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1.0 PURPOSE

The purpose of this caiculation is to establish the Ampacity Derating Factors (ADF) for
Thermo-Lag (T-L) 330-1 enclosures at RBS. The enclosures considered are described

below

| 1 Standard Tested Configurations
RBS T-L tray configurations (one-hour single tray and one hour two tray stack
enclosures) that are surular *o configurations previously analyzed/tested by the
industry for which ADFs were determined. These configurations are established as
applicable to “Standard Tested Configurations” at RBS by this analysis.

12 Standard Untested Configurations
These.configurations consist of two categories: RBS T-L aluminum conduit
enclo$ures (one-hour and three-hour single conduit enclosures) and RBS T-L
three-hour single tray enclosures. Configurations similar to these have been
tested/analyzed by the industry. However, the results are not directly applicable to
the RBS T-L configurations due to the differences in conduit material or the T-L
thickness. Therefore, the ADF factors for these “Standard Untested
Configurations” are established by heat transfer analysis in this calculation.

13 Unique Configurations
RBS T-L configurations for which there are no industry tested/analyzed
configurations that match the RBS configurations. ADF factors for these
“Unuque” configurations are established by heat transfer analysis in this
calculation. The unique configurations consist of multiple raceways enclosed in a
common enclosures with the exception of one-hour two tray stack which is
included with the “Standard Tested Configurations” discussed in paragraph 1 1

above.
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20 METHODOLOGY AND ASSUMPTIONS

2.1 Defimtions
The definutions given below are taken from Reference 1, Section A 2.

Ampacity, Baseline (/,auine)’ The ampacity of a cable in an unwrapped raceway /saeime
equals the nominal ampacity, /..., times all applicable correction factors such as conductor
and ambient temperature, conduit grouping, number of conductors in conduit, tray covers,
etc

Ampacity, Nominal (/...): The ampacity of a cabie based on the construction of the cable
(i-e, conductor size, insulation, diameter, etc ) as given in the applicable standards such as
References 2 and 3.

Ampacity, Protected (/omme) The ampacity of a cable for the raceway configuration
while protected by the fire barrier.

Ampacity Derating Factor (ADF): The percentage reduction in measured ampacity
between the unprotected configuration (baseline ampacity) and protected configuration.
ADF values are calculated from:

ban~l,
Ib-d-
2.2 Methodology

The ampacity derating factors are determined by nerformung heat transfer analysis for the
enclosures. The essential criteria is that the heat generated within the cables must be
dissipated to the surrounding medium without causing the cable conductor/insulation
temperature to exceed a specified temperature limit. The heat transfer relations are taken
from basic heat transfer texts such as References 6, 7, 10, and 16
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The calculation 1s based on the assumptions stated below

231  The ampacity derating factors are for a cable with a 90°C (194°F) insulation rating
in an ambient temperature of 40°C (104°F). For temperatures other than these an
additional factor (Conductor and Ambient Temperature Correction Factor), as
defined in Reference | (Section A 4.1), must be applied. This approach is
consistent with accepted industry practices such as those described in References
2 (paragraph 310-15), and Reference 3 (paragraph B).

232  Thermo-Lag thickness is at the upper fabrication tolerance specified by the
manufacturer. This is a conservative assumption since it increases the thermal
resistance of the enclosure and results in lower ampacity.

233 Where pre-shaped half-rounds are used to wrap the individual conduits, there is
an air gap (approximately 1/8 inch wide per Reference 4) between the conduit and
the Thermo-Lag panei. This assumption is conservative since it results in higher
thermal resistance (than a solid contact case) and lowers the ampacity.

234 The ampacity derating factors are based on a model cable fill (1KV, size 8, three
conductor copper cable with rubber insulation). This approach simplifies the
calculations as well as the subsequent application of the results to actual cables.
The approach is justified for the following reasons:

. The calculation determines the ampacity derating factor (which reflects the
percent change in the ampacity from a baseline case); it does not determine
the actual ampacities for individual cables. Indradual cable ampacities are
determuned by applying the ampacity derating factors determined here to
the correspor.ding baseline ampacities which account for the size and the
type of the cabie.

. For a given raceway the governing parameter for the ampacity is the heat
generation rate within the raceway. Thus, the ampacity derating factor is a
measure of the reduction in the heat generation rate due to the presence of
the enclosure. Since this heat generation rate is independent of the size of
the cable, a model cable can be used to represent an assortment of cables.

235 Heat transfer from the sides of the tray is ignored. This assumption is
conservative since it reduces the ampacity by restricting the heat transfer rate This
is also consistent with the method described in Reference 5 (page 964).
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236 The walls of the enclosure are assumed to be at a uniform temperature. This is a
restnctive assumption for large enclosures with multiple raceways since vanations
in the wall temperature might exist due te localized radiation/convection effects
There are two configurations at RBS that are large enclosures; Configurations U1
shown in Figure $ 1, and Configuration U2 shown in Figure 5§ 2. These
configurations also have large concrete walls that form part of the enclosure Heat
loss through the concrete walls are neglected per paragraph 2.3. 9 below.
Therefore, any nonconservatism that rmught have been introduced by the unuform
temperature assumption is expected to be offset by not counting the heat transfer
through the concrete wails.

237 Natural convection heat transfer coefficient is calculated by assuming laminar heat
transfer regime, and by choosing the width as the basis for the characteristic
length. muppmuhreducathecdaunadlmplcitybyredudngtheconvecdve
heat transfer rate.

238  Enclosure cross section is assumed to be uniform. Where cross section varies
along the enclosure, calculations are performed at a representative minimum cross
sectional area. 'msiuconmﬁveummpdonsimtmunpacitydm
with decreasing area.

239  Heat transfer through concrete walls that may form part of the enclosure is not
counted. This is a conservative assumption since reduced heat transfer rate
reduces the ampacity.

2310 For cable trays that are filled to less than one inch depth, it is assumed that the
depth is one inch. This is conservative since ampacity decreases with increasing
depth.

2311 Racewmwryingpowablesmlmmedtobelbovethemewaysunymg
co"trol and/or in:ument cables. This is a common industry practice.
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3.0 THEORY AND EQUATIONS

A typical enclosure that is considered in this calculation is illustrated in Figure 3 1 The
enclosure is constructed from Thermo-Lag panels and encloses one or more cable trays,
conduits, or combinations of them. The heat generated within each raceway (cable tray or
conduit) is conducted away through the cable bed. The total heat generated by ail of the
raceways is dissipated 'ato the surrounding st by radiative and convective heat transfer
through the enclosure gap, then by conduction through the enclosure wall, and finally by
radiation and convection from the surface of the enclosure into the surrounding area. In
case of single conduits enclosed by pre-formed half rcund Thermo-Lag sections, there
may be a small gap between the conduit wall and the Thermo-Lag material. The heat
transfer model described here accounts for this gap also. The applicable equatians for each
stage of the heat transfer are described below The heat generation rates and heat transfer
rates are for a unit lengths (i.e., per foot) of the raceway.

31 Heet Generation

Heat is gererated within each raceway according to:
q, =3413{n g nI'R) (2)

where i
q- heat generation rate per unit length of the raceway, Btwh-ft
! conductor current, Amperes

R conductor resistance (ac) per uni® 'angth, ohmy/ft

N  number of conductors per cable

Neavia Number of cables in the raceway

and
cable subscript for cable
con  subscript for conductor

r subscript for raceway

Equation 2 above is an extension of equation 2 of Reference $ for a single conductor, 10 a
raceway contaiung mulitiple cables with multiple conductors. The constant 3.4/3 is the
conversion factor from watts to Btu/h (h is used to designate “hour” throughout this
calculation)
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The number of cables within the raceway is calculated from equation 3 below The
equation for cabie trays is derived from the equation in section A 2 of Reference | The
equation for conduits is based on the ratio of the actual cross sectional area occupied by
the cables to the inside cross sectional area of the conduit.

_wd,

n
abl
: d’ e

Jor cable trays
(3)

r L ?
L | g—‘&—%.’.m. | Mﬁ for conduits
s Y gyl Bray

where
W, _ wdth of the tray, ft
d, -  depthof cable fill of the iy, ft
deasie diameter of the cable, ft
- outside diameter of the ¢ unduit, ft
lcondus condwit wall thickness, h
t subscnpt for “tray”
conduit  subscript for “conduit”

3.2

The hmq.genermdwithinmhmmyuconduaadthroughtheublebedtothe
surface of the raceway The equations describing the heat transfer can be derived by
assumung uruform heat generation within the raceway Cable trays are treated as long slabs
of width w, and thickness d, Conduits are treated as long cylinders with diameter d. e
Thus approach is conservative since it ignores the axial heat transfer along the trays or the
conduits, and the lateral heat transfer toward the sides of the trays. The applicabie
equations are taken from Reference 7 (page 18).

> =[%!'] (2w X7, -T)=U, (2w XT,~T,) for cable rrays

ak, @

4.=[d ) (M XT, = T,) 2 U o (o W XT, = T,) for conduits
owatusr
where
kna  equivalent thermal conductivity of the cable bed, Btuh-ft-°F
T. conductor temperature, °F

I, surface temperature of the raceway, °F
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U overall heat transfer coefficient defined by the expression inside the
bracket, Brwh-ft*-F (the symbol R shown in Figure 3 | represents the
thermal resistance and which is the inverse of U)

The overall heat transfer coefficient U, for cable trays is calculated directly using the
appropnate expression in equation 4 The overall he t transfer coefficient for conduits
Uzonuu 18 back calculated from the baseline ampacity data. This is done by calculating g,
from equation 2 and substituting the calculated value into equauon 4 with the appropnate
temperature terms and the conduit diameter.

33
Thehmgmedmmmecablcbedmdlmvtnguthcmﬁaofthcmewayis
transferred to the enclosure by convection and radiation according to [Ref 16, p.203):

q= (h. *ha‘)“n(z: s r.-..) (5)

where
h.  convective heat transfer coefficient, Brwh-ft*-°F
hee  radiative heat transfer coefficient, Bwh-f*-°F
A, heat transfer area (per unit length) of the raceway, f*/ft
Tow  inside surface temperature of the enciosure, °F
surface temperature of the raceway, °F

The heat transfer area is calculated from

A=2w, Jor cable trays

A=nd Jor conduits ©)
The radiatuve heat transfer coefficient /.., berween two surfaces (surface | and surface 2)
is determined using its general definition. Since g=hA(7,-T3) an equivalent radiative heat
transfer coefficient can be defined a8 A, =g s A(T,-T where the net radistive heat
transfer g..q, 's given by [Ref 16, » 203],

_ of(T +460)° - (T. +460)'l)
Trea |- & 1 -8 (D

€4 ‘F,,A : €4,
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Expanding the expression ins.de the bracket and combining with the definition for /..

_ ol(T, + 460)° + (T, + 460)" J((T, + 460) + (T, + 460)] (8)
; LW LY

& F, & 4

P

h..e radiative heat transfer coefficient, Btwh-ft*-°F

£ emussivity of the surface, dimensionles»

o Stephan Boltzmann constant (0.1714x17~ 2s/h-A%.°R, Ref 16, p: 174)
A surface area participating in radiative heat transfer, n’

F;;  shape factor, dimensionless

The equatiorr above is applied to the radiative heat exchange between the raceway and the
enclosure by assigning the subscripts as

/ subscript for the raceway

2 subscript for the enclosure inside surface

The convective heat transfer coefficient A, is based on laminar heat transfer regime and has
the following general form

h, = —L?;(An' . 9)

where L is the characteristic length, 47 is the temperature difference, and a and n are
appropnate constants as defined in Reference 6 (page 315). In this calculation the

parameters a and »1 are chosen to produce a low (i.e., conservative) heat transfer
coefficient as: '

a=0 20
n=|/4

These values are consistent with the recommended values in Reference 8 (Appendix B).
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The convective heat transfer is from the raceway to the air in the enclosure and then from
the air to the inner surface of the enclosure. Therefore

qc = A,h‘_,,(T, i T:) - Abhc—d(]: e I;-u-) - A'hbﬂ(j: S T;-m) (10)

where
h.»  overall convective heat transfer coefficient from the raceway to the
enclosure wall, Brwh-f*-F.
h.  convective heat transfer coefficient from the raceway to the air inside the
enclosure, Btwh-f*-°F
h.w  convective heat transfer coefficient from the air inside the enclosure to the
surface of the enclosure, Bru/h-f*-°F.
A air temperature surrounding the raczwav, °F
Tv.n . inside surface tempe: ature of the enclosure, °F
T surface temperature of the raceway, °F
Ay surface area of the enclosure, f*
A, surface area of the raceway, ft’

The overall convective heat transfer coefficient 4., is determined by eliminating the
temperature terms (7., 7,, 7,..) from equation 10. The resulting expression is compared
with the conduction heat transfer coefficient across the enclosure gap and the maximum of
the two 1s taken. The expression for /..., is given below.

h._, = Maximumof :""’. -f—J (11)
] 4 (Y i
(Aﬁxho-i) [

In this equation the conduction heat transfer coefficient is given by ky/t, where k, is the
thermal conductivity of air in the enclosure (Btwh-ft*-°F) and 1, is the width of the
enclosure (ft) In situations where the enclosure width is small the conduction heat transfer
coefficient becomes larger than the convective heat transfer coefficient. In such cases the
heat transfer coefficient is based on the conduction heat transfer coefficient. This is the
case with the conduits that are protected by pre-formed half round fire barriers. In case of
the cable trays the enclosure width is sufficiently large so that the heat transfer is
controlled by convection.




LAt A0 4RSS 8 DA NS ML V8 B A 1 4 TS+
CALCULATION NUMBER

REV
, ~ CALCULATION WORK SHEET | G13.18.14.0-178 5
ENTERGY  ENTERGY OPERATIONS INCORP JBI NO.
- PAGE 12 OF 45
REF |IPAGE

The approach used in modeling the convective heat transfer from the raceway to the
enclosure results in different air temperature (7,) for each raceway. This is reasonable
since localized effects are expected to produce temperature variation within the enclosure.
The approach also ussumes that each raceway interacts convectivel with the full area of
the enclosure. This is a somewhat restrictive assumption and conflic's to some extent with
the assumption that different raceways within the same enclosure mey be surrounded by
different air temperature. The overall effect, however, is not expected to be significant
since: (1) heat transfer mechanism is predominantly radiative rather than convective. The
assumption described above applies only to 1"~ nvective portion of the heat transfer: (2)
Thermal resistance within the enclosure air s; ' only a small fraction of the overall
thermal resistance of the system.

3.4 Heat Iransfer through The Enclosure
Heat transfer through the enclosure is by zonduction according to the following equations

k
¥aq = [‘—'14.(7;-.. ~Nhwe) = U AT~ T,..) flat enclosures
4 (12)
249 = [——5——1(2ﬂ.xf... =T ) = U, Qan XT,_, - T,_ ) cylindrical encl.

’,
b
r,In

=l
where
ky thermal conductivity of the barrier, Btwh-f-°F
rs outer radius of a circular enclosure (used on cor<uits), f
t thickness of the enclosure, ft
Toou outside surface temperature of the enclosure, °F

35 Heat Iransfer from the enclosure to The Ambient

Heat transfer from the enclosure to the ambient is by convection and radiation according
to the foliowing equation.

Zq: =(Mse *h AT - T) (13)
where
h.se  convective heat transfer coefficient from the enclosure to the ambient,
Btuh-f*-°F
[ - nzdiaive heat transfer coefficient from the enclosure to the ambient, Btuh-
ft*-°F

Te ambient temperature, °F
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The area term A, in equations 12 and 13 above is the net external area of the enclosure per
urut length. If enclosure 1s not in contact with nearby walls 4, is equal o the perimeter of
the enclosure. If however, part of the enclosure is formed by walls then A, is set equal to
the perimeter of the enclosure minus the perimeter of the wall contact (4.).

The heat transfer coefficients A.., and /.4 are calculated from equations 8 and 9 by
assigning the subscripts | and 2 as
1 enciosure outside wall

2 ambient

Radiation Shape Factor (F )

Radiation shape factor between the raceway and the enclosure is calculated as follows:
From the up;'nr surface of the tray to the top of the enclosure: 1. 0x0.5 (area ratio)
From the lower surface to the left (or right) face of the enclosure: 0 3x0.% (area ratio)
Between two conduits at 1 25 diametar centers: (10-0.15)=0 85

The shape factors are taken from configuration 2 of Reference 10 (page 15-44)for trays
(corresponding to two infinitely long surfaces arranged at right angles to each other) and
from configuration 7 for conduits at | 25 diameter centers.

PAGE
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40 IMPLEMENTATION

4.1  Venficanon of The Method
The Method described in Section 3 0 was tesied against available data to establish the
validity of the method. The test cases involved an unprotected 24 inch tray, a protected 36
inch tray, and a 2 inch conduit. The test cases and the companson of the results are
summanized in Table 4 | Detailed calculations are contained in Tables 4 3 through 4 6
The calculated results bound' the industry data with reasonable margins.




“ .
CALCULATION NUMBER | REV

Q - CALCULATION WORK SHEET |[G13.18.14.0-178 0
ENTERGY  ENTERGY OPERATIONS INCORP. JBI NO.
PAGE 16 OF 45
REF |PAGE
Table 4.1  Verification Test Resulis
TEST CASE
Tray Conduit
Unprotected  Protected Protected Protected
‘Raceway Size (in) 4x24 ' 4x36 4x36 2
Cable Data | : f
... Depth (in) or fill (%) | 1 in lin 2in 12%
Koed (Btu/h-ft-°F) 009 - 0.09 009 009
Eved 08 08 08 08
(9.p. A3-§) ?
[bassine (Arfip) 59 34 ' 22 | 52°1.0=52
(3.p:309] (8, Table 3-6) (8, Table 3-6} i {3, p:313 and Tabie
? ? L 1L,LA432)
_Enclosure Data N/A
Width or Dia (in) N/A i 37 37 13375
Height (in) N/A 625 $ 6.25 ' N/A
4 (in), minimum N/A - 0625 0625 1 0.75 b
ke (Btwh-f-F) - [ N/A 10122 10122 10122
.Es[9, p A3-8] N/A 09 09 09
Industry Data :
. Lprotactes (Amp) 34 H :
___ADF (%) N/A 362 305 6.6
(8, Table 3-6] ' [9,p: A3-9]  [9,p: A3-9] (9, p: Adb]
‘Calculated Results |
.. Lprosmcies (Amp) 31.6 : ?
__________ ADF (%) N/A 371 357 99
Devistion +7.1% | +2.5% +17% +33%
Notes:
1 All calculations are based on #8 3/C Cu cable with 0.708" diameter, 0 875 Ohmy/1000 ft
resistance. Thermo-Lag thickness is based on the nomunal value for one-hour (existung) enclosures
gven in Table 4 2.
2 WIWWMF-MADMADF&WW
3 Deviauon=100x(Nominai Ampacity -Calculated Ampacity)Nomunal Ampacity for unprotected
Lray
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Table 4.2 Enclosure Thickness for One Hour (Upgraded; [Ref. 14)

One-Hour (Upgraded) [Ref. 14)
Enciosure
Condwits Condrats Mulupie
Less thau 3" Nomunal 3" or larger Raceways
Dia. Nomunal Dia. in Common
................... Enclosure
BaseLayer . 12°(+1/4", 0™ 127(+1/4", 07 $/8~ (£1/87)
Overlay 3/8"(+1/8",-1/8™) None None
Stress Skan (Trowel Grade ) | None 1/4” nominal 1/4” (see note |
: below)
Total Barmer Thickness 1 1/4” max 1" max 1" max
. 7/8" nomunal 3/4” nominal 7/8 nomunal
3/4" mummum 3/4" minimum 3/4 munimum
One-Hour (Existing) [Ref 4)
Total thuickness: 0.5"+«(+1/8", 4™)
Three-Hour (Existing) [Ref 4)
Total thickness: 1 0"+(+1/4", 0™)

Notes

(1) For multiple raceway enclosures the stress skin is applied over the entire surface

of the enclosure. For s'ngle tray raceways the stress skin is applied along the joint
interfaces approximately 4" wide on each face along the joint.
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TABLE 4.3 -24 INCH TRAY /UNPROTECTED

FIRE ENCLOSURE DATA TEMPERATURE DATA
wy, width, (in) 1 00E+06 T. conductor 1[940F
hy, height, (in) 1 00E+06 T, ambient 1040 F
A, A, area , ft* 3 3IE+08 0.0
£y, EITUSSIVILY 100 HEAT TRANSFER
s, thuckness (in) 5 00E-06 GAP DATA o, Buh-f*-°R 1 7140E09
ks, (Brwh-f-"F) 1.00E+03 kg Bruh-A-F 0016 C, (w-h/Bra) 02931
Fue. shape factor 1.00 tg 10 N/A a 0.20

tp Brwh-R-F  N/A n 025
TRAY AND CONDUIT DATA
Raceway Categones 1
Type TRAY Enclosure size has been chosen intentionally very
D 24" TRAY large 1o sumulate an unprotected raceway.
n, no. of raceways 1
w,, width /d, dia), in 240
h, height (¢, thicior ), (in) 400
d, depth. 1n (11l %) 1.00
€, cable emussivity 0.8
cable size #8 3/C Cu
Qeanie, cable dia, (in) 0.708 lmmdﬂmthem
Neon, NO. Of cOnductors 3 i
R, resistance, Ohm/1000ft 0878
Koed, Btu/h-fA-°F 0090 Entries in [ | show the equation number in Section 3.0
loom: NOmunal amp., (Amp) 590 Entnes in (italic) apply to conduits only
CALCULATED PARAMETERS

Raceway

(nmina: Daseline amp, (Amp) [g.:lm

Neasie. NUMber of cables

A.. heat transfer area, (ft)
q, . (Btwh-raceway )

q, (Brwh-ategory)

U, (Brwh-f-F)

T,, Surface Temp. F)

T.. enclosure aur temp.; (°F)

Ambient

Re v Btuh-p*.°F

he . Btu/h-8.°F

he v Btwh-f-°F

N, (Btuwh-F-F)

U, (Brwh-f1-F)

Barrrer

Us, Bruh-ft-°F

Tos [nside Temp., °F

rrf'"am T;“"’ o
- M.

Nes, Btuh-f*-°F

U, Brwh-f1-F

T. F

AMPACITY

400 (6]
429. (2]
429, (g*n)
432 [4koew'd in Eq. 4]
dbm 4)
048 (Eq. 9)
000 {Eq. 9
17 (e 8)
1.64 (et *Ping]
(Eq. 12)
xiio‘f& ] (Eq. 12]
000 (Eq. 9)
123 (Eq. 8)
1.23 (Deta*hna)
104.0 (Eg. 13)
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TABLE 4.4 -36 INCH TRAY -1 HR / 1"FILL

PAGE

FIRE ENCLOSURE DATA TEMPERATURE DATA
wy, width, (in) 370 T conductor 1940 F
hs, height, (1n) 625 T, ambiemt [040F
Ay, A, area , it} 72 00
£, STIUSSIVILY 090 HIEAT TRANSFER
t, thickness (in) 0628 GAP DATA o, Bu/h-f*.°R . 7140E-09
ks (Brw/h-A-°F) 0.122 kg, Btu/h-8-°F 0016 C (w-h/Btu) 0.2931
Fus, shape factor 1.00 iy 10 N/A 020
hy Bruh-f*.* N/A n 028
TRAY AND CONDUIT DATA
Raceway Categones Category |
Type TRAY
D | HR TRAY
., no. of raceways 1
w,, width (d. dia), in 36.0 lgwmdanmlbm
h, height (1, thickn.}, (in) 40 ‘
d, depth, in (fill, %} 10
g, cable emussivity 0.80 Entnes in [ ) show the equation number in Section 3 0
F . shape factor 1.00 Entnies in (italic) apply o conduits only
cable size #33/CCu
Qeanie, Cable dia, (in) 0.708
Nean, N0. of conductors 3
R, resistance, Ohay 1 000ft 0875
Ko, Btuh-A-°F 0.090
{bessice, aseline amp., (Amp) 340
CALCULATED PARAMETERS
Raceway
lpre.nes Protected amp., (Amp) P
Messies NUMber of cables {3)
A,, heat transfer area, (ft%) 600 (6)
g . (Brwh-raceway ) 294, (2)
q, (bizh-caterory) 294. (g*n]
U, (Buh &> 'F) 43 (Eq. 4]
T., Surface Temp. °F) (Eq. 4)
T,, enclosure au temp., (°F)
Enclosure
he_~ Brh-p-°F 0.32 (Eq. 9)
Re o Brwh-0°°F 0.30 [Eq. 9]
he v Bruh-*-F 0.17 (Eq. 11)
Nesa, (Btu/h-f*-°F) 1.25 (Eq. 8)
U, (Btwh-f1-°F) 1.42 (Mo hrna)
Barrier
U,, Bruh-R-°F (Eq. 12}
Tos nside Temp, °F
Tooe Outside Temp , °F 130. [Eq. 12}
Recar BOWH-AP-F 034 (Eq. 9)
R, Btw/h-f-°F 1.19 [Eq. 8}
U. Brwh-f1-°F 1.53 (Nosa+Pirea])
T.F 1040 (Eq. 13}
ADF 37.1%
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TABLE 4.5 -36 INCH TRAY -1 HOUR/ 2" FiILL

FIRE ENCLOSURE DATA TEMPERATURE DATA

wy,, wadth, (in) 370 Ta conductor 1940 F

hs, height, (im) 625 T, ambient 1040F

As, Ag, area , ft* 72 00

£y, SIUSSIVILY 090 HEAT TRANSFER

o, thickness (in) 0625 GAP DATA a, Bruh-f*.°R 1.7140E-09

ke, (Btw/h-ft-"F) 0122 ke, Brwh-R-°F 0016 C, (w-b/Btu) 02931

Fie, shape factor 1.00 tg 10 N/A a 020
hy Bruh-A*-* N/A n 028

TRAY AND CONDUIT DATA

Raceway Categones Category 1

Type TRAY

D | HR TRAY

n, no. of raceways 1

w,, width (d. dia), 10 360 xed eatries designate the parameters

h, height (1. thickn ) , (in) 40 I&m.mumm ,

d., depth. in (fill, %9 20

&, cable emussivity 080 Entries in | | show the equation aumber in Section 3 0

F ., shape factor 1.00 Entnes n (italic) apply w conduits only

cable size #8 3/C Cu

Qeaie, Cable dia, (in) 0.708

Neon, NO. Of conduciors 3

R, resistance, Ohmy | 000ft 0875

Koes, Bruh-A-F 0.0%

[oassine, Daseline amp., (Amp) 220

CALCULATED PARAMETERS

Raceway

|orovectads Protecied amp., (Amp)

Meanie, NUMber of cables 134 (3]

A,, heat transfer area, (RY) 6.00 (6]

q . (Brwh-raceway ) 258. (2}

q. (Brwh-<category) 258 (g°n)

U, (Brwh-R*-°F) 216 (Eq. 4]

T,, Surface Temp. °F) 7 (Eq 4)

T.. enclosure air temp., (°F) 1574 J

Enclosure

he ~ Brwh-f*-°F 0.31 (Eq. 9]

he o Brwh-A2.°F 029 [Eq. 9]

he_ Brwh-f*-F 016 (Eq. 11}

hes, (BtuhF-°F) 121 - (Eq. 8)

U, (Bruh-f1-°F) 1.37 [Rees* Nena)

Barrer

Uy, Bruh-R-F [Eq. 12)

Trow Outside Temp, °F 1276 (Eq. 12)

hoe. Btwh-f*-F 033 (Eq. 9)

s Btwh-£-°F 118 (Eq. 8]

U, Bruh-f1-°F 1.51 (R

T.F 104 0 [Eq. 13)

ALF 357%
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TABLE 4.6 -2 INCH CONDUIT/PROTECTED
FIRE ENCLOSURE DATA TEMPERATURE DATA
ds, outside diameter, (in) 4125 T, conductor 1940 F
hy, height, (i) N/A T, ambient 1040 F
Ay, A,, area , ft* 1.08 0.00
£y, CMUSSIVILY 0.90 HEAT TRANSFER
. thickness (in) 0.750 GAP DATA o, Brwh-f*-°R 1.7140E-09
ks, (Brwh-A-F) 0122 k;, Brwh-A-°F 0016 C, (w-tvBtu) 02931
Fos. shape factor 1.00 lg I 178 a 020

hy Bwh-f*-F 1.54 n 0.25
TRAY AND CONDUIT DATA
Raceway Categones Category 4
Type CONDUIT
D 2" CONDUIT
n, no. of raceways 1
w,, width (d, dia), 1n 2378 xed entries designate the parameters
h, height 1. thickn. ), (in) 0154 'Z?n which terationsare carnedout |
d., depth, wn (fill. %) 120
€, cable emussivity 080 Entries in [ | show the equation number 1n Section 3 0
F shape factor 1.00 Entnes n (italic) apply 10 conduits only
cable size #83/CCu
Qeasie. Cable dia, (1n) 0.708
Mean, 00. Of conductors 3
R, resistance, Oha i 000ft 0875
Koeg, Btu/h-A-°F 009
|isaime. Daseline amp., (Amp) 520
CALCULATED PARAMETERS
Raceway
|roueed, Protected amp . (Amp) [E:]
Neasie. NUMber of cables (3)
A., heat transfer area, (ft%) 062 (6]
4§ . (Brwh-raceway ) 20.13 (2]
q, (Brwh-category) 20.13 (g*n]
U, (Brwh-R*-F) 0.60 [Eq 4)
T., Surface Temp. °F) [Eq. 4)
T.. enclosure aur temp., (°F)
Enclosure
he . Bruh-f*.°F 307 (Eq. 9.11)
R o Brwh-f*-°F 107 (Eq 9.11)
he o Bruh-A*-°F 1.54 [Eq. 11}
Ness. (Btuw/h-F-°F) 108 - (Eq. 8)
U, (Brwh-f1-F) 259 (Mo * hena)
Barrier
Us. Brwh-A-°F 7 (Eq. 12)
T s Inside Temp,, °F | {i%,% |
Toou. Outside Temp., °F fTEE (Eq. 12)
he.su. Brwh-f°-°F 048 [Eq. 9)
N, Bruh-£-°F 1.14 (Eq. 8]
U, Brwh-f1-°F 162 [Meve*iona)
104.0 (Eq. 13)
ADF 9 9%
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42 Applicanon to RBS Thermo-Lag Enclosures

The equations given in Section 3 0 are solved by iteration to determine the limiting rate of
heat generation within each raceway such that the cable conductor temperature is at its
specified value. The heat generation rate is then converted into an ampacity value using
Equation Z. The ampacity derating factor (ADF) is defined as

ADF = Toumie = Lyrucns 1100 (14)

[ bawelire
where /uwaine refers to the ampacity of the cable without the fire enclcsure and /y o
refers to the ampacity of the cable in the enclosure. This approach eliminates the need for
specific cable information in each individual conduit and simplifies the subsequent
application of the ADFs. This approach is also consistent with the NRC method used in
Reference 9 (page A3-9).

Calculations are performed using the approach as outlined below.

I Calculate the thermal resistance of the raceway (U, or ULonaw in equation 4) from the
raceway and the cable data. For cable trays U, is calculated directly from the
corresponding expression in equation 4. For conduits U.omae is back calculated from
the baseline ampacity data. This is requires knowledge of the conduit surface
emussivity. It has been assumed that this emissivity (for the purpose of determining
Usonauu) i at the high end of the range (0.4 to 0.8) given in Reference 9, page A4-5,

1 e, emussivity =0 8 This is conservative since it increases the effect of the fire barner.

2 Assume a reasonable enclosure wall temperature corresponding to the specified cable
insulation temperature and the ambient temperature. Calculate the corresponding heat
transfer rate to the ambient. Calculate the raceway surface temperature and the
corresponding heat generation rate within each raceway.

3 Compare the heat transfer rate to the ambient determined in step ! to the total heat
generation rate determined in step 3 The two quantities must agree within a
reasonable limit.

4 Adjust the enclosure temperature and reg.eat steps 2 and 3 until the solution
converges.

5 Calculate the current corresponding to the heat generatiun -ate using equation 2

6 Calculate the ampacity derating factor from equation 14 above
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The input data used in the calculations are summarized below:
Ambient Temperature 40°C (104°F)
Cable
Cable Size #8 3/C Cu, IKV, rubber insulated
Conductor Resistance (ac) 0875 Ohm/1000 fi [Ref. 1, Table A 4-2!
Cable Drameter 0.708 in [Ref. 3, p: 308)
Conductor Temperature 90°C (194°F)
Nomunal Ampacity 59 Amp (Ref. 1, Table A 4-2)
$2 Amp [Ref. 1, Table A.4-2] in condhuit

Emussivity of The Cable 0.8 [Ref. 8, Appendix B)
Baseline Ampacities for Trays [Ref. 8, Table 3-6)

340 Amp 1" depth of cables in tray

22.0 Amp 2" depth of cables in tray

Baseline Ampacities for Conduits [Ref. |, Table A.4.3-2)
Baseline Ampacity=Nominal Ampacity x MCF from Table A.4.3-2 of Reference |
52.0 Amp in 2" conduat 12% (52x1.0 for three conductors or less)
41.6 Amp in 2" conduit 24% (52x 0.8 for 6 conductors)

Enclosure

Type Thermo-Lag 330-1

Thermal Conductivity: 009 Brwh-R-°F [Ref 11, (SNL Uses 0. 122, Ref 9, p: A3-8)
Thuckness See Table 4 2

Emussivity 09 [Ref. 9, p: A3-8)

Condwt Data

Matenal Alumunum

Schedule Standard schedule

Emssivaty 0 2 (oxadized surface, for discussion see section 4 4)
Configuration Specific Data

See Table 5.3, and Figures 5.1 through $ 4 (Data taken from Refs. 4, 13
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44 Emssivity of Alumirum Conduits

According to the SNL review the measured emussivity of the TU/CPSES conduits varied
from 0 4 to 0 8 [Ref. 9, p: A4-5]. Since the TU conduits are steel whereas the RBS
conduits are aluminum the measured emissivity data is not directly applicable to RBS. In
this calculation a value of 0.2 has been used for the emissivity of aluminum conduits. This
is considered to be a conservative value for the following reasons:

1

Industry standards [References 2, 3] does not make any distinction between aluminum
and steel conduits. This implies that the baseline ampacities listed in [PCEA are
bounding for steel and aluriunum conduits.

The Nehet-McGrath technical paper [Reference 15], which is the basis for the [PCEA
publication P-46-526, does not discuss aluminum versus steel conduits. Regarding the
emissivity it is stated on page 758 that “ The value of emissivity may be taken 0.95 for
pipes, conduits or ducts, and painted or braided surfaces, and from 02. to 0.5 for
lead and aluminum sheaths, depending upon whether the surface is bright or
corroded” Reasonably assuming that surface conditions of aluminum conduits is
comparable to surface condition of sheaths, the use of 0 2 emissivity for aluminum
conduits is conservative.

Emissivity of aluminum surfaces vary from 0.03 to 0 4 depending on the surface
conditions. The following is a compilation of data from various sources:

Heawvily oxidized aluminum 020-031 [Ref 16, p: 285)
Aluminum (sand blasted) 0.40 [Ref. 10, p: 3-22)
Alumuinum, oxidized 020 [Ref 6, p: 344)

The above data suggest that a conservative value of the emissivity for oxidized
aluminum surfaces is 0.20 The ermussivity for rough oxidized aluminum surfaces can be
as high as 0.40. .




5.0 AMPACITY DERATING FACTORS

51  Results

Ampacity derating factors have been determined for the configurations listed below-
1 Standard Tested Configurations (Ampacities Based on Industry Test Data)
11 Single tray (1-hour)
12 Two stacked trays in a common enclosure (1-hour)

r & Standard Untested Configurations (Ampacities Based on Analysis)
1.1 Single conduit (1-hour)
1.2 Single conduit (3-nour)
13 Single trays (3-how)

3 Unique Configuratic s (Ampacities Based on Analysis)

3.1 Configuration Ui Multipie trays and conduits in a 1-hour
enclosure (not upgraded)

32 Configuration U2: Muiltiple trays and conduits in a 1-hour
enclosure (not upgraded)

33 Configuration U3a-h3: Two cable trays in 2 3-hour enclosure

314 . (not upgraded)

35  Configuration U3b-h3 Two cable trays in a 3-hour enclosure

36 (not upgraded)

37  Configuration U3a-hl: Two cable trays in a 1-hour enclosure
(upgraded)

38  Configuration U3b-h!: Two cable trays in a 1-hour enclosure
(upgraded)

The results are summarized in Tables 5 | through § 3. Detailed spread sheet calculations
are given in Tables 5.5 through 5.12.

Arrangement of the raceways within the enclosures for the unique configurations U1, U2,
U3a-h1/h3, and U3b-h1/h3 are shown Figures 5 | througn 5 4.
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Table 5.1 Standard Tested Configurations
(Ampacities Based on Industry Test Data, Ref. 9)

Configuration Bamer ADF(%)
Rating
NRC RBS
 Single Tray | -hour 31.5 [Ref. 9, p: 15] 32
Two Tray Stack 1-hour 377 [Ref 9, Cover Letter] | 38

Table 5.2 Standard Untested Configurations

(Ampacities Based on Analysis)
Configuration Barner ADF(%)
Rating

Single Conduit .- 1-hour 21 Table 5.5

~E s See Note |

Single Conduit 3-hour 21 Tabie 5.5
fae See Note 2

Single Tray 3-hour LX) Table 5 6

Notes:

-

The calculated ADF vaiue is 20% (see Tabie 5.9) Since Reference 9 recommends 21%, the higher
value has been selected for use at RBS.

2. Three-hour conduit (existing) has the same T-L thickness as the one-hour (upgraded) T-L thickness
(1.257). Therefore it has been assigned the same ADF as the one-hour conduit (i.e., 21%)
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Table 5.3 Unique Configurations
(Ampacities Based on Analysis)
R —— e
Configurat | Raceway Size Fill ADF Remarks
on. [Refs. 4, 13] | [Refs. 4, 13] [Ref. (%)
12]
Ul 1%/B2072 Configuration s shiown m Figure 5 1.
| <-hour ICK600NAY | C-300 3114% 41
1ICK600NAS | C-1 50 23 6% 37 No credit has besn tsken for the heat
Figure 51 | ICX9110A ransfer through the concrew wall
Table 57 | ITK200R T-3x18 1.08% 40
1ITH200R T-3x18 k7 (T:‘p;suuumqynu&
ITC200R T-3x18
FTX200R T-Ix18 .
U2 ICK600NAT | C-1.50 236 4 Configarstion w shows @ Figure 5.2
1-hour 1CK600ND2 | C-3.00 11.9 22 Mo restnctive portioe 1 the Esst
ITH20IR T-Ix18 28 Leg.
Figure 52 | ITC20IR T-3x18
Table S8 | ITX201R T-3x18 No credit hos bean takas for the heat
(1TC202R) T-3x18 (Nate 1] transfer drough the concrewe wall.
(1TX202R) T-3x18
ITC203R T-3x18 ITC203R. 1 TX203R, I TC204R, and
ITX203R I TH202R are sbove the vertical chiase
ITC204R T-3x18
(ITH202R) T-3x18
Ula 1TLO12B T-3x30 i 33 Configurstion  shows m Figure 5.3,
1-hour selected
Figure 53 | 1TCO48B T-3x30
Table 5.9
Ula 1TLO12B T-3x30 12.1% 38 Configuration « chown m Figure 5 3
3-hour ’
Figure §3 | 1TC048B T-3x30
Table 5.10
U3b 1ITEDOID T-3x30 12.1% 28 Configurstion u shown w Figure § 4
1 -hour .
Figure 54 | (TK002B) T-3x30 20 5%
Table $.11 | 1TCO47B T-3x30 _ A
Uldb ITKOOIB T-3230 12.1% 41 Confiperaiion @ shown = Figure 5.4
3-hour
Figure $ 4 | (TK002B) T-3x30 20.5%
Table 512 | ITCO47B T-3x30 L
Notes: (l)RmmmemmmnmdmmM
(2) Raceways carrvir g power cables are shown 1 boid.
(3) ADF values have been rounded off upward to the next integer value




52  Standard Tested Configurations

The ampacity derating factors for standard one-hour cable tray installations at RBS
(referred here as “Standard Tested Configurations™) are based on the results of the tests
performed by Texas Utilities (TU). The test results produced by TU were later adjusted by
the NRC based on a study performed by Sandia National Laboratories (SNL). The AD.
values applied to the standard one-hour tray configurations at RBS are based on the NRC
adjusted ADF values. The ADF values are listed in Table 5 1.

Appli zability of the TU tested configurations to RBS was established by a review of the
configurations tested by TU and by comparing them to the tray configurations at RBS.
Table 5 4 provides a summary of this comparison. Comparisons were made regarding the
tray size, mafenal, fire barrier thickness, joints, and, upgrade methods. The as designed
conﬁgumionsnRBSmfoundtobetheumeutheteaedconﬁmdmexcept:

I Cable tray sizes at RBS range from 18” to 30” whe._eas the tested configuration is
4"

2. The raceway material at RBS is aluminum whereas the tested raceway is steel.

Neither of these differences is important as far as the ADF values are concerned as
discussed below

Tray size

The size of the tray tested by TU represents the median tray size at RBS. Maximum
vanation from the tested tray size is +6 inches. Additionally, ADF is independent of the
tray size. The controlling parameter for the cable ampacity in a tray is the heat flux from
the cable bed. F " given cable depth fill and cabie size this parameter is independent of
theuddthofthemy()wgeumionmemdthesurftceue:bothvuyﬁnuﬂywiththe
width ofthem.)Simethomfuemoftheﬁrebmiermovndalinu.rlywit.hthe
with of the tray the ampacity derating factor is independent of the width of the tray. This
obmmonismwiththcﬁnmmionmodelundbySNLtoevahmetheTUten
results. In reference to the resuits of the SNL study, it is stated on page A3-10 of
Reference 9 that “ _ these results (ADF¢) are independent of the tray width because of the
assumption of true |-dimensional behavior for these simulations.”
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Raceway Matenial

The difference between aluminum and steel, as far as their heat transfer capabilit s
concerned, .s that aluminum has a lower emissivity, lower specific lieat, 2ng hgh~, thermal
conductivity than those of steel. None of these parameters, however, is important to the
cable ampacity in a tray

I Specific heat is not a factor since the ampacities are determined for steady state
conditions.

2. For the problem under consideration thermal conductivity of the raceway matenal is

insigruficant. [f anything, aluminum is a better conductor than steei which should
augment the ampacity.

3 Emussivity affects the radiation heat transfer which is an important component of the
heat transfer rate from the cable bed to the fire barrier. For cabie trays though, the
radiation is directly from the exposed surface of the cable bed to the fire barrier Area
covered by the tray rungs is only a small fraction of the effective heat transfer ares of
the cable bed. Therefore the ADF is determined by the emissivity of the cabie rather
than the emussivity of the tray material. This is consistent with the approach used by
ICEA/NEMA (Ref. 8, Appendix B] which does not make a distinction between
alumuinum and steel trays, and the heat transfer model used by SNL to evaluate the TU
test data which uses the cable emissivity rather than the tray emissivity as the basis for
heat transfer calculations.

Buedonthecompmwnoftheﬂmno-ugmteuedbymtoommmpadty
derating factors and the standard Thermo-Lag tray installations at RBS as summarized in
Table 5 4 and further discussed in the paragraphs above, the use of the ampacity derating
factors given in Table 5.1 is justified.

5.3 Jtandard Untested Configurations

The ampacity derating factors for single conduit (both one-hour and three-hour) and single
thi se-hour tray enclosures at RBS (referred here as “Standar Untested Configuranons™)
are bascd on the results of the heat transfer. Although tes' data exists for steel conduits,
this data was 2ot used since the conduits at RBS are aluminum. Test data for three hour
tray enclosures is no. :vailable. Accordingly, the ampacity derating factors for these
configurations were determined by heat transfer analysis. The ADF values are listed in
Table § 2.




5.4 Umgque Configurations

The ampacity derating factors for multiple raceways in common enclosures (referred here
as “Unique Configurations”) are based on the rosults of the heat transfer. The only
exception to this is the two stacked tray configuration for which TU test data was applied.
as discussed in paragraph 5 1| The ADF values are listed in Table 5 3
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Table 5.4 Comparison of RBS and TU Tested Tray Configurations [Ref. 14)
ATTRIBUTE RIVER BEND COMANCHE TEST COMMENTS
STATION PEAK REFERENCES
AS-DESIGNED TESTED
CONFIGURATION | CONFIGURATION
RACEWAY Cable Tray = Cable Tray - TUEC Scheme #AT-1 | As-Designed is the
TYPE _[(Page 6 ofRef 17) _.Same as Tested
i - See the discussion
RACEWAY 18" x3" . 24"x 4" - TUEC Scheme #AT-1 = in paragraph 5./
SIZE 30"x3" _(Page6ofRef 17) ' above
a . See the discussion
RACEWAY Aluminum  Steel - TUEC Scheme #AT-1 ' paragraph 5.1
MATERIAL ’ . (Page 4 of Ref 17) . above
BARRIER °| Thermo-Lag = Thermo-Lag = TUEC Scheme ¥AT-1 = As-Designed is the
MATERIAL 330-1 - 330-1 . (Page 6ofRef 17) | same as Tested
Prefabricated . Prefabricated | i
Verib Panel  Vonib Panel |
BARRIER 58" (£1/8") | 5/8"(£1/8")  TUEC Scheme $AT-1 | As-Designed is the
THICKNESS | . (Page 9 of Ref. 17) ' same as Tested
JOINT Pre-buttered  Pre-buttered = TUEC Scheme #AT-1 = As-Designed is the
TYPES with rowel . withtrowel ' (Page 9 of Ref 17) . same as Tested
grade - grade : ‘
materal . material
JOINT Stress Skin, | Stress Skin, | TUEC Scheme #AT-1 = As-Designed is the
UPGRADE Trowel | Trowel - (Page 10fRef 17) same as Testec.
METHODS Grade, Wire, | Grade, Wire,
Stapies | Staples

Note Data for River Bend Station are taken from Reference 14,
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TABLE 5.5 -STANDARD ONE-HOUR CONDUIT

FIRE ENCLOSURE DATA TEMPERATURE DATA

dy, outside diameter, (in) 5125 T. conductor 1940F

hs, height, (in) N/A T, ambient (040F

Ay, A, area, i 134 000

£y, CTTUSSIVILY 090 HEAT TRANSFER

. Uuckness (in) 1.28 GAP LATA o, Bu/h-*°R  1.714E-09

k,, (Btwh-1-°F) 009 ky, Brwh-f-°F 0016 C, (w-b/Btu) 02931

F o, shape factor 1.00 ty 10 i a 020
by, Bru/h-f*-F 1 54 n 0.25

TRAY AND CONDUIT DATA

Raceway Categones Category 4

Type STD/CONDUIT

D 2" CONDUTT

n,, no. of raceways 1

w,, width (d, dig), in 2378 xed entnes designate (e parameters

h, height (1, thickn.) , (in) 0.154 i ‘

d. depth, in (fill, 59 238

€, emussIvity 020 Entries in [ ) show the equation number in Section 3 0

F o, shape factor 1.00 Entnes in (italic) apply to conduits only

cable size #8 3/C Cu

Qesvier Cable dia, (in) 0708

Neen, NO. Of cOnductors 3

R, resistance, Ohnv 10007t 0878

Koeg, Bru/h-A-°F 0.09%

loseiees Daseline amp , (Amp) 416

CALCULATED PARAMETERS

Raceway

lowesnas Protected amp., (Amp*  [J

Mewie» UmMber of cables 2 (3]

A., heat transfer area, (R%) 062 (6]

3 , (Btwh-raceway ) 20. (2)

q. (Brwh-category) 20. (q*n)

U, (Bruh-f*-°F) 081 [Eq. 4]

T,, Surface Temp. °P) 348 (Eq. 4)

T,, enclosure air tew ., (°F) { J

Enclosure

b » Btwh-A*.°F 3.07 (Eq. 9,11)

he w Bruh-f.°F 307 (Eq.9,!!)

he o Bruh-f*-°F 1.54 (Eq. 11)

N, (Btu/h<f-°F) 0.30° (Eq. 8)

U, (Bruh-f1-°F) 1.83 [hean*tona)

Barrier

Us, Bruwh-R-°F (Eq. 12)

Tos Inside Temp, °F &%b

Toow, Outside Temp., °F 1l (Eq. 12)

Re.on. Btuh-f°-F 043 (Eq. 9)

Besa, Brwh-f-°F 114 (Eq. 8}

U, Bruh-f1-°F 1.57 [hen* D)

T.F 1040 (Eq. 13]

ADF 20 0%
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TABLE 5.6 -STANDARD THREE-HOUR TRAY
FIRE ENCLOSURE DATA TEMPERATURE DATA
wy, width, (in) 3258 T, conductor 194G F
hy, height, (in) 7.78% T, ambient |040F
Ay, Ay, area , ¥ 6.7 00
£y, COUSSIVITY 0.90 HEAT TRANSFER
, thickness (in) 1.250 GAP DATA o, Bruh-A*-R 1.714E09
k, (Bruwh-A-F) 00% ke Bruh-f-°F 0016 C, (w-b/Bru) 02931
Fu, shape factor 1.00 ly I N/A a 0.20

he Btwh-f*-F N/A n 028
TRAY AND CONDUIT DATA
Raceway Categornies Category 1
Type TRAY
1s] STD/TRAY
n,, no. of raceways 1
w,, width d dia), in 300
h, height 11, thickn.}, (1n) 40
d, depth, in (fill, %) 1.0
€, cable emussivity 080
F, shape factor 1.00
cable suze #8 3/C Cu
Qeavis, Cable dia, (in) 0708 lkxdmdwmhm
Neen, N0. Of cOnductors 3 W [ ‘
R, resistance, Ohmy/ 10007t 08758
Koes. Btu/ia-R-°F 0.0%0 Entries in [ ] show the equation number in Section 3 0
[nom, NOMunal amp., (Amp) j40 Entnes in (italic) apply to conduits only
CALCULATED PARAMETERS
Raceway
[ preciad, Protected amp., (Amp) lggi i
Neasie, NUMber of cables (3]

A., heat transfer area, (ft%)
q . (Bruw/h-raceway )

q, (Brw/h-category)

U, (Btwh-#*.°F)

T., Surface Temp. °F)

T,, enclosure aur temp.; (°F)
Enclosure

he v Bruh-f*-F

h._.. BM'“"?

he » Bruh-ft*-°F

hess, (Brwh-£-°F)

U, (Btrwh-f1-°F)
Barrier

Us, Brwh-A-F

500 {6}

198 {2)

198 (o*n)
432 [4kouw/d 10 Eq. 4)
d.g‘.t:[&- 4
0.31 (Eq. 9)
029 (Eq. 9}
0.17 (Eq. 11)
1.30 [Eq. 8)
147 (| W Y
%& [Eq. 12)
123. (Eq. 12)
033 [Eq. 9)
117 (Eq. 8}
1.50 (Resa+hag)
104.0 (Eq. 13}
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TABLE 5.7 -CONFIGURATION U1
FIRE ENCLOSURE DATA TEMPERATURE DATA
wy, width, (in) 420 T. conductor 1940F
hy, height, (in) 81.00 T, ambient 104 0F
A, A, area , i 10.3 10.3
£, CITUSSIVILY 09%0 HEAT TRANSFER.
t, thickness (in) 0628 GAP DATA o, Buwh-f*-"R 1.714E09
k. (Brw/h-A-F) 0090 kg Bruh-f-F 0016 C, (w-b/Bra) 02931
Fiw. shape factor 1.00 ly 1 N/A a 020

by Buwh-f7-F N/A n 0.25
TRAY AND CONDUIT DATA
Raceway Categones Category | Category 2 3 Category 4
Type TRAY TRAY CONDUIT CONDUIT
D ITH200R  1TK200R ' _K600NAL lCK600NA6
n,, no. of raceways 1 i |
w,, width /d, dig), n 180 180 35 l 90
h., height 11, thickn 4, (in) 40 40 0216 0.145
d,, depth, in (fill, %] 10 10 314 236
£, emussivity 080 080 0.20 020
F . shape factor 080 060 085S 0.70
cable size #83/CCu #83/CCu #83/CCu #83/CCu
Qogpier Cable dia, (in) 0.708 0.708 0.708 0.708
Tan, NO. Of conductors 3 3 3 3
R, resistance, Ohmy/ 10007t ng7$ 0878 0878 0878
Kuesr Btu/h-R-F 0090 0090 0.090 0090
loamsioe: Daseline amp ., (Amp) 340 4.0 6.4 52.0
CALCULATED PARAMETERS
Raceway
Iprowssed, protected amp , (Amp) m 1203 %ﬂ 33 J
Newsie, NumMber of cables 36 (3]
A., heat ransfer area, (ft%) 3oo 300 092 0.50 (6)
G . (Bruwh-raceway ) 156. 135 28. 12. (2)
q, (Brwh-category) 156. 138. 28. 12. g*n)
U, (Brwh-*-°F) 43 432 161 1.03 [ Eq. 4]
T,, Surface Temp F) n. (Eq. 4)
T,. enclosure air temp., (°F) 4 [ J
Enclosure
R Brwh-A’-F 0.41 041 062 069 (Eq. 9]
he_w Bruh-A*.F 027 027 023 0.20 (Eq. 9)
he o Bruh-f*-F 028 029 0 50 060 (Eq. 11}
hews, (Btwh-£-°F) 1.08 08 032 0.30 (Eq. 8}
U, (Brwh-f1-°F) 1.37 114 082 089 (o)
Barrier
U, Brwh-A-F 7 (Eq. 12)
Tes inside Temp , °F 4 J entries designate the parameters
Tooa Outside To= °F 3. .12 ‘
Rese. Brwh-f4.%F 031 9] esin [ | equation number
Beus. Brwh-f-°F 117 . 8) in Section 3.0
U, Bruh-f1-°F 1.49 (Dot ne) Entries in (italic) apply to conduits only
T.F 1040 (Eq. 13}
ADF 35.3% 39 6% 40 5% 36.5%




CALCULATION NUMBER |
9 CALCULATION WORK SHEET | Gi3.18.14.0-178
ENTERGY  ENTERGY OPERATIONS INCORP. JBI NO.
PAGE 35 OF 45
PAGE

TABLE 5.8 - CONFIGURATION U2

FIRE ENCLOSURE DATA TEMPERATURE DATA

wy, wadth, (1n) 700 T. conducto 1940 F

hs, height, (in) 68 00 T, ambient 1040 F

A, A, area ¥ 115 115

Ex, CTTUSSIVITY 0.90 HEAT TRANSFER.

t, thickness (in) 0625 GAP DATA o, Brw/a-f?-* 1. 714E09

ke, (Bru/h-ft-°F) 0 090 kg, Bruh-f-° 0016 C, (w-h/Bru) 0 2931

Fe, shape factor 100 l I N/A a 020

hy Brw/h-f*. N/A ) 0.25

TRAY AND CONDUIT DATA

Raceway Categones Category | Category 2 Category 3

Type TRAY CONDUIT CONDUIT

D ITH20IR  ICK600NAT ICK600ND2

n., no. of raceways 1 1 1

w,, width 7d, dia), in 180 1.9 3.5

h, height (1, thickn ) , (in) 40 n.148 0216

d., depth, in (fill, % 10 236 120

€, ermussivity v 080 0.20 0.20

F ., shape factor 0 80 088 08%

cadle size #83/CCu #83/CCu #83/CCu

estier Cable dia, (in) 0.708 0708 0.708

Neen, 10 Of cOnductors 3 3 3

R, resistance, Ohay 1000t 0875 0878 0875

Keed, Btu/h-R-F 0090 0090 0090

[hasimer Daseline amp., (Amp) 340 520 416

CALCULATED PARAMETERS

Raceway

Loronacies, protected amp., (Amp) IZU 1399 132.5 ol

Neanie, NUMber of cables 2 (3]

A., heat transfer area, (ft*) soo 0 50 092 (6]

q, , (Bruh-raceway ) 196. 17 21, (2]

q. (Bruwh-category) 196. 17. 21 (g*n)

U, (Brwh-ft*-°F) 432 1.03 057 [Eq. 4)

T, Surface Temp. °F) 7 )0 £33 (Eq 4]

T..enclomnwm-.m US4 4 1134 {134 ]

Enclosure

he v Bruh-A*.°F 0.71 056 (Eq. 9)

he w. Bruh-A*-°F 0.29 0.19 019 (Eq. 9}

R  Brwh-f*F 029 061 045 (Eq. 11}

N, (Btuwh-£-°F) 1.04 029 029 (Eq. 8

U, (Bruh-f1-°F) 134 090 0.74 (hees

Barrier

Us. Brw/h-A-°F 73 (Eq. 12)

Toe Inside Temp , °F W30 ] entnes designate the parameters

Toow Outside Temp., °F 8 [Eq. 12) ' '

Ne o, Bru/h-*.°F 028 (Eq. 9, 11) Entniesn 1mmmm

hews, Bruh-F-°F 118 (Eq. 8) in Section 3

U, Brw/h-f1-°F 140 [Mesa*hua) Entriesn maac) apply to conduits onty

T.F 104.0 (Eq. 12)

ADF 27.4% 232% 21.9%
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TABLE 5.9 -RBS CONFIGURATION U3A /ONE-HOUR
FIRE ENCLOSURE DATA TEMPERATURE DATA
wy, wadt™, (in) 410 T. conductor 1940F
he, het 4, (1n) 24 00 T, ambient 1040F
Ay, A, area , ft* 108 00
£y CTTUSSIVITY 09 HEAT TRANSFER
L», thuckness (in) 0625 GAP DATA o, Brwh-f*-R 1.714E09
ko (Btwh-R-°F) 009 k;, Baw/h-R-°F 0016 C, (w-h/Btu) 02931
Fu, shape factor 1.00 tp I N/A a 020

u, Brwh-A*-* N/A o 0.25
TRAY AND CONDUIT DATA
Raceway Categones Category | xed entnes designate the parameters
Type TRAY I;og !q' ﬁnmq:nmﬂﬂ ‘
D ITLOI2B ntries in | | show the equation number
n., no. of raceways 1 in Section 3 0
w,, wmidth (d, dia), 1n 300 Entries in (italic) apply to coaduts only
h, height (1, thickn.), (in) 40
d., depth, in (fill, %p 10
€, emussivity 080
cable size #8 3/C Cu
Geanie. Cable dia, (1n) 0708
Nean, DO. Of conductors 3
R, resistance, Ohmy/1000ft 0875
Kosg, Btu/h-A-"F 0090
[ naseime, Daseline amp., (Amp) 340
CALCULATED PARAMETERS
Raceway
Lormaat: PrOtected amp., (Amp) EEE:
Neasie. NUMber of cables (3)
A., heat transfer area, (ft%) soo (6]
q . (Brw/h-raceway ) 282 {2}
q, (Brwh-category) 282. (@*n)
U, (Btwh-A*-°F) 432 [ Eq. 4)
T.. Surface Temp. °F) (Eq. 4)
T adims i
Enclosure
he o Brwh-f*-F 0.37 (Eq. 9)
he o Bwh-f*.°F 029 (Eq. 9]
he . Btwh-*-°F 0.23 (Eq. 11)
hos, (Btu/h£-F) 108 - (Eq. 8)
U, (Brwh-f1-F) 128 [ W
Barrier
Uy, Brw/h-A-F 7 (Eq. 12)
Toe Inside Temp., °F
Toow Outside Temp., °F 121 [Eq. 12)
Ne.on Brwhft*-°F 030 (Eq 9, 11]
Mo, B F 1.16 8
U, Buh-f1-°F 1 46 (e *Pona)
T.°F 104.0 (Eq. 12,
ADF 312.5%
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TABLE 5.10 -RBS CONFIGURATION U3A /THREE-HOUR

FIRE ENCLOSURE DATA TEMPERATURE DATA
wy, width, (in) 410 T, conductor 1940F
hs, height, (in) 24 00 T, ambient |040F
Ay, Ao, area , ¥ 108 00
£y, CIMUSSIVILY 0% HEAT TRANSFER
ty, thuckness (in) 1250 GAP DATA o, Buwh-f*-R 1. 714E-09
k, (Brwh-fi-°F) 0090 kg, Btuwh-R-°F 0016 C, (w-/Bru) 02931
Foe. shape factor 1.00 lg I N/A a 020
hg, Brwh-f*-* N/A n 025
TRAY AND CONDUIT DATA
Raceway Categones Category 1 entnes designate the parameters
Type TRAY ‘
D ITLO12B Entries .o [ | show the equation number
n,, no. of raceways 1 in Section 3 0
w,, width @, dia) , in 300 Entnes n (italic) apply 1o concuts only
h, height /1, thickn.) , (in) 40
d., depth, 1 (fill, 59 10
£, enussvity 0.80
cable size #8 3/C Cu
Qestie, Cable dia, (in) 0.708
Neane 00. Of conductors 3
R, resistance, Ohmv/ 1000ft 0878
Koeg, Btwh-ft-°F 0090
[inssime, Daseline amp , (Amp) 340
CALCULATED PARAMETERS
Raceway
|yrmass: PrOtected amp., (Amp) %.:‘1
Meanie, NUMber of cables (3]
A,, heat transfer area, (ft*) 500 (6]
q . (Brwh-raceway ) 243, {2)
q. (Brwh-category) 243 (g°n)
U, (Bruh-f*-F) 432 (Eq. 4}
T,, Surface Temp. °F) (Eq. 4)
T,. enclosure air temp., (°F) .
Enclosure
he . Btwh-0*-°F 038 [Eq. 9)
he o Bwh-f?-F 028 (Eq. 9]
b o Bruh-A*.°F 022 (Eq. 11)
hess, (Btu/h-£-°F) 1.08 - (Eq. 8)
U, (Brwh-f1-°F) 1.30 [Rees*hion)
Barrer

Us, Bruh-R-F [Eq. 12]
T:, [nside Temp., °F & |
119.4

Toou Outside Temp., °F (Eq. 12)
Neaw, Brwh-ft*-F 029 (Eq. 9]
R, Brwh-£-°F 118 (Eq. 8]

U, Brub-f1-°F 1.48 [
T. °F 1040 (Eq. 13)

ADF 374%
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TABLE 5.11 -RBS CONFIGURATION U3B /ONE-HOUR
FIRE ENCLOSURE DATA TEMPERATURE DATA
wy, width, (1n) 410 T. conductor [940F
hy, height, (in) 800 T.ambient 1040F
As, A, area , i’ 82 00
€y, CITUSSIVILY 0% HEAT TRANSFER
t. thuckness (in) 0625 GAP DATA o, Bru/b-A*-R 1. 714E09
ks (Btuwh-R-°F) 009 k, Btwh-R°F 0016 C, (w-by/Btu) 02931
Fue shape factor 1.00 N/A a 020
n, Bm *F N/A a 0.28

TRAY AND CONDUIT DATA
Raceway Categones Category | [Boxed entries designate the parameters
Type TRAY lgmxnmhmmmnm___
D 1TKOO1B ntries in | | show the equation number
n, no. of 1 in Section 3 0
w,, width /4 dia), in 300 Entnes 1 (italic) apply to conduits only
h, height (1, thicion.) , (in) 40
d., depth, 1o (fill, % 10
c enussivity 080
ublc size #8 3/C Cu
Qenis, cabie dia, (in) 0708
Moo N0, of conductors 3
R, resistance, Ohmv/ 1000t 0878
Kies, Btuw/h-ft-°F 0.090
[baesime, DasSeline amp., (Amp) 340
CALCULATED PARAMETERS
Racew:
[romias. protected amp., (Amp) |22,i |
Neanie, Number of cables (3]
A., heat transfer area, (ft%) 5 00 (6]
4 . (Buvh-raceway ) 268, [2]
q, (Btuwh-category) 268. (q*n)
U, (Bruh-A°-F) 432 [Eq 4)
T, Surface Temp. °F) 1816 (Eq. 4]
T,. enclosure air temp., (°F)
Enclosure
he » Brwh-ft*-F 034 (Eq. 9)
he . Brwh-ft*-F 029 [Eq. 9)
he_w» Bruh-f*-°F 020 (Eq. 11)
hews, (Btu/h-f*-°F) 1.26 (Eq. 8]
U, (Brwh-f1-°F) 1.46 (oo *head)
Barrier
Uy, Btuh-A-°F 7 (Eq. 12}
Tes Inside Temp., °F (1449 J
Toos Outside Temp., °F 289 (Eq. 12)
he.se Btuh-A*-F 032 [Eq. 9)
heg, Btuh-£-°F 1.17 (Eq. 8)
U, Brah-f1-°F 1.49 [Meou* g
T.F 104.0 (Eq. 13)
ADF 34.3%
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TABLE 5.12 -RBS CONFIGURATION U3B /THREE-HC ..

CALCU._ATED PARAMETERS
Raceway

{proecas, Protected amp., (Amp)
Neasie, Number of cables

A, heat transfer area, (/%) 500 (6]

. éam% ) ig En'n.)
q, (Brwh-<category) ‘ %

U, (Brwh-A*-°F) 432 [ Eq. 4]
T, Surface Temp. °F) 183.7 (Eq. 4)
T.. enclosure ar temp., (°F)

Enclosure

Re_w Brwh-A*-°F 0.32 [Eq 9)
he w, Brwh-8*-°F 028 (Eq. 9)
he & Brw/-*-F 0.19 (Eq. 11)
hess, (Btwh-£*-°F) 129 (Eq. ch
U. (Brwh-f1-F) 1.48 (et
Barrier

Uy, Brwh-A-F

FIRE ENCLOSURE DATA TEMPERATURE DATA

wy, width, (in) 410 To conductor 1940 F

hs, height, (1n) 800 T.ambient 1040F

Ay, A, area , ¥ 82 00

£y, CIMUSSIVILY 0.90 HEAT TRANSFER.

s, Uuckness (in) 1230 GAP DATA o, Buh-f*-°R 1.714E-09

ks (Brwh-f-F) 0090 k, Buwh-f-F 0016 C, (w-h/Btu) 02931

Fie, shape factor 1.00 N/A a 0.20
h, am/h-n’-"r N/A o 025

TRAY AND CONDUIT DATA

Raceway Categones Category | [Boxed entnes designate the parameters

Type TRAY '

D ITK0OO1B wm| | equation number

n, no. ¢ raceways 1 in Section 3 0

w,, width (d, dia/, in 300 Entnes in (italic) apply to conduits only

n. height (1. thickn.), (in) 40

d., depth, in (fill, %) 10

£, emmmw 080

F 4, shape 1.00

cable size #8 3/C Cu

deasie, Cable dia, (in) 0.708

Nean, N0. Of conductors 3

R, resistance, Ohmy 1000t 0878

Ko, Brw/h-R-°F 0.090

[oamsice, Daseline amp . (Amp) 340
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E2-94- 0268
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Page | P

Comments on Caiculation G3./8.14.0-178 on Ampacity Deranng Factors

hy {ohl Lynch, 7, 2296 Phone 504-336-6437

\h{‘ H
! €onversation with Rudy Kerar indicate that the configuranons studied are very similar
t0 those at RBS.

2 How realisncior conservative) is Assumption 4, regarding the 'ypes of cabie
considered”

1 Please provide a copy of the sheet(s) referred 10 for Equanion 3

¢ [nequandn 2. is | the current per cable®

3 On Page 8 - how are air gaps between cables accounted jor?

6 Where 15 Kbed computed?

" Equation 5 - showld Tn be replaced with Tr?

¥ The overall approach used is 1o compuie the heat transfer from the conducior 10 the
raceway. then the heat ransfer from the raceway 1o the enclosure, then Jrom the
ciclosure out. This method is straightforward. but may lead 1o some ervors. Recent
nork nas heen done 10 compuie an overall heat transfer coefficient from a hear source
iside an enclousre 1o the outside. ¢.g. “An Experimental Study on Natural Comvection
Heat Transfer m an Inclined Square Enciosure Comaiming Heat Sources by Lee and
Cipoldstem ) Heat Trans. May 1988, p. 345 (among others)

¢ What factor of uncertainty is applied 10 the results of this calculanon? [t does not
dppear that there are any. alihough there may be unceriainnes of, perhaps, + or - 30%.

10 Eqnauonl-thﬁrna/thcqmmmuobc/muamurﬁmtommcloum.
1ot from one surfocs 10 another.

/1 Equanon !0 - See Comment 8 and please define A1, Art

/2 What is being used to perform the iranve caiculanons? The gray box described (s
not visihle in the copy we have here.
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Respones 1o Comments on Calculation G13.18.14.0-178
Page i of 3

Comments by Mr. R. Kerar
! Provide a comparison of the TU Comanche Feak Thermo-Lag configuranons io

the Thermo-Lag configuranons at RBS and jusnfy the appiicability of the TU one
hour Ampa_ity Deranng Factors (0 RBS.

R The companson and jusuficanon is discussed in Section § 2

"

Reference the appiicable equanons in the Tables of Section 4.0
R Applicable equations are referenced in the Tables of Section 4 0 and Section §
General comments listed in the Attachment to R. Kerar's letter (J. [ynch)

1 Corversation with Rudy Kerar indicate that the configuranons srudied are very
similar 1o those a1 RBS.

R Please see the response to Mr Kerar's comment No | above.

How realisnc (conservative) is assumpnon 4, regarding the types of cable
considered ?

As stated in the calculation ampacity is directly related to the maxamum heat that
cmmwmmmmwmmmmm
the allowable conductor (or insulation) temperature For a given raceway and fire
bamer combunanon thus muting heat generanon rate 15 independemt of the snze of
:heabhhahhuummmwdamh“ﬁmwm
the reduchion m ampacity due 10 the addition of & fire barmer This reduction in
ampacity i also directly reisted o the reducton in the limiting heat generation rate
whuch .5 independent of the crbie mze. Therefore, assumption 4 13 a realisnc
assumpuon. [t simplifies the calculation but does not affect the conservansm of the
results

Please provide a copy of the sheet(s) referved 10 for Equanon 3

The relevant pages of the reference document for equation are include in Appendix
B 10 the calculanon.
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Attachment |
Responses 1o Comments on Calculation G13.18.14.0-178
Page 2 of 3
4 In equation 2, is | the current per cable?

R “T" in Equation 2 is the current per conductor Clanfication is added to the
defirution in the calculation

5 On page 8 -how are ur gaps between cables accounted for.

R Aur gaps between the cabies are accounted for in the thermal conductivity (k) of
the cagle bed Thus parameter i1s esther empincally determuned or back calculsted
from the published ampacity data.

? Equanon 5 -shouid T, be replaced by T,?

R Whuappmtobof.mth.pmumdlyr.ﬂ _n, surface temperature of the
‘1" th raceway). Subscnipt “i" has been elimunated in the calculation.

8 - This method is soraight forward, but may lead to some errors. Rmnm
'mb«ndawueaawnmmrdlhamdcrmﬁmﬁwaham
inside an enclosure 10 outside, ¢ g "An Experimensal Study on Natural
Convection Heat 7 nsfer in an Inclined Square Enclosure Comairumg Heat
Sources ' by Lee and Goldsiein. J. Heat Trans., May 1988, p. 345 (among
others)

R The method has been kept intenmonally strughtforward and has been based on
convenuonal well establ.shed heat transfer pninciples rather than case-specific
empincal equanons. The configurations st RBS have rwo dormunant fescures: (1)
natural convec’ an is always in parallel with radiative hest transfer which is the
dormunamt mode of heat transfer, (2) the man heat transfer resstance is due 10 the
Thermo-Lag enciosure For these reasons a detailed wnvesuganon of the nasural
convection best transfer as 1t applies 1o the configurations at RBS was not
anempted. [nstead. the parameters descnbing the narural convecuon were chosen
on the conservative side.

K What factor of uncertunty is apphied to the resuits of this calculstion” It does not
appear that there are any, although there may be uncertunues of, perhaps + or -
0%

R There 1s no uncertunty factor applied to the results. The input dats used for
calculaung the Ampacity Deraung Factors are chosen on the conservative side
(See assumpuons 2,3, 5, 7. 8,9, and 10)
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Page jof 3

10

Equanon & -the form of the equanion appears 10 be from one surface 10 an
enclosure. not from one surface 10 another.

Equation 8 is for heat transfer from a surface 10 & fluid medium (or vice versa)
Surface to surface heat transfer 15 caiculated using the heat transfer coefficient
defined by Equauon | )

See comment & and define Ai, An.

A, 1s the heat transfer ares of the “/"th rceway in & common enclosure. [n
Equation 10 it was also shown, inadvertemtly, as 4., In the revised version of the
calculanon indiv.dual racewsys are designated by the subscript “7” insiead of “7”

What is being used 10 perform the iteratrve caiculanons. n-mbadrmbd
15 not visibie in the copy we have here.

Iterations are performed over three parameters: ampacity, inside surface
temperature of the barner, and the enclosure air temperature. The Tables in
Section 4 0 are revised to show the iteration parumeters enclosed in solid frames.

Comments Marked up on The Caiculstion

.

All edit~nal comments are incorporated except the numbers for the References.
References (or the bams) of the equatons are stated.
Relevamt pages of the references are inchuded in Appendix B

Cover pags s changed to Estergy cover page.

Entnes in the Tables of Secton 4 0 will be [abeled with the applicable equation numbers
symbols used in the Tables will be conmstent with the symbois used in Section 3 0 of the
calculanon.
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Antachment [/
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Page | of |

Derivation of Equation 11

Starting with Equation 10 and noung that it consist of three equations as follows

q=Ah_(T.-T)
qu . Alhv.(z: - ’;--)

q' » A'hr-d(l: = ’l.--)

rewnting these equations as

diar-1
..34_..7:_72-_ -
'45h:u
_ib,r,-rm
Ah,

-

Adding equations |04 and 10 §

e mpOus. T
‘4-":-" Aiht-.

combirung Equanons 10 6 azd 107

R e )

A'hc-n ‘4Ohr-. ‘,h‘_.

finally, Equation |1 15 obtaned by sohving for A,.., from Equation 10 8

h ’—L

A _h
lo(—LX—"l)

4

“~o

(10.1)

(102)

(103)

(10 4)

(10.5)

(10.6)

(107

(108)

(1)
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APPENDIX B
SELECTED REFERENCES

2.
3
4
5

1l

IEEE/IPCEA Standard S-135/P-46-426, Power Cable ampacities: Volume | -Copper conductors
and Volume II -Aluminum Conductors, 1984. [Rel 3]

Memorandum from A. Adnan (VECTRA) to T. Dogan (VECTRA) dated June 4, 1996). [ReL 4)
Ousik. M. N', Basic heat Transfer, McGraw-Hill, 1977 [Ref 8)
McAdams, Heat Transmission, McGraw-Hill, 1954. [Ret T

ICEA Standard Publication, Ampacities of Cables in Open-top Cable Trays, ICEA P-54-440
(Third Edition), NEMA WC 51-1986. [ReL 8}

Safety Evaluauon Rm‘by the Office of Nuclear Reactor Regulation, Ampacity Issues Reloted
re

, Texas Utilities Electric Company, Comanche Peak Steam Electric
Station, Unat 2, Docket No. 50-446, US Nuclear Regulatory Commussion,
June 14. 1995 [ReL 9)

Rohsenow. Handbook of heat Transfer, McGraw Hill. 1973, [Rel 10)

Memorand.m from L. Ester (VECTRA) w0 T. Dogan (VECTRA) dated 6/7/96. [ReL 12)

Memorandum from A Adnan (VECTRA; to T. Dogan (VECTRA)
dated May 31, 1996 [ReL 13)

Neher J. H. and M. H. McGrath, The calculation of The Temperature Rise and Load
Capabulity of Cable Systems, AIEE Transactions, vol. 76, Oct. 1957, pp. 752-72. [Ref 15)

Holman. J. P, Heat Transfer, McGraw Hill, 1963 [Retl 16}
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IEEE $-138
IPCEA Pub. No.  P-46.426

Power Cable Ampacities

Volume I—Copper Conductors

INSULATIONS:  IMPREGNATED PAPER
VARNISHED CLOTH
RUBBER AND THERMOPLASTIC
ASBESTOS-VARNISHED CLOTH

INSTALLATIONS:  IN UNDERGROUND DUCTS
BURIED DIRECTLY IN EARTH
IN REE AR
IN CONDUIT

R

B e I J——
insuloted Power Cable Engineers Association

b adiververns
Insvieted Conducters Committee
EEE Power Enginesning Sociery
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REF
-Da- T T BV DN Nucieer Engineering ™ n‘sxm L)Y

To: | Tahsin Dogan |

Fromu | | Aaros Adome Dus 6/4/96
. Compasy VECTRA Techmologes lnc Time: 306 PM
The following 1s providad in response 1o your fix of May 30, 1996
Confirmauion

|

J b Confirmanon of nem | can be made by Lee Easter. ‘ b

1 2. Confimation of item 2 is provided in the antached marked up tble.
| cM«mawm-ymhwmyuim. :
Information | | ' .

1. Informagon on the armagement of racewsys is provided in the exached cross ssctionad
drawing aad in the photos beang semt i the mail. | went ts the faid sad ok swome phows
memmwm«uxwmmh.unfmmm
addinonad information

Phota 1

Viewinsids Ul (Thermowlag 330-1 panel removed). Shows 4° x | §° treys approximately
§° 1o 127 apart, mounted on uesrut supports. Thermo-Lag 330-1 panels are mounted on
. upmmm

Phows 21

View: of west end of F-tumnel showang & small portios of Ul barmar (leC), but mmnly
showing & comparsblé (redundant ram) racewsy sysiem. | Pwmmmthm
| -” T'hlmmumu what s inmde U1
mﬂ :

TudMSmW.CuNWuTmM't ermlﬂm
| THROZR, 1TK202K, ITC204R and 1 TX204R. Raistively uncluciered space]

AN N s LS X
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REF
D019 B2 UWW  FNODM w3ieer Bngineer ing ™ lisxm .
{ |
s
| I
f \rwm-admmmm-ummumm
| no-x trays (s Gvtunnel). The only Tays that can beisean 1n this ares wre

i TH201 muxmm.-ummm:uau--u
Therma-Lag 30-1 boxad ares are |CK60ONM2, 1CC270NQ, 1CRS0OND2, |
xaumvuxca7m Now: mmumnmmm

Mdblnmhullh’omnlhm . ‘ l

2 Informasion -um-wmnmmu
| I -1mm-mn»mw 0 wehes.
‘ J hows panei * | mch ¢ 1M wch/- 0 inches. | :

| | howr predocmed halfiround = 172 meh + /8 inclv- 0 inches.:
3mm—nm‘~u-1m~msw 0 inches 1

l {
3 wmknl«ruo“mmz#uﬁ-o-umnm
| Call ;e ¥ more sccurtte mformasion s required. : ] '
1 i
|4 T Thermo-Lag 33 lp‘uﬂmﬁnmﬁm-ﬂwwn
mountad to the 50 that gaps and spaces were not filléd [t is ressosablh 10 assurme

4 maxisnum of 1/4 mch gap o ooe nde of e condhas ; | v

‘ " “|| ‘ l | ; : ’ -’_.'\v
i ,js NA “ | : ] .‘ | A ,'i'\
6 Good question. Drawing EE-$90A indicazes that junction bex 1 *JB072 i» counectad 1o >

condus 1CX9110A Whieh runs warough the F-cuone t junction bow 1*/B2106. 7S | 7.\
indiczzms that | *TB20072 is located m the F-ruznel but contams o cables snd has ro .
connecting coadut. mmn—mn'mmn-uu ICX9110A
consecund to |*/BO2T2. PDMS lists cables  INOX409 nng) SSHNOX4 1D in
[*TBORTZ We cannet ssoertan &f this ums umbar is corm W et we can aszume
b that Ghewe it only 0oe junctios box &1 the end 0. "ondiit, therefork, use tetwo cabies
i lammuumm'mn : ’ |

7 lm-h“nl‘&u

" (308) 3814303 l !
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T

10 Bame mam Trarwier
Then Eq. (1-54 8 wr.en @ the form
e n(T, =T, (1)

which # analogous 10 Eg. (1-2) for convective heat transfer. Th approximate
SUMple expression for radwtve-hest flux given by Eq. (1-7) s applicadie oni f
T( - T.‘I Tl L l

1-4 COMBINED CONVECTION AND RADIATION

membbymmmwunuumdmtumol
mtummmw.ummmdhlmmmm
10 consderalion the MIETactIon betwees (he rwo modss of hest transfer ® a
very complcawed maner. On the other hand. under very rescrcuve conditions
the heat transfer by sumultaneows convecuon and radmion an b determmed
ipproximately by Iinesr superposinen of hest fuxss due 1o these rwo different
modés of hear transier. Consider. for exampie. the flow of hot combuston
products at tempersiure T, through & cooled duct whose walls are kepn at
temperature T, Cammmuco,.co‘mu,owo
ind emn radmuon.  Thervfore the hest ransfer from the gas 1o the channel
wnmuovmammmMntum‘nmnﬂmd(umﬁ

. (ransfer problem requires & sumultaneous soluon of convestion and danon
problems: but this & & very complicaied maner. I the radistive component of
znoh.lmuumrmmon..thxocﬂh.uﬂuq&omxmpwmnu
surface may be compuied approximaisly by lakmng the sum of the convectve
neat fui ¢ and the radmive heat flus g, as

i®4 - (1-8)

When the relations ur the convective and radmive hest flux given by Eqs (1-2) -
and (1-7) are mtroduced nio Eq. (1-8) we fing

qeh(T,~T. )= I;lr'- T )= (h » I\l'r. -T.)
or g
g=h (T, =T, (1-9¢)

where (he combimd comrecrion and radignion hear-ransier coefficiens b, 13 defined
as

Ny @ n = i (1-98)
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S0 Samc mew Traneier

mmmc,mc.mmﬂmmu_du‘mw

CI L "- ‘rO - rl) J<ia)
a=~b
c,.’%——.‘r! (3 1b)
-8

Thee the wmperstue dutbuuos T'(7) e sphry Descmes
rm-;—_‘-_-: [.r.‘;- 1) om(t -5)} (342)

mmmmhqmm"ummumwu

Q-ww---n‘%-"d-‘--nic, (3=bda)

and whas C, » sbsinuwd from Eq (3-<4la) we cbam q
- =T at

q.ﬂ.———..|f.-n)0(.-‘ (At3b)

Wommh-m—mmmwwn-q-m'd

DO IR .

3.4 THE CONCEPT OF THERMAL RESISTANCE .

lnmpob—dmﬂwwau-mo-uhmm
(umnﬁnduhﬂmﬂﬂwmﬂlwmm.m
pmcmlquhmmmmemQ
lmommmlm-nhﬂhm:m-ldmldmmumm

Q'A‘Tr (3-48)

w b q-tmw.chn-liummW)
Af-m”mdmmm-wh-d
the repon, °F (or °C)
R = thermal resmanow of sobid, b *F/Be (or ‘C/W)

mlemecmmM
definmd by the relanoe

. pownual dufference
CUrtEnl @ ———
C.ITING rESISLARGE

(345}

M
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WMM Ll

cwn.m:wumq-wwmcmmzmm
tempersture differencr © voltage dfference. Thw-mmwm-

=T L=,
4 Ak et @ = nd
@= q§- T ®

| -mmm'-umimsbl,_ldd-i-

R, —
-'“

]
d m(owmn-.mqmmah-mnnnndm
2 nlmﬂ.mumtummm‘dmn—m”»uwm
n ad
kM L ~T
0 . Q'm‘ﬁ’rn)."'iﬂ_l' (347a)
Mhr“md:ﬁcm&,luu
1}
n (bra)
Ao ® ST i

" ! mwv—-mnu(}dm-mwnth“

10 that for & sisb:

_ { 2ba) (b=l in CubH2maH) | Loy ls (4)/4) . Loy
) R :
' - 7Y b = alinik 1 (A = Aghk '4,.& e
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3
, FIG 12:  View taever # - o UM 8 Ot wrtass i LV TP R—
aa n-mnnm-lhnhua:Tf:’;) "
-
';a "x“)“.“,". (12-20)
are Then the vew factor £ sigedrnx ;
b 44, =4, CAN BE expressed i
ple {“W'l.'wu,wmuua,u-lts‘iinu. - -
Ple ’
o } u,-d,"M.-c."u,-a,"u,.c,"u,-.. (12-21)
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TABLE 1.3 Emmsnones of Vanous Surteces *
Mater 3l Tomper-
3
Asbesios:
Board 100°F 09
Cloth $3°C 0%
Paper 100°F 09
Brck
Red 0-93°C 09
Red. rough 0-200C 093098
Ceram:
Earttemware. glazed 2C 0%
Earthenware. mate xC 09
Porosiam g 092
Refraciory. black 93°C 054
Clay. fired 158°C 091
Concrew. rough 0- 93°C 0.9
Glass 100°F 0%
Class. smooh 100°F 0%
lew 2'F 09209
Lacquers:
Black c 0%
Black. on von o §3°C 0878
Clear. one thee cost o8
arnshed copper 9 C 064
Clear. 'wo conis o arnshed
copper 931°C 0.
White »c nes
White. heavy coat on bright
copper 93°C 093
Lampbiack. 0003 » or thacker 100°F 095
Mardie. Light-grey polmbed ='C 0.9
Metals
Aluminum. polmhed 100°F 004
Alyminum oxdund 100'F 0
Brass. polnhed 100°F 0.10
Brags onmdd . 100°F 04
Chrommm. polshsd 100°F 008
Copges. potmbed 100'F 004
Copper. cuoramd 100°F 0is
Coppes. axdued 100'F 0.7
Copper. black oxximed 100°F 087
Gold. polmbed 100°F 002
rom polmhed 100°F 008
Iron. oxwiand 100°F 0.7
Lead. pure polmhed 100°F 0.08
Lead grav. unadimsd 100°F 03
Lead. unoxudiaed. rough 100°F 04
Mercury 100°F 0.10
Molvbdenum. polshed - 10'F 0.0¢
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Weills and Rvder® messured conwet or junetion. roefficients 2,
Setvesn metal blocks having surface temperstures /, and ty

&.LL .14

h = Iy “

which ncressed with incressed pressure on the blocks. For exampie
with rough sjusupum st 300°F A renged (rom 500 st O gauge pressure
%0 11.000 ac 3.800 pounds per square inch. At 300°F and a gven pres
sure. A incresesd as roughness decressed.  Brunot and Buckland® report
contet cosfaients (or machined jmats

Cotinkule and Fishenden' messured cortact coeficients for meta
blocks of steel, oram. and alumunum ground to vanous degrees of rough-
oamm. with wr. spindls oll. or givesrol o the vouds et the junction. Pres
sures raoged (rom 19 o 800 pounds per square nch and A, ranged (rom
550 w0 12.500. As \nteresung theory was deveioped ior predicting cou-
tact conflicients from fundamental {actors

Hosi Motar. Over-all remstances for STPUCTUrES D service mar he
dmwmudmmm.“'Mlmmv@nwﬁ
smudmwu»hnlmdthom Br mmuitane
mymwmmm:wmnun-u the
thnueouuunt,vdmvbdcuu-duyumnrbom
even though the use of the meter reduces the hest fow compared with
that from the bare wall. Precautions should be taken w0 seeure dats
under steady conditions. Ven Dusen and Finck® report experimentallv
determuned over-ail thermal remsiances of 3 sumber of walls and ajen
ndividusl remstances of the vanous COmPODAnLS: in general. (mriv wiige
(actorr agreement was (ound between tise predicted vaiues and observed
“esults.

UNIFORM INTERNAL GENERATION OF EEAT IN BODIES
WITE KEAT DISSIPATION AT ONLY ONE SURFACE

Flat Plata. Cm.hwmwyxﬂmnﬂmum

fow dmfnwwnm-uuummum“mtm‘ wa
oarling ligwd.  Let ¢r reprusent the total genemsuion in Bey per Do ir.
Sincw the generanion i uniform throughous the tucknens. the loral hest
rurrens ¢, st dimance s from the sdishesic surfsce s
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¥ V"' 5
lmm.lr_q-ou:-Uwq-"uz-:p.av-
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UNITRD STATRS
NUCLEAR REGULATORY COMMISBION
SaleneTON. 0.8 o

[n June 1991, the suelear Regulatory Comeission (MmC) So0cial Review Teum

(SAT) found various Areas of concern FRgANIINg the use of- Lag
materials.  Ome arwp of CONCE™ was the validity of the MDICIty dersting
Gdramaters previgusly e5tab| tshee for fire barriers. The NRC

'S5ued Generic Lgtter 92-08, “Therwo-Lag 130-] ire Barriers,* on Decoater |7,
1992, to provige further 1nformetion on 1taff concorng related to thrg .
Supject. In lignt of the CONCArnS raised by the SHT, Guring the comstruction

Peak Stess Electric Stasion (CPSES), umit 2, Texas Ut1)1g1gg

Electric Company (TUE/the )icenses) 'MIt1ated & tasting Prograe to demenstrate
ENE accestability of the Continued use of Therme-_ag material at CPSES,

licensee comm:treg Lo complate the Meouired ampacity dersting

Le3ts dafore the fipge refusling cyele at CPSES, Umit 2.

v "he licensee CONGUCINE 2 serigs of EBACity deruting tests for Thermo-Lag #iry
Sarrier conf Point LM“"H-‘M-
Texas, "M $TAff coserves test
o"mmmm Rarch 7, 1903. The first tese

Jrous (tests conducted frow March 2 w‘r Rerch 3, 1981) comsiste of 4
/b t y

t comper canle ang
Copper cable. The
943)

SeCong test grous (tes TUR Farch § througe Mares 4 1
ConsIsted of » filled ts 2

with And 2 free air grog 1smal1) nsge o’ “
single 3/ Cable. The fimal tege roup (tests
congucted from Mareh 19 Raren 14, 1993) consistag of v t
d FIt with %I- e ater
SR R
9 ¢ it ¢ .

T™e licensen wmoacity deryt) LO5t methodslogy fol)owed the guidance in grare
institute of flectrical a4 Clectronics Engineers (IEEE) Stanary Peg,
“Procecure for tne Deterwination of tve Ampacity Derating of Firy Protectes

Enclosure |
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§ 8 BB4BEE

§

322 Handbook of Hest Transhe

8§ 4883

Fip 11, Radisuon squaibrum wmpersrurs (1, « 0°R).

i thus seen 10 depand on not only « alone but the ratic eg/«. Approximate values of
thess optical properues for rypical temperature-control surfaces expossd (o solar
radiaton | 14) are lsted in Tabie 4.

TABLE 4. Emissivrty and Sokir Absorptivity

ot Sewctad Surfeces

Surface (SO0°R) ‘ oy | @git
sumunum (duffed) 003 | 036 |12
§oid (plared) 1 003 | 030 | i
P4 (vasuwm Grpos 196 ) 003 | 024 | 8
saiens 5o ( pobmhed ) 005 |Ce0 | 8
dumunue fod (duldl) 043 | 021 7
antalum 008 | 048 | ¢
ery liwm (patmhed ) 009 | 049 | 53
aburmge wn fod (shavy ) COs | 020 | 50O
barylhum  malbed ) 11 |08 | o5
Lo 020 | 080 | 40
Rene 4| Qi1 | 0J9 | 38
roms 008 | 03¢ | 30
ks | 018 | 0AS | 25
nivey | 002 | cos | 20
Mureswn  potahed ) | 008 | 010 | 20
e s dbissed ) | 040| 080 | 18
binck vyl phwache (dull) | 08| 093 | 1)
black abcone past ((lat) | 081 |08 | 11
lamp black 095093 | 10
§Y whcoms pment 096 | 053 | 038
while SbCoRs paA! (o) | 078 | 026 | 025
agnew | 095 | Qe | 015

-

D e e u—
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Author: Lee Baster at VECTRA-Nercross

Date: 6§/7/%6
Prioraty: Urgeat
Receipt Requested

TO: Tahsin Dogan at VECTRA-San_Ramon
Subject: RBS Raceway Fills

.50 M

....................................

Message Contents

....................................

Here they are. Actusl YWill is based on cable and racevay dimensions.
POMS VP11l ie based on the ¥Fill Limit. Let me know if you need more

...........

LCKE0OMAL
LCXS0ONAS
LCXEOONAY
1CXE00ND2
iTRI00R
LTROO1D
LTROCIDe

Mg
wrill
Limitc

40
PY
il
53
40

40

Actual
srill

i
2]

3.
922
003

i3

0.

410

616
L3

110
Sle
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174 Heat transfer
power (see, for example, Ref. 1).
E. - gl 8.2)

Equstion 8-2 is called the Stefan-Boltzmann law. £, is the energy radisted
per unit time and per uput ares by the ideal radiator and ¢ is the Stefan-
Boltzmann constant which has the value

o= 0.1714 X 10~ Btu, bhr-ft-*R*

when E, s in Btu per bour per square foot, snd T is 1o degrees Renkine
In the thermodynamic snalysis the energy density = related to the
energy which is radisted from s surface per unit time and per unit area
Thus, the heated intenor surface of an enclosure produces s certain
energy density of thermal radiation in the enclosure. We are interested
in radiant exchange with surfaces, bence the reason for the expression
of radistion from & surface in terms of its temperature. The subscript b
o Eq. (8-2) denotes that this is the radistion from s blackbody. We
call tL » blackbody radiation becauss msterials which obey this law
sppesr black to the eye: they sppear black because they do not reflect
any radistion. Thus, & blackbody 1 also considered as one which absorbs
all radistion wcident upon it. £, is called the emismve power of a
blackbody.

8-3 Radistion properties

When radiant epergy strikes a matenal surface, part of the radistion
is reflected, part is absorbed. and part is transmitted as shown in Fig. 8.2
We define the reflectivity » a8 the

0GB TITOR - fraction reflected, the absorptivity o

) e, a8 the fraction absorbed, and the

2 ~ transmissivity » a8 the (raction trans-

. ~ mutted. Thus
S =)

g}..w‘.»" A.+.."-l (8-3) I

Most snlid bodies do not transmut
ér es thermal radiation, so that for many {

applied problems the transmissivity !
Fig 82 Sketeh shownng (ypes may be taken as sero. Then
of radiation.
pra=]
Two tvpes of reflection phenomens may be obeerved when radiation
striker & surface. [f the angle of incidence is equal to the angle of reflee-
tion, the reflection  called spocular. Ou the other hand, when sn incident
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Radiation heat transfer 139
the transmussivity is assumed t0 be zero, (he reflectivity may be expressed

pm | —gm ]| -,

s0 that J w4+ (1 -G (8-26)

The net energy leaving the surface is the difference between the radiosity
and the uradiation

-;L-J—G-(E."‘(l-t)G-G

Solving for G 1o terms of J from Eq. (8-26),

¢ = (B =)

Lv=J

” t*n - 0)/ed

(8-27)

At this point we introduce & very useful interpretation tor Eq. (8-27). If
the denominator of the nght side is considered

4s the surface rsistance to radiation hesttrans- ¢ & . 7
fer. the numer itor as & potential difference, and e
the heat flow as the “current,”” then a network 4

element could be drawn as in Fig. 8-17 10 repre- Fig. 8-17 Element
im the network method of analvsis for radistion rematance’ in radia-

probu_m. {(1on-network method.
Now consider the exchange of radiant energy

by two surfaces 4, and 4, Of that total radiation which leaves surface
. the amount that reaches surface 2 is

JidFyy

And of thar total energy leaving surface 2, the amount that resches
surface | is
JidoFy

The net interchange betwees the two surfaces is
“Qra = J A Fy - JIAI"I;

But AFy = 4,F,
<0 that Qe = (J| - Jg).h’u - (Jl - J:ern
or Qs = __rl’ - ’l: (8-28)

We may thus construct a network element which represents Eq. (5-28)
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as shown in Fig. 8-18. The two network ‘elements shown in Figs. 8-17 and
8-18 represent the essentials of the radistico-network method. To con-
struet & network for & particular radiation hest-transfer problem we
need only connect & '‘surfsce resistance”’ (1 © +)/ed to each surface and
s "space remstance’ |/ A.F... between the radicsity potentials. For
example, two surfaces which exchange heat with esch other and nothing
else would be represented by the network shown in Fig. 8-19. In this case

Su,
&, 4 4 iy
Gy H A O AAAAA e AN W G AR A
'—Lo—MA'M.—o Py . e
"?. "" “f' l"l
Fig. 8«18 ZElement representing Fig. 8-19 Radiat-on network for

“space remastoncs’’ in radistion-nel-
work mehod.

two surfaces which see each other
and nothing else.

the net heat tranafer would be the overall potential difference divided
by the sum of the resistances.

Eﬁ - E‘ 1"7.1. - Tq‘)
A S S N R S = (-29)
Y Y Ay aud, Ak wdy

A three-body prioblem is shown in Fig. 8-20. In this case esch of the
bodies exchangee hest with the other two. The hest exchange between
body | and body 2 would be

- Jl e J!
Qe 1,.“;’::

and that between body | and body 3

Jl - J]
1, .h,u

To determine the hest flows is & problem of this type, the values of the
radiosities must be caleulated. This may be sccomplished by performing
standard methods of analysis used in d-¢ circuit theory. The most con- -
vemien: method is an application of Kirchhoff's current law to the cireuit,
which states that the sum of the currents entering & node is sero. Example
8.3 Ulustrates the use of the method for the three-body problem.

A problem which may be easily solved with the ne rork method is
that of two surfaces exchangng heat with one a22%ler, but connected by
s third surface which does not exchange hest, i.e., one which is perfectly
nsulsted. This third surface nevertbeless influences the hest-transfer

Qia ™=
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202 Heat tranafer

network is relatively easy to obtain because only two unknown potentials
Jand Jy need be determuned to establish the vsnous heat-flow quantities
In this case the two transmitting lavery, will either absorb or lose a certain
quantity of egergy, depending on the temperature at which they are
maintaned.

When no net energy is delivered to the transmitting laver: i the
nodes Ew. 80d E. must be left “'Sosting’’ in the snalvsis: and or 1
particular system four nodal equations would be required for & suiution o
the problem.

!.. A ‘;l” 'ﬂ“"'“ 4" [..
e 2 AA g ‘ '''''''' S [ "'A'A"v ol
-8 -‘ -g
w m::—— i
\a7a /

"‘-'-2 \\// ;/;7
:.. fre
1
A fma tm e

Fig. 833 Total radiation network fov system of Fig. 8-29.

8-11 The radiation beat-tranafer coatficient

In the development of convection beat transfer in the previous chapters
we found 1t convenient to define & heat-transfer coefficient by

Jomey = M'A(T- - ro)

Since radiation hest-transfer problems are often very closely sssociated
with convection problems and the total hest transier by both convecton
and radiation is often the objective of an snalyms, it is worthwhile to put
both processss on & common basis by defining a radistion hest-transier
coefficient A, a8

Gt = AA(T, = Ty

where T, and T, are the temperatures of the two bodies exchanging heat
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by radiation. The total heat transfer is then the sum of the convection
tlals and radiation.

ties. ! q=- (he + h)A(T, - Ta) (8-43)

tain

are f we assume that the second radiation-exchange surface is an enclosure
and is at the same temperature as the Auid. For example, the heat loss by

the free convection and radistion from a hot steam pipe passing through s

this room could be calculated from Eq. (8-43).

n of In many instances the convection hest-transfer coefficient is not

strongly dependent on temperature. However, this s not so with the
radiation hest-transfer coefficient. The value of A, corresponding to Eq.
(8-32), could be calculated from

_fL . c(T.‘ - T:‘)
b 4, L+ (Advdd(lieg = 1)
- o(T: + T, + Ty
Lo+ (Aydy(l/eg = 1)

= A(T, = Ty

(8-40)

Obviously, the radiation coefficient is & very surong function of tempersture.

PROBLEMS

“81. Find the radiation shape factors 7, , for the situstions shown 1o the
accompanying figures.

rpre

ted
Ton

put
sier

vat
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Table A-3
Properties of nonmetalst
Substanee Temperature, °F k, Btu, breft.*F
Structura) and besi-reswiant materinis:
Asphalt . | 66-132 0 430 44
Brick:
Bulding brick, common (') 0w
Building brick, face 07e
Carborundum beiek 1110 07
Carboruadum briek 2550 6 4
Chrome brick . iz 1 34
Chrome brick 1022 1 8
Chrome brick . 1652 118
Dswmaceous earth, moided and fired . +00 014
1 800 018
Fireclay brick (burst 2428°F 932 0 60
1472 082
212 08
Fireelay brick (burpt 2642°7) 932 074
1472 o
212 os
Fireclay brick ( Missouri) w2 05
| 1112 | 088
b 102
Magneute 00 2.2
1200 16
2200 1.1
Cement, portland . 0.17
Cement. morwar S 067
Concrete, cinder bt | 0«
Coverete, stone |-3-4 mux o9 079
Clags, window 68 0 48 (av.)
Class. boroslieste 86167 06
Plaster, gypoum 70 Vs
Plaster, metal lath 70 o2
Plamer, wood leth . 70 016
Stove: |
Graane [ 10-23
Luneoss 210-870 | 0.73-0 77
Martie. .. i | 1 /T 7
Sandetons | 104 ' 108
Wood (serom the grain ) | '
Balss. 8.8 Ib/eweit | | 0033
Cy press e | 0088
Fer | 78 | 0083
Mapie or oak L . | 0 Ove
Velew pune | ®» | 0 088
White pioe | He 0 088
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Table £.10

Normal to sl emussivity of VRNOWs surfacest
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Turines

4 Mewis and thew oniGes

Alumwsum

nwmm.-a'.m

Tommerti svewt
Hesvuy onidised
Ahaurineed rooang
Bram:
Hughiv poished
Bi%NCu28'% 2

BI4% Cu M08 2. 04 in N

2 0w
et i) 0 200 1)
v v e

307 Cu, 17 0% 2o FT v oW
Hard-roled. poimbed. DUt dwrwet e of Poismbing Cwibe i) 0 ms
Dull piate - M-e00 -

Chromwm | wew naeksl aloys fer NoCr stonts )
Polmhen 180-2000 | 0 080 34
Copper
Polwhed 243 0o
Polahed 12 ! 042
Plaie. nentod lOng Lune. coversd with thuek onide layer mw vTs

Gold:

Midd mewt
Midised sirfaces

lron piste. prekied thew rumed red

lron. derk-grev suriaee
Rough ingoe irom

Sheet siewl wuh Frong. rough onsde lever

Lend:
Usexsdinnd. vy % pure
Gray onsdised

- ML o8, turmed and hesied

H0-1100 | 0 0180 038

o "o
2 U 1]
TO0-2M0 ' 0 8Tt w3

b | U
V440 0 0870 078
s om
e LN

H0-150 | 0 80w

[ 3404700 | 0 OR-0 309
a3 om

300-1110 | 0 010




ATTACHMENT C

DRAFT
Calculation E-218, Revision 1

“Ampacity Verification of Cables within Raceways
Wrapped with Appendix R Fire Protection Barrier”



