
3(3) or 9 single conductor cables would be wrapped.

Table B shows the maximum number of cables allowed in a
bundle so0 that the ampacity of the cable is not less than
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in adjoining thermolagged racewvay. When Table A is used
by Construction, no Engineering analysis of ampacity is
required. No antry indicates that the raceway
contiguration is not applicable for the given size (see
item 3 below). .

Wwhen cable bundles of mixed sizes are encountered, use as
the maximum number of cables the smaller number from
Table B.

TABLE B

&muu Number of Cables Under Wrap 8o

t Wrapped city » Raceway ity
fTed( S/ in Groduet Hheksms ) G\
Tray Thermolag Conduit

[

Cakle Size M3 Randew Box  Shell
1/C~500, 8 kV 2 . 5 0
1/C~35%0, & kV 3 - 5 0
1/0=4/0, 8 kV 5 - 5 0
1/C=7%0, 600 V 2 1 5 0
1/C~500 600 V ) 3 5 0
1/C=350 600 V 5 3 $ 0
1/C~4/0 600 V 5 9 9 0
1/C~2/0 600 V s 12 12 0
TRI~4/0 600 V 5 3 6 0
TRI-2/0 600 V S 5 5 0
TRI=2 AWG 600 V 16 11 16 0
3/C-4 AWG 600 V - 10 18 0
3/C=6 AWG 600 V - 13 19 19
3/C=8 AWG 600 V - 21 21 0
31/C=10 AWG 600 V - 32 2 20
3/C=12 AWG 600 V - 51 i8 5
2/C+2 AWG 600 V 9 9 13 13
2/C=6 AWG 600 V - 10 23 23
2/C~8 AWG 600 V - 2] 4 23
2/C=10 AWG 600 V - 5 s1 18
2/C=12 AWG 600 V - 56 | 36 L]

Note: 1. All 1/C cables are assumed to be bundled in groups
of 1. Therefore when the above table indicates 3, a
total of 3/3) or 9 single conductor cables would be
wrapped.
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3. 8 KV cables in tray are installed with maintained spacing
only (see DBD~EE-052, Section 4.1.1.5 ¢.). 600 V cable in
tray are installed with maintained spacing for cable size
2 AWG and larger, and with random lay for all smaller
sizes (see DBD-EE-052, Section 4.2.1.6 ¢.).

4. For assessment purposes, it may be easier in many cases to
arrange Table B to indicate bundle sizes on a conduit size
basis which are acceptable without requiring Engineering
analysis. Table C presents this information assuming the
conduit is 40 per cent filled (by area). The following
should be used in conjunction with Tahle C.

1f cable bundle is going into an gver-filled
conduit, the next larger size conduit should be
used.

For a given size conduit, if Table C shows a "O%

(meaning that condition is unacceptable) in low ]
f111 conduits, it may still acceptable using the

following analysis by Zngineering:

o Next smaller conduit size must be list in
Table 1 as "1". and

o Actual percent fill in conduit would be
equivalent of 40 % or less when calculated
cn the basis of the smaller size conduit
dimensiovns

""of &

In some cases, as the gonduit size increases the bundlt,f‘Q\
size became acceptable. This occured for thermolaggad comduit
vhen the NEC diversity multipliers changed. In order to avoid
confusion; Table B does,.show higher number of cables i® lower
number of cables wers unacceptable, and Table C expresses all
larger conduit sizes as unacceptable.

A

A
't A

)

|
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A supplemental case has been analyzed for mAXimum
average thickness of 3/8 inch new ampacitiss have been
calculated, UNLESS SBPRCIFIC MEAS S.HAVE BREN TAKEN
AND DOCUMENTED TABLE A,B,C SHALL NOT DE USED. THE
FOLLOWING TABLES D,¥,F SHOULD BR USED INSTEAD.

1f table A of Rev 2 was used in any calculation a 5/16
inch maximum average thickness must be confirmed or a
reanalysis of the application is required. If table B or
¢ was used in any spplication the corresponding entry
{n Table £ and F are bold (indicating a change has
sccurred) a 5/16 inch maximum average must be confirmed or
reanalysis must be done. The change in ampacity betwveen
Table A and D are between 0.115 to 1.414 % decrease.

TABLE D
Power Cable Ampacity Fcr Cable Installed *“~\A§
1 rxas Nir aad FEanped YAUh Tharmelag 330-880(3/8 in.fieness
Nzé of Cable Various Bundle
flﬂll!.‘ lﬂlﬂpﬁﬁﬂﬂﬂ“

1ype Cakle i F ] L (-0
1/C=500, 8 KV 167 | 244 | 312 | 285 | 288 367 | 367 | 167 | 144 |
1/C=180, 8 KV 207 | 278 | 282 | 230 | 206 207 | 207 | 278 | 282 |
1/C=4/0, 8 XV 222 | 207 | 188 | 171 | 183 222 | 222 | 207 | 170 |
1/C=750, 600 V | 441 | 411 | 371 | 336 | 299 441 | 441 | 411 | 412
1/C=500 600 V 148 | 222 | 290 | 263 | 234 348 | 348 | 322 | 261
1/C=180 600 V 280 | 288 | 233 | 210 | 187 280 | 288 | 233 | 210 |
1/C=4/0 600 V 203 | 185 | 167 | 1%0 | 133 188 | 150 | 145 | 130 |
1/C=2/0 600 V 152 | 138 | 124 | 111 | o8 124 | 111 | 98 | 83
TRI=4/0 600 V 203 | 195 | 167 | 180 | 133 203 | 188 | 150 | 145 |
TRI~=27/0 600 V 152 | 138 | 124 | 111 | o8 138 | 124 | 111 | 98
TRI-2 AWG 600 V| 97 | 87 78 | 10 61 70 | 63 56 | %0
1/C=4 AWG 600 V| 74 | 67 61 | %% 48 61 | 83 47 a1
1/c-6 AWG 600 V| 87 | 51 | 46 | 42 37 42 37 32 | 28
V/C=8  AWG 600 V| 42 39 14 30 27 28 | 23 20 | 18
1/C=10 AWG 600 V| 32 28 28 | 22 20 18 | 15 13 | 12
1/0=12 AWG 600 V| 24 21 19 17 14 11 9 s | 7
2/c-2 AWG 600 V| 116 | 106 | 95 | 8e 76 9 | 86 | 74 | &7
3/C=6 AWG 600 V| 67 60 | 54 49 43 7 | a1 38 | 32
2/C~8 AWG 600 V| S0 45 40 36 32 32 27 24 | 21
370-10 AWG 600 V| 18 13 0 | 27 24 21 17 18 | 13
27G=12 AWG 600 V| 28 25 22 20 17 13 11 9 | 8

* All 1/C cables are assumed to be bundled in groups of 3.
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Therefore, vhen the above table indicates 3, a total of
3(3) or 9 single conductor cables would be wrapped.

TABLE ¥
Number of Cables Under Wrap 8o

Naxisum P
That Amapsuity > Racevay Ampacity
Lantls 54)(3/8 {neb preduct)

Thermolag Tray Thermolag Conduit
cakle Slze MS Box !hlll
1/C~500, 8 kV 2 - $ v}
1/C+38%0, B kV 3 - ) 4]
1/C=4/0, 8 kV -] - -] [+
1/C~7%0, 600 V 2 | S 0
1/C~%00 600 V 3 3 5 0
1/€=-3%0 600 V -] 3 5 0
1/C~4/0 600 V ] 9 9 0
1/C«2/0 600 V 5 12 12 0
TRI-4/0 600 V ] 3 6 (v}
TRI=2/0 600 V 5 5 -] 0
TRI=2 AWG 600 V 16 11 16 0
1/C=4 AWG 600 V - 10 15 0
1/C=6 AWG 800 V - 13 19 .
1/C=8 AWG 600 V - 21 21 0
3/C«10 AWG 600 V - 32 32 5
1/C=12 AWG 600 V - 51 18 5
2/C=2 AWG 60C V K 3 13 13
2/C=6 AWG 600 V - 10 22 23
2/C=8 AWG 600 V - 23 34 23
2/C=10 AWG 600 V - s S 22
2/C=12 AWG 600 V - 56 36 ae

Note: 1. All 1/C cables are assuned to be bundled in groups
of 3. Therefore when the above table indicates 1, 2
total of 3(3) or 9 single conductor cables would be
wrapped.

* This number increassd from table B because of the
change in the logic of the ampacity comparison.



Table F

Acceptable Bundle Size -

in Terms of Conduit Size
Wrapped nq»cit!/ is Greater Than Thermclagged Raceway

G\"Gjeq A& {3/8 inch product)

e
e

Thermolag Tray

Thermolag Conduit

MS RANDON BOX SHELL

Conduit

Size in.: 3 - 51 6 3 * 51 6 3 4 S| 6 3 N S )
1/C-500, 8 kV 1 1 1 1 — e > - 1 i 1 i o c o G
1/C-35C, 8 kV 1 1 1 1 - - - - 1 1 1 1 o |o}jo 4]
1/C-4/0, 8 kV 1 1 1 1 -~ - - - 1 1 1 1 o0 c o
1/C-750, 00 V 1 1 1 i 1 1 e 0 1 1 1 1 o] o0 0 o
1/C~500 600 V 1 1 1 ] 1 1 1 0 1 i 1 1 oi{ o0 0 ]
1/C-350 660 V 1 i i i 1 i 1 ] 1 1 1 i o] 0 0 o
1/C-4/0 600 V i 1 040 i i 1 1 2 1 1 1 1 0 0 o
1/C-2/0 600 V 1 1 ¢ {0 1 1 1 i 1 i L B 1 0 o} o
TRI-4/C 600 V 1 1 1 9 1 | [ o 1 i 1 i [+) o o (4]
1Y-2/0 600 V 1 1 1 4] 1 1 1 o 1 1 1 L] 11i'1 c L]
TRI-2 AWG 600 V 1 1 1 1 1 1 ) | 0 1 e jo0o}o 0 o o o
3/C-4 AWG 600 V - - - - 1 i 1 4] 1 1 i 1 1 1 1 1
3/C-6 AWG 600 V - - - - i 1 i ¢ i i 1 1 1 o 9 4]
3/C-8 AWG 600 V - - - - 1 b 1 o 1 1 1 Qo o i o ]
3/C-10 AWG 60C V - - - - 1 1 1 ie 1 1 1 o i i o o
3/C-12 AWG 60C V - - - o 1 i 1 [ 1 210 ¢ o} o o 0
2/C-2 AWG 6006 V 1 1 1 e 1 1 c o 1 i 1 1 1 1 1 i
2/C-6 BAWG 600 V - - - - 1 1 U] 0o 1 1 | 1 1 1 1 1
2/C-8 AWG 600 V - - - - 1 i 1 o 1 1 1 1 1 1 1 2
2/C-10 AWG 600 V - - - - 1 | 1 0 i 1 1 1 1 i 1 o
2/C-12 AWG 600 V A e - - 1 1 1 V] 1 i [t} i o o (4] 0
Note: 1 is an acceptable condition

8 is an unacceptable condition or requires detailed Engineering Analysis.

Aq my iy s ) Sromuag L/ m dn
Y10 51 oMy Aoy Ov1-(@)AT

Wa:

« This number increased from Table C due to change in logic in cable ampacity( 2€ &{ld,{a,;, '

1L
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hrea La

TABLE G

r bundle sizes less than 3 inches

Type Cable

1/C~500

y 8

kv

1/C=350, & kV

1/C«~4/0

1/C=750
1/C~500
1/C=350

1/C~4/0
1/C~2/0
TRI~4/0
TRI-2/0

TRI=2
3/C=4
3/C=6
J/C~8
3/C~10
3/C=-12

2/C-2
2/C=6
2/C=8
2/C=10
2/C=-12

* All 1/C cables are assumed to be bundled in groups of 3.

: 8

, 60
600
600

600
600
600
600

AWG
AWG
AWG
AWG
AWG
AWG

AWG
AWG
AWG
AWG
AWG

kv
ov

<t <<

600
600
600
600
600
600

600
600
600
600
600

addacd <<<<<<

No. of Cable
Ah Bundle*

Various Bundle
gize to Fit Condudt

for Cable Installed in Free Air and
yers of Thermolag 130-660 (3/8 Inch)

. s a 2 at [ 1 s
159 144 312 285 367 367 167 344
291 278 252 230 297 297 278 252
218 207 188 171 222 222 207 170
431 411 371 336 441 441 411 411
34l 122 290 263 348 348 322 261
27% 250 213 210 280 258 233 210
200 185 167 150 185 150 145 130
150 135 121 111 124 111 98 88
200 185 167 150 203 1R5 150 145
150 135 121 111 138 124 111 28

96 85 76 68 70 63 5¢ 50
74 66 60 53 61 53 47 41
56 50 45 41 42 37 32 28
42 37 34 30 28 23 20 18
31 28 25 22 18 15 13 12
23 20 18 16 11 9 8 7
115 104 94 B4 95 8é 74 67
66 %9 %) 48 47 41 15 32
50 44 49 36 32 27 24 21
38 33 30 26 21 17 15 13
28 24 22 20 | 13 11 9 e
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TAL. * ¥
Maximum Number of Cables Under ¥Wrap 8o
That Wrapped llvaotcl‘> Raceva acity(2)
For 3 Layers on Bundlws less than 3" (3/8
inoch product)
Thermolag Tray Thermolag Conduit
Cable Size MS glﬁll Box
] -
1/C=500, 8 kV 2 - L) 5
1/C«350, 8 kV 3 - 5 5
1/C=4/0, 8 kV 4 - L) 5
1/C-750, 600 V 2 2 5 3
1/C=500 600 V 4 4 5 3
1/C«3%0 600 V 5 5 L) 3
1/C~4/0 600 V 9 9 9 3
1/C~2/0 600 V 12 12 12 3
TRI=4/0 600 V 6 € 6 3
TRI-2/0 600 V 8 ] S 3
TRI~2 AWG 600 V 16 16 16 5
3/C=4 AWG 600 V - 15 15 15
3/C=6 AWG 600 V - 19 19 5
31/C=8 AWG 600 V - 30 21 5
3/C=10 AWG 600 V - 46 20 11
3/C=12 AWG 600 V - 73 18 s )
2/C=2 AWG 600 V 13 13 13 13
2/C=6 AWG 600 V - 23 23 23
2/C=B AWG 600 V - 23 34 23
2/C=10 AWG 600 V - s1 51 s
2/C=12 AWG 600 V -~ 8l 36 5

Note: 1. All 1/C cables are assumed to be bundled in groum
of 3. Therefore when ths above table indicates 3, a
total of 3(3) or 9 single conductor cables would be
vrapped.

2. Thermolag tray d-ratin? factor is 40% Thornolag
shell conduit is 7.5% for all conduits except inch

and smaller conduit which is 315%.




Table I
Acceptable Bundle Size - Expressed in Terms of Conduit Size :
Wrapped Ampacity is Greater Than Thermolagged Raceway
For Three lLayers of Thermoniag on Bundles less Than 3 Inches (3/8 inch product)

Thermolag Tray Thermolag Conduit

-

MS RANDOM SHELL

Conduit
Size in.:

W
-
W
*
a4

1/c-500, 8 kV
1/C-350, 8 kV
1/C-4/0, 8 kV

1/C-7%0, 600 V
1/C-500 600
1/C-350 6u0

v
v
1/C-4/0 600 V
1/C-270 600 V¥
TRI-4/0 600 V
TRI-2/0 600 V

Ommme DO0ODOND wWOOO OO0 COQ

TRI-2 AWG 6060
3/C-# AWG 600
1/C-6 AWG 600
31/C-8 AWG 600
3/C-10 AWC 600 V
3/C-12 AWG 600 V

gaga
BRI T T

B EEEE e
R L e T )
R EEE o e - )

2/C-2 AWG 60C V
2/C~6 AWG 600 V
2/C-8 AWG 600 V
2/C-10 AWG 600 ¥
2/ -12 AWG 600 V

e T T T

b b D D e b e |
O OO MG MO M e e |0
O COOMNE OWOM M e | O
MMy OO0ONE 0000 00O QOO | W
oo s

O0Cww OOOOWE QGO0 900 0Oe O]

O e I 1
O S I SR

I I
e
(O
U

Note: 1 is an acceptable condition
0 is an unacceptable condition or reguires detailed Engineering Anaiysis.

A my 9314 w su) Beoiag L/ m dem 2qe0) 1amog o Apedary,
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ATTACHMENT A

>

CABLE PARAMETERS FOR COMANCHE PEAK

ORIGIN m 1 This defines the upper left corner of matrices as 1,1
instead of default 0,0,

[(25 + 140 +
(25 + 140 +
(25 + 140 +

De 1= (0.292
25 +
28 + 2
25 + 1
(80 + 685)
(6% + 68)
(65 + 65)
155 + 45)
(58 + 45)
(55 + 4%)
(53 + 49)
(48 + 30)
(4% + 30)
(4% + 20)
(45 + 185)
(30 + 19%)
(30)
(45 + 30)
(45 + 20)
(45 + 15)
(30 + 15)
(30)

1/C~500,8 KV
1/C=350,8 KV
1/C«4/0,8 KV
1/C-750,600 V
1/C~500
1/C=350
1/C=4/0
1/C=2/0
TRI-4/0
TRI-2/0
TRI = 2AWG
3/C~4AWG
1/C~6AWG
3/C~BANG
1/C=10AWG
3/C=12AWG
2/C=2AWG
i/ C~E6AIG
2/C~BAWG
2/C=10\WG
2/C=12AWG

1/C~500,8 KV
1/C=350,8 Kv
1/C-4/0,8 KV
1/C=75%0,600 V

1/C=500
1/C=350
1/C~4/0
1/C=-2/0
TRI-4/0
TRI-2/0
TRI~2AWG
3/ C~4ANG
1/C~6AWG
3/C~8ANG
31/C=10ANG
3/C=12AWG
2/C=2ANG
2/C=6AWG
2/C~BAWG
¢/C=10AWE
2/C=12ANWG

Conductor diameter,
inches

Source: ICEA S-6u4~516,
Table 2-2

Insulation/individuaijac~
ket/shield thickness
applied over conducter,
.
Source: ICEA 5~6B-516,
Tables 3~1 and 4-3; for
jacket of 2/C cable,
Specifications 2323-ES-
13A and ~13B.2 was used.
For 8 KV cable, semi-con-
duct::z thickness (2% mil)
and eld thickness
(10 mil) are included.
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ATTACHMENT A *CABLE PARAMETERS' AL '

1/C-500,8 KV Overall jacket thickness
1/0=3%0,8 KV for 3/C cables, nils.
1/C=4/0,8 KV Source: Specificatinn
1/C~750,600 V 2323-E8-13B.2.
1/C=-500

1/C=31%0

1/C=4/0

1/C~2/0

TRI-4/C

TRI-2/0

TRI«2AWNG

1/ C-4ANG

1/C=6ANG

1/C~BANG

3/C=10AWG

3/C~12AWG

2/C=2AWG

2/ C~EAWG

2/C=8ANG

2/C=10AWG

2/C«12AWG

1/C~500,8 KV
1/¢-350,8 KV
1,C~4/0,8 KV
1/C~750,600 V
1/C=500
1/C=3%50
1/C=4/9
1/C=2/0
TRI~4/0 Nunber of conductors
TRI-2/0 in cable
TRI~2AWG
1/C=4ANG
31/C-6AVS

3/ C~BANG
3/C=10AWG

3/ C=12AWNG
2/C=2ANG
2/C=6ANG
2/C=BANG
2/C=10ARG
2/C~12ANG
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ATTACHMENT A “CABRLE PARANETERS

1/C=%00,8 KV
1/C~350,8 KV
1/C~4/0,F KV
1/C=7%0,600 V
1/C=-500
1/C=250
1/C-4/0
1/C=2/0
TRI-4/0
TRI~2/0
TRI=2AWG
3/C=4 ARG
3/C=6ARNC
1/C~BAWG
3/C=10ANG
3/CL2NNG
2/C=2aNG
2/C~6AWG
2/C~BAVG
2/C=10AWG
2/C=~12ANG

1/C=500,8 KV
1/C=3%0,8 XV
1/C~4/0,8 KV
1/C=750,600 V
1/C=500
1/€~330
1/C~4/0
1/C~2/0
TRI-4/0
TR1-2/0
TRI1~2AWG
1/C=~42WNG
3/C~6AWG
3/C-BAWG
3/C~ L0AWG
1/C=12AWNG
2/C=2ANG
2/C~6AWG
2/C~BAWG
2/C~10ANG
2/C~12AWs

Conductor skin + proximity
effect (if any).

Sourme: EPRI, "Power Plant
Refarence Series " Vol.d,
Tables 4.14 and 4,15,

Tharmal resistivity of insula~
tion/individual jacket,
C-cm/watt.,

Source: JCEA P-iu~426, p3. III.

b
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ATTACHNENT 4, “CABLE PARANETERS
(500" 1/C~500,8 KV
500 1/C=350,8 KV
$00 1/C-4/0,8 KV
$00 1/C=75%50,600 V
500 1/€~500
%00 1/C~3150
500 1/C=4/0
500 1/C=2/0
500 TRI-4/0 Thermal resistivity of over-
500 TRI~2/0 all jacket, C-cm/watt.
py 1= 500 TRI~21AWG Source: ICEA P-46-426, pg. II1I.
500 3/C~4AANG
500 31/ C~SANG
500 3/C~BAWG
500 3/C~10AWNG
500 3/C=L2NNG
500 2/C+2ANG
500 2/C~6AWNG
500 2/C~BAWG
500 2/C=10AWG
500 2/C=120WG
(203, 4] 1/C~500,8 KV
177.3 1/C-350,8 KV
107.2 1/C-4/0,8 KV
380.0 1/C=750,600 V
253.4 1/C~%00
177.3 1/€=350 Cross-sactional area
107.2 1/C=4/0 of conductor, sq mm,
67.43 1/C=2/0 Source: ICEA P-46-426,
107.2 TRI=4/0 Table I, page II.
67.423 TRI-2/0
Ac 1= 133,62 TRI~IAWG
21.15% 1/C~4 AWG
13.3 31/C~6AWG
8.3% 3/C«8ANG
Tieo 3/C~10AWG
3.3 3/C«12AWG
33,62 2/C=1AWG
13.3 2/C~6AWG
£.37 2/C=BAWG
5.26 2/ 0« 10ANG
| 3.31) 2/C=12AWG
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ATTACHMENT A ‘CABLE P

[0.0222]
0.0320
0.0828%
0.0148
0.0222
0.0320
0.0828
0.0843
0.0828%
0.0843
0.169
0.269
0.427
0.67%
1.080
1.720
0.169
0.427
0.679
1.080
L 1.73¢)
m, z. e e —— ———
1000

1/C«500,8 KV
1/C=150,8 KV
1/C=4/0,8 KV
1/C=750,600 V
1/C=500
1/C=380
1/C=4/0
1/C-2/0
TRI~4/0
TRI~2/0
TRI~2AWG
1/C~ANWG
1/C=6ANG
1/C=BAWG
3/C~=10ANG
1/C=12AWG
2/C=2AWG
2/C~6AWG
2/C~BANG
2/C=10AWG
«/C=12AWG

Conductor DC resistance
:: 2% deg. C, ohms/1000
Source: ICEA §-68-516,
Table 2~13.

Note: Units for Rdeis

as input are (/ft
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This series of equations calculates the diameter of the cable.
The maximum diameters of the cables from the specifications have
purposefully not been used, since these may give non-conservative
res ts.

1 1= 1 ,.21
It T™his is the dlameter of the individual
i conductor, inch
DiamiC (1w DO + 2 -
i & 1000
.Jti
cdiam = ifin’ % 2.2 |DiamiC 4 ow===|,0 This is the diamatar of the
i i i 1000 2~conductor cables., inch
Jt This is the dia~
i meter of the 2C

cdinx im {f l'a'1 3, 11% * 2.1s‘t'ainlc:1 .c:sumu1 cables, inch

1000

Cdiam :w iz[n' ¥ 1,2.15 Diaml. ,Cdiam
i i i i T™his is the dianeter
of the single conductor
cables. formed in a
bundle of three cables
inch

The factor, 2.1%, to cbtain the eguivalent diameter of three conductor,
or a triplex is taken from Reference 12 (Brand-Rex Publication WC-82).



CPRES UNIT | QM5 BAMN) 190, Raw § Pag 7 o #
ATTACHMENT A ‘CABLE FARAMETIRS'

=

o

As a foras of comparison only, Maximus
Diameters for these cables from Reference 13

(MCA v 1035, Rev, 4) are idantified below
0 1= ] -n. as m
[2.952] [1.89] 1/C=%500,8 KV
2.668 1.45 1/C=350,8 KV
2.339 1.23 1/0~4/0,8 KV
2.769 1.38 1/C=7%0,600 v
4.307 1.13 1/C-500
Cdiam = (2,023 0.99 1/C~3%0
1.329 0.66) 1/C~2/0
1.568 1.90 TRI~4/0
1.329 1.62 TRI~2/0
0.9% MAX 1w [1.16 TRI ~2AMG
0.981 1.08 3/C~4ANG
0.878 1.00 1/C-6AWG
0.692 0.87 3/C~BANG
0.563 0.78 1/C=10AWG
0.447 0.48 1/C~12AMG
1.044 i.16 2/C«2AWG
0.788 0.89 2/C~6AWG
0.65% 0.7% 2/C~3AWG
0.%32 0.60 2/C=10AWG
0. 424 0.48) 2/C~12AWG

Appropriate comparisons can e made as follows:

1/C cable compare MAX with DiamiC
2/C cable compare MAX with Cdiam
1/C cables compare MAX with Cdiam
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CPRES UNIT | 1ASER(R) 140, Rov 1 Pugn § o ¥
ATTACHMENT A ‘CABLE PARANETERS

—————————

All cable rn-nn are combined into a Matrix., This matris, called
CABLE, will be stored and used in other templates (Attachmants Bl
and B2).

<1l>
CABLE 1w RAc2S

CABLE i» Yo

CABLE i= Ac

CABLE 1= n'

<10>»
CABLE i@ DiamiC

<ll>
i Cdiam




CPSES UNIT | JEMS-BBON) 140, Raw | Poge 0¥
ATTACHMENT A ‘CABLE PARAMETERS" Al

RAc2% Ye De Ac n’* it Jt pi p»3 DiamiC Cdian

-

3.33.10" 0.06 0.813 253.4 1 280 O £00 800 1.373 2.9519%
:.z'xo-’ 5.0 0.681 177.3 1 280 O 500 500 1.241 2.66818
CABLE = |5.25.10  0.01 0.528 107.2 1 280 O %00 $00 1.088  2.3392
1.48.10  ©0.13 0.998 380 1 145 O SO0 300 1.288 2.7692
z.zz'zo-’ 0.06 0.813 2%53.4 1 130 0 S00 500 1.073 2.3069% "
a.z»xo.‘ 0.03 0.681 177.3 1 130 O 500 500 0.941 2.02318%
s,as\to-s 0.01 0.%28 107.2 1 100 O 500 S00 0.728 1.5682 |
o.c:~1ols 0O 0.418 67.43 1 100 O 800 500 0.618 1.3287 [
s.as-xow' 0.01 0.528 107.2 3 100 O S00 500 0.728 1.5682 ]
l.cavxo-s 0O 0.428 67.43 3 100 O S00 500 0.618 1.J287
1.5’-10.‘ 0 0.292 33.64 3 75 O %00 SO0 0.442 0,.950)
2.60.20 O 0.292 21.1% 3 75 80 S00 SO0 0.382 0,9813
¢.21.1o-‘ 0 0.184 13.3 3 7% 80 S00 $00 0.334 0,878
6.7’-10-‘ O 0.146 4.37 3 60 60 500 500 0.266 0.6919 '
0.00108 0 0.136 S.2¢ 3 45 60 %S00 500 0.206 0.5629
0.00172 0 0.092 3.31 3 30 60 500 500 0.152 0.4468
1.nn-1o-‘ 0 0.292 33,62 2 75 80 500 500 0.442  1.044
4.27 10“ O 0.184 13.3 2 75 60 SO0 S00 0.334  0.788
0.79A19~‘ 0 0.246 8.37 2 60 60 SO0 %50 0.266  0.652
| 00098 9 0008 333 3 30 €0 %00 s00 o0.183  0.424)
PRNCOLWIDTH tw 12 PRNPRECIZION 1w &

WRITEPRN (cabla) = CABLE This stores matrix CABLE onto a file
called CABLE.PRN in ASCII format.




ATTACHMENT Bl “Latarim Caloulation of Cable Ampacity of

CPSES UNIT 1 tm!l(l)-m.luzzl
Template 1

ATTACHMENT Bl
INTERIM CALCULATION OF CABLE AMPACITY OF
THERMOLAGGED CABLE IN FREE AIR:
TEMPLATE 1

This tﬂlvm calculater interinm values for input into Template Attachment
B2. Specifically, numbar of cables and conductors and affective bundle
diametars, and maximum number of cables which can fit into a conduit are

caleculated in this template.

r.

)

CABLE INPUT DATA

PRNPRECISION = 8
file: cable.prn was KLW by

CABLE :« READPRN([cable template Attachmant and is
prn docunented separately.
ORIGIN w» ) defines the uppar corner of a matrix as 1,1
e 1 ,.7 i1 ..,28 n 1w 0 cdian i= 0
1,4 i3
Matrix CABLE is comprised of the following indicated columns.
<l> <2> <> <4»
RdciS 1= CABLE Yo = CABRLE De := CARLE Ac 1= CABLE
<i>» <85> <6>» <> <B>
n’ 1w CABLE It = CABLE Jt = CABLE #1 = CABLE
<9> <10>» <l>» <ll>
4 1= CARLE DiamiC := CABLE Cdian 1= CARLE
Wherw!
RAc2S Conductor dc resistance at 25 deg C, f/ft
Ye Conductor proximity/skin effect
De Conductor diameter, in.
Ac Conductor cross-sectional arez, sq ma
n' Nunber of conductors in cable
It Insulation thickness, ails
Jt Overall jacket thickness, nils
pi Insulation thermal resistivity, C-cm/w

#3 Jacket thermal resistivity, C-om/w
DiamiC Diameter of 1/¢ cable or 1 cable of multi-conductor cable, in,
Cdiam Overall diameter of cable, in.

- Cable in Free Air é, |



ATTACHMENT B1

3,210
CABLE = [5.25.10
1.48:10
.+ 22:20
3.2:10
$.25:10
8.43:10
$.25.10
8.43.10
1.69-10
2.69-10
4.27.10
6.79.10
0.00108
0.00172
-4
1.69.10
l.?’-lo-
0.7'-10-

0.00108
| 0.00172

4

CPSES UNIT | 16M5-EE(B) 140, Rev 2

1o9

;llﬂlc1yilﬁldlcﬂutAlﬂlird Cable ia Free Alr
CABLE PHYSICAL PROPERTTES
De AC Tt Jr Diam)C Cdiam
Ye in, mma n’' nil mil »4 p) inch inch
0.06 0.213 253.4 1 280 O S00 800 1.373 2.951’81
0.0 0.601 177.3 1 280 0 %00 500 1.241 2.66815
¢.00 0.%528 107.2 1 280 O %500 500 1.088 2.3392
0.13 0.998 380 1 145 0 500 %S00 1.288 2.7692
0.06 0.813 253.4 1 13 C 500 800 1.072 2.70685
.03 0.681 177.3 1 130 0O 500 500 0.941 2.0231%5
0.01 0.%528 107.2 1 100 O %00 500 0.728 1.5652
0 0.418 67.43 1 100 O S00 S00 0.618 1.3287
0.01 0.%528 107.2 3 100 O SO0 8500 0.728 1.3652
0 0.418 67.43 3 100 O 500 500 0C.618 1.3287
0O 0,292 33.62 3 7% 0 500 500 O0.442 0.950)
0 0.232 21.1% 3 7% 80 S00 S00 0.382 0.5813
O 0.184 13.3 3 75 80 500 500 0.3%4 0.878)
0 0.146 8.37 3 60 60 500 500 0.266 0.6919
0 0.116 5.26 3 4% 60 500 S00 0.206 0.5629
0 0.092 3.31 3 30 60 500 500 0.132 0.4468
0 0.292 33.62 2 75 80 500 500 0.442 1.044
D 0.184 13,3 2 75 60 500 %00 0.334 0.788
0 0.146 8,37 2 60 60 500 500 0.266 0.652
0 0.416 5,26 2 45 60 500 500 0,206 0.532
0 0.082 3.31 2 230 60 500 500 0.152 0.424)

The above matrix is manually compared with the matrix CABLE of Attach-
sent A to demonstrate successful data transfer.



A(TACHMENT Bt “Tasortm Caclecons of e A 408 249

Tranplate 1* Cable w Free Air
71, BUNDLED CONTOCTUR DIAMETER LRI
SRR SRR { =1 .,.21
Ni= (L 2 3 8) T™his is the nmbhar of cables
in a bundle, except thav 2 -
single conductors are counted
N 1= H as one, Tha nunbers were
i.1 1.3 arbitrarily selected.

The following determines the maximum
nusber of cablas which can fit in a

conduit using the 40% "fill by area”
critaria see Refarence i4).

Acnd3 (= 7.38 Acrd$ 1+ 20 Area of & 1,4,5,6 inch conduit,
Source: Referanca 14 (NEC).
Acrdd = 12,74 Acnd€ 1= 28,89
1 [ 0.4 Acnd) 1 (0.4 Acrdd )
N 1w {fin’ % 1, floox » 21008 | weevarns oo
1,8 1,3 2 2
Diamic Cdiam
1.1 i1
k | § : LI B
{ " 0.4 Acndd ] (0.4 Acnds 17
N 1w {ifIn’ & 1,flcor s T100F | s wsmmmmmnen
i,6 1.1 2 2
DiamiC Cdian
i1 i,1
3 ' e ¢ ————— "sm
L \ 4 d L 4 ad
" 0.4 AendS ) (0.4 Acnds ]
N im 1fin’ % 1,floor ) 21001 | e wemmm—snen
7 % | 2 2
DisalC Cdiam
i | 1,1
- BE 4 L £
| _ 3! ] A
0.4 Acndé 0.4 Aendé |
N i» ifin’ % 1,%1loc0%|~ ¢ 21008 | semrm—
i,8 1.1 2 2
DiamlC cdiam
1 i1
v T
L 4 - h ‘ E




CPSIES UNIT | 1AM EE(H)- 140, Rev 2 4ol®
ATTACHMENT 81 mmummdmowwumu

Template 1*
J 1wl .0
N . 1:[!4 % 0,1,N } This ensures the® N is never zero
1.3 i.9 L P
Conduit Size! 3 4 5 ¢
Kk & 38 £ % 4 % 1/C~500,8 KV
1 2 308 1 | 2 3 1/C=35C,8 KV
I 3 3 B 1 1 2 4 1/C-4/0,8 KV
1 3 3 5 ¥ | 2 2 1/C~780,600 V
1 2 3 § 1 1 2 3 1/C~%00
Nw |y 2 3 § 1 b 3 -] 1/C~38%0
1 3 3% 3§ 2 4 & 9 1/C~4/0
1 32 3 8 3 -] 8 12 1/C+«2/0
1 3 3 3 | 2 4 6 TRI~4/0
1 2 3 8§ 2 3 5 8 T™RIi=~2/0
1 2 3 8% 4 7 11 16 TRI = 2AWG
1 3 3 9 3 6 10 18 3/ C~4AWNG
1 3 3. 8 “ 8 13 19 3/C~SAWG
1 323 3 8 v 13 31 3 3/C~-BAWG
1 2 3 85 11 20 22 4¢é 3/C=10AWG
1 2 3 8 18 32 1 N 3/C= 120G
: 2 3 8§ 3 S % 13 2/C=2AWG
1 2 3 ¢ 6 10 16 23 2,/C-6ANG
1 2 3 8 8 1% 3 34 2/C~BANG
1 2 3 8 1) 232 ¥ s 1/C=10AWG
1 2 3 85 20 36 56 81 2/ 4 2AWG
mnm[u ] 1w N This stores the N matix in an ASCII file for
prn use in Template Appendix B2 and B3




CIPSES UNIT 1 140, Rew 2 Sof9
ATTACHMENT B ;-hcv“-bd Mdh(‘.&hhﬂmz

|
o

NNFF ;= READPRN(NNTP Matrix NNF¥ defines the relationship
prn betwvean Lha number of cables in a bundle
and the multiplier to obtain bundle

dianeter (see tamplate Attachment C for its

developnant) .
X i= 1 .88
<l> <2
FF(o,p) i= E NNF? "N NNF?
x o.p X
X
The above eguatior searches NNFF, finds the iste rew and
sets FY nguu to the muitipling variable in second column of
NNFY. s algorithm, as well as the data transfer of NNTY, is
verified by manually ing matrix N against NNF¥? to confirm
the accuracy of the ting F® and ¥,
Y i 1 .8
F o~ MP(4,)) Redefires F¥ as F.

1.3




- ——

CPSES UNIT 1
ATTAGHMENT B1 “Laterim Calcaiaton of Cabls Apacty of T
Tranplate 1*

— - ma—

-, of cables in a Bundle
NG, OF Cables / Condult Slze

1 2 3 85 3% v 5% 6"
" 2 308 1 L+ 1 z} 1/¢-500,8 KV
1 2 3 8§ 1 1 2 3] 1/C-¥%0,8 KV
1 02 3 0% 1 % 2 4| JC-/08 KV
1 2 3 % 1 1 2 2| 1/€-750,600V
1 2 % 5 1 1 2 4| 1/C-s500
Ne (1 2 3 8 1 2 3 8 1/C-3%
1 2 38 2 4 € 9 ycC-40
1 2 38 3 5 8 12 10C-2/0
1 2 3% 1 2 4 6 TRI-4O
1 2 38 2 3 S5 8 TRI~2/0
1 02 3 85 4 7 11 16| TRI-IANG
1 2 3 % 3 6 10 15| 3/C-4ANG
1 2 3 % 4 8 13 19 I/C-6ANG
1 2 3 8% 7 13 21 30| 3/C-BAWG
1 2 3 5 11 20 32 46| I/C-10AWG
1 2 3 5 18 32 51 73| 3/C~12AWG
1 2 3% 3 S 9 13| 2/C-NG
1 2 3 8 6 10 16 23| i/C~6ANG
102 308 8 1% 23 34| 2/C-BANG
1 2 3 08 1) 22 3% S1| 2/C-10ANG
1 2 3 5 20 36 56 81) 2/C-12NNG

t?uivnlcm: pultiplier to obtain bundle
Aianatar = ¥ * cable diamater.

“Wimber of Cables /  Condult Size

1 2 3 | b L 4" ae e"
1 2 2.18 2.7 1 1 1 2] 1/C=500,8 KV
1 2 2.18 2.7 1 1 2 2.18 1/C=350,8 KV
1 2 2.18 2.7 i 1 2 2.14 1/C~4/0,8 KV
1 2 2.18% 2.7 1 1 2 2 1/C~7%0,600 V
1 2 2.18 2.7 1 1 2 2.14 1/C-800
Fe |1 2 2.1 2.7 1 s 2.18 2.7 1/C=350
1 2 2.1% 2.7 2 2.14 3 3.6 1/C=4/0
1 2 2.1% 2.7 2.18 2.7 3.1 4.8 1/C-2/0
1 3 2.8 3.7 1l 2 2.14 3 TRI~4/0
1 2 2.18 1.7 2 2.1% 2.7 3. TRI~2/0
1 2 2.1% 2.7 2.\ 3 4 4.7 TRX =2AWG
1 2 2.,1% 3.7 2.1% 3 $ 4.7 1/C~4AWNG
1 2 2.1% 2.7 2.14 3.21 4. M) S 3/C~6AWG
1 2 2.1% 23,7 3 4.41 5.3 6.41 3/C~BAWG
1 2 2.18% a.7 4 5.31 6.7 8 3/C=10AWG
1 2 2.19 3.7 S 6.7 8.41 10 3/C=12AWG
1 2 2.1% 2.7 2.18 2.7 3.8 4.41 2/C=2ANG
1 2 2.1% 2.7 3.31 A7 6 7 2/ C~BANG
1 2 2.18 2.7 4.4) 5.63 7 .42 2/C=10AWG
1 2 2.18 2.7 $.31 7 8.7 10.41]  3/C-12AWG




CPTES UNTT 1 16345 oA, Rev 2 Tof9
ATTACHMENT Bl “laterim Calculation of Anpu1yoz¥=:-nh.pdChﬂbhlhtlkh

Template 1*
y im1 ..0

Miis redefines the numher of

n' 1= {fin’ 5 1,3,n! conducters for 1/C cably as

1.3 i.1 i,1 3 for N = 1,

ORTGIN » )

nn'’ 1= nt N ™is calculates tue number

1.9 1.4 4,9 of conductors undes the

wrep.

Actual mumber of conduitors inside Bundle

Vsber of Cables / Conduit Size

1 2 1 8 3" 4% s* @

3 6 9 1% 3 2 3 (3 1/C+500,8 KV
3 &4 & i § ) 5 9 1/C+380,9 XV
s 6 9% 1% 3 3 6 12 1/C~4/0,8 KV
3 6 9 18 3 2 . . 1/C=750,600 V
1 6 % 1% 3 3 6 12 L/ 2=500

nm’ = |3 6 9 18 & 9 15 1,/C+380
3 06 9 i% 6 12 18 27 1/C=4/0
3 06 % 1% 9 1% 24 2 1/C-2,0
3 06 % 1% 3 6 12 18 TRI=4/0
3 6 9 1% 6 9 15 2 TRI~2/0
3 6 9 15 12 21 33 a8 TRI = ZAWG
306 9 15 9 18 30 45 3/C~AAWG
306 9 185 12 24 ¥ %7 1/C-6ANG
306 9 1% 21 39 63 90 3/C SNWG
3 6 9 1% J3 &0 96 138 3/C=10AMG
3 6 9 1% %4 96 153 219 1/C=12AW0
2 A 6 10 6 10 8 26 2/C=20AWG
2 4 6 10 12 20 32 4 2/ C-6WG
2 4 6 10 16 30 46 68 2/C~BAWG
2 4 6 10 26 44 0 102 2/C=10ANC
2 4 6 10 47 72 113 162 2/C~12ANG




CPSES UNIT 1 16345-EE(B)- 140, Rev 2 page 8 of 9
ATTACHMENT Bl “lntenum Caleulation of Cable Ampacity of Thermolegged Cable in Free Ais:

Template 1*

nn’ is the actual number of oenductor'”t;li&md bundle
ann’ is the eguivalant number of conductors for heat production basis

The following accounts for load diversity in 1 cable bundles. See
template Appandix F and the Methodology section for further explaination.

nrn’ - 1![!! 2 3,0.88'na' ,nn’ 'l Adjust nn’ for Ne}
i3 1.3 i} i,3)
nnn’ 1. 12[\! 2 4,0.82nn'  ,nan’ ] Adjust nn’ for Ne4
3.9 1.3 i.3 i3
nnn’ te 11[1( 2 5,0.784'nn’ ,nnn’ ] Miust nn’ for Nes
1,3 1.4 1.3 i,3
nnn’ (- 1:[! 2 6,0.76 nn’ nnn’ ] Adjust nn' for Nes é
i3 1.4 i, i.3
Ajust nn’ for N7 or
nan’ tw if 2 7,2.743 nn’  ,nan’ ] greater, for conservatism
i.3 1.3 i,3 i.3 no value smaller than

0.743 will be uvsad
Equivalent number of conductors in Bundle

Nunbar of Cablea / conduit Size

1 2 3 3 o ™ s~ "
3 & 7.2 11.76 3 3 3 6] 1/C-500,8 IV
3 6 7.92 11.76 3 3 8 7.92 1/C~350.8 KV
3 6 7.92 11.76 3 3 6 .84 i/C-4/0,8 KV
3 6 7.92 11.76 3 3 L] 4 i/C=750,600 V
3 6 7.92 1i.76 3 3 6 9.84 1/C~800C
nmn’ = 13 6 7.92 11.76 3 6 7.92 11.76 1/C=350
3 6 7.52 11.7¢ € 9.84 13.¢8 20.06 1/C~4/0
3 6 7.92 11.76¢ 7.92 11.76 17.83 26.75% 1/C-2/0
3 6 7.92 11.76 3 6 9.84 13.68 TRI-4/0
3 6 7.92 11.7¢ 6 7.92 11.7¢ 17.83 TRI-2/0
3 6 7.92 11.76 9.84 15.6 24.52 35.46 TRI -2AWG
3 6 7.92 11.76 7.92 11.68 22.29 33.44 3/C~4RRS
1 6 7.82 11.76 9.84 17.33) 28.9% 42.35% 3/ C~6ANG
3 6 7T.92 11.76 15.6 28.%%° 46,51 66.87 3/C-BANG
3 6 7.92 11.9 24.52 44.58 71.33 102.%3 3/C~10ANWG
3 6 7.92 11.76 40.12 71.33 113.68 162.72 3/C=1LANG
2 4 5.28 7.84 5.28 7.84 13.37 19.32 1/C~2AWG
2 4 5.286 7.84 9.12 14.86 23.78 34.18 2/C=6AWG
2 4 5.28 7.84 11.%9 22.29 34.18 50.%52 2/C~8ANG
T 4 5,28 7.84 19.32 32.69 52.01 78.79 2/C=10ANG
2 4 S5.28 7.84 29.72 S3.85 £3.22 120.37, 2/C=12hWG




CPSES UNIT 1 15345.EE(B)-140, Rev 2 page 9 of 9

“Iaterun Calculation of Cable Am of Therm s
Tem g paciry olagged Cable in Free Aur

ATTACHMENT B1

Both matices nnn’ and nn’ are saved to an
: ASCII file for later use by templaLe
HRI'.’.‘EPRNgnﬂ Appardix B2 and B3

me]

is calculates t ¢ mater
of a bundle of cah -, for
var.ous moaber of Cublug in
the bundle.
Bundle dlamater

No. of Lakles / Conduit Size

- L 4~ g 6%

2.95 1/C=500,8 RV
1/¢=3%50,8 KV
~4/0.8 KV
o7 1/C- 750,600 V
.31 1/C-500
.05 4. 1/C=350
.35 : 1/C=4/0
59 1/C~2/0
.13 } TRI=4/0
.86 2, TRI~2/0
.85 3, | TR ~2AWG
.94 1/ C~4 AWG
.91 31/ C-6ANG
.08 1/C-BING
; 3/C~10AWG

4.47 3/C=12AWG
82 4.6 2/C=2AWG
4.73| 2/C~6AWG
4.56| 2/C~EAWG
4.47 2/C=10AWG
4.41 2/C=12AWG

2.
2.
2
1.
2.
2.
2.
2.
2.
2
2.
d.
r 8
2.

P_lb)LJ;—?th)'Juh)})BJPJVUUONN?J

,»Paba:«JBJrJH)-'NP‘Jl‘JL.'f
> 9 & @

WRITEPRN [CCdianm : This saver matrix CCdiam for use
L J by tumplata Appendix B2
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ATTACHMENT B2 “Cabie Ampacy of Thermolagged Cabe io Free Air : Templaie 2

ATTACHMENT B2
CABLE AMPACITY OF THERMOLAGGED CAR X
IN FREE AIR: TEMPLATE 2 S/16" Treduet

P - —a——

(45N

This templates calculatas the thermal resistance te:ms and cable azpacity.
cable ampacity is input to template Attacament B3 for comparison with
ampacity of the cable in adjacent raceways sections.

TABLE INPUT DATA

PRNPRECISION = E
Fila: cable.prn wvas produced by
CABLE := READFRN[cable 1 template~ Attagehment A and is
L prm documeanted separataly.

ORIGIN = 1 defines the upper corner of a matrix as 1,)

Cdiam
1,3

Do

Jt = CABLE

conductor dc resistance at 25 deg C, /ft

Corchictor proximity/skin effect

cConductor diameter, in.

conductor cross-sectional area, sg mm

Numbar of cenductors in cable

Insulation thickness, mils

Overall jacket thickness, nils

Ingulation thermal resistivity, C-cm/s

Jacket thermal resistivity, C-om/w

Diameter of 1/c cable or 1 cable ot muiti-conductor cab.e, 1in
Overall diamcter of cable,

i
adds

“~tis



RAC2S
/e

2.22'
3.2
5-25
10‘.
2'32'
3.2
5'29'
':‘3‘
5025‘
8.43
1.69.
2-6’
‘027'
6.79:10
0.001c8
0.00172
-4
10
-4
‘027'10
-4
§.79.10

©.00108
0.00172

1-6,'

CPSES UNIT 1 ﬂB‘S!JKI}ldLlIUZ

s . -~

Ye

CABLE PHYSICAL FROPERTIES

Anmnmnm ‘Cable Ampacity of Thermolagyed Cable

2012
Alr : Tempiate 2

N ——————

0.06
0.03
0.01
0.13
0.06
0.03
0.01

0.0

oG O © o000 ©O © © ©

0.813
0.681
0.528
0.998
0.813
0.681
0.538
0.418
0.528
0.418
0.292
0.232
0.184
0.146
0.11¢
0.092
0.2%2
0.184
0.146

0.118
0.092

The above matrix i{s mamially
nent A to demonstrate successful data transfer.

253.4
177.3
107.2
iso0
253.4
177.3
107.2
67.43
107.2
67.42
33.62
21.15
13.3
8.37
5.26
3.3
.82
13.3
8.37

5.26
3.31

o e

[

1
i
1
3
3
3
3
3
3
3
3
2
2
2
s
2

It ~Jt
mil mil

pi

280
280
280
145
130
130
100
100
100
100

o © © D © © o © © O ©

7%
75
75
60

5
30

an & w
o © ©

o
o0

7%
78
60

45
30

500
500
500
500

500
500
$00

)

500
500
500
500
500
500
500
500
500
500
300
500
S00
500
500
500
500
800
500

50¢C
S0

DiamiC Cdiam
inch  inch
1.373  2.95198
1.241 2.66815
1.088  2.3392
1.288  2.7692
1.073  2.30098
0.941 2.02318
0.728  1.5652
0.618 1.3287
0,728  1.5652
0.618 1.3287
0.442 0.9503
0,382 0.9813
0.334 0.8781|-
0.266 0.6919
0.206 0.5629
0.152 0.4468
0.442  1.044
0.334  0.788
0.266  0.652
0.206  0.532!-
0.152  0.424)

compared with the matrix CABLE of *ttach-
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ATTACHMENT B2 "Cable Ampacity of Thermolagged Cable m Pree Air : Templats 2

nnn’, and CCdiam vers developed in template- Attachment Bl

w READPRN [N ] ann’ = READPRN [NNN ]
L pmm J ([ pm ]

Codiam = READFRN[CCAiam ]
8 prn |

Ne. of cablea in a Bundle

No. of cablu 7 Conduit Size
" " ‘ ” G ” 6'

P
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L

.
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b
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=
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ATTACHMENT B2 *Cable Ampacity of mﬁ‘iw Rev 2 page 4 of 12

Cabie n Free Air : Template 2

Equivalent No. of conductors in a Bundle

No. of cables / Conduit Size
1 2 3 o) y 4" - TR

A

NNNNMU'-JNUUU‘JUUUL‘MUUUU

.92 11.76
.92 11.76
.92 11.76
.92 11.76
.92 11.76
.92 11.76
.92 11.76
.92 11.76
92 11.76
.92 11.76
92 11.76
.92 11.76
78
+ 76
+76
76
.84
.84
.84
.84
.84

RPN W

SRR

MUBVBUNSEdINNNYIN G NN
s & ® & & &% & _®

ianeter of cable Bundls

No. of cables / Conduit Size
2 3 . 3 " 4™

>

Y

SCOCOoOMMEFRBNNNNREN

.95 S,
.87
34
77
«31
,02
57
«33
« 57
33
98
98
.88
.69
-1

.35 7.97
74 7.2
.03 - |
.95 .48
.96 23
39 46
«37 23
.86 59
37 ' 23
.B& .59
.04 87
o331 .55
.89 s 97
LAY .87
21 + D8
A8 96 1.21
.04 24 .82
' 79 1 .69 &
.85 1.4 .76
‘99 1.14 4

N
. . Q.91 .14

.98
.67
.34
77
ol
.02
«13
.86
87
686
.03
«11
.88
.08

-
» &

23
24
.36
«16
«39
« 85

.95
.67
. 34
.77
31
08
.39
., 59

1
..

.BS
.85
.94
.91
.08
.99
.99
.82
+15
.06
.99
e 97

PR RS TRNN
Pt R R
1 el e Tl

NWN WS &AW

PN WSs WS A ~§

sno.—‘wwwnmuuunouumm

OO0

’

™

o O
J\JIJD'Nf)k)NNb*N!lMHMtJNNNPJ'JN

h'NUwFJNNlANNNNUUU

Ll e

r
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ATTA

Calculation of tharaal resistance tarms

III.

Raference 3 (Nehr-MoGrath),

thernal resistance of insulation
eguation J8.

C-ft/wvatt
Sourca:

|

=, |

l

1w 0,012 p4 loql
i

Thersal Resistance of Insulation

it Size
" 5 ~ 6!

Conault
3"

of cables /
5

NGO,
2

1/C~500,8 KV
1/C-350,8 KV
1/C~4/0,8 KV
1/C=750,600 V
1/C~500
3/C~10ANG
3/C=12ANG

2/ C-TANG

2/C=SANG
¢/ C~BANG

2/C=10ANG
2/ C~12ANG

1/C=350
1/C=4/0

1/C~2/0

TRI~4/0
TRI~2AWG

3/ C~420G

J/IC"

TRI-2/0
3/C~BANG

‘69-l7aawts .1366531665«\.

At e OO0 0O 0 l?«llllwolllaL

ek GO CDO 3 lllll]lllll

TORM™SM 831811]665.\...16653
0 ll.lll Alllll

lll\vooo 0 1~1a\&lllll&1\&.

‘69778818113665315653
0

ﬂU ltkll.‘blllll\s
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ATTACHMENT B2 “Cable Ampacity of Thermolagged Ceble in Alir : Template 2

Tharmal Resistance of the Jacket on 2/C amd 3/C cable

Cdiam
i,1

Rj 1. [Jt » 0]:]0.012:n* pj log -
i3 i ] i
Cdiam - 2:J% 10
1 | i

Thermal resistance of jacket,
C-ft/watt Source: Darived from
equation 318 in Referenca 1
(Nehr-MoGrath) This first rrt of
the expression is a logica
stateant to only calculata Rj if a
jacket exists.

i1 -3

Therms)l Resistance of Jackat
No. of cables /deult‘?z.u
“

1 2 3 s 3 » g % gv

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 o 0 0

0 0 0 0 0 0 0 0

Ry = Q 0 0 0 0 0 0 0

0 0 0 0 0 ) 0 0

0 0 0 0 0 0 0 0

) 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

1.39 1.39 1.39 1.39 1.39 1.39 1,39 1.3
1.7 1.57 1.57 1.57 1.%7 1.%7 1.57 1.57|7

1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49

1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87

2.48 2.44 2.44 2.44 2.44 2.44 2.44 2.4

0.87 .87 0.87 0.87 0.87 0.87 0.87 0.87

0.86 0.86 0.86 0.586 O0.86 0.86 0.86 0.86

1.08 1.06 1.06 1.06 1.06 1.06 1.06 1.06
1.33. 3.30 3,33 2.33 31.33 1.3 1.3% 1.3%

{1 7 31 L 1. 4008 1 A
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ATTACHMENT B2 *Cable Ampacity of Thermolagged Cable ia Free A : Template 2

factors used in Rsd, developed constants in

Table VII of Reference 3 (Nehr-McGrath). See

Mathodology 8

A! 1= 4.5 B! = 0,27
Al
Rad = nnn’ :
i.3 i,4 cCaiam +
i.9

4.2 4.4 5.4 6.4
4.6 4.8 5.9 7.1
5.2 $.5 6.7 8
‘u‘ ‘;0‘ 5'7 ‘o.
5.2 5.8 6.8 8.1
Rsd = s.9 6.3 7.7 9.2
7.4 7.9 9.8 11.8
B.4 9.2 11.4 13.7
7.4 7.9 9.8 11.8
8.4 9.2 11.4 13.7
11.1 12.4 15.4 18.7
10.8 112.1 15 18.1
13.8 13.3 16.8 20
14 16.3 20.2 24.8
16.2 19.3 24.1 29.6
18.8 23.2 29 5.8
6.8 7.6 g.4 11.4
B.5 2.8 12.1 14.7
9.8 11.4 14.32 17.4
11.2 13.5% 16.8% 20.7
L 13 16.1 20.1 24.9

'I

=
WO ~S+ et dd
CowNnesEPDN
| o
. - ks » - - - -
NN wWRasaON

. pres = » =

AV AL
»o v
o
-
w

-

el

N QUGBS
- - -

nes D

1
w
B

-~

39.3

L > el el
“w MOUNWLwOo
Wes Ns & = & =
wen
el
-~ n o
- - -
I

thermal resistance between
cable and 330-660, C~ft/watt
this assumnss an airgap between
the two surfaces. Eguation ¢1A
from Raference 3,

(Nehxr-McGrath) .
‘-2 ‘o‘. 1/C-500.. RV
4.8 5.9 3/C~3%0,8 KV
5.8 8.4 1/C-4/0,8 KV
4.6 4.6 l/c—750,‘°° v
s.5 8.% 1/C-500
7.7 9.2 1/C-3%0
17.2 20.8 1/C-2/0
12.2 12.4] TRI-4/0
13.7 17.2] TRI-2/0
27.1  33.9] TRI-2AWNG
23.9 30.8 3/C~4 ANG
al.s 40.9 3/C=6ANG
53.4 64 3/ C~BANG
79.4 36.7 3/C=10ANG
127 154.5 31/ C=12ANG
14,9 17.8 2/C=2ARG
26.9 30.8] 2/C~8AWG
3é6.8 47 2/ C~BANG
58.6 71.9 2/C=~10AWG
94.6 115.6] 2/C~12AWG

A
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ATTACHMENT R2 MMdWC““-M:T-ﬂml

THEKMAL RESISTANCE OF THERMOLAG 130-660 WRAP

Btu/hr = B B = 2931 watts Pt o= 30,4785 cn

5
F e =~ This is to convest degree F
&  to degress C

B 1
K = (0.249) = = See Attachment D (conductivity)
Ft F
1
pW 1w -
K
pw = 232,01 thermal resistivity of 330-660 wrap,C~Cm/watt

Twrap := 4 0.3123 thickness of wrap, inzh (4 layers of maximum
thickness, sae Attachment D)
Twrap = 1,249

CcCdiam + 2 Twrap Thermal resistance

i3 of tharmolag wrap,
Rw = 0,012 1w’ pw log thermal N/ft
1.3 1,3 CcCdiam Source: Reference 2,
1.3 equation 6
Therma. Resistance of Wrap Zél
No. of ice / Conduit Size
1 2 3 L B L s * 6"
2.2 2.6 3.2 3.9 2.2 2.2 2.2 2.6] 1/c-500,8 KV
2.4 2.8 3.5 4.2 2.4 2.4 2.8 1.5 1/C-350,8 KV
2.6 3.1 3.9 4.7 2.6 2.6 3.1 4.8 1/C~4/0,8 KV
2.3 2.7 3.4 &1 2.3 2.3 2.7 2.7 1/C~7%0,600 V
2.7 3.1 3.9 4.8 2.7 2.7 3.1 A0 1/C~500
Rw = (2.9 3.5 4.3 54 2.9 3.5 4.3 5.4 1/C-350
3.5 4.3 %.3 6.6 4.3 6.6 7.1 8.9 1/C~4/0
3.8 4.8 & 7.5 6 7.% 9.7 13.1 1/C=2/0
3.5 4.3 5.3 6.6 2.5 4.3 6.6 7.1 TRI~4/0
3.8 4.8 6 7.5 4.8 6§ 7.5 9.7 TRI~-2/0
4.7 6.1 7.6 9.7 9.5 11l.9 5 19.2 TRI~2AWG
4.6 ¢ 7.5 9.4 7.5 10.2 13,3 17.9 3/C~4ANG
4.9 6.4 8.1 10.2 10.1 13.4 17.4 23.1 3/C~6ANG
5.5 7.5 9.4 12.1 4.9 21 29.4 36.1 3/C~8AWG
6.1 8.5 10.7 13.8 22.1 32.7 43.8 54.7 3/C~10AWG
6.8 9.7 12.3 16 36.4 52.3 70.1 87.4 3/C=12AWG
3 3.8 4.8 6 4.8 € 8.2 10.1 2/C~2RWG
3.5 4.6 5.8 7.4 8 10.5 14.8 17.5 2/C~6AWG
3.8 5.2 6.5 8.4 11.1 16.1 20.4 26.7 2/C=BANG
4.2 5.8 7.4 9.6 16.9 24 32.3 40.7 2/C~10AWG
4.7 6.6 8.4 11 26.8 39.5 52 65.3] 2/C-12AWG
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ATTACHMENT B2

THERMAL RESISTANCE BETWEEN THE THERMOLAG AND AMBIENT AIR

Overall diameter of wrap, in.

1w 2 Twrap + ccdiui y

1.3

Dwrap

Diameter Over the Wrap
Wo. ¢f cables / Condu.t Size

3 4 BT @

3

2

1

BREg
o wmBO
mmmmmmmmmmMmmwmmmmwww
EROR AR AR § 4 408088 S0
SRS SSaSEBESSS S aaans

‘-‘!.‘.-‘.397"’7712179

wor 7 . 7‘ 7“ 777 w

VNOND AT DEOWVW i TINOIOMNETNN

.- . s > o o & ¢ B B PO & O H 9 S

NEr Y ONYVVOYEVVOYLYRS

53.3.5.1“3“5551—765’

® & % o ° 8 & e = »

55‘5“5655555555551‘ o

53'1"5“135“"77’7.7

. o s & = 8 & » @ % % 9. 9 9 99
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ATTACHMENT B2 ‘C&hnpﬂyo‘W(‘z&anM.Tenﬂuz

€ 1= 0.8% enissivity of Thermolag 330~66C (see Attachment D) i

9.5 nnn’ I -
1.9 Thermal resistance batwvean i
Rwn 1. wrap and smbient air,
3 1+ 1.7 Dwrap (€ + 0.41) thermal i=ft (C-ft/watt)
5+ 3 Source: Reference 3 (Nahr-

MoGrath, egquaiion 42M)

Thersal Resistince of Wrap to Alr

No. of cables ; Conduit Size i é\-‘
1 2 3 . < LA L § n g%
3.3 3.9 3.7 4.6 '-35 2.4 2.2 2.9 1/C=%00,8 RV
2.3 3.1 3.9 s 2.3 2.3 3.3 3.9 1/C~350,8 KV
2.4 3.4 4.3 5.% 2.4 2.4 3.4 852 1/C~4/0,8 KV
(2.2 3 3.8 880 3.3 23 3 3 1/C~750,600 V
2.5 3.4 4.3 855 2.5 2.5 3.4 5.4 1/C~500
Rva = (2.6 3.7 4.7 6 2.€ 3.5 &2 6 1/C=350
i.9 4.2 5.4 ¥Rl Y Y 10 1/C=4/0
3 4.6 %.9 7.7 5.9 7.7 10.4 13.6 1/C=2/0
2.9 4.2 5.4 7 2.9 4.3 5. 7.7 TRI~4/0
T 4.6 5.9 T.7 4.6 5.9 7.7 10.4 TRI=2/0
3.3 5.3 6.8 9.2 8.% 11.8 15.6 20.7 TRI «2AWG
2.3 3.3 & ® 6.7 10 13.9 ) 3/C~4ANG
3.4 5.5 7 9.8 8.8 1.1 18.3 24.8 1/C-6ANG
3.5 6 7.7 10.% 13.3 20.8 30.4 38.9 3,/ C~BAWG
3.7 6.3 5.2 11.3 20.3 32.) 45.6 9%59.1 3/C=10ANG
3.8 6.7 8.7 12.2 33.3 51.6 72.8 94.3 1/C~12AWG |
2.2 3.4 4.4 5.3 4.4 5. 0.5 11| 2/C~2ANG
2.3 3.8 4.9 6.6 7.4 10.5 15.4 19.1 2/ C~EANG
2.4 4 5.2 7.2 10 15.9 21.4 28.9 2/C~BANG ;
2.5 4.3 5.5 7.7 15.7 23.7 321.5 41.9 2/C=10AKG 5
(2.5 4.5 5.9 5.2 24.6 238.9 53.9 70.3) 2/C=124NG |
}
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ATTACHMENT B”  “Cable Ampacity of Thermolsgged Cable in Froe Air : Template 2

THERMAL RESISTANCE BETWEEN CONDUCTOR AND AMBIET AIR

Rthl := Ri + RY
(C=ft/watt)

Tharmal Resistance Betwean Conductor and Alr

Ne. of cables ; conduit 3‘;Iu

1 2 3 5 s &

[ 10 11.2 13.6 16.3 10 10 10
10.9 12.3 4.9 17.9 10.9 10.9 12.3
13.1 13.8 16.7 20.1 13.1 13.1 1.8
9.7 11,2 13.6 16.4 9.7 9.7 U4
11.1 13.8 15.7 19.2 1.1 1.1 13.8
Rthl = {12.2 14.3 17.6 21.4 12.2 4.3 17.6
4.5 17.3 21.3 26.3 17.3 26.4 28
16.3 19.6 24.3 30 24.3 30 38.3
14.5 17,3 21.3 26.3 4.5 17.3 26.4
16.3 19.6 24.3 30 19.% 24,3 an
20,1 24.9 31 38.6 138.3 47 58.8
21.4 26 31.9 39.3 3.9 42 53.8
23.1 28.4 3¢.8 42.9 42.5 54.8 70.3
26,2 32.8 40.4 50.4 61.2 84 116.2
29.4 37.5 46.4 58.1 89.5 129.9 172.2
33.2 43.3 53.7 67.7 145.8 206 273.5
13.9 16.8 20.5 25.2 20.% 25.2 33.6
16.7 20.6 25.2 231.1 33.3 43.9 59.85
18.6 23.3 20.6 35.%5 45.7 &4.7 81.2
20.7 26.4 32.6 40.7 68.7 95.6 137.2
23.2 30.3 37.4 47.2 107.5 155.7 203.8

” 6'

11.3°
14.9
20.4
il.1
9.5
1.4
34.9
47.5%
28
8.3
4.0
70
91.9
142.1
¢13.9
340
40.9
69.9
105.2
159.4

254.2)

1/€~500,8 KV
1/C€~550,8 KV
1/C~4/0,8 KV
1/C~780,600 V

1/C~500
1/C-3%0
1/C-4/0
1/C=2/0
TRI-4/0
™PI-2/0
TRY ~2ANG
3/ C~4MNG
3/C=SARG
3/C~BAWG
3/C=10AKG
3/C=1INHG
2,/ C~2ANG
2/C~6AWG
2/C-8AIG
2/C~10AWG
2/C=12ANG

+ Rad + Rv + Rwa charmal resjistance betwaen the conductor
and outside amblant air, tharmal N-ft

&
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ATTACHMENT B2 ‘C“mdeCa&anM'Twmz

converts ector
O ’ natyrix.

o~

e 1= 90 condurtor temper.ture, dey. C (see DBD-EE-32)

Ta = 50 anbien* temperature, deqg. C (see DBD-EE-52)

Cable ampacity of Thermolag 330-660 Wrapped Cable in Free Alir

234.5 + 35

RRAC2S
1,3

4
[1 + Y¥e 1] (234.5 + Te)
_ £,3)]

Sorce: Referance 3 (Nehr-McGrath, equation 9, with Rthl = Roa’,
delta TD = 0, Rdc expressed at temparature TC).

WRITEPRN [ {amp 'l iw Tax) This saves lamp in an ASCII file for use
<3 (! in tamplate Attzzhment B3

Cable Ampacity of Wrapped Cable in Frae Alr
T T"Ne. of cables / Condult Size
2 3 5 ' b 4" g "

348 316 89 2369 369 169 1/C~%500,8 KV
281 255 231 299 29% 281 2 1/C-2%0,8 RV
209 190 173 2233 223 209 : 1/C~4/0,8 KV
416 375 241 444 444 418 2/C=7%0,600 ¥
326 294 266 350 3850 328 1/C=500
281 238 21 282 361 238 ) 1/C~350
187 168 187 1351 147 1/C~4/0
139 128 128 112 99 1/C-2/0
187 168 204 1B7 1351 TRI=-4/0
139 1.5 TRI=-2/0
87 78 TRI = 2AWG
68 €1 3/ C~4RWNG
51 45 3/ C~6ANG
34 3/C=BAWG
25 3/C=10AWG
1! 3/C=12AWG
96 2/C=2ARG
55 2/C=EAWG
41 2/ C~BRAWG
2/C=10ANG
2/C=12AWG

*
e
(™)

el o
Wi
R S

=
Ll

P ™ BE JES IS

=
-

192

“d
&3
83

R 3
]

.
SNt
el R
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CGwmesnE e
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O ok et e 08 2w OB
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ATTACHMENT B3 'MMC«:&:_MMM Cables and Cables in
Thermolagged

ATTACHMENT B3

NPACITY COMPARISON BETWEEN FREE AIR :
THERMOLAGGED CABLES
CABLES o TRESOLAGGED FACHMAYS S/ILJ ﬁ“‘*

2 Y

This templates comparsas the ampacity of t.hornoe:gq.d cables in free air with
those of thermolagjed raceway: maintained spa tray, ransod filled tray,
Thermolag 330-1 enclosed conduit (both box and shell duign)

1. CABLE INVJT DATA

PRNPRECISION = 8 é
Iamp :+« READPRN (ilamp)
= READFRN (N) nn’ 1= READPRN (NN)

The above files wera produced by template Attachment Bl : N andl nn’;
Attachpent B2: Iamp.

ORIGIN = ] defines the uppar corner of a matrix as 1,1

§ 1= 1 ..8 {11 ..21
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ATTACHMENT 83 "Am oy U
Thennolsgged

Cable Ampacity of Wrapped Cable in Free Alr

No. ©of Cablas / Conduit Size
1 2 3 ) " 4" s 6
469 2348 316 289 369 369 2169 3401
299 281 25% 233 299 299 281 2585
223 209 190 173 223 223 209 172
444 416 175 4. 444 444 416 416
150 326 294 266 350 150 326 264
Tamp = (282 261 235 213 282 261 235 213
204 187 168 152 187 151 47 1M
153 139 125 112 12% 112 9v @9
204 187 168 152 204 187 151 147
153 139 125 112 139 125 112 9%
97 87 178 70 70 63 57 S0
7% &8 61 S5 61 53 47 41
87 51 46 42 42 37 a3 29
42 38 34 31 28 24 20 18
32 28 2% 23 18 15 13 12
24 21 19 17 11 10 8 7
117 106 96 87 96 87 75 68
€7 60 385 A9 47 42 315 13
50 4% 41 36 32 7 24 22
38 33 3¢ 27 21 18 18 4
(28 25 22 20 13 11 10 9

Number of Cablas in a Bundle

No. of cabl

1 2

f

R o o el e
HMUMMMUNMNBUONUNNNNRBNLMNNN
Wi DWW L WU WWWRWWUWWDW R DWW UDWL W .

3 e pea

r

PR T RE T RS SNTE l a

uraauuuAaGeVEMeELULLBEOG .

6 e el
QWA WE P W

@8 ;/ Ccondul
3 4"

BN MU SN

5.

WMeEWMOOWNRNN

t Size

6.

~

OoNONeKEW

1/C-500,8 KV
1/6-35%50,8 KV
1/C~4/0,8 KV
1/C~75%0,8600 V
1/C-500
1/C=-350
1/C=-4/0
1/C=2/0
TRI~4/0
TRI~2/0
TRI~2ANG
3/C~4AWNG
3/C~6ANG
3/C~BANG
3/C~10ANG
3/C=12ANG
2/C~2AWG
2/C~62WG

2/ T-BANG
2/C~1L0ANG
2/C~12AWG

2 of17
wos Between Free Awr Cabics and Cables in

1/C~500,8 KV
1/C=350,8 KV
1/C=4/0,8 KV
1/C~7%0,600 V
1/C~500
1/C=350
1/C=4/0
1/C=2/0
TRI~4/0
TRI~2/0

TRI ~2AWG
3/C~4ANG
3/C~6AWG
3/C~BANG
3/C=10AWG
3/C=12AMG
2/C=2ANG
:igocaun é%&
2/C=10AWG
2/C~120WG

Note: 1/C cable are
bundled in groups of
three. Thearefore, if
N= than the actual
nuaber of cables for
1/C {8 I X3 =9

e e e e et S e e
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ATTACHMENT B3 “Ampacity Betweea Free Air :
| e L Cables wad Cables i

o ———————
S———————.

Number of Conductors in a Bundle

Wo.of Cablas / Condult Size
1 2 3 3 3 4~ sw e
3 ¢ 9 15 3 3 3 € 1/C~500,8 KV
3 6 9 15 3 3 6 ¥ 1/C~35%0,8% KV
3 6 9 15 3 3 6 12 1/C=-4/0,8 KV
3 6 9 185 3 3 6 6 1/C-7%0,600 V
3 6 9 18 3 3 [ 12 1/C-500
m'’ = |3 6 9 15 3 6 B 15 1/C=35"
3 6 9 15 6 12 18 27 1/C-4/0
3 6 9 15 ¢ 15 4 33 i/C~2/0
3 6 9 15 3 é i2 18 TRI-4/0
3 ¢ 9 13 [ i 15 24 TRI=2/0
3 6 9% 18 12 231 33 48 TRI~2AWG
3 6 % 1% 9 18 30 45 31/ C~4 NG
3 6 9 15 132 24 3% $7 3/C~6ANG
3 6 9 1% 21 3 63 S0 3/C=BAWG
3 6 9 15 35 60 96 138 3/C=1NANG
1 & 9 15 S4 96 153 219 3/C~12AWG
2 4 6 10 6 10 18 26 2/C=2ANG
2 4 6 10 12 20 32 46 2/ C-6AWG
2 4 6 10 16 20 46 63 2/ C=BAWG
2 4 6 10 26 44 70 102 2/C=10ANG
2 4 6 10 40 72 112 182 2/C~12AWG
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ATTACHMENT B3 "Ampacity Comparison Botweea Pree Alr Thermolagged Cables and Cables in
Thermolagged Racewayy’
{ L AR A
Ampecities of Thermolagged Maintained Spaced Tray

. B —————— o T S a——.

Ampacity of thermolag covered €00 V cable with maintained spacing in a 50

¢ ambient see Referance ) (DBD~EE-052) and Refarence 18.

Development of Thermolagged Tray ampacities for 8 kV cable:

5151 1/C=500, 8LV valuas obtained from Reference 18,
It := |38¢ 1/C~3%0, BKV Table 33 whare depth > diameter.
|265] 1/C-4/0, 8KV

(thMS8kv = 0.50 0.6% It wvhere: 0.%0 is multiplier for correcting
ambient temperature from 40 C
to 50 C (Ref. 18, page i).
1,69 is thermolag derating factor
(Raf. 1).

[319.9
IthMS8ky = [239.7
[15‘.6

3201 1/C~500,8 KV

1/C-350,8 KV

1/C~4/0,8 KV Thesa ampacities ware input from:
1/C=75%50,600 V 8 Kv Cable ~ calculated results of
1/C~500 IthMS8kv zhown above; 600 V cables - from
1/C~350 DEBD-ER~-0%52. A value of 995 is enterad when
1/C~4/0 no ampacities are appropriats because the
1/C+3/0 cables would not be installed in

TRI-&¢/C maintained spaced trays

T™RI-2/0

TRI ~2ANG

3/C~4ARC

3/C~BAWNG

3/ C=AANG

3/C=10AWG

3/C=12ARG

2/ C=2AWG

2/ C~6EANG

2/ C~8SANG

2/C=10AWG

2/C=12ANG
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ATTACHMENT B3 'ﬂunndn(knz:::;:u'ulFunAh Cables and Cabdes in

[ . A"

MOYMWMIWW
WITH MAINTAINED SPACING IN TRAY

Ampacity Cospariscn with MS Tray

NS, of Cables ; Conduit sSize
1 $ 4" 50 6"

n

COOHOOCO O 5 s s ps s b o o
=
»

1/C~£03,8 KV

1/€-350,8 KV

1/C~4/0,8 KV

1/C~7%0,600 V

1/C~50¢

1/C=350

1/C-4/0

1/C~2/¢C

TRI=4,/0

TRI-2/0 1 - Adnquu cable
TRI~2AWG

3/ C=4ANG 0= Imd-qulu cable
3/C-6AWNG ampacity
3/C~BAWNG

3/C~10ARG

2/C=12ANG

2/ C=200G

2/ C~6ANG

2/C~8ANG

2/C=10ANG

2/C~12ANG

COOOHOOCOQHMI MMM K
COCOHOOOCOOMNMMMHMHPHFOMNKFED w
COCOHOOOQOUMMEFMEFODHOO
COOCHOD 0O M 1 s s bt o b5 3 o b8 30 W
OOCOHOGDOOOHFMP P P
OTOOHOQCOOHFFDODOMEPMM MM
COoO0CCOCOO0O0OLCOWOOCOMOM MM

Soses

)
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ATTACHMENT ‘Ampacity e Borwees Cables and Cables in
m-au::mw

l

———————— . ep—
et
———

Limit of Number of Cable in Bundle:
Not to Exceed Ampacity of Cable in
ME Thermolagged Tray

No. of Cables / fendu&t Ef"

o

1 2 3 8B 3 4 -]
N3 2. 9% 3 % % 1/C~%00,8 KV
S 33 € 3 3 2 3 1/C=350,8 KV
31 2 3 8% 1 1 2 5 1/C~4/0,8 KV
L g8 33 2 2 1/C=75C,600 V
-2 3 8 1 3 2 0 1/C-500

Calimit = {1 2 3 § 1 2 3 5 1/C=-350
1 23 3 8 3 4 0 0 1/C~4/0
1 2 3 8 3 8§ 0 0 1/C=-2/0
: 2 3 5 3 3 4 0 TRI=-4/0 The limit to the
1 -2- % @9 8 3 £ 0 TRI~2/0 numksr of cab.es
1 2 3 S 4 7 11 16 TRI=2ANG undar 3 wrup, use
0O 2 0 0 0 O 0 v} 3/C~4ARWC BUXLiBUS number in
@ 0 00 00 0 ©O 3/C~6ANG a given row.
Q 0 0 0 0 O 0 0 2 /C~BANG Thres 1/C cables
¢ 0 ¢ 0 0 0 0 0 3 /C~10ANG are considered as
O 0 ¢ 0 @0 O 0 0 S/C=12\WG one (1) 3/C cable.
i1 2 3 8 % S 9 0 2/C~2ANG
0 0 60 0 0 © 0 0 2/C~EANG
0 ¢ 0 ¢ 0 0O 0 0 2/ C~BAWNG
0 0 ¢ 0 ¢ 9 0 0 2/ C=10AWG
0 0 6 0 0 0 O O 2/C=12AWG



ATTACHMENT BS  “Ampacity O Betwios Pres Al
mm

Ampacities of Tharmoligysd Random Lay Tray

TthRS

CPSES UNIT | 16345-EE(B)-140, Rev 2 7To17

Cables and Cables in

1/C-500,8 KV
1/C-35%50.8 KV
1/C-4/0,8 KV
1/C=75%5,8600 V

1/C~500
1/C-380
4/C~4/0
1/C~2/0
TRI-4/0
™=-2/0
TRI=2ANG
I/C=4NV3
3/C=6aNG
3/C=BANG
3/C~10ANG
3/C=12ANG
2/C=2ANG
2/C-6ANG
2/ C~BANG
2/C=10ANG
2/C=12ANG

ty of thermolay
coversd cable with
random lay (no main-
tained spaciiyg), seo
Reference 1 (DBD-EE~-0%2)




CPSES UNIT | 16345-EE(B)-140, Rev 2 §oll?

ATTACHMENT B3  "Ampacky Ca-m Berweea Free Air
Thermolagged '

1

S——

TIthRs t= [thRS
i.3 i

AMPCHR 1. u[ntxm1

< lamp ,1,0]
1.3 1,3

’

Ampecity Comparison with Random TH-Tray

1/C-500,8 KV
1/C-350,8 XV
1/C=4/0,8 KV
1/C~75%0,600 V
1/C-~500
1/C~350
1/C=4/0
1/C-2/0
TRI-4¢/0
TRI=-2/0
TRI =~ 2ANG
3/C=4ANG
1/C~6ANG
3/C-BANG
3/C~10ANG
3/C~12AWNG
2/C-2ANG
2717 SaNG
2/C~BAWNG
2/C=10AWNG
2/ C L2ANG

I R P R R NN R R 0000 W
e i g R A R R R R M N N 000 W
DOOD00O0O0COOOHFFOGCGCODO,

o b b bh o i P P i B A i i S R M R O O O
o bt e e et e e S A A R R S SR R M OO D O
MNP P N R R RSO 00003 0
R T o e e e T R -
ORI M RO MM 00C00

:

Pk i Wil | 9011

calimit - lt[hlp % $99,0,CaLimit ]
1:9

"
'

-
"

1.3

Cabies and Cables 1

l-khmnnumu

o-Inﬂuﬁannnt
ampacity
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ATTACHMENT B3 “Ampacity Betwoen Pree Alr - y
o i e Cables and Cables in

B e u——

Liait of Nuaber of Cable in Bundle:
Not to Exceed Ampacity of Cable in
Random Lay Thermolagged Tray

lia. of Cables ; Condult Size
1 2 385 3 4 s ¢

o 0 2 0 0O © o0 ¢ 1/2=500,8 KV

o 0 06 0 0o 0O o 1/C=350,8 KV

© 0 0 0O o0 © 0 O 1L/C=4/0,8 KV

1 0 0 0 1 1 0 O 1/C=750,600 V

1 2 30 1 1 2 o 1/C=%00

+ 2 3 & 3 % 3 @ 1/C~350

1 2 38 2 4 s O 1/C~4/0

1 '3 38 % 8 8 2 1/C-2/0

1 2 30 1 2 o0 0 TRI«4/0 The limit to the
1 2 3% 2 3 s o TRI=~2/0 mmbar of cables
1 2 3 % 4 y AR 0 TRI =206 urder & wvrap, une
3 3 3 8 3 6 10 0O 3/ CohNG Baximme mmbar in
1 2 3% 4 8 13 0 2/ C-6AMG & given row.

1 2 3 % 7 13 21 o 1,/0-92WG Three 1/C cables
1 2 3 5 11 30 32 O 1/C~10ANG are considered awn
1 2 3 % 18 3 % o 2/C=L2AWG ons (1) 3/C eabla.
1 2 38 3 8 9 0 %/ C~2AWG

1 '3 3¢ 5 38 & 8 2/ C~6AWG

1 2 3 % 8 1% 23 o 2/C~BAWG

L 2 3 0S8 13 22 3% o 2/C=10ANG

1 2 3 5 20 36 56 0O 2/Cw12AWG
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ATTACHMENT B3 “Aspeciy wou Between Pros Ak Cibles and
ﬂnd:m Cables in

Aspacities of Cable in Themolagged Conduit(Box Design)

Paference 1 (DBO-EE-052)

{330’ 1/C-%500,8 KV - ampacity for thise conductors
M 1/C=350,8 KV in conduit, enclosad in
205 1/C-4/0,8 KV Thermolag 340-660, Box Design
428 1/C=750,600 V
341 1/C~500
27% 1/C~359
19° 1/0=4/0
146 1/C-2/0
139 TRI=-4/0
146 TRI-2/0
Ithen = | 93 TRI~2ANG
65 3/C=4ANG
4% 31/C~6RWG
37 3/C-8ANG
26 3/C~10ANG
20 3/C~12NNG
8 2/C=2ANG
49 2/0-8ANG
37 2/ C~BANG
26 2/C~10ANG
| 20 2/C=12AWG
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The following equaticns produce multipying factors for

0]

zw

< 3.01,1,CDamp ]
1.3
..

> 3.01,0.8,Champ ]
1,3

> 24.01,0.6,Champ

3

i3
1,3
.3

CPSES UNIT 1 16345-EX(B)- 140, Rev 2 page 11 of 17
Mm“mumwmumu
in a concuit

S

ity muplyl.nzﬂmﬂ
1 3 conductors a Conduit
No. of Cables ;/ Conduit Size

- it[m’
- 1t[nn'
@ if[m'i : > 42.1.0.5,@.@1 j]

1. 1z[m'i . > es.o;,o.':',«:mn1 j]
3

1= 0
t- 1£[m‘

N
.
.
.
-
.

i3
i1
4,3
1.3
i3
1.3

E

Condy it
For More

1

mutiple cablas

ATTACHMENT B3

Champ
Chemp
Champ
Chazp
Coamp
Chanp

conductnrs in
conduit

for multipie

NEC anlti-
ply7ing tactor

>
44
<
W w2 W
COOCQVOOOCOoX’ NA
B WO NN NN “0
MO VAT NTNMNE v P R
AR ERIF R G SED) B
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ACHMENT Aspacy wou Beswwen =='~C&hnl0bh
T\um -

4

LR

IIeln 1= CDamp
i

TERCH - ~
1,9 i

Thermolaggad Ampaci:ies in Conduit(Box Design)
No. of Cabies / conduit $ize
2 3 5

1 3 5 6"
‘338 270 237 237 338 338 338 270 1/C=800,8 K
277 222 194 194 277 277 222 194 1,C=350,8 XV
205 164 144 144 205 208 164 144 1/C=4/0,8 KV
428 342 300 300 428 428 242 342 1/C=750,600 V
31 273 239 239 341 4L 273 239 1/C~500
IITheD = (275 220 163 183 27% 240 197 193 1/C=350
198 189 139 139 159 139 13% 119 1/C-4/0
146 117 102 102 102 102 102 88 1/C~2/0
199 159 139 139 199 159 139 139 TRI=4/0
146 117 102 102 117 102 102 102 TRI~2/0
93 74 65 65 65 65 56 47 TRI - 2ANG
65 82 46 46 46 46 39 33 3/C-AANG
49 39 34 34 34 34 29 28 3/C-6AWG
l37 30 2 26 26 22 19 1§ 3/C-BANG
\ 26 21 18 18 16 13 13 13 3/C~10AWG
M 16 14 14 10 10 10 20 3/C=12ANG
58 70 70 62 ¢ 62 62 53 2/C=2A4G
4y 39 39 34 34 34 29 5 2/C~6AIK3
37 30 30 26 26 22 19 19 2/C-BAMG
26 21 21 1 16 13 13 1 2/C~10ANWG
[ 20 16 16 14 12 10 19 10 2/C=12ANG

AMPCHK 1= it[nm < Tamp ,1,0 Anpacity Comparison
1.3 . i3 1.3 eguarion
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ATTACHMENT B3 "Ampacity Botwnae u’ﬁnd.ncu- Cables in
‘l\-m”

 Ampacity Compa

rison with Thermolagged

conduit (Box Design)

i

P B e e e 0 R b et e e B B e B B S

[

e A P P RS S R e S P R R R N

P s ek e b e B B R e S e e B B B g R e W

S o o ol o R SR Sl ol ol ok ol o

NG, Of Cabies / conduit Sire
s

4" 5" 6"

-
»

1/C~500,8 KV
1/C=350,8 KV
1/C=4/0,8 KV
1/€=7%0,600 V
1/C=5%0
1/C=330
1/C-4/0
1/C~2/0
TRI-4/0
TRI-2,/0
TRI=2A¥G
3/C=4AVG
3/C~6ANG
1/C=BANG
3/C=10AWG
3/C~L2NNG
2/C~2AV"5
2/C~6 G
2/C=BANG
2/C~1008G
2/C=12ANG

P B B bk e B B B B B e e B B B B W
PO R B e B B B B B S R S e e

O 9 o b 5 O s B B O e S B 1

e T T e e - e e e e e

&

c:aunici'j - 1:[»0(1:1'1 - 1,[!1' ],o]

cu.:.nti 4 i- i‘[xm

% 999,0,Calimit ]
39 1.3

NITR:

1 = Adequate cable
ampacity

0 - Inadequate cable
ampacity
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CPSES UNIT 1 m_&m)-m.mz 4ol 17
l.um?rum Cables and Cables in

Calimit =

Limit of Number of Cable in Bundla:
Not to Exceed Ampacity of Cable in
Thermolagged Conduit (Box Design)

No. of Cables ¥ Condulit Size

1 32 3 8 3 4" 5" ¢"

N 32 38 1 1 3y 3 1/C=500,8 KV
. 2 -3 F &3 8% 3 1/C=3%0,8 KV
19 3% %2 3 % & 1/C~4/0,0 KV
t- 2 3 9% 4 1'% ¢® 1/C~750,600 V
'8 % 8 3.3 8.4 1/C=500
' N T F 3.9 1/C~3%50

1 2 3% 2 4 8 9 1/C=4/0

1 2338 3 3 o % 1/C=2/0

1 2 38 1 2 4 ¢ TRI~4/0

1 2 5% 2 3 8 O TRI=2/0

1 2 3 % 4 0 11 16 TRI = 2AWG

1 2 3% 3 6 10 15 3/C~4ANG

1 2 3% 4 8 13 19 3/C-6ANG

A % 4 9 1499 B8 2/C~BANG

1 2 3 8% 11 20 33 o 3/C=10ANG

1 2 5 5 18 o0 o0 0O 3/C=~12AWG

1 2 5 % 3 $ 9% 1 2/ C~ 200G

1 2 3 % 6 10 16 23 2/C~BANG

1 2 3 % 8 1% 23 38 2/C~BANG

1 2 3 5 13 22 335 s 2/C=10ARG
1 2 3 5 20 3¢ 0 0 2/C=12AWNG

The linit to tha
nunber of cables
under a wvrap, use
maxinum number

in
a given row.
Three 1/C cablas
are considered as
one (1) 3/C cable.
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ATTACHMENT B3 ‘Amneckty Comparison (Jerween Proe A "3:". ' “abi
. - L i olagged Cables sad Cabies in

Aspacities of Cable in Themolagyed Conduit (Shell Design)

0.92% Ruferance 1 (DRAD-ZE~082, Rev 2
IIChCDahell (e swese. TICHRCD page 22,.S8ection 4.1.2.6 g.) provides
0.8 ralative factore for shell ve box desim.

Thermolagged Ampacities in Conduit (Sheil Design)
Yo, of Cables / Condult Size
| 2 3 5 A 4" g 6"

274 391 391 313 1/2+500,8 KV

224 520 320 224 1/C~320,8 KV
166 237 237 1§ 166 1/C+4/0.8 KV
J46 495 498 196 1/C=750,600
278 394 194 $ 276 1/C=500
1IthChab~\] = 25 223 318 254 223 23} 1/C=350
161 84 161 L 138 1/C~4/0
118 118 118 1, 101 1/C~2/0
161 23C 184 ) 161 TRI=4/0C
A18 135 118 118 TRI«2/0
78 78 18 %4 TRI~2ANG
€3 53 % 38 3/C=4ANG
40 40 40 8 3/ C=6ANG
30 30 236 | S 3/C~BAWG
21 is 15 1 15 1/C=10ANG
16 2 12 | 2 3/C=12ANG
70 81 71 7 61 2/ Cm e ANG
40 8 2/C~6AWG
00 3% 26 21 2/C~8AWNG
21 18 1§ ] 2/C10NWG
16 14 12 ] 12) 2/C=12AWG
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ATTACHMENT B3 " Ass paaary Petwers Pros Air :
1\-*::‘:# Cables und Cables is
AMPCHK - u[xxwu < laxp ,:.,o]
i.9 1.3 P
mitt Camparison with Thermolagged
Conduit (Shell Dasign)
Na. of Cables / Conduit Slze
1 02 3 8 3 4% 8% g
0 1 21 0 0 0 1) 1/C=500,8 XV A
o 1 110 0 1 1 1/C=380,8 XV (A
o 1 1 1 ¢ 0 1 1 1/C=4/0,8 KV
o 1100 0 1 1 1/C=7%0,600 V
0 1 1 0 0 0 1 0 1/C~500
AMPCHR «» 0 12 12 0 0 1 1 © 1/C=150
0 1 1 0 100 1/C=4/0
0 1101 0 0 0 1/C=2/0
© 11 0 0 1 0 O TRI«4,0
6 110 1100 TRI~2/0
¢ 110 0 0 & 90 TR = 2AWG NOTE §
0 1 1 11111 1/ C=4AWG 1 = Adequate cable
1 1 11100 1 3/ =6ANG anpacity
0 1 110 0 n 0 1/ C~BANG 0 - Inadequate cable
1 13111130 3/C=10ANG ampacity
1 1110000 3/C=12AWG
1 11 311111 2/C~2AMG
i 4 13 8 % 3. 8% % 2/C~6ANG
1 111111310 2/C~BANG
1 1111110 2/C~10AWG
1 1 410 0 0 o 2/C=12AWG
calLimit

i- it[m"’ ~ "[Ni,j]'O]

o
-
-

"
[
s
0
-
"
s
E
&
w
O
-
>
(el
F.
~b
[ S————)
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ATTACHMENT B3 mc«-wmmumwrwumu

x.me otmu Cable in Bundle:
Nou to Excesd Ampacity of Cable in

‘monumd Conduit (Shell Design)
fia. of Cables / Condult S1ze

n

i el MO HOO0O0000C0DOC OO

L/C"'OO 8 KV
1/C~350,8 KV
UC-‘/O ' 8KV
1/C~750,600 V
1/C=500
1/C~31850
1/C-4/0
1/C=2/0
TRI-4/0
TRI~2/0
TRI = 2AWG
1/C~4AANG
3/C~6AWG
3/C~BANG
3/C~10AWG
3/C=12ANG
1/0=2AWG
2/C~EAWG
2/C~BANG
2/C=10AWG
2/C=12ANG

oo
=
OC)O(?\DQQ&.&:

WOC 2000000 CLUNNNND

o

CrWUONDUNDOCOLOOW
COOWLOOOWROGO

-

CWLWBONW O
-
OVMOCOORAROWNODONODOO
'O
o
™

-

NURNNBUDNNRNNUVDRRNBDNRD NN
UHIRUW G WWWWWUWURDWWDYWDWLDEw
CUVRALALVMEQCOCOoOoCTOoOwVERRNR

™e linit to the
m vf cables
Bax{ss mmber in
a qivm .
Three 1/C cablaes

arv considared as
one 1) 3/C cable.

40‘

IithChDahell

, Lamp
(15,3 (18.3)

N
(15,1)

50

A
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ATTAGDOINTC  Cabls Bondk Mukipivng Feaery "0 &7

- :
CABLE BUNDLE MULJIPLYING rACTORS

The relationship betwean the bundle diametar ard cable
dianetear of vidual cable is & own in satrix NNFF1,

NNFP?  MNFFP!, and NNFF4. These arw from
Rel . ® 2 Brand~Rex Publicatinn WC-82, Tible 4).
No. No. F No. F
[ 1 1] [26 . 1 81 n.u}
2 2 27 6.18 52 8.41
3 2.18 28 6.41 53 8.7
¢ 2.14 29 6.41 LY ) 8.7
% 2.7 30 6.40 58 8.7
[ 3 3l 6.7 56 8.7
b} 32 6.7 57 B
I T 5 33 6.7 58 9
& .62 34 7 59 9
10 + 15 60 3
11 % 36 7 61 9
12 4.18 37 7 82 9.31
13 4.4) NNFPF2 := |38 7.31 NNPF3 1= (63 9.31
14 4.41 3% 7.3 64 9.2
15 4.7 40 7.3 6% 9.31
16 4.7 41 7.62 66 9.62
7 - 42 7.62 67 9.62
18 5 43 7.62 68 9.62
19 $ R 8 69 9.62
20 S5.31 45 8 70 10
21 5.1 46 8 71 10
22 S5.62 47 8 72 10
23 [ 48 8.15 73 10
a4 6 49 B8.15 74 10
28 & (50 5,44 78 1C.2]
Ne. P
(76  10.2]
77 10.2
78 10.41
79 10.4.
80 10.41
81 10.41
82 10.41
] 10.7
84 10.7
88 10.7)
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ATTACHMENT C ‘Cable Bundle Mualtiplymng
ORIGIN ™ 1 {L 1= 1 .25 4 1= 1 ,.20 mi= 1 .2
NNFP i= NNFF1 NNF¥ 1= NNFY2
(25+4),m i,
NNI'? 1= NNFF3
(50+4),m in
1= NNFV¥4
(7543) Im
WRITEPRN (NNFF) := NNFF This stores this matrix in an

ASCII file for input to template
Appendix

B
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ATTACHMENT D
Page 1 of 2

A Mareh 1909

W Rleetric
PO Box 1001
Glen Rose, Taxas 74043

Attentions Ne. Ban Jones
Sud et TRIWMO-LAG 130660 Pleaxi Mlanket
Pes: ¥y Josant

T™he following Lo {n followup to my lettar of Mareh 9, 1989, at the requace
of Mr. Tia Wrighe,

The INURMO-LAG 300-660 Plexi Jlanket rypically sxhibite the felloviug

propertiset
Muvicse Balssivicy o.M
Thervel Conductivity 2,49 x 10 3*u/re/ex/Ye

If you bave any quesiiens, pleace do not Besitete to costact me.

Yours truly,

A2,

A, Lohmas
Acsistant to the Presidest

ML/ ses

ACCEPTABLE MARGINAL QUALITY

T A pats_ oA

TRERMAL SCIENCE INC. ¢ 2200 CASSENS DR+ 47 LOUIS, MO 63026 » (314) 2490203
Telaw Domenic 442304 » Ovassees 209900 Telecopier (314) 2490207
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ATTACHMENT P
DEVELOPMENT OF AMPACITY DIVERSITY FACTORS

ORIGIN ® ]

As discuseed in the methodology, as the nuaber of cable contained within
wrap increases it becomes advantageous to account for divarsity of
loading. All powver cables are sized rr DBD-EE~082, which requires the
cables to have » miniwum ampacity of 1.25 times full load currant. In
large of cables it is practical to consider only a few ables are
operat at 1.2%5 tines full load current and the romaining cascles are
carrying 1.0 times full load current.

T™his sttachmant will calculate the valent heat produces varies

nusber of cable bundle sizes. An valant N’« of cables will be
calculated represanting squivalant heat production,

¥

N =1 ,,10 The nmumber of cables in a bundle .
2
Heat = 1,25 N This is heat production T‘r unit I-full load
N current assuming all cables carry 1.2% times

full load current, watt

1 1 This is the priected heat production of just
one cable in a bundle
Heat’ = Heat This is the projected heat production of twe
2 2 cable in a @
koiw 3 10
2
Heat’ = Heat’ + (k - 2)°1 This is the projected heat
k 2 roduction ot three to 10 cables in a
gunﬁlo. Cables 3 to 10 carry 1.0 times

full load current.
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“Deevalopmast of At pacaty :

™is is the divarsity multiplier to obtaine
sguivalent mmber of cables/conductors in & bundle
for on an ivalent heat production basis. This
will be in Attachment BlA. As N spproaches

w, N' approaches 0,64,
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“Laterim Casculation of Cable Aspacity of Thermolagged Cable in Free Tempiste L [Modified for § cables’

This templates calovlates interis vilues for inpet into late Attachment
52, Specifically, number of cables and corductors and sffective bundle
dlanetecs, and maximum number of cables which can fit inte a conduit are
raloulated in this template.

1. CABLE INPUT DATA

PRNPRECLSION = @
File: cable.prn wvas prodiced by
CABLE 1= mm[wu ] template Attachmant Ll ana is
prn docusanted separately.

ORIGIN = ) defines the upper cornar of a matrix as .1,1

4121 ,.7 1im=1..21 n tm 0 Cdliam 1= 0
1.9 1.3

Matrix CABLE 18 comprised of cthe following indicated columns .

<1i>» <q> <A>» 4>
RAn2S 1w CARLE Yo = CABLP Do 1= CABLE Ac := CABLE

<l» <S> <6>» <7> <B>
n' 1= CABILE It 1« CABLRE Jt i= CABLE pi = CABLE

<9» <i0>» <1> <11>
py = CABLE Diaw\C (= CABRLE Cdiam tw CASLE

wWheere!

RAc2S Conductor d¢ resistanca at 25 deg C, N/ft
Yo Conductor proximity,/skin effect

De Conductor dianeter, in,

Ac Conductor cross-sectonal area, sq mm

n' Nuaber of conduc.ors in cable

it Insulation thickness, mils

Je Overall jacket thickness, mils

gl Insulation tharxal resistivity, C-om/'vw
21 Jecket therwmal resistivity, C-am/vw
DiaalC Diametear of )./¢c cable or 1 cable of multi-conductor cable, in.
~dism Overall diamster of cable, in.



ATTACHMENT G1 CPSES UNTY 1 16345 ERE(B)- 140 REY 3 Page 2 0 9
“Interim Calculation of Cable Ampacity of Thermolagged Cable Free Ar Template L Modified tor 8 cables’

CABLE PHYSICAL PROPERTIES

DianlC Caiam
inch

2.668151

0.526 :.3392'

|
0.99% 18 - ‘ 2.769%2|

0,813

2. 306951{

0,681 2.02315)

0.528 7 { 1.5682

!

J,.418

. '
|

2510 0. 0.528

43 0.418 3287

, 69 0,292 L4503
.69 0.432 - 80 0.9813|
a7 30 0,184 N ’ 80 ). 8781 |
\79.10 0.146 il : 60
0.00108 0.116 2 45 60
0.00172 0.092 $.3% 3§ 10 60
~d
,69.10 0.292 1 ; 7% 80
-4
.27:10 0.184 d 7% &0 : L334
o {

. 7910 0.146 . 60 60 5CO 500 26686
0.00108 0.116 . 45 60 500 S00 .206
0.00172 { 0.092 . 30 60 S5C0 S00 152

6919 |
0.5629|
4468

The above matrix is manually compared with the matrix CABLE or Attach~
nant A o damonstrate successful data transfer.
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“Taterun Calculation of Calve Ampaciy of |hermolagged Cable in Free A Template 1. Modified for § cables’

BUNDLED 7ONDUCTOR DIAMETER

s D i1 =

Tis is the nusber of cables
in & burdle, except that ! -
single conductors are counted
as one. The Nuabars were
arpitrarily selected,

The following detarmines the maximum
nuabar of caples vhich can fit in a
conduit using tha 408 "fill by area”
critaris (sae Rafevanca 14).

e —————————————— o S - (o - A —————— . -y

Area of a 3,4,5,6 inch canduit,
Source: Reference 14 (NEC).
Acrdd ¢ L3« 73 : .89

0.4 Aendd W 0.4 Acnd)

" -t ——— A f l QY | wmrmrmemem e amiseen

2
Cdian

DiamlC

4

[ A Aerdd

£100F | mm——

- \

DiamlC
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“Lnteris Cakonlation of Cable Amparxy of Thermolaggnd Cable i Froe Tempiate 1 Modified for 8 cables’

49 191 .9
N - u[w ™ 0,1,N ] This ensures that N is never zero
‘oj 1.’ 10’ "
Cconduit Size: 3 4 5 6

' 2 3 8 8 1 1 1 2 1/C+8500,8 KV
1 2 3 8 ¢ 1 1 2 3 1/C=3150,8 KV
1 23 8¢ 1% L 3 ¢ 1/C=4/0,8 KV
 THEE TE DR R 1 1 2 2 1/C«7%0,600 V
R B BN BT Uee e R i 1/C-500

Nels 2 3 88 12 2 3 5 1/C=3%50
R TR R US. 2 4 6 9 1/C~4/0
i 2 3 3 % 3 S 8 12 1/C=2/0
1 %2 3 5 8 1 2 4 6 TRI-4/0
1 2 3 8 ° 2 3 ] & TRI~2/0
1 3 3 5 B 4 7 33 18 TRI~1ARG
1 2 3 85 ¢ 3 ¢ 10 18 1/ C~a ARG
i1 33 8.8 “ 6 13 19 3/ C~6ANG
e e B 7 13 21 W 1/C~BANG
1 2 3 5 8 11 20 43 46 31/C LONNG
1 2 3 5 8 138 22 51 M 3/C=12ANG
1 2 3 % § 3 ] ? 12 2/C= 200G
 WEE S MEL € € 10 16 2 2/ C-6ANG
s 3 -3 .89 8 1% 23 34 2/C~BAW:
1 2 3 5 8 13 22 3 5 2/C~10ANG
3 3 3 5 8 20 36 56 B8l 2/ C=~12AWG

1= N This stores the N matix in an ASCII file for

-
:

use in Template Appendix G2 and G



ATTACHMENT G CPSES UNIT 1 16345-EE(B)-140 REV 3 Page ¢ of 9
aterim Calculaion of Cable Ampacity of Therciolagged Cable in Free Al Template |: Modified for § cables'

No., of cables in a Bundle
No. of Carles / Conduit Slze

1 2 3 5 8 31* 4" 8 &

L 2 3 8 8 1 2 1 2 1/C=500.8 KV

1 2 3 % 8 1 1 2 2 1/C=1%0,8 KV

1 2 3 % 8 I 1 2 4 1/C=4/0,8 ¥V

1 2 3% 8 1 1 2 2 1/C=750,600 V

1 5 2 B 8 % 1 3 4 1/¢-500

NeI1 2 32 5 8 1 2 13 5 1/C~1%0

1 2 3 % & 2 4 6 9 1/C=4/0

1 2 3 % 8 3 5 &8 12 1/C«3/0

1 2 3 % 8 1 a1 4 & TRI~4/0

1 2 3 8 8 2 1 5 8 1TRI-2/6C

1 2 3 S 8 4 7 11 18 TRI ~ LAWG

1 32 3 8$ 06 3 6 10 18 1/C~AANG

1 2 3 % 6 4 8 13 19 1/C~6ANG

1 2 3 % 8 7 1 21 3 1/C-BANG

1 2 3 5 8 11 20 32 46 3,/C=10AWG

1 2 3 %S 8 18 32 %1 7 3/C=12AWG

1 2 3 % 8 3 5 9% 1 1/C=2hNG

1 2 3 S 8 6 10 16 22 2/ C~6ANG

1 2 3 % 8 &8 1% 22 N 2/C-BANG

1 2 3 % 8 13 22 18 " 2/0=10ANG

1 2 3 % 8 20 34 56 81 2/C~12ANG

valent multiplier to obtain bundle

diasetar = F * cable diamscer.

“Vunber of Cablas / Conduit Silze

1 2 5 8 3 o g*  g"
1 2 2.1% 2.7 3.3 1 1 1 2] 1/C~500,8 KV
1 2 2.1% 2.7 3. 1 1 2 2.18| 1/C=3%0,8 KV
1 2 2.1% 2.7 1 1 2 2.14| 1/C-4/0,8 RV
1 3 3.3 3.7 3.3 ) 1 2 2l 1/€+75%0,600 v
1 2 2.1% 2.7 a1 1 1 2 2.14| 1/C-%00

Fell 2 2.1% 2.7 2.0 1 2 2.18 2.7! 1/C-3%0

1 2 2.1% 3.7 1.3 2 2.14 3 3.62| 1/C-4/0

1 2 2.18 2.7 3.1 2,18 2.7 3.31  4.18) \/C-2/0

*» 2 2.18 2.7 3. 1 2 2.14 3| TRI=4/0

1 2 2.18% 2.7 1M 2 2.1% 2.7 3.31] TRI-2/0

1 § 2.1 3.7 3.31 3.4 1 4 4.7 TRI~2A<G
1 2 2.1% 2.7 3.3 a.18 3 4 4.7  3/C=4ANG
1 2 2.1% 2.7 3,31 2.14 301 4 M) 5| 3/C-6AWG
1 & 3.1 3.7 3.0 1 4.41 5.31  6.411 I/C-BANG
1 2 2.1% 2.7 w.a 4 5.31 6.7 8 3/C=10ANWG
$ 2 2.3 3.7 MM} 5 6.7 8.41 10 3/C~12AWG
1 % 2.1% 2.7 3,31 2.1% 2.7 13.62 4.4); 2/C-2AWG
1 3 3:48 37 3.9 3 ¢ 47 6| 2/C~6AWG
1 2 2.18 2.7 3.3 3N 47 - 71 2/C~uAWG
1 2 2.18%8 2.7 3.31 4.4 5.6 7 8.41] 2/C~10AWG
1 2 2.18 2.7 331 5.1 7 8.7 10.41) 2/C-12AW3
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“lateriss Calowlation of Cable Ampacty of Thermolagged Cable in Free Axr Tezaplate L Modilod for § cabies’

This redefines hs nunbar of
conductors for 1/C cable as
Jfor Nw ],

ORIGIN = )

This caloulatas the rumber
of conductors under the
wrap.

Actua) mmber of Condustors ‘naide Bumlie

Number of Cablos Conduit Size
13 3 5

e
3

‘l 5! 6.

1/¢-500,8 K/
1/C=3%0,8 XV
1/C~-4/0,8 KV
1/C=7%0,600 V
1/C-500
1/C=3%0
1,/C-4/0
1/C€=2/0
TRI~4/0
TRI-2/0

TRY ~2ANG

3/ Q=4 BNG

3,/ C~BANG

3
L3

P
WAL OV WWiWw

wzmu@c\wwuwuu

6‘&&’000“0‘@00000@0\00&’00
00%03’-00@00\0‘60( VYL OLDODOe

3
3
3
3
3
3
|
3
3
3
3
3
3
3
3
2
rd
2
2
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“laverim Calculation of Cable Ampecey of Thermolaggod Cable in Free A Tonplate 1 Modified for O cables®

nn' is the acturl number of conductors inside a bundle
nnn' is tos eguivalent numbar . conductors for hsst production basis

T™he following accounts fo. load diversity in larger cable hundles. See
template Appandix F and ‘he Methodology saection for further axplaination,

nnn't 1. 1:[)! 2 3,0.88nn' ,nn’ ]
1,3 i3 i

i3

nnn’ - it[)l 2 ¢,0.82°nn' ,nan' ]
i.3 1,3 14

nnn' te Af 2 5,0.784 mn' ,nnn' ]
1.4 i} i3

nnn' - it[ll 2 6,0.76 nn'
14,9 {

nnn' 1= 1t[ll 2 7,0.743 nan' ,nmn’ ]
i3 1,3 13

i3

1.3

'

,nrn’

1,1)

Aiust nn' for N«3

Aijust nn for Ned4

Ajust nn' for NeS

Ajust nn for Nw=s§

hdjust 'in' for N7 or
greatar, for conservatisa
no value saeller than
0.742 will Le used

Equiralent mmbar of conductors in Bundle

e

T 0 03 00 00 L 6 0 e 0 ) i L0 4 40 4 14 0 W o

7.52
T.92
7.’2
7.92
7.’:
7.92
7.92
7.92
7.94
7.52
7.92
7.93
7.92
7.92
7.92
7.92
5.48
5.38
5.28
5.38
5.28

PLBBENORRERT NP IPIRON

Number of Cables /

11.76
11.76
11.76
11.76
11.76
11.76
11.76
11.76
11.76
11.786
11.76
11.78
11.76
il.7¢
11.76¢
11.76

7.84

7.04

7.84

7.84

7.84

17.82
17.83
17.8)
17.83
17.83
17.83
17.83
17.83
17.83
17.83
17.83
17.83
17.83
17.83
17.83
17.83
11.89
11.89
11.89
11.89
11.8%

3.

SN T, RO OO S R

senduit Slze
4" L &*
3 3 3 1/C=802,8 KV
3 [ 7.92 1/C=350,8 KV
3 3 9.84 1/C~4/0,8 KV
3 [ 6 1/C~730,600 V
3 £ 9.84 1/C=500
& 7.92 11..76 1/C-3%0
9.84 13.858 20.06 1/C=4/9
11.76 17.83 26.78 1/C=2/0
7.92  11.76 17.83 TRI=2/0
15.6  24.52 15.66 TRI=2AWS
17.83 28.98  42.3% 1/ C=6AWG
28.98 46.81 66.37 1/C~BANG
44.58 71.33 102.%3 1/C~10AWG
71.33 113.68 162.72 1/C~12ARG
7.84 13.37 19.32 2/C=2AWG
14.86 23.78 34.18 2/ C~6ANG
22.29 34.18 %50.%2 2/C~BAWG
12.69 52,00 78.79 2/C~10AWG
3.3 83.22 120.37 2/C=12AWG
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“latarive Co'culation of Cable Ampacity of Teermolagged Cable ie Free A Tamplue L Modified 1or 8 cables”

= ran’

WRXTEPﬁN[NNu

pen |
Both matices nin' and nn' are saved o an
ASCII file for later use by tcmplate
Apparclix Gz and G2

™is caloulates thae diameter
of a burdie of cables, for
various nusber of cables in
tha hbumndle.
Purdle diamater

S

. of Cablas / Conauit Size

3 5 8 - o A% ¢

5,91 1/C~500,8 KV
5.74 1/C=3%0,8 KV
5.01 1/C~4/0,8 KV
$.541 1/C-750,600 V
i .94 1/C=500
z.46 1/C+«35%50
5,67 1/C=4/0
&.61 1/C=2/0

4.7 ™I«4/0

4.4 TRI-2/0
4.471 TRI-2AWNG
4.61 31/C~4ANG
4.391  3/C-8ANG
&.44 1/C-BANG

4.5 1/C=10ANG
4.49 1/C-12ANG

4.6 2/C=22WG
4.73 2/ C-EANG
4.58| 2/C-8AWG
4.47| 2/C-10ANG
4.41] 2/C=12AWG

. 87
.3t
77
3l
.02
.37
e b |
O

«33

I OO NN NN

98
.88
§9
.56
D.49
04
.79
10,88
2.%53
l0.42

MK‘NNNNP)NFNNMPNUNPJNMN
- adtrondis ah-adl el Tl S-S R L N K S i g

WRITEPRN [COdian ] i= ecdiam This saves matrix CCdiam for use
\ pra | by template Appandix G2
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‘Cable ampecity of tharmolagge’: cable-3/8 inch product 18 Pree A tempiae

This templates calculatas the thersal resistance terns and cable ampacity. 7
cable ampacity is input to template Attachmant 23 for comparisan with
ampacity of the cable ia adjacent raceways sect . ung.

CARBLE INPUT DATA

PRNPRECISICH 1=~ &

Pile: cable.prn wvas producsad by
CARBLE = READPRN[cable | template= Artachment A and is
prn | docimanted separatsely.

ORIGIN = 1 defines the upper corner of a matrix as 1,1

1= .. n' : 1= 0
1,3 L.

Matrix CAPLE is comprised of the following indicated columne.

<>
n' := CABLE

<§>

p) twm CABLY
Where:

RAC2S Corductor de resistance at 23 deg C, Q/IC
{~ Corcluctor proximity/skin s”fect

De Conductor diamater, in.

A Conductor croga-sactionil area, &g e

n Mumber of conductors in cable

It Ingulation thickneas, mils

Jt Overall jackst thickness, =ils

pi Insulaticn thermsl resistivity, C-cayw
P13 Jacket thermal resistivity, C~cm/w

Diamic Diameter »f 1/c cable or 1 capbls of multi-conducror cable, in.
Cdias Ovarzll diamster of cable, in.
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*Cable ampacity of thermolsgged cable-3/8 inch prodoct in Freo Ak template 27

PHYSICAL PROPERTIES

P-A

e -

-

500 1.373 2.95195i
500 1.241 2.66815%
500 1.088 +3392
1. : o 1 500 1.288 2.7692
{

2.323 ' 53. S00 1.073 2.30695

3.2 0. 177. 500 0,941 2.02318%

5.2% : ' 500 0. 1.5652|
8.43.10 500 0.
5,28 500
43 500

.69 ] $ 500 500

o

|
1
!
|
|
|
i
|
|

SC0 500

-
.

o

27 80 500 3500
79-10 6C 500 500
60 500 %500
&0 500 500

0.00108

l
6.
} 0.00172
|

1.€9.] 80 S00 500

o o o0

-
!

i
!
| 60 500 500

60 %00 %GO 266
60 500 500 .206
60 500 SO0 52

1

~

16.79

000

The above matrix is manually compared with the matrix CABLE of Attach-
nanc A to cdemonstrate successiul data transfar.
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‘Cable ampacity of (hermolagged cable-1/8 incl, product @ Froe Air: Lemplate 77

N, nnn', and CCdiam were developed in tazplate- Attachment Gl

N := REOADPRN (N

] nnn' e mnm[m
prn

=

codias = READPRY “"Cdiam ]
L prn

No. of cables in a Bundle

Wo. of cables / Condult Size
1l 3 J V4 n8 N

T

T e o T

il

NN BMMNMNRNDBRDNNNNDUUVNDN O
GRS EAAMURARERRAEVERGAO i
CT PP REROE ®
i

05,2~ @ W & B0 LW B0 o s

GOHNUNRAEPR

WA 0B O AN RN

BRSNS LN

WWWLWWWWWWwWwWwRuweldilIvwuewiew

P
b
©wm oW

e

n

=

w

w

-

r
A
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‘Cable umpacity of Uermolagged cable-3/8 inch product w Pres AL template 7

bquavalent No. of cenductors A a Bundle

No. of
N |
3 6
1 6
3 6
3 &
3 €

nnn' = |3 6
1 8

3 6

3 €

3 6

3 &

3 6

3 6

3 6

3 6

3 &

2 4

2 4

2 4

2 4

2 4
CCdiam o

cables / Conduit Size

4

7.92
7.92
7.92
7.92
7.92
7.92
7.92
7.92
7.':
1,92
7.92
7.92
7.92
7.0
7.92
7.923
5.328
5.48
5.28
5.28
5.28

11.76
11.76
11.76
11.76
11.76
11.7¢
11.76
1..76
1i1.76
11.7¢
11.76
11.76
11.76
11.76
11.76
11.76

7.84

7.84

7.84

7.84

7.84

17.83
17.83
17.83
17.83
17.83
17.83
17.83
17.83
~7.83
17.83
17.83
17.83
17.83
17 .83
17.83
17.83
11.89
11.89
11.89
11.89
11.89

3.

~3
O
O WN L) LW W

o
@«
S

B
9.84
15.¢

24.52

40.12
5.2
9.1%

1..89

19.32

29.72

Diametar of cable Bundle

No. of cables

2

5.9 6.3%

5.34
4.58
5.54
4.61
4.08
3.13
2.66
3.13
2.66
1.9
1.96
1.76
1.8
1.13
0.89
2.09
1.58
ll:
1.0
0.8%

3

5.74

7 Cendult S.te
B 8

7.97 9.77
7.2 8.83

5.03 6.22 7.74
5.95 7.48 9.17

«.96

6.2 7.64

4.35 S.46 6.7
3.37 4.23 5.18
2.86 31.5% 4.4
3.37 4.22 85.18
2.86 3.59 4.4
2.04 2.57 3.18
2.2 2.65 3.28
1.89 2.37 2.91
1.49 .87 2.29
1.41 1.%2 1.86
0.96 1.21 1.48
2.24 2.82 1.46
1.6% 2.13 2.61

1.4 1.7¢ 2.16
1.14 1.44 1.76
0.91 11l.14 1.4

3.

2.98
2.67
2“3‘
2.77
2.41
2.02
3.13
2.86
1.57
2.66
2.03
2.11
1.88
2.08
2.2%
2.23
2.24
2.36
2.186
2.35
2.2%

g » 6"
3 6]
- 7.92
6 9.84
. 3
“ 9.64
7.92 11.76
11.68 20.06
17.83 26,78
9.84 13.58
11.76 17.83
24.%52 35.66
22.29 33.44
28.98 42.3%
46.81 66.87
71.33 102.%3
112,68 162.72
13.27  19.32
23.7. 3“01‘
34.18 50.52
%2.01 75.79
83.22 120,37
4" 5" 6"
2.9% 2.9% 5.9]
2.87 5.34 S5.74
2.34 4.68 5.01
2.77 5.%4 5.54
2.31 4.61 4.9
4.05 4.35 5.46
3.3% 4.7 5.67
3.59 4.4 5.52
3.13 2.3% 4.7
2.86 3.59 4.4
2.8% 3.8 4.47
2.94 3.93 4.61
2.91 3.37 4.39
3.08 3.87 4.44
2.99 3.77 4.5
2.99 2.76 4.47
2.82 1.78 4.6
3.15 3.7 4.73
3,06 3.71 4.%6
2.99 3.72 4.47
2.97 3.69 4.41
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5
£
!
!
|
:
i
8
:

stance tarms

~alculation of thermal resi

(
~-

resistance of insulation

thermal
C~ft/watt

1

{Dtnnlc
Oql“""‘“—'
Thermal Resistance of Insulation

a3
b 8

tw 0,012'p21

(Nehr-McGrath,; ,

Source: Refsreance 3
equation 38,

i

De

i

4l

3 "

Conduit Size
2

5

of cables /
3

No.
2

~4/0
12ANG
2/C=2AWNG
2/ C=6ANG
J/C~BANG

T™RI=2/0

/C=1LOANG
Cw u;Am

3/C~4ANG
31/C~6ANG
3/ C=BAWG

3/C=~10AkG

1/C-4/0
1/C=-2/0
\ /-

1/C=-7%50,600 V
2
2/
2/

1/C=500

1/C=500,8 AV
1/C=-350,8 KV
1/C-350

1/C=-4,0,8 KV

TRI~2AWNG

—— ey

11100 11111111111

4697*:851811 1.6651)\‘6653

1110003 o 1\;...«&1111\‘ e -4

88191136«053166514

aLquLOOOO 0 .Lllﬂ‘ll.vbl\s o o4

4697ﬁ aalsl\JJQNJSvaeﬂv‘fla

1110000 o l.i.q.llllll_ll

‘691 78818n&1366531665\.
1\1«10900 o 11\&1!&&.111\&1

‘69~I~:83181136659016651}

e = »

111&0000 o

469\/7
11)1.000 0 11111111111

A‘»\AOOOO 0 \L-Ll«&lllll)l

46971 88181.1!.‘ 6531665J

11\;#\0(0 O :L\L .\;l.;\.\. nl‘.&

B —————————————————————— Y —— ———————— \4'

-
o
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‘Cable ampaciry of thermolagged cable-3/8 inch product ie Free Air template

Thermal Resistance of the Jackat on 2/C and 3/C cable

’
]

"
l

so] 0.012'n' Py log|=
o 3
|

J i1 '

ir:din -2:J¢ - 10 j
L i ]

i,1

Thearma! resistance of jackat,
Ceft/watt Source: Darived from
equatican 38 in Raferance 3
(Nehr-MoGrath) T™his first part of
the expression is a logical
statsment to only calculats Ry if a
jacket exists,

Therual Resistance of Jacket

s

No. of cables / Conduit Size
3 - 8 "

-
®

2000000000

0

0
1 0
| 0
, 0
{ 4]
' 0
' 0
l 0
s 0

0

COCOO0DDO0COO00
CO0OCODOCOOO0CO0O

»—
w2
o
I
R W
\JOOOOOOC)OOOCO

o
& An
w0~

o© o
& 2

I OO
c o & ® ® & & ® o
& oo
> -3
OO NN
sl -l -t il T
R OO

P
¥
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‘Cabie ampeaty of thermolagged ca e-3/8 inch product in Free Air: template 2°

A' = 4.5 B' i~ 0.27 factors used in Red, developed constants in
Table VII of Refersance 3 (Nehr-McCrath). See
Methodology 8 .

thermal resistance between

A' cable and 330~660, C-ft/watt
Rad i» nnn' : this assumes an a‘lgap betveen
$:3 1,4 cCdiam + B the two surfaces. Egquation d41A
i.3 from Refersnce 3,
(Nahr-MoGrath) .
[ 4.2 4.4 5.4 6.4 8 4.2 4.2 4.2 4.4 1/C-~8500,8 KV
4.6 4.8 5.9 7.3 8.8 4.¢ 4.6 4.8 5.9 1/€~350,8 KV
5.2 5~5 ‘-7 . 10 5-2 5:2 505 8.4 I/C"‘/O,. KV
4.4 4.6 5.7 6.8 8.5 4.4 4.4 4.6 4.6 1/C=7%0,600 V
5.2 5.8 6.8 8.1 10.1 5.2 5.2 5.5 8.5 1/C=-500
Rsd = 5.9 6.3 7.7 9.2 11.5 5.9 6.3 7.7 9.2 1/C-350C
7.4 7.9 9.8 11.8 4.7 7.9 12.2 12.4 15.2 1/C=4/0
8.4 2.3 11.4 13.7 17.3 11.4 13.7 12.3% 20.8 1/C-2/0
I-‘ 7-’ ’o. 11'. 1‘.7 7.‘ 7.’ 12-1 12-6 m-‘/o
8.4 9.2 11.4 13.7 17.2 .2 1.4 13.7 17.2 TRI-2/0
11.1 12.4 15.6 18.7 23.5 19.2 22.5% 27.1 33,9 TRI~2AWG
10.8 12.1 15 18.1 22.8 15 19.2 233.9 30.8 3/C=4AWS
11.8 13.3 16.9 20 238.3 20.6¢ 235.3 321.8 40.9 1/C~6AWG
1& 16.3 20.3 24.8 31.3 29.9 39.3 8S3i.4 64 1/C=BANG
16.2 19.2 24.1 29.6 217.6 43.8 61.6 79.4 96.7 3/C=1L0ANG
18.8 23.2 29 135.8 45.9% 72.1 98.4 127 154.5 3/C~12AWG
6.8 7.8 9.4 11.4 14.4 9.4 11.4 14.9 17.8 2/C=2AWG
8.3 9.8 12.1 14.7 18.6 15.€ 19.5 26.9 30.8 2/C~6AWG
9.8 11l.4 4.3 17.4 22 22 30.1 236.8 47 2/C~BAWG
11.2 13.% 16.8 20.7 26.3 33.2 45.1 58.¢ 73.9 2/C~10ANG
L 13 16.1 20.1 24.9 32 53 74.3 94.6 115.6) 2/C=~12AWG




ATTACHMENT C2 CPSES UNTT 1 16345-EE(B)-140 REV 3 Page 8 of 14
'thndeuhb!/l“thl'mMmmr

THERMAL RESISTANCE OF THERMOLAG 330-8860 WRAP

~m
™is is to convert degree F

1= 30.478%

e
F

watts

B = ,293)

Btu/hr = B

See Attachment D /conductivity)

40

all

K = (0.249)°

- X

tharmal resistivity of 3130660 wrap,C-Ca/watt
thickness of wrap, inch (4 layers of maximum

average thickness, ses Attachmant I)

pw = 232.01

3

T™Vrap = 4 =

Twrap « 1.5

+* 2

CCdiam

Tharnal resistance

of thermolag wrap,
thermal 0/ft

i3

CCdiam

Source: Reference 2,
equation 6

012 nray! pw log
1.3

1= 0

1.3

Rw

i3

Thermal Resistancs of Wrap

6.

8 30 4N

No. of cables ,/ Condult Size
3
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in.

SANG

= L2AWG

1/C-500,8 KV
1/C-31%0,8 ¥V
1/C~4,0,8 KV
1/C~7%50,600 V
1/C=-500
3/C=10ANG
/O TRANG
2/”2“6&%
2/C~BAWG
2/C=10ANG
2/C=12AWG

TRI~2AWG
3/C= ARG

3/ C~6AWG

1/C-2/0
3/C-

TR1~4/0
TR.T-Z,/O

1/C«350
1l/C=4/

3/
2

9783)\)“./ © 1:“.6‘4556./ 6\;

88 888ﬂ w,7ﬂ..~v~.un/—f~/7w.77

6!

< 6&;«!(»6.\.7‘3‘899* 38&#;97—7
we 8\ 877./766666.&6666066

6!/38 - 16199991668«1166

Overall diametar of wrap,

.JSSL) &.66.\«5556 " e e

‘ﬂ

673335196«/5191322‘\43\.

5555 65‘5 5*55.35555.\.

i 4
&1 J
3

887\ 672‘2‘1&293955628.‘

-------

2l»b20981 87 6655‘4655“
T e

Conduit Size
8

------------

090987‘7655‘)“45(4‘4‘
—
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11

378933‘9‘9R-195)‘“7‘19

3

n’s 7656‘) K..“.Q newem

i
T
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53
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T
23
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|
m.
£
$3
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2
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;= 2 Twrap + CCdilam
lameter Ove~ tha Wrap
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THERMAL RESISTANCE BETWEEN THE THERMOLAG AND AMBIENT AIR
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ATTACHME T G2 CPSES UNIT : 16343-FF(B)-140 REV 3 Page 10 of 14
‘Cable ampacity cf thermolagged cable-1/8 inch product i Vree Air: template

e :w 0.89 ~wissivity of Thermolag 130-660 (see Attachoent D)

’os' m‘.

1,4 14 1.7 Dvrap - (€ + 0.41)
{

Rwa

Tharesl Resistance of Wrap to Alr

Therral roxistance between
wvrap and audbient air,
therm.l N=t¢ (C-ft/watt)
Source: Refersncs 3 (Nahr-
MoGratu, equation 424)

No. of canles / C:nduit €lize

1 2 3 5 L I 1
2 2.8 3.3 4.4 5.8 2 2
3.1 2.9 3.7 4.7 6.2 a.x 3.1
2.3 3.3 4 5.2 8.8 2.2 2.2
2.1 2.9 3.6 4.6 6.1 3.1 33
3:8 3.3 d 5.2 49 3.2 A2

Rva = (2.4 3.4 4.4 5.7 7.6 2.4 3.4
2.6 3.9 5 6.6 8.9 23,9 &.2
2.7 4.2 %.4 7.2 9.8 5.4 7.2
2.4 3.9 5 6.& 8.9 2.6 1.9
2.7 4.2 5.4 7.2 9.8 4.2 8.4
2.9 4.8 6.2 B.4 11.6 7.7 10.8
2.9 4.8 6.1 8.3 11.4 6.1 9.2

1 § .4 $.7 132 7.9 134
3.1 5.3 49 9.3 13.3 13.1 29.2
3.2 5.8 7.0 10.2 1l4.¢ 18.5 29.7
3.3 5.9 7.7 10.9 18.% 0.2 47.6
3.8 33 d B4 7.4 4 5.4

2 3.4 4.4 6§ .4 6.7 9.7
2.1 3.8 4.7 4.3 %1 %31 1
2.3 3.8 4.9 6.9 9.8 14.3 21.8
2.2 4 5.2 7.3 106.% 22.4 315.8

g " gv
2 2.3] 1,C~500,8 KV
2.9 307 1/C'35°.. KV
3.3 8 1/C~4/0,8 KV
2.9 2.9 1/C~7%0,600 V
38 5 1/C-800
4.4 8.7 1/C=350
7.2 8.5 1/C=4/0
9.‘ uu' 1/‘:"2/0
Lol 7.4 T™RI~4/0
7.8 9.8 T™I-2/0
14.3 19.4 TRI-ZAWG
13 17.% 3/ C~4AWG
17 33.¢2 31/ C«BANG
26.2 136.4 3/C~-BANG
42.4 55.4 3/2=10ANS
£7.8 88.3 3/ C~12AWNG
79 1 10:3 2/ C~2ANG
14.3 i8 2/ C~HANG
19.9% 27.1 2/C=LAWG
31.2 41.1 2/ C=10ANG
50.1 65.8 2/C~120ARG
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ATTACHMENT G2 CPSES UNIT 1 16345-EE(B)-1 %0 REV 3 Page 11 of 14
‘Cable ampacity of thermolagged cable-3/8 inch product L Frse Air tempiate 2°

TIORMAL RESISTANCE BETWEEN CONDUCTOR AND AMBIENT AIR

im= R{ + R}y + Red + Rw + Rwa thermal resistance betwean the confuctor

and ocutside anbient air, thermal O-fT
(C=£%/watt)

Thermal Rasistance Bulwean Conductor and Alr

€ — A ———— v

Na. of cables / condult Size
2 ] 5 d 3 " 4" $ "

-
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2.6 ¥ ' 22.
20. 5.

11.3 . QL.
24,

a7.
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ATTACHMENT (G2 CPSES UNTY 1 16345-EE(B)- 140 REV 3 Page 12 0f 4
‘Cable ampacity of thermolagged cablo-3/8 inch product i Free Air: teswnlale T

: Converts vector into
{,9 i,3 ' matrix.

1= 30 conductor tempecaturs, deg. C (see DBD-EE~52)

1w 50 asbient tamparature, deq. C (ses DBD-EE-52)

Cable ampacity of Thermolag "20-660 Wrapped Cable in Free Air

— ——

234.9 + 28

RRAC2% [1 + YYe ]7 (234.5 + To)
l.j .lj

TampN :-l('rc~1‘a)'--
9 Rthl
3 [ 4,3

Source: Referance 3 (Nehr-McoGrath, equation 9, with Rthl = Rca',
delta TD = 0, Rdc expressad at tamperature Tc).

Ampacity of Wrapped Cakle in Frea ’

No. of cablen / Condulit Size
2 3 5 8 " L

J44 213 288 2585 &7 167 1/C=-500,8 KV
278 2852 230 208 297 23%7 ; 1/C=350,8 KV
207 188 171 1%3 222 222 1/C~4/0,8 KV
411 271 336 799 441 44 1/C-7%50,€20 V
122 290 2€T 234 348 40 1/C~%00

258 233 2l¢ 187 280 258 1/C~350

18% 167 1%0 133 185 150 1/C=4/0

138 i2¢ 111 98 124 111 1/C=2/0

188 167 1%5C 133 203 185 TRI~4/0

138 124 111 98 138 124 ™RI=2/0

87 78 70 61 70 63 TRI=2AWG

57 61 5% 48 $3 3/C-4ANG

51 46 42 ‘ 37 3/C-6AWG

18 34 30 23 ! 18| 3/C~8ANG

28 25 22 15 : 3/C=3L0ANG

21 19 17 q 3,/ C=12ANG

10¢ 98 6 86 , i/ C=2ANG

60 54 49 $1 . 2/ C~6ANG

45 40 36 27 2 2/ U=~BANG
33 30 27 17 ) 3 2 /C=10AWG
P 22 i ) % | ] 2/ C= 1 2ANG

-3

g L
4

NN WASE O

~1 4 R

ISR RPN R




lampn expressed to one decimal place

[166.6

297
221.7
440.8

248
IampN = [279.9

203
151.9

203
151.9
96.7
74.4
56.8
42.)
1.7
23.6
116.3
66.9
50.3
17.7
| 28.3

ATTACHMENT 52 CPSES UNTT 1 16045 EE(B)-140 REV 3 Page 13 of 14

344.2
a78.1
206.8
411
322.3
256.2
185.3
137.9
188.5
137.9
88.7
67.3
51.3
37.7
28
20.7
108.5
60.1
44.8
33.‘
24.7

312.2
452.4
187.8
370.7
290.4
4.2.8
166.6
ia4
166.6
124
77.7
€0.7
46.2
k1)
5.2
8.6
9%.4
54.1
40.4
30.1
22.2

284.8
230
71

336.2

262.8

4.0.2
150

111.s
150

111.4

69.5
54.6
41.5
20.4
%2.95
16.5%

8é
46.8
36.2
26.8
19.8

254.9
20%.7
152.9
299.3
233.58
106.5
132.6
58.4
132.6
98.4
61.1
48.3
38.7
26.8
18.7
14.¢
76.1
43
31.9
25.6
17.3

J66. ¢

297
221.7
440.8

348
i79.9
188.2

124

203
137.9
9.8
60.7
41.7
7.6
i8.1
11.23
98.4
47.1
31.9
20.6
13.1

366.6
2%V
221.7
440.8
348
'58.2
149.8
111.4
108.)
124
62.9
52.8
36.7
23.5%

9.4
86
41.4
26.8
17.%
10.8

'mnmdwmmumﬂmm e nlate 2°

344.2]
252.4
170
411
261.2
210.2
12".
88.3
145.2
96.4
49.7
40.8
0.2

11.6
7.3
67.3
32.4
20.9
11.5
8.5

The following produces a rounded up/Gown set of caole aupacity to the
nearest whole number for cable ampacity comparison purpoLes.

IanpNRd

(54

v

FI

1.3

t- 1![1!!9“1

- c‘ll[lalnﬂi'j]

v tloor[xml'j]

'3

- N

v

< 0.5,F1 CI
i3 i



ATTACHMENT G2 CPSES UNIT | 16MS5-EE(B)-140 REV 3 Page 14 of 14
Cable ampacity of thermolagged cable-3/8 inch product w Free Al templaie 2°

167 344 212 167 344
287 278 2852 . 278 2%2
222 207 188 2 307 170
441 411 M 411 412
148 322 322 261
200 258 233 233 210
1203 18% 145 130
152 138 ] ] %8 88
203 188 5 150 14%
152 138 p 111 98
97 87 ; 56 S0
74 67 47 41
57 S ‘ 3 33 28
43 38 20 18
32 a8 ' 13 12
2¢ 21 ‘ ’ " 7
116 108 ] 9 74 €7
67 60 . s 12
S0 4% ' " S T ERE Y
38 233 15 12
28 28 | ) g 8]

WRITEZPRN | Lampn ] = TampN This saves lasp in an ASCII file for use
L prn | in template Attachment G3

WRXTZM[iamwd

. " 1w TampiiRd




ATTACHMENT G3 CPSES UNIT 1 16345-EE(B)-140 REV 3 Fage | of 17
‘A.MW“PMMWC“UMM&M&MM?

™is templates compares the ampacity of thermolagged cables in free air with
those of therwolagged raceway: maintained spaced tray, ransod filled tray,
Thermolag 330-1 enclosed conduit (both bax and shall design)

I. CABLE INFUT DATA

PRNPRECISION := 8

lamp := READPRN ({ampiNRd)
N := READPRN(N) nn' i« READPRN (NH)

The above files vere produced by template Attachment Gl : N and nn';
Attachoent G2: Tamp.

ORIGIN » 1 defines the upper corner of a matrix as .i,J

j :. 1 Q.’ :. 1 .lzl



ATTACHMENT G3 CPSES UNIT 1 16345 EE(N)- 140 REV ) Page 2 of 17
’Anpwsto-pmnuWMMWC&&(SIMMMPMM“-W?

Cable Ampacity of Wrapped Cable in Free Alr

of Cables / Condult Size
3 - 5 " 4" sw g

No.
1 2
167 244 312 2885 2%5% 167
297 278 252 230 206 297
222 207 188 171 183 222
a4 411 371 336 299 44
148 322 290 263 234 348
lamp = [280 258 233 210 187 280
203 18% 167 1%C 133 183
152 138 124 111 98 124
203 18% 167 150 133 203
152 138 124 111 98 138
97 87 78 Y0 61 70
74 €7 61 8% 4s 61
7 S1 46 42 17 42
42 3 34 30 27 28
32 28 35 22 20 18
24 21 19 17 14 11
116 106 9% 86 76 38
7 60 54 4% 43 O
S0 45 40 36 32 %2
38 33 30 29 2
[ 28 28 22 20 17 1
Nusbar of Cables in a Bundle
NO. Of Cables / Condult Slze
1 2 3 8 8 3 4° S ¢
1 2 3 5 8 1 1 1 72
1 32 %8 5 3 12 3 '3
1 2 3 5 &8 1 1 2 &
1 % 3 85-84"-3% ¢33
1 2 3 5 8 1 1 2 &
N=i{1 2 3 %5 8 1 2 3 5§
1 2 38 8 3 & ¢ »
1 2 3 % 8 Y S 8 12
1 2 3 8 8 1 3 4 s
1 2 3 %S 8 2 3 5 8
1 2 3 85 8 4 7 11 16;
1 2 3. %8 8 3 & 10 18
1 2 38 8 4 8 V)
1 2 3886 7TV O W
1 2 3 S 8 11 20 32 4s
2 2 3 5% 8 18 32 %1 ™
1 2 3 8 8 3 85 9% %
1 2 3 5 8 &6 10 16 23
T 2 3 5 8 8 15 23 34
1 2 3 % 8 13 22 315 %51
[1 2 3% B8 20 35 56 81

367
297
222
“l
348
258
150
i1l
188
124
63
53
37
23
15

167 344
278 2%2
207 170
411 411
322 261
233 210
14% 130
98 88
150 148
111 98
56 S0
47 4
32 28
20 18
13 12

8 7
74 &7
s 32
24 22
15 13

9 8

1/C°SOO.8 RV

1/C-3%0,8 KV
1/C=4/0,8 KV
1/C=750,600 V

1/C-500
1/C=350
1/C=4/0
1/C-2/0
TRI-4/0
TRI~2/0
TRI=2AWG
3/C=4ANG
3/C=6ANG
3/ C-BANG
3/C=10AWG
3/C=12AWG
2/C~2AWNG
2/ C=6ANG
2/C~8AWG
2/C=10AWG
2/C=12AWG

1/C-500,8 KV
1/C=350,8 KV
1/C-4/0,8 KV
1/C~750,6C2 V
1/C~500
1/€-350
1/C-4/0
1/€~2/0
TRI~4/0
TRI-2/0
TRI~2AWNG

3/ C~ANNG
3/C~B6AWG
3/C-BANG
3/C=10AWG
3/C=12ANG
2/C=2AWG
2/C~6AWG
2/C~BAWG
2/C=10ANG
2/C=120NG

Nota: 1/C cable are
bundied in groups of
three. Therefore, if
N=3 chen the actual
number of cables for
1/C is 3 x 3 = 9



‘ ATTACHMENT G3 C?S!f.s UNIT 1 16345-EE(B)- 140 REV 3 Page J of 17
Ampacty Comperson Between Froe Al Thermolegged Cables (2/Rinch product s Free A temelate 2°

Nusber of Conductors in a Bundie

Noof Cables / Conduit iize
1 d 3 8 & 3 4" - &™

15 24
15 24
15 24
15 2
15 24
15 24
15
18
15
19
18
15
1%
15
15
18
10
10
10
10
10

9 1/C~3%50,8 KV
12 1/C~4/0,8 KV
[ 1/C~7%0,800 V
12 1/C~%500

1% 1/C~3%0

27 1/C~4/0

36 1/€C-2/0

i TRI-4/0

il TRI=-2/0

4R TRI=IANG

435 3/ C4 ANG

57 3/ C=EANG
‘J/"C'-M
3/C=10aWG
3/C=12ANG

2/ C=2MNG

2/ C=8ANG

2/ C=BANWG
2/C=10AWG

2/ C=1L2ANG

————

W A b L2 A

61 1/C~%00,8 KV

o
D RN W W W W

L
P

PJ
NI RhRWWLDLWWW
Oh b B
oOwve>

B
o0

|
|
i
|
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|
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R TR TR RER VT
OO OB
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o o»

bb&&&QQOOOOOOOOOO\OQOO
e
.

h;l’_‘i N&JNUU{JUUU\J'«JMU{J
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ATTACHMENT (3 CPSES UNTT 1 16345-EE(B)- 140 REV 3 Page 4 of 17
‘Ampaaty Companson Berwees Froe Ar Thermolagged Cables (3/Binch product w Free Aur template

Ampacities of Tharmolagged Maintained Spaced Tray

Ampacity of thermolag covered 600 V cable with maintained wpacing in a 50
C ambient see Refersnce 1 (DBD-EX-0%2) ang Refearence 18.

Development of Thermolagged Tray ampacitisa for & kV cable:

518 1/C~500, 8KV Values ottained from Naference 18,
It := (386 1/C-3%0, 8KV Table 13 wvhare dopth > dianeter.
265 1/C~4/0, 8KV

IthMS8ky = 0.90 0.69 It vhere: 0.90 is multiplier for correcting
anbient temperature frum 40 C

to 50 C (Ref. 18, i).
0.6% is thermsolag derat factor
(Raf, ).
'319.."
IthMS8kv = 1239.7
164.6)
[120] 1/C=-500,8 RV
240 1/C~350,8 KV
165 1/C~4/0,8 KV These ampacities were input from:
s 1/C~7%0,600 V 8 Kv Cable - calcuiated results of
270 1/C=500 IthMS8kv shown abova) 600 V cables - from
199 1/C=150 DBD-EE~0%52. A values of 999 is entered when
148 1/C=4/0 no ampacities are iate becausa the
100 1/C-2/0 cables would not be iastalled in
148 TRI-4/0 maintained spaced trays
100 TRI-2/0
IthMs := | S0 TRI~2AWG
999 3/C=4AWG
999 3/C~6ANG
999 3/ C=B NG
999 3/C=10ANG
599 3/C=12ANG
£9 2/C=2MNG
909 2/ C~6ANG
399 2 /C-BAWG
999 2/C=10AWG
(999 ] 2/C=12AWG

IIthMs 1w JThMS
i3 i

AMPCHK t- if[IIM

i,3

< Iamp ,1,0]
i,3 i,3



ArrAcrmmmasnumxmmymuvw..sdn
*Ampacity Comparsoe Between Froe Air Thermolagged Cables (3/8inch product m Free Air: templare 2°

CHECK OF CABLE AMPACITY ADEQUACY
WITH MAINTAINED SPACING IN TRAY

supacity Comparison with MG Tray

No of Cables / Condii .t Size
3% 4" 8™ g%

1] 1/C=500,8 KV

1/C=31%0,8 KV

1/C=4/0,8 KV

1/C=75%0,600 V

1/C-500

1/C~215%0

1/C~4/0

1/C~2/0

TRI=4/0

TRI-2/0 1~ anunu cable
TRI = 2AWG ampacity
3/C~4 ANG 0= Inldcqulu cable
3/C-6AWG ampacity
3/C~8ANG

3/C=10ANG

3/C~12ANG

2/C=2ANG

2/ C~6ANG

2,/ C~BANG

2/C=10AWG

2/ C=12ANG

[T

OCCOLUHMOOOOOHOCOOOCTOOO0OD &=

COCOHODOCORMPBPMEMHMIEMEE B
CODOFOCCOTUHMHPHMNMONMPO W
COCOHDOCCOHMKEMHMMIOHROD W
COOOHOO OO DM b bt 50 52t gt B
CODOHOOOGOMM MM I e b e
COCOHOOOOTHMNOOCM MMM
COCO000000OHOOCOHOKK

R COOrHOGCOOM e e

Calimit 1 “[mi,j = 1,[!11' ],o]

CalLimit tw 1:[1..:::i g = 999,0,Calimit ]
' 1,3



ATTACHMENT G3 CPSES UNTT 1 16345-EE(B)-140 REV 3 Page 6 of 17

Limit of Mumber of Cable in Bundle:

Not to Excead
M2 Thermolagged Y

ity of Cable in

ucl,. ot—EiF;n 7 Conduit Slze

2

TRNNRNRNNNRNN

P COOHD GO OO N s s

OVOoOONOOO

3

OOOOU‘OOOOOQUUUUUUOUNO

&OOOUOOOOOUG“U“WOOOOO

CO0O0OMO0ODOCOBPOOOCO0OOOOCL x

3" 4" §°

[
OOOOOOOOOOPQDOOUNUNB‘H

COOOWOOOOOSRPUNEFE &M
POCOMOCOOOSWNU SN o1

-
_OOOOOOOOOOCOOOOUON.UZ

1/C=500,8 KV
1/6=-35%0,8 KV
1/C~4/0,8 KV
1/C0=750,600 V
1/C-500
1/C=3%0
1/C=4/0
1/C~2/0
TRI~4/0
T™RI-2/C
TRI~2AWG

370 ARG

1/ C~6NWG
3/C~BANG
3/C=10AWG
3/C=12NHG
2/C~2AWG
2/C-86ANG
2/C=BANG

7/ C=10NWG

2/ C=1 200G

'MMW“&QMWC&(JMM&M& template 2°

The limit to tha
mmbar of cables
under & vrap, use
maximon mmter in
a givan row.
T™hree 1/C cables
are considersd as
one (1) 3/C cable.



Ithig

‘ Ampacity Compariacn Between Free Air Thermolagged Cables (3/Sinch produst i Free Au template °
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Ampacities of Thermclagyed Random Luy Tray

(999
999
999
420
290
215
130
68
187
106

44
32
20

78
8
24
13

1/C=500,8 KV
1/0=350,8 KV
1/0-4/2,8 KV
1/C=750,600 V
1/C~500
1/C=350
1/C=4/0
1/C=2/0
TRI=4/0
TRI=2/0
TRI = 2AWG
1/C=4ANC
3/C~EANG
3/C~BANG
3/C=10ANG
3/C=12AWG
2/C~2AHG
2/C~6ANG
2/C~8AWS
2/C~10ANG
2/C=12AWG

Ampacity of theimelag
covers: cable with
random lay (no main-
tained spacing), see
Raferance 1 (DBO-ER-0%2)
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‘Ampacity Comparson Betwees Free Air Thermolagged Cables (3/8inch product in Free Air: template

IIthis t= IChRS
1,3 i

AMPCYK  iw L$TITLhRS € lamp ,1,“0]
1,3 L 1.3 i3

Ampacity Compariscn with Randow TH-Tray

o, omlu 7 Copdult Size
1 AN 4™ S5* g

0] 1/C~500,8 KV

1/C~35%0,8 KV

1/C=4,0,8 KV

1/C=7%0,600 V

1/C-500

1/C~350

1,°C=4/0

1/C=2/0

TRI~-4/0

TRI-2/0

TRI-ZAWG

3/C=4ANG

3/C=6AWG NOTE:
3/C~BANG 1 - Adequate cable
3,/C=10ANG ampacity
3/C~12AG 0 - Inadequate cable
2/C=2ANC ampacity
2/C-6AWG

2/C~BANG

2/C~100NG

2/C=12AWG

B e et bt et b el e e R B R D D O
OO G

e e R R R e R R R PR D000
P R N R OO P 000000 ®
P b el b (I P A P R R I R R S R P OO D
M P DOH MM SO MR O000

[T

N o il el e ol e S o

M R e MO HFROODOOO
i e e s e e P R R S S P e R R S M O C O
CO000DOHODODOOO=HOODOCO

—

Calimit¢ i if'{mi ; " 1,[["1 j]],o]

calimit t- is[xm % $99,0,Calimit ]
i3

i3



ATTACHMENT G3 CPSES UNTT 1 16345-EE(B)-140 REV 3 Pogs 9 of 17

‘Ampacity Comparison Betwoea Free Air Thermolagged Cables (3/8inch product w Free Air trmplate 2°

Calimit =

Lirit of Number of Cable in Bundle:
Not to Exceed Awpacity of Cable in
Rarndiom Lay Thermolagged Tray

o, of Cables / Conduit 8lze

1 2 3 5 8 3" 4" S g"

0 0 0 0 O 0o 0 0 0]1/C~500.8 XV

0 0 0 0 O 0 0 0 0j1/C=-350,8 KV

0o ¢ 0 ¢ 0 v 0 0 0/1/C-4/0,8 KV

1 0 0 0 O 1 1 0 0{1/C~75%0.500 V

2 2 3 09 1 1 2 0]1/C-500

i 2 3 0 0O 3 -5 3 0|{1/C=350

1 2 3 5 ¢ 2 “ 6 9/1/C-4/0

1 2 3 5 8 3 S B 12(1/C=-2/0

1 2 3 0 0O S 0 0] TRI=4/0 The limit to the
1 3 3 8 O 2 3 -] 0iTRI~-2/0 nunbear of cables
1 2 3 % 8 4 7 11 O|TRI-2AWG under a wrap, usc
1 2 3 85 % 3 6 10 0! 3/C~409G DAXium nupber in
1 2 3 8 8¢ ¢ 223 013/ 0=EANG a given row.

3-8 3 -5-3 733" X3 01 3/C~BAWG Three 1/C cables
1 2 3 % 8 11 20 133 46)]3/C=10AWNG are considered as
1 2 3 8 & 18 32 % 01 3/C-12ANG one (1) 3/C cable.
i1 2 3 8 8§ 3 5 0 01 2/C=20NG

-3 3 8 8 6 10 0 01 2/C~6ANG

1 2 3 S5 & 8 1% 23 0] 2/C~BANG

1 2 2 S5 8 13 22 35 0]2/C~10ANG

1 2 3 5 8 20 36 36 0] 2/C=12ANG
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NEC multi~
plying factor
for multiple
conductors in
conduitc

/Binch product @ Free Air tecoplate
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tions produce multipying factors for
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3 wmor:“!n a Conduit
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Aspacities of cable in Themolagred Conduit (Box Deaign)

Reference 1 (DBD-EE-052)

(338 1/C=500,8 KV ampecity for three conductors
277 1/C=350,8 KV in conduit, enclosed in
208 1/C~4/0,8 KV Thermolag 330~660, Box Design
428 1/C=7%0,600 V
141 1/C=500 >
27% 1/C~350
199 1/C~4/0
146 1/C~2/0
199 TRI-4/0
146 TRI-2/0
ITthCD 1= 93 TRI «2AWG
88 3/C=4ANG
49 3/ C~6AWG
17 31/C=BAWG
26 3/C~10AWNG
20 3/C=12ANG
88 2/C=2RWG
49 2/ C~E6ANG
37 2/C~BANG
26 2/C~10ANG
| 20 2/C=12AWG
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Ampacity Comparison Berween Froe Al The. wolagped Cables (3/8iach product s Free Au: template I

IIthCD 1w CDamp 1¢hCD
" 1.9 i

Thermolagged Ampaci*ies in Corduic(Box Deaigr)

¥o. of Cablas ; Cordult flze
1 2 3 9 8 b 4" 6"

P ———

237 N 138 338 338 1/C~50i:, 8 KV
194 194 277 2T 22l 1/C~380,8 KV
144 144 208 208 164 1/C=4/0,8 KV
300 300 “'8 438 342 1/C-7%0,600 V
239 239 54 341 aA72 1/C~500
193 193 27% 230 1%) 1/C«350
139 139 129 13¢ 139 | 1/C=4/0
102 113 102 102 103 \/C~2/0
139 139 199 15% 139 RT=4/0

202 117 103 102 ™RI-2 /0

6% 65 6% 56 TRI=2*¥S
46 46 46 A6 9 3| 3/C=40NG
34 34 14 4 29 ¥ 3/C-6ANG
a6 26 ) 26 23 19 3/ C=BANG
18 18 \ 16 13 13 3/C«10ANG
14 14 10 10 3/ C=12ANG
70 62 i 62 63 2/ C~2MNG
39 34 34 29 : 2/ C~BAWNG
30 26 ’ 22 b . 2/ C~BRAWG
41 13 1y 131 2,/C~1CANG
i6 { 10 10 S 2/C= 120G

Ampacity Compari.son
equation
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'ummm?mwmmt.ilindno&utu?mmnum 2'

wif-’é Comparison with Thermolagged
condu 't ‘Box Oeslign)

No. of Cables / Conduit 8ize
2 4" 8% g

1] 1/C=500,8 KV

1/C=350,8 KV

1/C=4/0,8 KV

1,C=750,600 V

1/C=500

1/C~35%0

1/C~4/0

1/C=2/0

TRI~4/0

TRI=2/0

TRI«2AWG

3/ =0 AWNG

1/C=6AW3

3/C~BANG NOTE:
3/C=1LONWG 1 = Adegquate cable
3/C=12ANG ampacity
2/C=2NNG 0 = Inaderjuate cable
2/C~6ANG ampacity
2/ C~BANG

2/C=10NWG

2/C-12N%G

—
-

N

B0 S e e e b T B e S B e B B B B 3 3
P e e B e e B e e B B e B e e e R L
B e e R B B e B S b B B B e Bt e B e b S R
MR e S N OO0 000G W
B T T e e S o S
P - T o e e e
B T L -l o = T e

T o o ol S el ol
T o o - T e ok o o

e

c.unttt" - 1:[»001:1‘ - 1,[:0"’].0]

Calimit iw Lf Tamp n 999,0,Calimit )
i3 [ 1,9 ,3)
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Limit of NMumber of Cable in Bundile:

Mot to Exceed Ampacity of Cable in -

Thermoiagged Conduit (Box Design)
Ve omgu 7/ Condult Site

1 2 13 8 1% 4% 5" W
' 2 3% & 1 1 1 7
1 2 2 8 8 1 1 2 23
1 -2 Y88 % L % %
1 2 38 0 1+ 1 2 2
1 2 380 1 1 2 ¢
1 2 3 8 0 1+ 3 3 §
1 2 3 8 0 2 4 6 9
1 3 5 5 ¢ 3% 83 08
1 2 3 %5 0 1 2 4 &
1 2 380 2 3 8 o0
1 3 3 8 0 4 0 11 1i¢
1 2 3 s &8 3 6 10 18
1 2 2 % 8 4 & 13 19
1 2 3 8 8 7 13 22 O
1 2 3 % 8 11 20 32 o
1 2 3 8% 8 18 0 0 o
1 23 3 88 3 5 % 2
1 2 3 8 8 6 10 1 23
1 2 35 8 8 18 23 M
1 2 3 S 0 13 22 1 s
1 2 3 5 8 20 28 O O

1/C-500,8 KV
1/C«3%0,8 KV
1/C=4/0,8 KV
1/C=7%0,600 V
1/C-500
1/C~3%0
1/C~4/0
1/C~2/0
TRI~4/0
TRI~2/0
TRI~2ANG
3/C=ANNG
1/C=6ANG

3/ C~BAWG
3/C=10ANG
1/C=12ANG
2/C=2ANG

2/ C=6ANG
2/C=BAWG
2/C=10ANG
2/C=120WG

The iinit 20 the
numbar of cables
undex & wrap, use
maximum number in
a givan row.
™Three 1/C cables
are considered as
one (1) 3/C cable.
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Ampacities of Cable in Themolagged Condult (Shell Design)

0.928 Reference 1| (DBO~EE~052, Rev 3
TIthCDhall tw wwmee [TEHCD 22,8ection 6.1.2.6 g.) provides
0.8 relative factors for m!x ve box design.

Thersolagged Ampacities in Conduit (Shell Daaign)

TWo. o, Cables / Condult Size
2 3 s 8 I 4" 5v g

1

'391 313 274 274 274 391 291 391 313] 1/C-500,8 KV
330 256 224 224 234 320 320 256 224| 1/C-380,8 KV
237 190 166 166 166 237 237 190 166| 1/C-4/0,8 XV
49% 196 346 146 346 195 495 196 196 1/C-750,600 V
394 318 276 276 276 394 394 318 276] 1/C-£00
ITthCDshall = [318 284 223 223 223 318 754 223 223| 1/C-350
230 184 161 161 161 184 i6L 161 138| 1/C-4/0
169 138 118 118 118 118 118 118 101} 1/C-2/0
230 1R4 161 161 161 230 184 161 161 TRI=4/0

169 138 118 118 118 135 118 118 118| TRI~-2/¢C
108 86 715 I8 78 75 75 685 54| TRI-2AWG

7% 60 %3 S3 53 83 534S 38| 3/C-4AWG

57 45 40 40 40 40 40 34 28| 3/C-6ANG

43 34 30 30 30 30 26 21 21| I/C-8AWG

30 24 21 21 21 18 1% 185 18| 3/C-10AWG

23 19 16 16 16 12 12 12 13| 3/C-1iNG
102 81 81 71 71 81 71 71 6i| 2/C-2AWG

87 45 45 40 40 40 40 34 28’ 2/C-6AWG

43 34 34 30 30 30 26 21 21| 2/C~BAWG

30 24 24 21 21 18 1% iS 18] 2/C-10AWG
[ 22 19 19 16 6 14 12 12 12, 2/C-12AWG
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‘Ampacty Comparson Berwees Free Air Thermolagged Cables (3/8inch product i Froe Aur (emplate 2

AMPCHX (- u[nencmmn1

s lamp ,1.0]
1.3 .9

'

Ampacity Comparison with Thermolagred
Conduit (Shall Design)

n:. ‘!'!ﬁgn 7 Condult Size

o
-
=
&
*
>
L
o>
N

o]

OO0 0000COQ00C
o

1/C=~500,8 KV

1/C~350,8 KV

1/C-4/0,8 KV

1/C=7%0,600 V'

1/C~500

1/C=31%0

1/C=4/0

1/C-2/0

TRI~4/0

TRI~2/0

TRI «2ANG NOTE:

1/ C=4ANG 1 = Adequata cable
1/ C~5ANG ampacity
1/ S=BANG 0 « Inadequate cable
1/C=10AWG ampacity
3/C=12AWG

2/C=2NG

2/C=6ANG

2/ C~BANG

2/C=100NG

: 2/C=12ANG

B B e B B B B S e B B R B R R e e e e W
B B B e G e B B e e D B B B e B e e e e S
MO0 C00DO0OCO0O0CCOO00 =

B o ot -2 -F-E-R-R-R-R- L ol ol o
OO SOHMOMHOHMMIOOCOCOC
O MROCOOHOMMOD=OOT00
COMHHFOOOOHOODOOHHEHMD
CCOHFOCOCHHOOO0O000OOFHM

oo e

e

e
-

calimit i u[mm ‘[“t. ],o]

Calinit .- i.t[xam1 ; > «m»o.o.cu.t.nm.1 j]
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‘Ampacity Comparwos Betwoen Free Alr Tharmolaggod Cadles (3/8inch product in Free Air ‘emplate 2°

Limit of Number of Cable in Bundlie:
Not to Excend Ampacity of Cable in
Thermolagged Conduit (Shell Design)

-
=
o
=

-
*

%

1/C-500,8 KV

1/C«350,8 KV

1/C-4/0,8 KV

1/C=750,600 V

1/C~5%00

1/C=350

1,/C=4/0

1/C=2/0

TRI~4/0 The lixit to the
TRI~2/06 numbar of cables
TRI = 2ANG undar a wrop. use
3/ C-4ANG max Lmum in
3/ C~6ANG a given row,

3/ C~BANG ™ree 1/C cables
3/C=10M9G are conridered as
3/C~1200G one (1' 3/C cable.
1/ C= 2NN

2/C~6ANG

2/ C~BAWG

2/C~10ANG

2/C=1INNG

»2

e -
COO0OWULUOOOOCWMOOQOOOOONGW

-

o
CCWOAVYWOOODOO000OOCUNNNNGDG

UNWWWVWWWUWULWWWWDWWWERWWWLD W
GEVMSMBMEBBBBCOCOoOOCCCCOoOUBRE W
SONVSVTOO0OCOC0O00DO0OTOCOTO @
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CNPROLOOCCAOUNDONCGOOOO
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P it O COCOOCO00000

IIthCDahell lamp

(18,9)° (18,9

10

N 50
(18,1)
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‘Companson of Ampaciios for 5/16° v 3/8" Thermolag produc”

PRNPRECISION := 8

TampN = m[xm Developed in Attachusent G2
prn
Tamp = m[ln ] Davel jped in Attachment B2
prm

Cable ampacity frus Attachment B2
$/16 inch product

1 2 3 3 Ay LR s* o"

[.69.3%  348.2 316,24 288.84 363,35 369.3% 1369.35  3ui.2]
299.07 281.1%  295.4 233,13 299.07 299.07 280,15 255.4
223 208.89 129.8% 173.18 223 223 208.89 171.%2
414.2 416 375,43 341.06 444.2 4M 2 413 416
350,32 32%.87 293.8 464,33 3%0.32 350.32 325.87 264.20
Tamp = (281.59 260.76 235.04 212,77 281.59 260.76 235.04 212.77
203.9 186.87 168.1 151.58 186.87 151.12 146.83 131.45
152.51 1J8.96 124.97 112.49 124.97 112.49 99.42 86.38
203.9 164.87 160.1 151.58 203.9 186.87 151.12 146.8)
152.51 138.26 124,97 112,49 138.96 124.97 112.4% 99.48
94.98 8/.14 78.2 70.08 7¢.28 63.4% 56,75 50.31
74.63 67.64 61.08 55,02 61,08 53.22 47.01 4l1.2)
56.9 S1.4 46,43  41.79 41,96 36.5% 32.64 28.55
42.43 37.69  34.13  30.% 27.74 23.68 20,14 18.21
31.74 28.1 2%.28 22.%58 18,19 5.1 13,11 1,77
23.66 20,71 18.61 16.57 11.3 2.5 8.24 7.4
116.7 106,13 95,99 86.62 95.99 R6.6 75.1 68.03
67.03 60.37 54.5 49.06 47.41 41.78 135.<8 12,75
50.38  44.99 40.6  36.41 32.3% 26,98 24.08 21.16
37.8 33,46 30.1% 26,96 20.77 17.6 185.28 12.64

| 28,3 2.77 22.28 19.8% 13,15 10.93 9.56 8.595,
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*‘Comperwon of Ampacities for 5/16° v 3/8 Thermoleg produc’

Cable ity from Attachment G2
378 inch product

1 B 3 5 8 b LN e 6"

'366.6 44.2 312.) 284.8 254.9 166.6 166.6 366.6 3442
297 278.1 2% 230 208.7 97 297 278.1 2%52.4
221.7 206.8 187.8 171 1%52.9 221.7 221.7 206.8 170
440.8 411 370.7 336.2 299.3 440.8 440.8 41l 411
348 322.3 290.4 262.8 233.5 148 348 322.3 261.2
IampN = |279.9 258.3 232.6 210.2 186.5 279.9% 2%8.2 232.6 210.2
203 185.) 166.6 150 132.6 185.3 149.8 145.2 129.8
151.9 137.9 124 111.4 98,4 124 111.4 98,4 80.3
203 1885.3 168.6 150 132.6 203 185.3 149.8 145.2
151.9 137.9 124 111.4 98,4 137.9 124 111.4 98,4
96.7 86.7 77.7 69.% 61.1 69.8 63.9 56.2 49.7
74.4 67.3 60.7 S4.6 48,3 60.7 52.8 46,5 40.8
6.8 S1.2 46,2 41.% 36,7 41,7 36,7 32.3 282

42,3 N7 34 30.4 26,8 27.6 23.% 19.9 18
Nn.g 28 28.2  22.% 19.7 181 15 13 1.8
23.6 20.7 18.6 16.5 4.4 112 9.4 8.2 7.3
116.3 1085.5 95.4 86 76.1 95.4 86 4.4 67.3
66.9 60.1 54.3 48.8 43 47,1 414 351 2.4

%0.3 44.8 40.4 36.2 31.9 31,8 26,8 23.8 20.9
37.7 33.4 30,1 26.8 23.6 20.6 17.8 15.1 13.5
L 28,5 247 22,2 .8 173 13.1  10.8 9.5 8.5]

Note: that the sbove matrix has an axtra column, i.e dats on 8 cables in
a bundle. This column will be resoved for CONPArisSOn PUrposes.

<1>» <i>» 2> «2> <3» <>
Tamph ' tw LampN Tampn' t= LampN TampN* tw TampN
<i» <4> <5» <6> <6>» <7»
TampN' 1w TampN Tampi' tw Tampid TampN ' t= TampN
<> <8> 8> <9

lampn' 1w TampN TampN' tw Tamph



166.6

97
221.7
440.8

148
79.%

203
151.9

203
151.9

96.7
T4.4
56.8
42.2
1.7
3.6
116.3
66.9
50.3
37.7

| 28.3

ATTA THMENT H CPSES

1442
278.1
206.8
411
323.3
58.2
188.3
137.9
185.1
137.9
86.7
67.2
51.2
37.7
28
20.7
108.8
60.1
44.8
33.4
4.7

312.3
252.4
187.8
370.7
290.4
232.6
166.¢
124
166.6
124
77.7
€0.7
46.2
S )
25.2
i8.6
95.4
54.3
40.4
0.1
22.2

CPSES UNIT 1 16345-EE(d)- 140
*Comparsos of of Ampacities foc 5/16° v 3/5 Tharmaoleg

284.8
230
171

3136.2

262.8

210.2
150

111.4
150

111.4

9.5
54.6
41.5
30.4
21.8%
18.5

86
48.8
16.2
26.8
19.8

3.

166.6
97
221.7
440.8
148
279.%
188.3
124
203
137.9
69.0
60.7
41.7
27.6
10.1
1.7
5.4
47.1
349
.8
3.1

"

166.6
297
221.7
440.8
Jab
258.2
149.8
111.4
185.3
U4
6.9
13-.
36.7
23.58

9.4
86
al.4
6.8
17.5%
10.8

166.6
278.1
206.8
411
332.3
232.6
148.2
8.4
149.8
111.4
56.2
46.5
2.3
19.9
13

T4.4
8.1
23.8
15.1

9.5

344,32
252.4
170
411
261.2
210.2
129.8
88.3
145.2
98.4
49.7
40.8
28.2

11.6

7.3
67,1
32.4
20.9
13.8

8.5
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‘Comparnon of Ampacities (or 5/16" v 3/ Thermolag produc’

ORIGIN » 1)

J = 1 ..8 I =1 ..21

Tamp - lampi'
b | 1,3
DIFFS |- + 100
1,J Tump
1,3

Ampacity = in % - Reduction for Use of 3/8 inch
Thersolag ve 5/16 inch Thermolag

No, of Cables / Conduit Size .
1 i 3 ] b 4 ge 6"

0,74 1.16 1.23 1.39 0.74 0.74 0.74 1.16]  1/C-500, 8KV
0.68 1.09 1.16 1,32 0.68 O0.68 1.09 1.16 1/L=3%0, BKkV

0.6 1 1.07 1.34 0.6 0.6 1 1.1 1/C~4/0, 8 kV
0.76 1.2 1.26 1.41 0.76 0.76 1.2 1.3 1/C=750, 600 V
0.66 1.09 1.14 1.2 0.66 0.66 1.09 1.15 1/C=500

JIFFY = |0.53 1 1.06 1.22 0.5 1 1,06 1.22 1/C=350

0.47 0.8% 0.9 1.0% 0.8 0.9 1,13 1.2¢ 1/C-4/0

0.4 0.74 0.8 0,95 0.8 0.95 1.09 1.24 1/C~2/0
0.67 00.' 0.’ 1.03 0.47 0-.' 0.9 101: m"/o

0.4 0.74 0.8 0.9% 0.74 0.8 0.9% 1.09 M'3/0
0.29 0.57 0.v1l 0.74 0.61 0.8 1 1.1 TRI~2 AWG
0.27 0.%8% 0.6 0.73 0.6 0.8 0.99 1.11 3/C" AWG
0.24 0.49 0.54 0.56 0.5 0.79 0.98 1.08 3/C~6

0.19 0.4 0.44 0.58 0.61 0.84 0.97 o3 3/C-8

0.16 0.33 0,36 U.4% 0.66 0.84 0.99 1.1l 3/C~-10

0.12 0.2¢ 0.29 0.6 0.66 0.84 1 1.1 3/C=-12

0.29 0.%7 0.62 0.76 0.62 0.76 0.96 1.09 2/C=2

0.21 0.44 0.48 0.5 0.6 0.84 0,96 1.13 2/C~6

0.18 0,37 0.41 0.51 0.%2 0.84 1 1.1 2/C~8

0.14 0.3 0.33 0.43 0.68 0.8 0.98 1.11 2/C=10
0.11 0.2 0.27 0.34 0.87 0.84 0.98 1.1} 2/C=12

RiN(UIFPS) = 0.11% MINIMUM % DIFFERENCE
nax (DIFFR) = 1.414 MAXIMUM % DIFFERENCE
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For Reviewar's ability to check the above difference calculation, the
two ampacity matrix's 8th columns are shown below to 3 significant digits

(344,161 (348, 199]
252,429 255.4
170.039 171.922
411.014 415.999
<@» 261.239 <B> 264,203
TanpN' = (210,181 Lamp - [212.766
129.794 131,448
88.269 89.18
148.176 146.83
98.403 99.48%
49.747 50.306
40.7%7 41.212
28,246 28.5%3
18.011 18.214
11.637 11.768
7.314 7,398
67.284 68,028
32.38 32.740
20,923 21.1%9
13.487 12.638
| 8.459) | 8,553
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* Letter from TSI 11/17/8¢

17 Novembwy 1789
o e RO
oo e
 Mr. joha Wawrzeniak , ALX?EPTABLL MARGINAL QUALITY
INIT A DATE /2 faa
Roed ""J-——- B at————
$ Miles Northwest of Glen Rose
Glen Rose, Texas 76043

Refererce: Texas Utilities Purchise Order No 665-71871

Dear Ms. Wawrzenlak:

The following i the tnformation reques nrm«:mmm.dth
THERMO-LAG 230-660 lexi-Blan ket mm Barrier Material being supplied to
Texas Utilities under the above refrrenced Purchase Order.

1. Maximum Specific Weight When Delivered
i) Lbe/P2

2 A Waolght Reduction at equilibriuem of ot least 7% s expected.

3. Minimum Weight based on 0.250° thicknese
LA be/F2

¢ Masioum Average Thicknese
yr

5 Maximvum Individual Thickness not to excwved 7% of the total surface asve
778"

6 Miniovum Individual Thickness not to exceed 1% of the total surfacs are
oIwr

I/ you have any sdditional questiona, do not hesitate to contact o,

Y truly,

.~ S S
ubin Feldman
President

RF/meg

THERMAL SCIINGE, NG, + 2200 CASSENS DR « ST LOUM, MO 63026 + (314 3491233
Tele: Domenic 44 1384 + Oveneoy 209901 « Tolgcopier (334) 349.1207
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(FOR THREE LAYERS OF THERMO
ANCHES)

GED CABLE IN FREE AIR: TEMPLALE 2
LAG ON BUMDLES LEFS THAN THREE
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ATTACHMENT BB¢
CABLE AMPACITY OF THERMOLAGGED CABLE IN FREE AIR: TEMPLATE 2 (FOR
THREE LAYERS OF THERMOLAG ON BUNDLES LESS TAAN THREE INCHES)

This templates calculates the thermal resistance terms and cable ampacity. The
cable ampac.ty is input to template Attachment BBl for comparison with
ampacity of the cable in adjacent raceways sections.

I. CABLE INPUT DATA

PRNPRECISION := 8
File: cable.prn was produced by

CABLE := READPRN[cable template~ Attagchment A and is
prn documented separately.
ORIGIN = ) defines the upper cormer of a matrix as 1,1
j 1= 1 ..7 (1= ] ,..21 n' i= 0 Cdiam 1= 0
1, 1,

Matrix CABLE is comprised of the rollowing indicated columns.

<l>» <2> <od> <&4>

RdczS := CABRLE Y¢ i= CABLE Dc .= CABLE Ac := CABLE

<1l» <85> 6> <T> <§>

n' ;= CARLE It := CABLE Jt 1= CABLE pi := CABLE
<9 <10> <1» <ll>

@3 1= CABLE DiamiC := CABLE Cdiam i= CAMLE

where:

Rdc2$ Conductor dc resistance at 25 deg C, N/ft

e Conductor proximity/skin effect

De Conductor (iameter, in.

Ac Conductor cross-sectional srea, sg mu

n' Number of conducters in cable

It Inguiation thickness, mils

Jt Overall jacket thickness, mils

pi Insulation thermal resistivity, C~cm/w

£3 Jacket thermal resistivit,, C-cm/w

DiamlC Diameter of 1/C cable or 1 cable of multi-cnnductor cable, in.
Cdian Overall diameter ~f cable, in.



Rdc 25
/it

2.22

3 3
CABLE = (5.295
1.48
2.22
3.2
5.2%
A.43
5.28
8.43
1.69
2.69
4.27
6.79

1.69
§.27
6.79

10

J.00108
0.00172

-4
10

-4
10

-4
10

0.00108
| 0.00172

in.
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CABLE PHYSICAL PROPERTIES

Rev.

0.06
0.03
0.01
e.13
0.06
0.03
0.01

0.01

o0 O ¢ DO © O © ©

0.813
0.681
0.528
0.998
0.813
V.681
0.528
0.418
0.528
0.418
0.292
0.232
0.1L4
0.146
0.116
0.092
0.292
0.184
0.146

0.116
0.092

The ahove ratrix is manually
mens.. A to “emonstrate successful data cransfer.

253.4
177.1
107.2
280
253.4
177.3
107.2
67.42
107.2
67.4)
33.62
21.15
13.3
8.37
5.26
3+31
31.62
13.3
8.37

8.28
3.3

= e e e

S

LSS

It Jt DiamlC Cdiam

mil mil pi P} inch inch
ﬁ
280 0 500 500 1.373 2.9519%
280 0 500 %S00 1.241 2.66815
280 O 9S00 500 1.088 2.3392
1486 0 S20 500 1.288 <. 7692
130 0 S00 S00 1,072 2.3069%
130 0 500 500 0.%41 2.02318
100 0 500 500 0.728 1.565«
100 0 S00 S00 0.C18 1.3287
100 0 500 500 0.728 1 S€%2
100 0 500 3500 0.618 1.5287
75 0 500 500 0.442 0.9503
7% 80 500 500 0.382 0.9813
78 80 500 SC0 0.334 0.8781
60 60 %00 8500 0.266 0.69219
4% €0 300 3C8) 0.206 0.8562%
30 60 500 500 0.1852 0.4468
7% 80 500 500 0.«42 1.044
7% 60 500 500 234 0.788
60 €0 500 %0n 0,266 0.622
4% 60 500 500 0.206 0.532
30 60 500 500 0.152 0.424)

compared with the matrix CABIE of Attarh=
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N, nan', and CCdiam were developed in template-« Attachment Bl

N i= a:aorau[n nnn' 1w nxaornu[uun ]

pm] _prm

cediam := READPRN[CCdiam ]
prn

No. of cables in a Bundle
o, of cables / Conduit Size

1 2 9 8 3%4vs e
s $ 38 3 & 1 #
1 2 328 1 1 2
1 2 3 % 1 1 2 4
1 338 § 3 3 1
1 2 38 1 1 2 ¢
N=|1L 2 3 8 1 2 31 5§
1 2 35 2 4 & 9
1 2 35 3 S5 8 1
1 2 3 85 1 2 4 6
1 2 38 2 31 8 @
1 2 3 5 4 7 11 16
1 £ 385 3 6 10 18
1 2 3 5 4 8 13 19
1 2 3 % 7 13 21 30
1 2 3 5 11 20 22 46
1 2 3 % 18 232 51 "3
1 2 3% 3 85 9 13
1 2 3 5 6 10 16 23
1 2 3 5 8 15 23 24
1 2 3 5 13 22 38 )
1 2 3 5 20 36 56 81






resist
watt
ce: Heference

equation
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Therma! Resistance of :he Jscket on 2/C and 3/C cable

Cdiam

i1
Ry e 3t > 0] |0.012 n' ) log
i,9 4 i1 i -3
cdian = 2J% 10
i,1 i

Thermal resistance of jacket,
C-ft/watt Source: Derived from
equation 38 in Referenc. J
(Nehr<McGrath) This first rare of
the expression is a logica
statement to only calculate Ry (f 2
jacket exists.

Thermal Resistance of Jacket
No. of cables / Conduit Size

1 2 3 5 3 " gn s n gv
"0 0 0 0 0 0 0 0]
0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

Ry = 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 b) 0

0 0 0 0 0 0 0 0
1.39 1,39 1.39 1.39 1.39 1.3% 1.39 1.239
1.57 1.57 1.%7 1.%7 1.%7 1.%7 1.57 1.57
1.49 1.49 1.49 1.49 1,49 1.49 1.49 1.49
1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87
2.44 2.44 2.44 2.44 2.44 2.44 2.44 2.44
l0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
0,86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
1.06 1.06 1.06 1,06 1.06 1.06 1.06 1.06
1.3% ‘3433 230 3630 130 L4031y
12,73 3.73 1,73 .73 L9 LT3 4,7 4.7



A' 1= 4.5%

i.3

Rsd =
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tactors used in Rsd, developed constants in
Table Vil of Reference 3 (Nehr-McGrath). See
Methodology 8

thermal resistance between
cable and 130~660, C~flL/watt

i3 (?Cdillli

"
b ® S b s 0w =
HeNOYNYVWLWSsOUM®D S
-
LR S R R
“aow W e E B

= ® & & o % ® » =

O ENVBSERNE S

P
B LD ORNBENON

= e
-0
®
-
NNOLD IORES G
S W W
e N
. o pra =

E R &saoo0n LR S o
- B
WD D LML IO

O
oo
- o

this assumes an airgap betveen
a' the two surfaces. Equation 41A
from Reference 3,
(Nehr-McGrath) .

4

4.2 4.2 4.2 4.4 1/C=500,8 KV
4.6 4.6 4.8 5.9 1/C=350,8 KV
5.2 5.2 5.8 8.4 1/C=4/0,8 KV
4.4 4.4 4.6 4.6 1/C'750.‘°° Vv
5.2 5.2 9.9 8.5 1/C=500

5.9 6.3 7.7 9.2 1/C=-350

7.9 12.2 12.4 15.2 1/C=4/0
11.4 13.7 17.2 20.8 1/C=2/0

7.4 7.9 1.2.2 12.4 TR1=4/0

9.2 1.4 12.7 17.2 TRI-2/0
19.2 22.5% 27.1 33.9| TRI-2AWG

15 19.2 23.9 0.8 1/C=4ANG
20,6 25.3 31.5 40.9 1/ C=6AWG
29.9 39.3 93.4 64 1/C=~8AWG
43.8 61.6 79.4 96.7 1/C=10AWG
72.1 98.4 127 1%4.95 1/C=12AWG
9.4 11.4 14.9 17.8 2/C=2AWG
15.6 19.5 26.9 30.8 2/C=6AWG

22 30.1 16.8 47 2/C~BAWG
33.2 45.1 8S8.6 71,9 2/C=10AWG

53 74.3 94.6 115.6] 2/C-12AWG
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THERMAL RESISTANCE OF THERMOLAG 330-660 WRAP

Btu/hr = B B 1= ,2931 watts Ft = 30.4785% om

’ -
F is = This is to convert degree F
E to degrees C
B 1
i= (0,249) = = See Attachment D (conductivity)
Ft F
1
pw = -
K
pw = 232,01 thermal resistivity of 330-660 wrap,C~Cm/watt
J 3
Twrapl 1= {f|CCdiam < 3,6 =,4 = Thickness of wrap (bundles of less
i3 i,9 8 8| than 3 inches have a maximum of 6
layers of Thermolag)
3 Conduit of 3 inches or greater will
'Nupi g it if|9 > A.t-.'x"«'nplt have a maximum of 4 layers of Thermolag
' 8 '

Thickness of Wrap

No. of cables / Conduit Size
1 2 3 -] " 4" g u g™

2.2% 1.5 1.5 1.5 1.% 1.5 1.5 1.9 1/C=500,8 KV

202’ 1.5 105 .\.5 105 105 105 105 l/C'Jso,s KV

2:3% 1.5 1.8 3:8 1.8 1.8 1.8 38 1/C=4/0,8 XV

2.25 1.9 1.9 1:8 - 3.8 1i9 10 4.8 1/C«750,600 V

2.28% 1.9 1.5 . 1.8 1.% 1.% 1.% 1/C=-500
Twrap = (2.25 1.5 1.9 1:8 1% 4.3 1.8 1.% 1/C=350

2.2% 1.5 1,8 1:8 3:8 3.8 1.9 1.5| 1/C=4/0

2.25 2.,2% 2.2%5 2.8 58 38 1018 1/C=2/0

202’ .9 1:% 1-5 1.5 1.8 1.8 1-5 TRI"‘/O

2:.89 3.2% 3.2% 1.8 1.8 1.8 1.8 1.9 TRI-2/0

2.38 2.38 2.3 2.2% 1.8 1.¢2 1.% 1.8 TRI~2AWG

2.2 2.2% 2.2% 2.2% 1.% 1.% 1.5 1.8 3/C=4AWG

2:3% 2.2% 2.2% 2,38 1.% 1.9 1.% 1.8 31/C~6AWG

2.286 3.28 2.2% 2.3% 1.5 1.% 1.% 1.% 1/C=8AWG

3.2% 2.28 23.3% 2.2%5 1.8 °1.% 1.8 1.% 3/C~10AWG

2.2% 2.2% 2.2% 2.2% 1.5 1.% 1.% 1.8 3/C=12ANWG

2.2% 2.2% 2.2% 2.2 1.% 1.% 1.5 1.5 2/C=2AWG

3:35 238 2:38. 2.2% A8 19 1.8 48 2/C~6AWG

2:3% 3.3% 2.3% 2.3% 1.8 1.% 1.8 1A% 2/C=BAWC

2025 2-25 20?5 2;25 1-5 105 lts 1-5 Z/C'lohm

B«?S 2:2%8 3.3% 3.2% 1.3 1.3 1.% 148 2/C=12AWG
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ccdiam  + 2 Twrap

1:) 2.9
Rw i= 0,012 nnn' pw log -
1,9 cCdiam
i.9
Thermal Resistance of Wrap
No. of cables ; conduit Size

1 2 k| ] - SR v 5 6"
3.4 3 3.7 4% 2.9 a.% 3.8 3
3.6 3.2 4 ] 2.7 2.7 3.3 4
1.9 1.6 4.% 4.5 3 3 3.6 .6
3.5 3.1 3.9 4.8 .7 3.7 33 B |
3.9 3.6 4.5 5.6 3 3 3.6 5.6
Rw = (4.2 < S 6.2 3:3 4 - 6.2
4.9 4.9 6.1 7.8 4.9 7.6 8.2 10,3
5.4 7.2 9.1 8.6 6.9 8.6 11.2 14
4.9 4.9 6.1 7.6 3.9 4.9 7.6 8.2
5.4 7:8 9.1 8.6 5.9 6.9 8.6 11.2
6.3 8.8 1i.1 14.4 10.8 13.6 17.2 22.2
6.2 8.6 10.9 14.1 8.% 11.6 15.3 20.3
6.6 9.2 11.7 15.1 11.4 15.3 20.1 26.7
7.3 10.% 13.3 17.4 16.9 24 33.8 41.8
8 11.7 14.9 19.6 25.1 137.% $0.% 63.)
8.7 3 16.6 22.1 41.3 59.9 80.7 101.1
4 5.6 7 9 5.4 6.9 9.4 11.7
4.6 6.5 8.3 10.8 E 12 17.1 20.3
s 7.2 9.2 12 12.5 18.4 23.5 30.9
5.4 8 10.2 13.5 19.2 27.% 137.2 47
5.9 8.9 11.4 18, 30.4 45.2 59.9 75.8)

Thermal resistance
of Thermolag wrap,
Thermal n/ft.
Source: Reference 2
eguation 6

1/C=500,8 KV
1/C=350,8 KV
1/C=4/0,8 KV
1/C=750,600 V
1/C~500
1/C=350
1/C=4/0
1/C=2/0
TRI~4/0
TRI-2/0
TRI~2AWG
1/C=4AWG
1/C~6AWG
1/C=BAWG
3/C~10AWG
1/C=12AWG
2/C~2AWG
2/C~6AWG
2/C~BAWG
2/C~10AWG
2/C~12AWNG
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Rev.,
Overall diameter of wrap,

1.3 in.
‘“ s " 6"

+« CCdiam
i
3l

3

Diameter Over the Wrap
Wa of cables / conduit Size

tw 2 Twrap

i)

1

THERMAL RESISUANCE BETWEEN THE THERMOLAG AND AMBIENT AIR
Dwrap

>
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el

Dwrap =



¢ i= 0,89

i

9.5 nnn'

1+ 1.7 ourapi (¢ » 0.41)

Thermal Resistance of Wrap to Alr

Calce., Number EEB~140
Rev. Number 4
Page Number 12 of 14

emissivity of Thermolag J30~-660 (see Attachment D)

Thermal resistance between
wrap and ambient air,
thermal (i-ft (C-tt/wait)
Source: Reference 3 (Nehr-
McGrath, equation 42A)
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No. of cables , Conduit 5ize
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-
gt .
3w

L
@«
.

(5]

42.4

N
3 ~3
T ®

T
o
~NO W

50.1

6"
2.8] 1/C=500,8 KV
.7 I/C‘Jso'. KV
] 1/C~4/0,8 KV
2.9 1/C=750,600 V
$ 1/C=500
$.7 1/C=350
9.5 1/C=4/0
12.8 1/C=2/0
7.2 TRI~-4/0
9.8 TRI-2/0
19.4 TRI~2AWG
17.8 3/C=4AWG
23.2 31/C=6AWG
36.4 3/C~8AWG
55.4 3/C=10ANWG
88.3 3/C~12AWG
10.3 2/C=2AWG
18 2/C~6ANG
7.1 2/C=BAWG
41.1 2/C~10AWG
55.8) 2/C=12AWG
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THERMAL RESISTANCE BETWEEN CONDUCTOR AND AMBIENT AIF

Rthl := Ri + R) + Rsd + Rw + Rwa thermal resistance batwsen Lhe conductor
and ocutside ambient air, thermal N-ft
IC=ft/watt)
Thermal Resistance Between Conductor and Air

fio. of Fables , Condult Size

b 2 3 8 3 " e $ » &
10.5 11.% 13,9 16.8 10.1 10.1  10.% 11.5] 1/C=500,8 KV
11.4 12.6 15.2 18.3 11 11 12.6 15.2 1/C-350,8 KV

12.7 14.3 17.1 20.6 i2.3 12.3 14.1 20.9 1/C=4/0,8 KV
(10,3 11.3 13.9 16.9 9.8 9.8 1.3 11.3 1/C=7%0,600 V
11.7 13.1 16.1 18.7 1.2 1.2 13.1 19.9 1/C~500
Rthl = |12.8 14.6 17.9 <2 12.4 14.6 17.9 22 1/C=350
1%.1 17.6 21.7 26.8 17.6 26,9 238.6 5.8 1/0=4/0
16.9 20.8 25.8 .0.6 24.7 30,6 39.2 48.7 1/C=2/0
15.1 17.6 21.7 26.8 14.6 17.6 26.9 28.6] TRI~-4/0
16,9 20.8 25.8 230.6 19.9 24.7  30.6 39.2] TRI-2/0

20.7 26.1 32.% 40.9% 38.8 47.8 60 76.5| TRI-2AWG
21.9 27.2 232.4 41.6 32.3 4.7 4.9 71.6| 3/C-4AWS
23.7 29.5 36.3) 45.2 43 §86.7 71.7 94.9 3/C~6AWS
26.7 33.9 42 S52.7 62 8.5 118.5 145.2 3/ C=8AWG
29.9 38.5 47.8 6K0.3 90.7 122.1 175.7 218.7 3/C=10ANG
31,7 44.4 85,1 09.9 147.5 209.%5 279.2 247.7 31/C=12AWG
1.3 17.6 21.6 26.8 20.¢ 25.6  24.2 41.8| 2/C=2AWG

17 21.3 aé.: 22.7 3.8 43.6 €0.7 71.5| &/C~6AWG
'18.9 4 29.6 37 46.3 65.8 82.9 107.6| 2/C-~BAWG
21.1 27.2 33.%5 42.2 69.6 97.2 129.7 162.8| 2/C~10AWG
123.5 31 38.4 48.6 108.9 158.4 207.6 259.9] 2/C-12AWG
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RRAc25 i= Rdc2% ¥Ye (= YC Converts vector inte
$:9 i .3 i matrix.

Te = 90 ~onductor temperature, deg. C (see DBD-EE~52)

Ta := 50  ambient temperature, deg. C (see DBD-EE-52)

Cable ampacity of Thermolag 310-660 Wrepped Cable in Free Air

234.5 + 25
Rthl RRAC2S [x + YYe ]] (234.5 + Te)
4.4 3.3 i}

. sy

lamp =

(T¢e = Ta)
1.} |

P S

Source: Refecence 3 (Nehr-McGrath, equation 9, with Rthl = Rca',
delta TD = 0, Rdc expressed at temperature Tc).

HRIT!PRN[lanp 1= lamp This saves lamp in an ASCII file for use

prn } in template A%ttachme.at BB

Cable Ampacity of Wrapped Cable in Free Air

NG, Oof cables , Gonduit Size
1 2 3 ) an AY & 0 g

'388 144 312 285 367 367 387  144) 1/C=%00,8 KV
291 278 282 220 297 297 278 252 1/C=3%0,8 KV
216 207 188 171 222 222 297 170 1/C~4/0,8 KV
431 411 371 336 441 441 411 sl 1/6=750,600 V
341 322 290 263 348 348 322 261 1/C=500
lamp = [27% 258 233 210 280 288 233 210 1/€~3%0

200 1885 167 150 185 150 145 130 1/C=4/0

180 138 121 111 124 111 98 8% 1/C=2/0

200 185 167 150 203 185 150 145 TRI~4/0

150 13% 121 111 138 124 111 98 TRI~2/0

9¢ 9% 5 &8 70 6) 56 S0 TRI=2AWG

74 &6 60 3 61 53 47 4 3/C~4 ANG

$6 S5O 45 41 42 37 32 2@ 3/C=6ANG

42 37 34 30 28 22 20 \$ 1/C=8AWG

31 28 28 22 18 15 13 12 1/C=10AWG

23 20 18 16 1 = 8 7 1/C=12AWG
115 104 94 B84 95 36 T4 &7 2/C=2ANG

66 %9 %3 48 47 41 35 22 2/C=6AWG

60 44 40 36 32 27 ¢ 2/C=8AWG

38 33 30 26 21 17 1% 13 2/C=10AWG
| 28 24 22 20 13 1 3 8 2/C~12AWG
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ATTACHMENT BB3

COMPARISON BETWEEN FREE AIR THERMOLAGGED CABLES AND CABLES IN
THERMOLAGGED FACEWAYS (FOR THREE LAYERS OF THERMOLAG ON
BUNDLES LESS THAN THREE INCHES) AND CABLES IN THERMOLAGGED

RACEWAY .

e
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ATTACHMENT BB
Comparison between free air Thermolagyed cables (for three

layers of Thermolag on bundles less than three inches and
cables in Thermolagged raceway

This templates coupares the ampacity of thermolagged cables in free air with
those of thermolagged raceway: maintained spaced tray, ransod filled tray,
Thermolag 330~1 enclosed conduit (both box and shell design)

I. CABLE INPUT DATA

PRNPRECISION := 8
Tamp := READPRN(jiamp)
N := READPRN(N) nn' := READPRN (NN)

The above files were produced by template Attuchment Bl : N and nn';
Attachment BB2: Iamp.

ORIGIN = ] defines the upper cornmer of a matrix as 1,1

1= 1 ..8 i:1=1..21
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Number of Cecnductors in a Bundle

No. of Cables / Comn. -~ Size

15 33 60 96 138 1/C~10AWG
15 54 986 133 219 3/C-12ANWG
10 6 10 18 26 2/C=2AWG
10 12 20 132 46 2/C~5ANG
10 16 30 48 68 2/C=8AWG
10 26 44 70 102 2/C=10AWG
10 40 72 112 162] 2/C=12ANG

1 2 3 9 3 4" 5" 6"
3 6 9 18 3 3 3 6] 1/C-500,8 KV
3 6 9% 15 3 3 6 9 1/C~350,8 KV
3 & 9 13 3 3 6 12 1/C~4/0,8 KV
3 6 9 18 3 3 6 € 1/C-750,600 V
3 6 9 15 3 3 6 12 1/C=500
3 6 9% 15 3 6 9 3 1/C=150
3 6 9 15 6 12 18 27 1/C-4/0
3 06 9 15 9 15 24 36 1/C-2/0
3 6 9% 18 3 6 12 18 TRI~-4/0
3 6 9 15 6 9 15 24 TRI-2/0
3 & % 15 12 21 33 48 TRI~2AWC
3 6 % 18 9 13 0 45 - 3/C=4ANG
3 6 9 15 12 24 39 57 3/C~6AWG
3 6 9 15 21 39 63 90 31/C-BAWG
3 6 9
3 % 9
2 4 6
2 4 6
2 4 6
2 4 6
2 4 6
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CHECK OF CABLE AMPACITY ADEQUACY
WITH MAINTAINED SPACING IN TRAY

Ampacity Comparison with MS Tray

No. of Cables
1 2 3 8§ 3 4" S
14 3 33 1 &
2 3 3 2% 3 &
L 1 313 3 3.3
1 1 3 931 1 4
I 1 3242 3. .13
MPFCHK = |2 1 1 1 1 1 1
-3 0% 32X '3 %
it %3 3 &= & & 3
1% 3021 A
3 1 %3 1 &1 '4
-5 % ¥ g3
0 0 0 0 0 9 ©
0 0 9 0 0 0 0
e © 0 O O 0 0
0O 0 0 0 ¢ 0 O
0O ¢ 0 0 2 O 0
1 1 3 & X .8
O 0 0 0 0 0 0
¢ 0 0 0 0 0 ©
g 8 0 0 @ 0 9
0 0 0 0 0 0 O
CalLimit = 1f [ AMPCHK
&N
Calimit 1= it[lamp
1,3 i,

7 Conduit Size

" 6"

re—
2

1/€+=500,8 RV
1/C=350,8 KV
1/C=4/0,8 KV
1/8=750,600 V
1/C=500
1/C=350
1/C=4/0
1/C~2/0
TRI~4/0
TRI~-2/UV
TRI-2AWG
3/C=4AWG
1/C=BAWG
3/C~8AWG
3/C=10AWG
1/C-12ANG
2/C=24HG
2/C~F ARG
2/C=BANWG
2/C~10AWG

] 2/C=12AWG

T 1'[”'»:1]'0]

= $99,0,Calimit ]
p) 1,9

CODOMRDO0 O O I b b b

Calc. Number EEB-140
Rev. Number 4
P~ge Number 6 of i8

NOTE:
1 - Adequate cable
ampacity
0 - Inadeguate cable
ampacity



Calimit =

Limit of Number of Cable in Bundle:
Not to Exceed 2mpacity of Cable in

MS Thermolagged Tray
Nc. of cables / Co

1

el e e D e

2

COO0OO0OVNOOOCONNRNNINNNNDNN

3

OO0 UOWOOGCODTWWWWWLWWLWWWWW

8

CoO0ONWoCCOoOoOoOVIBURMUBUMVMIOGN

w

COCOOWOOTOOBNF WM M b e

L

OCOOOVMOOCOOONWAMMENP e

uit Size
6"

5“

COCOVWOCOQLOFNAPADARALWNINN-

P

[
COQOWOOOODC OO NNOYNIMS W

el

3

L

1/C~%00,8 KV
1/C=350,8 KV
1/C-4/0,8 KV
1/C=7%0,600 V
1/C~500
1/C=350
1/(:"4/0
1/C=2/0
TRI-4/0
'I'RI-2/0
TRI=2ZAWG
3/C~4AWG
1/C~6AWG
3/C~BAWG
1/0=10AWG
3/C=12ANWG
2/C~2AWNG
2/C~6ANG
2/C=8ANWS
2/C=1CAWG
2/C=12ANG

Calc. Number EEB~140
Rev. Nurber 4
Page Number 7 of 18

The limit to the
number of cables
under a wrap, use
maximun number in
a given row.
Thiee i/C cables
are cunsidered as
one (1) 3/7 cable.
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AMPCHK =

. b bty

¥

)

N L™

ANG

b Pt Pt

8
.
N

4ANWG

’ﬁl‘\‘W'-S' NC A‘E .

SAWG Adeguate cable
L0AWG

| 2AWG ; Inadequ: cable

A
ANG

HAWG




CalLimit =

Limit of Number of Cable in Bundle:
Not to Exceed Ampacity of Cable in
Random Lav Thermolagged Tray

3

NN MNONMNUR IR OMNNOANO OO ~
WWIWWWWWUWUDWWRWWWLWWOO0O

e R R PP PR R PR RO DO

]

GOUUUOUOLKLULULUBULBBOOGCO

3

R LN O C D

e
Cid w0+~ bW

Lol ol

No. of cables / Conduit
1

‘“

ANV MAEN OO C

5

NMeODA WM OO

Size
1) 6 n

TR OMENOOOo

1/C-500,8 KV
1/C=350,8 KV
1/C~4/0,86 KV
1/C-750,600 V
1/C=-500
1/C=350
1/C-4/0
1/C-2/0
TRI-4/0
TRI-2/0

TRI- 2AWG
3/C=4ANG
31/C=6AWG
3/C~BAWG
3/C=10AWG
3/C=12AWG
2/C=2AWG
2/C~6AWNG
2/C-BANWG
2/C~10ANG
2/C=12AWG

Calc. Number EEB-140
Rev. Number 4
Page Number 10 of 18

The Lim.t to the
number of cables
under a wrap, use
maximum n r in
a given row.
Three 1/C cables
are considered as
cne (1) 3/C Jcable.
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The following equations produce multipying factors for
multiple cables in a conduit

CDamp 1= 0
i,3

CDamp = it[nn'

~

3.01,1,Champ ]
{4 i,9

Chemp

N
P
-
ey
5
v

: 3 01,0.8,CDamp ]
i,3 i3

v

CDamp 1= it[m'

6.01,0.7,Champ
i3 i.3

:

‘ 24.01,0.6,Camp ]
i3 i,)

L]
-
12
go———y
pe |
3
v

42.1,0.5,Champ ]
13

Conduit Ampacity Multiplying Factcrs
For More than J conductors in & Conduit

No. of Cables / Condult Size
1 2 3 5 3 4" 8y &"

-

o D
w
-
=
\\
0
]
»
<
o

1/C=3%0,

CcCOO0CDO

1/C-500

1/C-350 NEC multi=-
1/C=4/0 plying factor
1/C=2/0 for multiple
TRI~4/0 conductors in
TRI-2/0 conduit
TRI~2AWG

3/ C~4AWG

3/C~6AWG

3/C-8AWG

3/C=10AWNG

31/C=12ANWG

2/C=2AWG

2/ C-6AWG

2/ C~8AWG

2/C~10ANWG

2/C-12ANG

D000 O0O
O ~d <30~ =3
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L
- » » - % B
R R R R et e R R R e e I T e B B
P T T S T S B S e B e e e B A B B B B
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Ov D 3 <1 0O UN O ~3 b =300 b =300 b

OO~ iR~~~ 200~ ~ el ol o

- e s 0
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D000 DOQCOCOO0O0DOO0
OoCoCCOOoOO0OTCOOO000
CO0O0O0DOLO0O00O0C oo
COOLDOCOCODOO0ODOCO
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v
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ﬁ
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1IthCD t= CDaup
i3 1,3

I1theD

-
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Thermolagged Ampacities in Conduit(Box Design)

No. of Cables / cConduit Size

1 2 3

ILEhCD = (275 220 193

65 52 46
49 39 34
37 30 26
26 21 i

20 16 14
88 70 70
49 39 39
37 30 30
26 21 21

AMPCHK T if[IIthCD
$:9 '

2

5

< Yamp ,1,0
i,3

3

4"

5”

6"
270] 1/C~500,8 KV
194 1/C=350,8 KV
144 1/C=4/0,8 KV
342 1/C=730,600 V
239 1/C=500

193 1/C=-350

119 1/C=4/0

8% 1/C=2/0

139 TRI~4/0

102 TRI~2/0

47 TRI~2AWG

33 3/C=4AWG

25 3/C-6AWG

19 3/ C=BAWG

13 3/C~10AWG

10 3/C~12AWG

53 2/C~2AWG

28 2/C=6ANG

19 2/C~BAWG

13 2/C=10AWG
10, 2/C~120KG

Ampacity Comparison
equation



Number EEB-140
iumber 4

Number 14
Ampacity Compariscr th The jed

conduit (Box Deel

2AWG

GAWG
SAWG

-BAWG NOTE:!

10AWG - Adeguate cable
12AWG ampacity
- 2AWG Inadequate cable
C~BAWG ampacity
C~8ARWG

10AWG

- L2AWG
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Linit of Number of Cable in Bundle:
Not to Exceed Ampacity of Cavle in
Thermolagged Conduit (Box Design)

Nc. of Cables / Condult Size
1 @ -2 3 3 4" sn e

N 2% % % % %@ 1/C=500,8 KV
OR R UE RO R TN S 1/C=350,% KV
1 2 3% 1 1 131 4« 1/C~4/0,8 KV
$ 3 3 8- 33 ¥R 1/2=750,600 V
NI R TS R W PR SRR 1/¢-500

Calimit = |1 2 3 & 1 2 3 5§ 1/C=3%0
1 2 3.8 2 4 & 9% 1/C=4/0
-3 33 85 9.3 1,'C=2/0
SR SR Bl SRSl S de TRI-4/0 The linmit to the
YR30 TRI=2/0 nunber of cables
1 2 3 8 4 0 11 16 TRI--2AWG under a wrap, use
1 2 3 %8 3 6 10 1% 3/C~4AWG maximm number in
i1 4 3 % 4 % 23 39 3/C=6AWG a given row.
12 3% 97 8 3 6 3/C-BAWG Three 1/C cables
1 2 38 11 30 0 O 3/C+ 1CAWG are considered as
1 2 3 5 18 o0 G O 3/C~12AWS ona (1) 3/C vaple.
1.2 3 8 3 8 9% 1 2/C=2ANG
1 2 3 8 6 10 18 23 2/C-6AWG
I 2 3°8%8 8 1523 MW 2/ C~BAWG
1 2 3 8 13 22 3 5 2/C~10ANWG
1 2 3 5 20 36 0 O] 2/C-12AW3
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Aspacities of “zble in Themolagged Conduit (Shell Design)

CCdiam :» READPRN|CCDIAM
prn

0.6% 0.92%
I1thCCshelll 1w ffiQUdiam < 3, == I1thCD y e TICHCD
1,3 i, 0.8 i,i o.s i,

0.925%
IIthCOshel’ t= if(3 > 4, = 1ITHhCD , IIthChshelll ]
i,3 2.8 i3 i,

Thermolagged Ampacities in Conduit (Shell Design)

No. of Cables ; conduit Size

3 5 LI L A L
275 313 274 274 391 391 391 313 1/C=-800,8 KV
225 256 24 224 320 320 256 224 1/€=350,8 KV
167 :9C 166 1¥6 237 237 130 166 1/C-4/0,8 KV
[348 396 146 346 495 49b IFu 396 1/C~7%50,600 V
277 4% 276 276 194 394 315 276 1/C~500
IithCDshel) = |223 25¢ 223 223 518 254 223 223 1/€=350

162 1P4 161 161 184 161 161 138 1/C=~&/0

118 95  §3 11¢ ils 118 118 101 1/C=2/0

162 134 161 161 230 184 161 181 TRI-4/0

119 9% 83 118 125 118 118 118 TRI-2/0

76 60 53 %3 7% 75 65 54 TRI=-2AWG

§3 42 37 37 53 %3 45 38 1/C=4AWG

40 232 28 28 40 4D 34 28 3/C=6ANG

30 2¢ 21 2 3c 26 21 21 3/C-BAWG

21 27 1% 15 18 15 13 158 3/C~10AWG

16 13 11 11 12 12 12 12 3/0=12AWG

72 %7 5 s 81 711 . 711 6 2/C=2AWG

40 32 32 28 40 40 34 28 2/C=6ANG

50 24 2¢ 21 30 26 21 21 2/C~BAWG

32 17 17 1% 18 1% A5 18 2/C~10AWG
(26 13 13 1 M 13 22 - A3 2/0=12AWG
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AMPCHK L I 4 D [amp 1,0
] ! i
-
Ampaclty Cor

 §
Ay 14 > g )~ %
Conduit 1 Design

N

- i @ am B " PR T T
nparicon with Thermolagged
. -

r
e

— *

<

g Marl as
NO. Of Cables

2 2 ES 1 4t e £n

1 2 .

r 3 . o v ) & M

| “ . - . ~ .. v - » ' l‘ v
- - 8 -~ W - A S ’ 8 b v
- | 4 A 4 L 1/C=4/0,8 K\
- 3 1 ¢ # 1 1/C~7%Q, 6C
-~ L 5 ~ v/ '3 . - -

AMPCHE = 1 ] L 1 1 C 1/C=

{4 - ~ v de / v o -y v

. - - - J v & - b y
- T B 4

i 1 L A J IR1~4
1 1 1 " TRY «2 /0
. A . ne e P
] 1 1 1 4 TRI~2AWG NOTE:
i )| A é i 3 | 1 1/ C=4ANC - &QEQUQTE cable
1 1 ' L - : ampacity
. % . " ! v ¥ , )

31 1 1 1 . 3/ C~8 0 -~ Inadegquate cahie
R T S S ) s ‘ ampacity
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Limit of Number ol Cable in Bundle:
Not to Exceed Ampacity of Cable in
Thermolagged Conduit (Shell Design)

No. of Cabies ; Conduit size
‘ﬂ 5:‘1 6"
2} 1/C=500,8 KV

1/C=350,8 KV
1/C~4/0,8 KV
1/C=7%0,8600 V
1/C=500
1/C-350
1/C=4/0
1/8=2/0
TRI~4/0 The limit to the
TRI-2/0 nunber of cables
TRI=2AWG under a wrap, use
3/C~4AWG maximum rumber in
31/C~6AWG a given row.
I/C-BAWG Three 1/C cables
3/C~1NANG are considered as
3/C=12AWG ene (1) 3/C cable.
2/C=2AWG
2/ C~6ANG
2/C~BANG
2/C=10AWG
2/ C=12AKG

.

CaLinit =

-
VWOOOODOOOOOoOO0OwWwWNNNNND

=

[
CUWOAWOFOBWONDODLNOOODOODOW

e T o e e

22 b=

CODUWOOOOWMOOOODOCOoOONSE W

16

-
MO ROODOOORCGWNOOMNODOOC OO

-

NNNNRDNRRNNNNIDOMNRRRDONNNDNYD
~
0
=
w

UWWUWUWWWWWWWUWUWWWLDWLDWU e W
MUVMUALAMGBUVMOOoOOCOoOOCOoCCuEHUuvLW,

bbb gt g
s
o

L 3
"

40

, lamp
(15,1) (18,3)

10

IIthCDshell

(1%.3)



