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REVISION SUMMARY and REVIEW METHOD (continued)
B.METHOD OF REVIEW
QA CALCULATION REVIEW CHECKLIST
TYPE OF CALCULATION
0 Hand-Prepared Design Calculation Only
O Computer-Aided Design Calculation Only
o Both hand-Prepared and Computer Aided Design Calculation
FOR HAND~-PREPARED DESIGN CALC FOR COMPUTER~AIDED DESIGN CALC
{check the appropriate items) (check the appropriate items)
p Detailed review of the original il A review to determine if the engineering
calculation. ‘ design and analysis computer program(s)
used have been validated and documented
0 Review by an alternate, and that the calculation, regardless of
simplified or approximate method the program used,contains all the
of calculation. neceegsary documentation for
reconstruction at a later date.
0 Review of a representative (MUST BE PERFORMED)
eample of repetitive
calculations. P A review to verify that the computer
program is suitable to the problem being
0 Review of the calculation analyzed. (MUST BE PERFORMED)
against a eimilar calculation
previously performed. g’ A review to determine if the input data
as specified for program execution is
consistent with the design input,
correctly defines the problem for the
computer program algorithm and is
sufficiently accurate to produce results
within any numerical limitation of the
program. (MUST BE PERFORMED)

i/ A review to verify that the results
obtained from the program 2re correct and
within stated assumptions and limitations
of the program and are consistent with
the input. (MUST BE PERFORMED)

0 validation documentation for temporary
changes to listed programs or
developmental programs or uniqgue single
application programe sghall be reviewed to
assure that methods used adequately
validate the program for the intended

[ 4 application. (WHERE APPLICABLE)
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factor.

B. Scope

The scope of this calculation covers power cable trays
with the above described firewrap configurations. The
derating factor will be based on a 40°C ambient, a 0.91
inch depth of fill, a 90°C conductor temperature, and a
tray size of 4 inches high by 30 inches wide. An ambient
greater than 40°C will require an additional derating

i1l. PURPOSE/SCOPE

A. Purpose

The purpose of this calculation is to determine the amount
of ampacity derating required for the following two
firewrap configurations:

Configuration 1

1.23" of Darmatt firewrap material over 0.5" of
Thermo Lag 330-1 material. Both materials cover

the top, bottom, and sides of the tray.
Configuration 2

1.23" of Darmatt firewrap material over 0.5" of
Thermo Lag 330-1 material. Both materials cover
the bottom and sides of the tray but only the

Darmatt covers the top of the tray.
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iV.  INPUT DATA

1.

9.

10.

11.

12.

13.

14,

The ambient temperature is 40°C. (See III. B, Scope)

The cable trays are 30 inches wide. (See III. B,
Scope)

The cable trays are 4 inches high. (See III. B, Scope)
The depth of fill is 0.91 inches. (See III. B, Scope)

The allowable heat intensity for a 0.91 inch depth of
fill is 7.7 watts/ft-square inch. (Ref 1)

A tightly covered cable tray requires a 15 % ampacity
derating. (Ref 2)

The emissivity of a galvanized steel surface is
«23. (Ref 5)

The emissivity of the Darmatt surface is 0.6 (Ref 6).

The rated conductor temperature is 90°C.
(See III. B, Scope)

The thermal conductivity of the Darmatt material is
0.0653 BTU/hr~-ft-F @€60°C. (Ref 6)

The Darmatt firewrap material is 1.23 inch thick.
(per Ref 6, the Darmatt is 27mm,-0%,+15%, thick:
1.23" = 1.15 * 2.7cm / (2.54cm per inch))

The thermal conductivity of the Thermo Lag 330-1
material is .1 Btu/hr-ft-degree R (Ref €)

The Stephan-Boltzman constant is equal to
.1713%107-8 Btu/hr-ft. 2-degree Rankine“4. (Ref 5)

The Thermo Lag 330-1 material is 0.5" thick (Ref 6).




Calc. Porxr Ampacity Derating for Calc. No 4266/19G52

Therme Lag 330-1 Material and Darmatt firewrag Rev. 0 D'“B“/-?f

Safety-Related Non-Safety-Related of 25

Client Commonwealth Edison Prepared by

Project LaSalle Units 1 and 2 Reviewed by

Projy. No. 9376-20C Equip. No. Approved by

Y. ASSUMPTIONS

The effective surface area available for convection and radiation
will not be increased after the fire wrap is added. This
assumption accounts for the non-uniform heat flow at the corners.
This assumption is conservative since the allowable heat flow
will be reduced with the lower surface area, and therefore this
assumption does not need to be verified.
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Vi.  ACCEPTANCE CRITERIA
N/A
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VII. METHODOLOGY

The allowable heat generation for a tightly covered cable tray is
first calculated from the allowable heat intensity versus depth
of fill curve for an uncovered cable tray and the reguired 15 %
ampacity derating for a tightly covered cable tray.

This allowable heat generation for a tightly covered cable tray
is then used to calculate the surface temperature of the cable
tray. The difference between the rated conductor temperature and
this surface temperature is then divided by the allowable heat
generation for a tightly covered cable tray in order to obtain an
equivalent thermal resistance from the conductor metal to the
surface of the cable tray. The surface temperature of the
tightly covered cable tray, TGS, is found by manually adjusting
this value in the MATHCAD program below until QTGS, the
calculated value of the total heat transferred from closed cable
tray surface, nearly matches QCB, the allowable heat generation
in a tightly covered cable tray.

Next, a composite thermal resistance of the Darmatt fire wrap and
the Thermo Lag 330~1 material itself is calculated and added to
the equivalent resistance from the conductor metal to the surface
of the cable tray which was calculated previously.

The same formulas for the convection and radiation from the tray
surface to the ambient, as modified for the higher emissivity of
the Darmatt material as compared to galvanized steel, are then
used to calculate the convection and radiation from the wrapped
cable tray to the ambient.

The surface temperature of the wrapped cable tray, TWT, is
manually adjusted using the MATHCAD program until the calculated
maximum temperature of the conductor, TCCR, is nearly equal to
the rated conductor temperature, TCR. The variable TCCR is
calculated from the formula TCCR=TWT+QTWT#RTOT, where QTWT is the
total heat transfer from the wrapped cable tray, and RTOT is the
total thermal resistance fr« the conductor metal to the surface
of the fire wrap.

Since the heat generated in the cable tray is proportional to the
square of the current, the ratio of the ampacity with the cable
wrap to the ampacity for the tightly covered tray is equal to the
square root of the ratio of the al: wvable heats for each cable
installation method.
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METHODOLOGY (continued)
The above method is repeated but with a composite wrap resistance
reflecting only the Darmatt material on the tray top.
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cable area.

QUCW = Aeq Hi

QUCW = i65.099

Que - QUCW

2929

QUCB = 563.669

1X.  CALCULATIONS and RESULTS

A. Heat generated by the cables

Equivalent cable area

The allowable heat in
tray

The allowable heat in
tray with a 0.91 inch

The allowable heat in
tray

The allowable heat in
tray with a 0.91 inch

The cross sectional area of the cable tray is equal to the depth of
fill times the tray width. The crose sectional area of the cable

tray must be multipied by 7/4 in order tc obtain the equivalent

dof =0.9] The depth of fill ie 0.91 inches.

w =30 The width of the tray is 30 inches.

Aeq rif)dufw Equivalent cable area

Aeq = 2] 44) The equivalent cable area in square inches for a
0.91 inch depth of “ill and a 30 inch wide cable
tray.

Heat generation allowable for an uncovered cable tray

The allowable heat generation for an uncovered cable tray is found by
multiplying the equivalent cable area by the allowable heat intensity
as taken from calculation 4266-EAD-13. (Ref 1)

Hl =77 The allowable heat intensity in watts/ ft-square inch for a
0.91 inch depth of fill.

watts/ft for an uncovered cable

watts/ft for an uncovered cable
depth of fill.

Btu/hr-ft for an uncovered cable

Btu/hr-ft for an uncovered cable
depth of fill.
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CALCULATIONS and RESULTS (continued)

From "Teste at the Braidwood Station on the Effects of Fire Stops
on the Ampacity Rating of Power Cables" (Ref 2), there is a 15%
derating in the conductor ampacity for a tightly covered tray. The
allowable heat from the cable tray will be decreased by the square
of the ampacity derating.

QCB =(1- 15)? QUCB The allowable heat in Btu/hr-ft for a tightly
covered cable tray

QCB =407 251 The allowable heat in Btu/hr-ft for a tightly covered
cable tray with a 0.91 inch depth of fill

B. Temperature of the outside of a cable tray with tight covers
Radiation Formula
Radiation heat transfer is given by the following formula (Ref 3):
QR=0eA (T1"4-T274)
Where QR is the heat dissipated by radiation

o=,1713*10"~8 is the Stephan-Boltzman constant (Ref 5)

¢ ie the surface emissivity

A ies the surface area

Tl is the surface temperature
T2 is the ambient temperature

Area of radiating surface per linear foot of tray

AT :({%}(4» 30) Area in sgquare ft/ft
\44/

AT = 5667
Total racdiating area for a 2.5 ft wide, 4 inch high
tray

o =171310" Stephan-Boltzman constant in Btu/hr-ft2-R4
eGS = 23 Emissivity of a galvanized steel surface

TAC =40 The ambient temperature in degrees centigrade
o G
TAR ?(TAC*»273)g The ambient temperature in degreee Rankine

TAR =563 4 degrees Rankine
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CALCULATIONS and RESULTS (continued)

TGS =643915 1Iterated value of the temperature of the galvanized steel
surface of the cable tray in degreea Rankine

QRGS =008 AT (TGS*- TAR') Radiation heat transfer from the galvan-
ized steel surface of the cable tray in

Btu/hr-ft

QRGS = 158 872

Convection Formula

Convective heat transfer is given by the following formula (Ref 3):

QC=hA (T1-T2)

Where QC is the heat dissipated by

convection

h is the convection heat transfer coefficient
A is the particular area under consideration
Tl is the surface temperature
T2 is the ambient temperature

From table 7-4 of Heat Transfer by Holman (Ref 3) the convective
heat transfer coefficient for vertical planes or cylindere is
h=,29(8T/L)".25. This equation will apply to the tray sides with L
equal to 4/12 feet.

heGS 729[TGS- TARZ‘25 Convective heat transfer coefficient for the
- [ sides of the unwrapped cable tray in

'ﬁ\' | Btu/hr-ft2-degree F

112/ |

J

hsGS = 1143 Btu/hr-ft2-degree F
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CALCULATIONS and RESULTS (continued)

\

AS =2 (112) Area of cable tray sides in square ft/ft

AS =0.667

QCSGS -hsGS-AS (TGS - TAR) cConvective heat transfer from the sides of
the cable tray in Btu/hr-ft

QCSGS =61.367 Btu/hr-ft

From table 7-4 the convective heat transfer coefficient for a heated
plate facing upward is h=.27(8T/L)".25. This equation will apply to
the top of the cable tray with L equal to 2.5 feet.

/TGS - TAR\®  convective heat transfer coefficient for the

nas ;27(‘"—25 } top of the cable tray in Btu/hr-ft2-degree F
hGS =0.643
30
ATS :1—2- Area of top of cable tray in square ft/ft
ATS =25

QCTGS =hGS ATS (TGS - TAR) Convective heat transfer from the top of
the cable tray in Btu/hr-ft

QCTGS =129 469
From table 7-4 the convective heat transfer coefficient for a heated

plat facing downward is h=,12(8/L)".25. Thie equation will apply to
the bottom of the cable tray with L equal to 2.5 feet.

EbGS = 12 [TGS - Tg\‘zs Convective heat transfer coefficient for
| 25 J the bottom of the ca' e tray in
' Btu/hr-ft2-degree F

hbGS = 0.286
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CALCULATIONS and RESULTS (continued)

30
AB Area of the bottom of the cable tray in sgquare ft/ft

12
AB =25

QCBGS =hbGS AB (TGS - TAR) Convective heat transfer from the bottom of
the cable tray in Btu/hr-ft

QCBGS = 57 542

QTGS =QRGS + QCSGS + QCTGS + QCBGS  Total heat transfer from the
unwrapped cable tray in Btu/hr-ft

QTGS =407 25

Since the value of QTGS matches the value for QCB, the iterated
value of 643.915 degrees Rankine for the surface temperature of the

cable tray is correct.

Thermal resistance of the cable mass and cable tray assembly up to the
surface of the cable tray.

This resistance is equal toc the temperature drop from the conductor
to the cable tray surface divided by the allowable heat.

Rated conductor temperature in degrees centigrade

Rated conductor temperature in degreee Rankine

Thermal resistance of the cable mass in degrees
Rankine-hr-£ft /Btu
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CALCULATIONS and RESULTS (continued)

D. Thermal resistance of the Thermo Lag 330-1 material and the Darmatt
firewrap with the Darmatt material covering the bottom, top, and
sides of the tray

The following formula will be used to calculate the thermal
repistance of the composite of the Darmatt fire wrap and the Thermo
Lag material:

R=(1/k)/((e1/bl1+.54)+(e2/b2+.54)+(el/b3+.54)+(e2/bd+.54)) (Ref 4)

where k is the thermal conductivity of the Thermo Lag and el, e2,
bl, b2, b3, and b4 are constante defining the tray/wrap
configuration (see attachment C)

To componsate for the lower conductivity of the the Darmatt
material as compared to the Thermo Lag material, the
thickness of the Darmatt material is inecreased by a factor
equal to ratio of the two conductivities:

k3301 =0.1 conductivity of Thermo Lag 330-1 (see IV.12)

kDar =0.0653 conductivity of Darmatt (see IV.10)

_ k3301
kDar

t t=]531

el =4 €2=30 bl =054+ 1231 b2 =05+ 123t b3 =05+123t b4 =05+ 1.231

bl =2.384 b2 = 2.384 b3 = 2384 bd = 2,384
1
" _ k3301
m‘ ] ‘\l \ 1 A “q —_‘\
o . s4)s (22, se) (2L, 54|+ (£ 4 54
Y B T Ry A S i A Rl

chnu»'0326 Resistance of the fire wrap in degree Rankine-ft-hr/Btu

E. Total resistance of the cable mase and cable wrap

RTOT =RCM + R gno

RTOT =0.349
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CALCULATIONS and RESULTS (continued)
F. Total Heat Transfered from the Wrapped Cable Tray
tA =6 Emiesivity of the Darmatt firewrap
TWT 590043 1terated value of the surface temperature of the wrapped
cable tray
The increase in surface area available for convection and radiation
caused by wrapping the tray will be ignored on the basis that the
heat flow through the firewrap i® non-uniform.
QRWT =aeA AT (lWl'~ TAR‘) Radiation heat transfer from the surface
of the wrapped tray in Btu/hr-ft
QRWT =119.127
25
hsWT = 29| TWT - TAR]
()
| \12
hsWT =0 867
QCSWT =hsWT AS.(TWT - TAR) Convective heat transfer from the sides of
the wrapped cable tray in Btu/hr-ft
QCSWT = 15 402
/ = \25
hMWT = 27 [TY[__IABJ
\ 25 /
htWT =0 488
QCTWT =mWT ATS (TWT - TAR) Convective heat transfer from the top of
the wrapped cable tray in Btu/hr-f£t
QCTWT =32 494
"11""1‘- ‘I‘AR\‘2’
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CALCULATIONS and RESULTS (continued)
QCBWT =hbWT AB(TWT - TAR) Convective heat transfer from the bottom of

the wrapped cable tray in Btu/hr-ft

QCBWT = 14442

QTWT =QRWT + QCSWT 4+ QCTWT + QCBWT

QTWT = 181 464

TCCR =TWT + QTWT-RTOT Calculated maximum temperature of the

conductor

TCCR =653 401

Total heat transfer from the
wrapped cable tray in Btu/hr-ft

Since TCCR is nearly equal to the rated conductor temperature TCR, it
can be concluded that the allowable heat with a firewrap is about 181

Btu/hr~ft.

G. Ampacity Derating Factor

The ampacity derating factor ie equal to the square root of the ratio

of the allowable heats.

[
DFDar - |QTWT Ampacity derating factor for 0.5 inches of Thermo-Lag

DFDar = 0.567

[50Cé 330-1 mater.ial and a one hour firewrap ueing 1.23
inches of Darmatt material .
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CALCULATIONS and RESULTS (continued)

H. Thermal reeistance of the Thermo Lag 330-1 material and the Darmatt
firewrap with the Thermo Lag material and Darmatt material covering
the bottom, and gides of the tray but cnly the Darmatt material
covering the top of the tray

The following formula will be used to calculate the thermal
resistance of the compcoeite of the Darmatt fire wrap and the Thermo
Lag material:

R=(1/k)/((e1/bl+.54)+(e2/b2+.54)+(e1/b3+.54)+(e2/bd+.54)) (Ref 4)

where k is the thermal conductivity of the Thermo Lag and el, e2,
bl, b2, b3, and b4 are constants defining the tray/wrap
configuration (see attachment C)

To componsate for the lower conductivity of the the Darmatt
material as compared to the Thermo Lag material, the
thickness of the Darmatt material is inecrease by a factor
equal to ratio of the two conductivities:

k3301 =0.1 conductivity of Thermo Lag 330-1 (Ref 6)
kDar =00653  conductivity of Darmatt (Ref 6)

13301

gz t=1531
kDar

el =4 €2 =30 bl =054+ 1231 b2 =05+ 123t b3 =05+123t b4 =1.231

bl = 2384 b2 =2 384 b3 =2.384 bd = | 884
1
. ) k3301
% . 5il4 {‘—2+ 54+ %ot [y )
\bt 7/ b2 b3 ) b4 )

R‘mn‘,'0294 Resistance of the fire wrap in degree Rankine-ft-hr/Btu

I. Total resistance of the cable mass and cable wrap

S
RTOT =RCM + R gomp

RTOT =0.317
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CALCULATIONS and RESULTS (continued)

J. Total Heat Tranefered from the Wrapped Cable Tray

tA =6 Emigesivity of the Darmatt firewrap

TWT =591 868 Iterated value of the surface temperature of the wrapped
cable tray

The increase in surface area available for convection and radiation
caused by wrapping the tray will be ignored on the basis that the
heat flow through the firewrap ie non-uniform.

QRWT =eeA AT (TWT‘- TAR‘) Radiation heat transfer from the surface
of the wrapped tray in Btu/hr-ft
QRWT = 127901
o [TWT- TAR\®
hsWT =29 —«-~——g—-——,
L l
hsWT =0.797
QCSWT =hsWT AS.(TWT - TAR) Convective heat transfer from the sides of
the wrapped cable tray in Btu/hr-ft
QCSWT = 15119
[TWT - TAR\#
MWT =27 | ————— |
.\ 25 /
hWT =0 496
QCTWT =hWT ATS (TWT - TAR) Convective heat transfer from the top of

the wrapped cable tray in Btu/hr-ft

QCTWT = 35299
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CALCULATIONS and RESULTS (continued)
28
bW, :.!z-(_'____w 'T“R) BOWT =022
\ 2.5
QCBWT =hbWT-AB(TWT - TAR) Convective heat transfer from the bottom of
the wrapped cable tray in Btu/hr-ft
QCBWT = 5689

QTWT = QRWT + QCSWT + QCTWT + QCBWT Total heat transfer from the
wrapped cable tray in Btu/hr-ft

QTWT = 194 008

TCCR =TWT + QTWT-RTOT Calculated maximum temperature of the
conductor

TCCR =653.399

Since TCCR is nearly equal to the rated conductor temperature TCR, it
can be concluded that the allowable heat with a firewrap is about 194
Btu/hr-ft.

K. Ampacity Derating Factor

The ampacity derating factor is equal to the square root of the ratio
cf the allowable heats.

_IQTWT Ampacity derating factor for 0.5 inchee of Thermo-Lag

V{QUCé 330-1 material and a one hour firewrap using 1.23
inches of Darmatt material (only the Darmatt material
covere the top of the tray).

DFD.

DFDar = 0.587
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X. COMPARISON of RESULTS with ACCEPTANCE CRITVRIA
N/A
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Al CONCLUSIONS

The ampacity of a cable installed in a tray with either firewrap
configuration 1 or 2, as defined in the purpose, is obtained by
multiplying the uncovered cable tray ampacity by 0.567 or 0.587,

respectively.
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INTRODUCTION

A fire stop 1s & physical barmer constructed at a
conduit or cable tray penetration through a wall or
floor for the purpose of preventing the spread of a fire
along the cable tray or conduit system from one area to
another. The fire-stop matenal must completely sur-
round and enciose the cable and tray in order to form a
fire-resistant barner. The fire-stop matenal surrounding
the cables 1s required to have reasonably good insulating
guahties and may therefore be expected 10 have a rela-
tively ligh thermal resistance. Conseguently, the maxi-
mum temperature of the conductor inside the fire stop
1s expected to be higher than the maxunum temperature
f the conductor outside the fire stop. The current-car-
rying capacity of cables passing through fire stops may,
therefore, have to be reduced to prevent the maximum
conductor temperature within the fire stop from ex-
ceeding the rated insulation temperature

To mvesugate the impact of fire stops on the ampa-
city rating of cables, Sargent & Lundy and Common-
wealth Edison Company conducted a senes of fire-stop
cable ampacity tests over 2 ume penod extending from
December 1979 through September 1980. The resuits of
these tests were used to design and venfy a computer
program developed to evaiuate cable ampacity deratings
for vanous fire-stop designs. This paper describes the
est setup and procedures followed for the different
tvpes of tests conducted and presents the test results
and the conclusions that can be drawn from these re

SUiLs

TEST SETUP
The tests were conducted at the Braidwood Nuclear
Station at a location where cabie tray penetrations are

TESTS AT BRAIDWOOD STATION ON THE EFFECTS OF
FIRE STOPS ON THE AMPACITY RATING OF POWER CABLES
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to be installed through 2 three-foot concrete wall. There
are eight openings in the wall for cable tray penetrations
that are arranged in four hornizontal layers with two
openings per layer. Ten cable trays were used in the
test; four of these were installed in the top two openings
(two per opening) and the remaining six were installed
in the bottom three layers. These cable trays were
loaded with the power cables to be tested. Two addi-
tional ‘rays were installed and left empty since in the
actual mstallation these trays will be loaded with con-
trol cables. Each cable tray was 18-inches wide, 4-inches
deep and 20-feet long. The trays were installed through
the penetrations and extended B'4-feet on each side of
the three-foot thick wall
The cables used in the test were both three conductor
and tnplexed cables selected to have a range of con-
ductor size and voltage ratngs to allow investigaung the
impact of these two parameters on the thermal behavior
of the cable in the fire stop and, therefore, on the cable
derating. Each cable was run in a cable tray through the
wall penetration and looped back in the corresponding
cable tray located in the other wall penetration at the
same level. This looping process was repeated &8 number
of umes until a depth of fill of approximately two
inches was achieved. In the cable crossover areas, the
cables were supported on plywood to reduce the heat
dissipation from the cables at these locations an
thereby mimimize the end effect on the temperature «
the cables within the trays
Figure 1 i1s an elevation view of the test installation
showing the location of the cable trays and the size,
tyrs and number of cables used in each tray
The temperatures of the cable conductors and jackets
and the cable trays, wall surface and room ambient
were monitored using No. 20 copper-constantan ther-
mocouples that were recorded penodically dunng the
test by a data logger. The thermocouples measuring the
conductor temperature were placed in contact with the
conductors by punctuning the insulation at an angie of
30 degrees and mnserung the thermosouple head so that
it made contact with the conducior. The thermocouple
leads were taped to secure the thermocouple in place. A
total of over 400 thermocoupies was used
Thermocouples were located at cross sections along
the cable of each layer similar to those shown in Figure
2. Cross sections of thermocouples were located both
insiae and outside the wall. At each cross section ther-
mocouples sensed both conductor and cable tray tem
peratures. Figure 3 shows the locations of thermocou-
ples used in a typical cable tray

Additional
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Figure | —Elevation view of test setup.
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thermocouples were placed at different locations of the
wall surface and inside the fire stop on the wall surface
10 sense the temperature of the concrete. The ambient
temperature was sensed by thermocouples located 6 and
30 feet away from the test setup.

The test cables were energized from a manually reg-
ulated three-phase power supply. The test currents used
were estimated to give a 50°C nise for cables in a cable
tray n air using the Stolpe method.! These test currents
were kept constant for all the tests conducted. In each
test the cables were kept energized unul all tempera-
tures stabilized. Temperatures were recorded at hourly
mntervals and just pnor 1o deenergization. Imually, the
tests were run until the temperature change dunng a
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Figure 2—Top view showing thermocouple general locstivms.

period of one hour was less than 1°C. The time required
to achieve this condition varied with type of fire stop
used but was usually slightly in excess of 12 hours.
Later tests, however indicated that the wall temperature
(and, therefore, the conductor temperature) continued
10 increase when the test duration was extended. Later
tests were, therefore, conducted for durations exceeding
100 hours.

Figure 4 shows the test setup with the stepdown
transformers in the foreground and the cable tray in-
stallation in the background.

TESTS CONDUCTED

The foliowing is » description of the vanous tests

conducted.

Gypsum Fire Stop—One Side Oniy

The first type of fire stop tested was the gypsum (Fire
Code CT Gypsum) fire stop. The fire stop was installed
on one side of the wall for cable trays A through E by
pouning a slurry of gypsum over the cables at one side
of the wall penetration. After the gypsum had set, a 6-
inch section of thermalfiber (Thermalfiber CT Felt) was
used to fill the opening to allow for hand application of
gypsum to completely fill the wall opening. Figure 5
shows this installanon. The total thickness of the fire
stop in the open wall area was 9% inches. The gypsum
covered the cables over a 24-inch length in each direc-
tion.

The test was run, after allowing an initial drying pe-
riod of one week, by energizing all the cables in the four
layers of trays &t one time and also by energizing all the
cables in one layer of trays at a ume. The test was tes-
minated when the rate of nise of the cable temperature
in the wall was 1.0°C per hour.

Gypsum Fire Stop—Both Sides of the Wall

This test was conducted after a second gypsum fire
stop simiiar to the first was instalied on the other side
of the penetration. As i the previous test, all the cables
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Apphed Thickness,

ducted with the cable 1n all trays energized simuita
neously and also with only the caole in the top layer of
trays energized

In subsequent tests, the 145-Ib silicone fire stops were
left intact and their temperatures were monitored. These
tests were continued for over 500 hours

Cable Coatings

The impact of vanous types of cable coating on cable
ampacities was &lso investigated. Tests were conducted
n four different types of coating matenais that are
usualiv applied on cables 1n the tray for fire protection
pDuUrposes I'he four different coaungs used are shown 1ir
Table I Each type of cable coaung was applied on the
test cables 1n the tray section outside the wail. The
temperatures of the cables betore and after the applica
tnon of the coating for the same test currents were re

corded

Tray Covers

The effect
was investigated by comparing conductor temperature

COovenng cable trays on cable ampacity

rise with the covers instailed over the travs (0 the values
obtained without the covers. Various types of covers
were tested such as raised covers that aliowed air flow
and tght covers consisting of galvamzed steel sheets
mpietely covenng the cable trav and scaled at bot!

ends 10 prevent air flow

’
0aC Lhversity

lests were conducted to determine the benefits at
rnouted t giversity I Caple loadmng Iir i Cabiec tra
T his test involved just the topmost cable tray laver watt
the 3/C. N 6 600-V and the tnpiexed, N >
K\ ables. Iin this te first the N 6 60C-V cable wa
deenergized and the conguct temperature I the er
ergized N | B-kV cable were obtained. Afterward
the 3 No. 6 600-V cable was energized. the N

B-kV cable was deenergized. and the conductor temper

DLAINeS( he same thermo uple witt " able
nergized sir laneous
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wall than in the section ofcable tray far from the wall
The temperature difference ranged from 2°C o 12°C
depending on conductor size and voitage rating. The
difference was highest for the No. 1/0 8-kV cable and
lowest for the 500 kCM and No. 1/0 600-V cables
When all the cable trays were energized simultancously
conductor temperatures increased about 5°C both inside
and outside the wall resulting 1in no change in the in-
crease n conductor temperature inside the wall com-
pared with that outside the wall

As descrnibed earher, at the conclusion of this test, a
second identical fire stop was installed on the other side
of the wall. The temperature rise due 1o the double
sided fire stop ranged from 7°C for the 500-kCM, 600
V cable 10 16°C for the No. 1/0, 8-kV cable with oniy
one tray layer energized at a ume. When all of the tray
layers were energized at once, the temperature increase
inside the wall was higher, ranging from 10°C to 22°C
This demonstrated the beginning of the impact of mu-
tua! heaung from the other trays in the wall. As will be
aiscussed later, the charactensucs of the gypsum
changed as the tests progressed. The above results are
charactenstc of “fresh” gypsum. As additional testing
was conducted, the gypsum “dned out” and the range
f temperature nise from this fire stop reached 18°C to
| | D(

The modified gypsum fire stop described earhier was
tested next. When all of the cables were energized, the
temperature nse due to the fire stop ranged from 9°C
tor the No. 1/0 600-V cable to 28°C for the No. 170 8
kV cable It should be noted that the 9°C nse was re
corded for a tray at the bottom of the stack of trays
exposing i1t to mmmmum mutual heating. Removing the
thermal fiber from these single-sided fire stops resulted
In oniy a shight reduction n the fire-stop cable temper
atures

silicone Fire Stops
The thermal conductivity of the 20-1b silicone foam
first tested 1s 0.54 Btu/in-°F-h-ft’. With all of the cables

cnergizea, fire S10p caused a iemperature nse of

¢

"C for the N | 600-V cable 1o 31°C for the N
8-kV cable This 1s comparable 10 the modifiec
gypsum fire stor
The thermal conductivity of the 80-1b silicone elast
mer tested 2.5 Buu “F-h-ft'. In the cases where the

clasiomer was instalied t a aepth of © inche the tem

c

23°C Where the

perature rise

clasiomer was instaiied 1 a daeptt { feet

the inma




Tests on the Effects of Fire Stops on the Ampacity Rating of Power Cabies

temperature rise was 27°C. This increased to 33°C as
the wall temperature stabihized.

The 145-Ib silicone elastomer matenal had a thermal
conductivity of 3.75 Btu/in-°F-h-ft'. As the high ther-
mal conductivity suggests, the fire stop temperature rise
was the lowest of the malenals tested even though the
three-foot wall was filled with this elastomer. The tem-
perature rise with all the trays energized ranged from
6°C to 12°C. After an addiuonal 500 hours of testing,
the maximum temperature nse stabilized at 19°C.

Other Test Results

The results of the cable coaung tests indicate that the
increase in conductor temperature with RAPCO coaung
applied ranged from 40°C to 80°C. This is. 1n our view,
100 excessive tc make RAPCO a pracucal coaung
method for power cables. RAPCO. however, can be
used for control and instrumentauon cables The
“fresh’” gypsum coaung resulted in an average conduc-
tor temperature increase of about 7°C. Further “dry-
ing” of the gypsum coating resulted in more than dou-
bling the t(emperature increase The conductor
temperature increase attributed to the Carbohine and
Flamasuc coatings was moderate and can be ignored
The relatively high thermai conductivity and the mod-
erate thickness of the apphed coating explain the mini-
mal impact of the Carboline and Flamastic coaungs on
cable ampacity. It was even observed that the applica-
ton of either of these two types of coaung actually re-
sulted in a reducuion, rather than an increase, in the
temperature of some of the test conductors

Tests on raised trav covers resulted in a conductor
temperature increase of 5°C. while tight covers resuited
in conductor temperature increases ranging from 15°C
o 22°C

The resuits for the ioad diversity test indicated 5°C 1o
£°C reducuion 1n conductor maximum lemperatures
when the amount of heat generated in the trav 1s re-
duced tn half. This 1s the mimimum benefit that can be
derived from 50 percent diversitv. The maximum bene-
fit that can be denived from 50 percent diversity with
uritorm distnbution of uniocaded cables was calculated
to be 25°C  Actual installanons will have a benefit
ranging between these (wo values

Aging of Fire-stop Material

OUne unexpected but explainable result of the tests was
the continuing ncrease in the temperature nse of the
gypsum fire stops

Gypsum 1s a cement-hke matenal 10 which water 15
added 10 make a mixture with a consistency appropnaite

the method of applicanon (sprayv. trowel. ewc.). A
drving penod of three 1o tour davs 15 necessary for the
matenial 10 reach 115 normal mechamcal strength, Dur

NEg this penoed. most of the free moisture 1in the gypsum
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mixture 1s given off 1o the atmosphere. This process
may be accelerated by heaung the maienal.

Calcining, which 1s the process whereby heat drives
the chemically combined water out of the gypsum, be-
gins at about 70°C. When calcining takes place the
tnermal conductivity of the gypsum decreases, making
the matenal a better heat insuiator. The caicining
process 15 partially reversible if all of the chemically
combined water has not been driven out. Also, the cal-
cinated gypsum seems to lose some of its mechamical
strength.

Preheating was done in the first tests to accelerate the
drying process to remove the free water from the ma-
tenal so that 1t would not influence the ampacity test
results. It was, however, noted during the first tests that
the temperature in the fire stop continued to increase
after the iminal drying penod. indicaung that parual
calcining was taking place. As a result of this phenom-
enon. instead of terminating the test when the rate of
temperature nse of the cable in the wall was between
8°C and 1.0°C per hour, as in the initial tests, subse-
quent tests were terrminated when there was nc meas-
urable rate of temperature nse.

Analysis of gypsum from the Braidwood fire stops by
both the matenal vendor and the Commonwealth Edi-
son Company showed that a high percentage of the
chemicaily combined water had in fact been driven off.
It should be noted. however, that the fire stops were
exposed to temperature in the range of 100°C to 120°C.
The temperature range the gypsum is expected to be
exposed to in normai service is between 60°C and 80°C.

COMPARISON OF TEST RESULTS WITH
ICEA/NEMA AMPACITIES

The ampacity of the test cables based on their meas-
ured temperatures was compared with the ampacities
given in ICEA-NEMA Standards’ The test resuits
show that the ICEA ampacines were conservative for
the No. & and No. 1/0 600-V cabies; agreed with the
tests resuits for the 500-kCM 600-V cabie. and were
high for the medium-voitage cables It can be conciuded
that ICEA can give conservanve results for smaller ca-
bies or tor high depth of fills where uniform cable lay-
out can easilv be achheved. However, wherever unifor-
mity of cable lavout 1s not mammamned, the ICEA
ampacities can be on the optimistic side. Since unifor-
mity of cable lavout cannot be ensured with the instal-
lanen techmaques normally used in power plants, we fee!
that no credit can be taken for the theoretical conser-
vausm that may exist in the JCEA tabies

DERATING FACTORS

The deraung for a cable svstem can be shown from
basic heat transier theorv 1o be

Deraung = 1 — (41/41)

Project No. 9376-20
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AMPACITY DERATING AT FIRE STOPS (3-IN WALL. 10 TRAY PENETRATIONS)

Type of Fire Stop
Gypsum fire stop at both sides of wall (sach 3% "
Eypsum-6” thermal fiber
Modified gypsum fire 10D on ona side of wall (5°
gypsum-4° thermal fibor
10" 2040/t siicone®® fire 5100 on one side of wall
€ BOJb/ft* sikcone®® fire stop on one side of wall
3 1454p/1t* sikicone fre stop

*Derating (%) = 100

Derating in Percent®
Conductor Type

#1/0 #2 #1/0 #6 #21/0 S00kCM
BV S5kV  5kv 600V 600V 60OV

32 30 28 30 22 26

22 21 - 18 8 13
23 19 20 17 8 14
19 15 2 12 8 11
16 10 i85 13 10 9

Ampaciy in Tray — Ampacity in Fre Stop

Ampacity n Tray
*“Inese tesis approached

-Slate CoNGIONS DUt tid NOt Compietely stabilize

steaoy
***Trus peneiraton Nad & 3' fre 810D The Oeraling a! Sieaoy-stawe wen! up 10 26%

TABLE Wi
AMPACITY DERATING DUE TO
CABLE COVERINGS ON AMPACITY

Apphcation Derating, %*
Rmsed pan covers 5
Tight pan covers 15
RAPCO costing (3" fosm, %’ plaster) 40
Gypsum (% thick) coating 15
Flamastic (V,," thick) costing 0
Carbolne (7,," thick) costing 0

“Deranng (%)
+00 Ampacity © Tray — Ampaciy With Covers or Coanng
- Ampaciy in iray

where 4/ and A1 are conductor temperature nse above
ambient at the cable tray and fire stop, respectively.
This formula can be used to obtain the deraung due to
the fire stop or coaung using test data to denve the
temperature nse over the ambient temperature for the
cable tray outside the treated area and the nise above
ambient inside the fire stop or coated area
The calculated derating factors for the vanous types
of fire stops tested are given in Table /I, and the de-
raung factors for coatings and covers are given in Table
i
A number of miscellaneous factors seemed to affect
the amount of derating caused by the fire stop:
|. Cable Size—The smaller the conductor size. the
greater the increase in temperature nise within the
fire stop
2. Cable Insulation—The greater the voltage rating of
the cabie and. therefore, the msulation thickness,
the greater the increase in temperature nse within
the fire stop
3 Cable Lavout—An even and uniform lavout of ca-
bles 1n the tray results in lower conductor temper-

atures. Conversely, random cable configurations
and the crowding of cables into one location n the
tray results in increasing the temperature in the
crowded part of the tray. However, an effort is
normally made to improve the layout of the cables
at the fire stop. The thermal benefits resultung from
the improved cable configurstion at the fire stop
tend to reduce the increase in conductor tempera-
ture nse at the fire stop and, therefore, reduce the
magnitude of the required derating. These benefits,
aithough difficult to quantify, indicate a measure of
conservatism in the derating factors given in Table
II since the table 1s based on random cable laid
both inside and outside the wall.

COMPUTER PROGRAM

Based on the temperature values measured at the
vanous cnitical locations in the test setup, a computer
program was developed to evaluate conductor tempera-
ture nse within fire stops by modeling the thermeal
charactenstics and physical configuration of the wall,
the fire stop, the cables, and the cable tray. The test
results were used to define some of the boundary con-
ditons in the heat flow simulation. Values calculated by
the program show reasonable agreement with measured
values.

The program utilized network theory and finite dif-
ference techmiques to soive the heat problem. The
modeling method used simulates all the available heat
flow paths from the cables in the fire stop to the ambi-
ent. These paths include longitudinal heat conduction
along the cable tray and the radial heat conduction
through the fire stop and concrete waill. The heat is
then dissipated by convection and radiation from the
cabie tray and concrete wall

The computer model can evaluate the reguired de-
raung for fire stops of different matenais, physical di-
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TABLE IV
/ AMPACITY DERATING AT 6" HIGH FIRE STOPS
#1/0, 5KV CABLE
Derating in Percente
Single Tray Muttiple Trays
Wall Wall Thickness
Type Of Fire Stop 127 2¢° 3¢ 127 24" 36
Gypsum fire s10p 8t both sides of wall (sach 3% "
gypsum-6 thermalfider) - 14 20 -~ 20 28
Modified gypsum fire stop on one mide of wall (5°
gypsum 4° thermalfiber) 5 8 12 8 12 18
10" 204b/1t* silicone fire 510D on one side of wall [ 9 14 10 15 23
6" BOJb/M® siscone fire 10D on one side of wall 5 g 1 8 12 17
10" 1454b/% silicone fire stop 3 $ 7 ] 7 10

ampacity n Tray — Ampacity n Fire Stop

‘Deraung (%) = 100

mensions. and as installed in walls of varving thickness.
Table IV gives the calculated results for the deraung
required for a No. 1/0 5-kV cable for vanous types of
fire stops

CABLE LOADING IN
POWER PLANT INSTALLATIONS

The method of selectung cable sizes for the various
loads in the power plant incorporates conservausm (de-
sign margin) that results in the selected cabies actually
carrying currents much lower than their rated ampacity.
This design margin should be taken into consideration if
deraung muluplying factors are to be applied to the
ampacity of cables. To determine the typical magnitude
of this design margin, an investigation was made of
cable sizes and their expected loading for actual power
plant installations. This investigation covered three nu-

lear power plants and one fossil unit. The ampacity of
each cable was compared with 1ts full load current and
the total heat generated by the cables within the tray
was compared with the allowable heat that will result in
the rated conductor temperature nse.

The results indicated that the hear generated in the
cable travs 15 usually iess than 30 percent of the heat
that would result if all the conductors 1n the tray were
carrying their rated currents. The most heavily loaded
cabie tray had a heat generation equal to 62 percent of
its capacity. The load currents in the power cables gen-
erally ranged from 30 percent to BO percent of cable
ampacity. The increase 1in conductor temperature at fire
stops can, therefore. be easily accommodated in most
cases without exceeding rated conductor temperature,

CONCLUSIONS

The fire-stop cable ampacity tests conducted at the
Braiawood Nuclear Station were very useful in helping
(0 getermine the required cable ampacity derating for a
numoer of different types of fire stops. cable coatngs

Ampacity it Tray

and tray covers. The test results were helpful in devel-
oping a computer program for evaluaung conductor
temperatures at wall penetrations.

Based on these results, it was concluded that ampa-
city deratings are required for cables in fire stops. Am-
pacity deraungs encountered in the tests ranged from 8
percent to 32 percent. The required deraung factors
depend on conductor size and voltage rating, on the
type and size of the fire stop, and on the thickness of
the wall. The heaviest derating is encountered when the
standard gypsum fire stop s applied to both sides of the
wall.

An investigation into the design margin in cable size
selection as pracuced in power plant installations re-
vealed that this margin is large enough in most cases to
accommodate the required deraung. It is, therefore,
concluded that it 1s oniv necessary to check the cables
in the heavily loaded penetrations at the final design
stages 1o ensure that the required derating 1s met when
taking actual cable loading into consideration.
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Nstural-convection Systems

ed horizontsi : Table 7-4 Simplified Equations for Free Convection from Various
4 Surfaces to Air at Atmospheric Pressure According to McAdams (4]

A3y
o1®)

Laminar, Turbulent,
Surface 10¢ < Gr, Pr, < 10 ity Pry > 100

30 gy abed
0

ar\t o
Vertical planes or cylinders = (.29 (- A = 0.19(aT
A L

02-9LE6 "ON 3123f044

26961/992% "ON

aT\t o
Horizontal cylinders = (.27 <~—) h = 0.18(aTHt
a

Horzoutal plates

Heated plates facing upward or : ) 22(a T
A - ho= Vi)
ooled plates facing downward -

Heated plates facing downward
or cooled plates facing upward

Ao Bru/braroF

AT = T, Ta. °F
L = veruieal or honsonial dimension,
¢ = diameter, /1

7-7T0SIMPLIFIED EQUATIONS FOR AIR

Simplified equations for the heat-transfer coefficient from various surfaces
10 air at atmosphenc pressure and moderate temperatures are given n
Table 74

Example 7-1

Steam at 500°F flows through a 12-in.-OD pipe which is exposed to
atmospheric air at 50°F. Calculate the heat transfer per foot of length
Solution We first determine the Grashof-Prandt! number product and
then select the appropriate constants from Table 7-2 for use with Eq

> properties ol air are evaluated at the film temperature

500 <+ 50

e Convec-

10-* |b../ft-sec = 0.0565 Ib
Btu/hr-ft-°F
10~ °F-1

32.2 1(1.36 X 10-*)(500

50)(0.054)*(1)?
~(0.0197)(0.0568) h

10¢
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(h. * temperature of hot surface

t“ * temperature of cold surface

Thick Walls

(Ref. b)

1/ ka
R.C 2 N\ ’ll \] es
—’- *{ <._.¢ ‘s.
(55 * ks (g} (G + 09

R e i't'lﬁ "‘6'“%)

~
\/

REFERENCES

2. McAdams, Heat Transmission, 2nd edition, p. 26
b. Kutateladze, 5.8 , "Fundamentals of Heat Transfer " Academic Press. N. Y. 1063 p. 89,

¥ For symbols, see Section G502, 1, p. 1. and sketches above,

.'l!.ll.luc'll‘ *Supersedes 1ssve of May2, 196§




E——

- —

RADIANT-HEAT TRANSFER

BY

Hoyt C. Hottel and Adel F. Sarofim

MeAdems. ~Heat Transmuassion,” 3d ed. (chap. IV by Hottel), McGraw.
and II, Wiley. Viskante and Grosh, Applied
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T

A heated body loses energy continuously by radiation, at a rate dependent on the
shape, the size, aud, particularly, the temperature of the body This emisted radia-
tion ig capable of passage to & dustant body, where il may be ghsorbed, reflected, scat-
tered, or transmitted

Consider & pencil of radiation, defined as all the ravs passing through each oi two

small. widely separated areas dA, and dA, The ravs at dA; will have a solid angle of
jivergence dfi,, equal to the apparent ares of dA, (viewed from dA4,) divided by the
scuare of the separating distence. Let the normal to ¢4, make the angle &, with the
pencil The flux density ¢ jenergy/(time) (area normai Lo beam )| per unt solid angle
of divergence 1s calied the intensity /, and the fiux d{ (energy /time) through ares d4,
of apparent ares dA, cos ¢, pormal to the beam) 18 Lhereiore given by

dQ = dA, cos €, dg, = [ dA, cos 6, dQ, )’

The intensity / slong & pencil, in the absence of absorption or scatter, is constant
unless the beam paases into a medium of different refractive index n; i/nd = [y/ngd).
The emissive power of a suriace is the flux density {energy/ (tizne) (surfsce ares)|
due to emission from it throughout & hemisphere. If the intensity I/ of emission from s
surface is independent of the angle of emission, Ea. (1) may be used to show that the
gurisce emissive power is v/, though the emission s throughout 2x steradians.

Black-body Radiation

Engineering calculations of thermal radiation from surfaces i best keyed to the
radiation charscteristics of the black body, or ideal radiator. The characteristic
nroperties of & black body are that it absorbs all the radistion incident on its suriace
»f the radistion it emits are compietely determined

and that the quaiily and intensity
re from s black

by its temperature. The total radistive flux throughout a hemisphel
F 2 P
suriace of ares 4 and ebsoiute tempersture T is given by the Stefan-Boltzmann law:
Q = AeT'or g = ¢T*. The Stefan-Boitzmann coustant has the value 0.1713 X 107
R1¢ 5.87 X 10 ergs/(sq cm)isec)(deg K)*; 5.67 X 107" watts/
€

Btu/(sg ft)(hr){deg R
deg K)*, or 1.00 X 107" chu/(sq {t)(hr)ldeg K)*. From the sbove definition

sq m
T is the total emissive power of s biack body, called E; and the

of emissive power, «J
intensity /s of emiasios. rom a black body s E/x, or T/

The spectral distribution of energy flux from & black body is exp

P |
Bo =5 d ®)
- - 1

resscd by Planck’s

wherein E. d is the hemispherical flux density lying in the wevelength range A w
» 4+ dih.  With E) (ealled the monochromatic emissive power) in ergs/ (8q em)(cm) (s0ch
»in ez, and T in deg K, the values of ¢, and cs are 3.74 X 10"* erg cin’/sec snd 1.

It may be shown from Planck's law that, of the total energy flux from &

cm deg K
108
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RADIATIVE EXCHANGE

: body st sny temperature, the
faly oo AT. Values of f verwus AT

Table 1. Fraction f
or

AT | 1200 1600 1800 200
7l o.0e2 o020 .03 0.0
1

AT | 3400 3600 3800  40m
/| 0.362 0.464 04435 0.4

ar | ese0 Y000  Tee Bes:
71 0.77% o.a08 0.8 o8

P9Tsble 1 indicstes that half of bl
ot given by AT = 4107 microns
B0 5426 spans hall the energy. The
gy Radigtive Exchavp
The ratio of the total radiating p
gane temaperature is called the ¢
: the emissivity), designated by
fiflerentiste monochromatic, diren
0 the total bemuspherical value.
ibgorbed is called the absorptancs (1
¥iappended, the first to identify !
. the quality of the incident ra
(bf's surface at tempersture T equ
goradistion from s scurce at its o
fisting power is also & poor sbeorb
# awn tempersture. Under practi
i absorp y o) are thogame. |
od gray, and @ =~ @ = e ™o
rature, the total emittance or

v

Consider radiative exchange betw
Rk surroundings st 75 The net

. Grom =
_what has preoeded, it is clear
L Y
- 1
o= [) o dhn

'y
b8t o1 (Or @yy) is the ares under
§6¢:T':) from Table 1. A selective
N r (high) value as ) incresses.

are markedly different whe
poerature) snd 7'y = 10800 R (e
E0.2 for » white paint, but « ¢
x.of copper oxide on bright alux
‘ ugh values of emittances a:
-aod imaginary components
of the surisce layer, some
Metals. (1) @ s quite

8in the visible (0.4-0.74). o is

Bimulnts temperature (u « /7
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e B nd decresses slightly with)

ee s substaptially proportional o

e, 4 = 0 88T o/ re/Ty, where T ig in
t T, for radiation from & hlack or gray
i st the geometric mean of T, snd 7',
The ratio of hemispherical to normal
ittance (sbeorptance) varies from 133
very low «'s (a's) to about 1.03 at an
yof 0.4
Unless extrasordinary pains are takes
prevent oxidstion, bowever, & metallio
4ace may exhibit several times the
ittance or absorptance of & polished
seimen. The emuttance of iron and
wl, for exsmple, varies widely
gree of oxidstion and roughness-—clean
tallic surfaces have an emuttance of
m 0.05-0.45 st ambient temperatures
0.4-0.7 at high temperatures; oxid
d /or rough suriaces range from 0.6-0.9§
low temperatures to 0.9-0.95 at high®
nperstures
Refractory Materials. (Urain size -}
neentration of trace impurities are
rtant 1) Most refractory materiale
ve st o of 0.8 to 1.0 at wnve'wn‘t.h_
vond 2 to 4 microns; o decreases rapid
ward shorter wavelengths for mate: :
st are white in the vizible but ret.nml .
gh value for black materials such as FeQQ
14 CreQs.  Small concentrations of FeQd
yd Cry0, or other colored oxides can causy
arkes ‘n~reases in the emittance of 1t
risl are normally white. o l
fractor, materials varies little i
mpeuiure 2) Refractory matel
mnerally have s total emittance which
gh (0.7 to 1.0) s sinbient temperatun
18 docresses with increase in temp
ire: & change from 1850 to 2850 F m
use & decrease in ¢ of one-fourth to one~
ird 4) The emuttance and abeo
noe incresse with incresse in graun
er & grain-sise range of 1-200 u {
he ratio ¢/« of hemispherical Lo Bo
nissivity of polished surisces varies
{ractive index from 1 st n = 0 to 0.
‘n w 1.5 (common giass) and back
06 at n = 3. (5) The ratio «/a foky
irface composed of particulste M
hich scatters wsotropicaliy vares
om | when « = 1 to OB when ¢ = 0.0
vith increase in temperature of the red
. with incresse 1o the specimen temp
sersture of the radiation source o8 STy
st room tempersture, [t will be Dot
.d sluminum (line 13), representative

oppositely 1o & change in the temp

R
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s
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RADIATIVE EXCHANGE BETWEEN SURFACES OF SOLIDS

ture of the radistion source

source at 10800 R

From Fig. 11t s seen that, when 7'; is not too different from 7., a1 MAsy be expressed
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; The absorptance of surfaces for sunlight may be read
from the nght of Fig. 1, assuming sunlight to consist of black-body radistion from s

Table 8. Emisgivity of Surfaces
Temp * E. o T e *
Surface deg ¥ [els ad Surface o.:: tf :l‘:y"

Mrrais awp Teem Oxmes

——y - -

| Nichrome wire. brignt
{ Nichrome wire oxd

120-1830 | 0.65-0.79

Alunubums
Hughly polmsbed 4401070 |0.03%-9. 0%
Polished 73 -~ 0.040
~ Rough piate 8 {0.08%¢.07
Oxadised at 1110 F 3901100 [ TV 19
Onde 5301520 | 0.630.26
Alloy 788T 75 6.
TH3ET, repessed beat |
g 450-900 | 0.22-0.16
Brose
Highly puimbed | 93710 | 0.0 04
= Rolied plate. natursl 72 ’1'&&;
Folled. conrse g il
emeried 72 0.20
Oxidised st 1110 F 390-1110 | 0.61-0.%59
Chromsum 1001000 | 0.08-0.26
Copper |
Eleotrolytic. polsbed . | 176 0.02
Comm | piass
okus e 66 0.0%

Heatad ot 1110 F 3901110 | 0.570.%7
Thick cxide soating 77 e.7%

Cuprous oxide 14702010 | 0.66-0.54
Molas sopper 1970-23%0 | 0.16-8.13
Dow metal, cleaned. | !
hewtac €50-75 | 0.2¢0.20
Gold. tughly poluwbed 440-1160 | £.02-90.40
and siosl
Pure Fe. polished 3501800 | 0.054.%7
Wrought irea !
polabec 100480 | el 28
— Bmooth sheet iron 16561900 |, 0.55-0.60
Rusted plae 67 b
Bmooth oxidised iros 160-986 | 0.78-0.82
Btrongty oxidised 100480 | 0.9

Molten iron aod steel | 2730-3220 | 9. 40-0 4
Lead

P.00%,, unoxidised 260440 0.06-0.08

Gray onidised 75 0.28

Onidised ot 390 ¥ % 0.43
Mereury, pure clean 32-212 | 0.08-0.12

Molybdenum fleament
Monel mewl. K5700
Washed. shirasive sonp | 75 0.17
Repestod besting 450-1610 | 0.460.86%
Nickel and alloys

13404700 | 0.10-2.29

Elestrolytic. polished . | 74 0.0%
Electroplated not

Durlan bt 68 0.1
Wire 3681044 | 0. 10019

Plate, oxid. at 1110 ¥ 3901110 | 0.37-0 48

Nickel oxsde 12002290 | 0.59-0. 8¢

Copper-nioial

_ polshed 212 .06

h'nmu-m poiwhed 212 0.14

Niekelin, gray oxice 70 0.2
e

120930 0.9540.9

ACL-HW (80Ni. 12Cr); |
71 firm bisck 0s. cont 5201045 | 0.909-0.82
446290 |

0
4401160 | 0.02 9. 00

| Silver. pure polsied

| Blainiees eseats |

| Twpe 316, cloaned 75 0.28

. 316 repsmted neoting 450-1600 | 0.37-0.66
304, 42 by 1 980 ¥ 420--9860 0.830.73

l 210, furnsee service 420980 | 0.90-0.97

Alisgheny #4. polisbed 212 013

| Tonsalum flamaent | 2420-5430 10.194-0.33
| Thorium oxide 530-1520 | 0.5%8-0.21
0.04-0.06

| Tia. bright 76
| 8046000 | 0.054.33

{ Zine, 99.1%, comm'l

polambed 440420 0.05
{ Galv., won. bright 82 0.23 b
{ Galvr., gray oxid. 75 0.28

Refractonies. Buildiag Materials, Paints, Mise.

{ Aluming, 30u grasc sise.. | 1850-2050 | 0.39-0.28

| Alumins-siios cont g 18502850 |
| 0.4% Fors | 0.61-0.43
| L7% FaOs | 0.750.62
‘ 20% Ferks | | C.78-0.68

Al pante (vary wish | |
| s@'t lseguer body, | !

age | 212 L1487

[ Aabestas | 100700 0.9%0.95
| Candle soot; lampbiack-
[ water glass | 70-700 |0.95 2 0.01

2060-1160 | 0.31-0.7%

{

Lube oil, 0.01” o0 pol. |

Y
:
39
1
i

Ni o8 | 0.8
Lisssed, 1-2 coste on
Al (1] 0.560.57
Rubber, soft gray re- |
ola. med 76 0.8

|
|
| Mise. 1 shiny blace

} nequer. puased oak

| white saamaei. serpes- |
| Ve, gypeum, whie | |
‘ enamel peint. roofing | |

0.87-0.91

| er elevirographite 70 | 0.93-0.9¢

* Whee two semperntures and two omienvitee
oond. wnd Liness LD DOIA LB 18 perTnsseibiia.

&6 given they sorrespond. first 0 firet and sesond to

o )
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Task 1:

Determine the amount of ampacity derating regquired for a firestop
configuration using a layer of Thermo-Lag 330-1 fire barrier
patarial and a layer of Darmatt KMl fire barrier material. The
Therno~Lag fire barrier nmaterial is currently installed over the
existing powar cable trays at Unit 1 routing points 163A, 164A
and 165A and Unit 2 routing points 153A, 154A and 155A. The
layer of Darmatt will be applied directly over the Thermo~Lag
material due to difficulty in completely removing the existing
Thermo-Lag from the cable trays. Thara will be no credit taken
for the existing Thermo-lLag as a rated l-hour fire barrier. Ths
enveloping layer of Darmatt material will provide the required 1~
hour rating. However, the impact of both fireproofing materials
nust be considered in evaluating power cable ampacity derating.

Task 21t

Perfornm a similar evaluation to Task 1 noted above, sxcapt that
the ==.sting Thernmo~lag fire barrier materisl will be remcoved

from the top section of the powar cable trays pricr to installing
the outer covering of the Darmatt material.

The derating factors calculated for Tasks 1 and 2 will be entered
into the LaSalle SLICE prograx by EPED to evaluate the impact of
the derating relative to power cable ampacity.

Cable Tray Data:

Size~ 4"X30"

Type~ #14 gauge galvanized steel with solid bottom
Depth of £ill- 0.91"

Pover Cable Data:
surrounding Ambient Temperature- 40°'C
Rated Conductor Tamperature~ $0°'C

Therno~Lag 330~1 Material Data: N
Thickness~ 0.5" et
Emissivity- 0.3"

Thermal Conductivity- 0.1 BIU/hr-ft-‘R

Darmstt Materisl Data:
Thickness~ 27mm(~-0%,+15%)
Emissivity~ 0.6

Thernal Conductivity=- 0.0653 BTU/hr-£ft-'F § 60°C mean temperature
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References!

Cable tray dats was taken from Drawing 1E~0-3074B, Revision D and
S4L Specdification J-2560.

The Thermo~L&¢ material dsata was taken from B&L Calculation
4266/19BC31, Ravision 0.

The Darmatt nmaterial data vas taken from s TRANSCO PRODUCTS IKC.
Faceinile dated 02-14~94.

The maxizur ambient temperature of 40°C is taken froem the LasSalls
County Station UFSAR Section 3.11.

The 90°C conductor temperature rating can be assumed.




ATTACHMENT C

Sargent & Lundy Engineers Letter, dated March 10, 1994, concerning
LaSalle County Station Power Cable Ampacity Assessment




SARGENT & LUNDY
ENGINEERS

FOUNDED 1891
B85 CAST MONROE STREET

CHICAGD, ILLIND!S 60803-8780
(312! 289-2000

SCE~-07113
March 10, 1994
Project No. 9376-020

Commonwealth Edison Company
LaSalle County Nuclear Station
Units 1 and 2

Power Cable Ampacity Assessment
Engineering Support for Resolving
Regulatory Issues Related to
Thermo~Lag 330-1 Fire Barriers
Modification No.: N/A

System Code: FP

Safety-Related: Yes

WIN 0450

Mr. J. W. Gieseker

Site Engineering and Construction Manager
Commonwealth Edison Company

LaSalle County Nuclear Station

R.R. #1, P.O. Box 220

2601 North 21st Road

Marseilles, Illinois 61341

Dear Mr. Gieseker:

Sargent & Lundy has completed its power cable ampacity assessment
for the affected power cable tray routing points utilizing the
installation of a one-hour Darmatt KM1 fire barrier over the
existing Thermo-Lag 330~-1 fire barrier material.

Sargent & Lundy Calculation 4266/19G52, Revision 0, dated March
4, 1994, determined the ampacity derating reguired for two
configurations. Configuration 1 calculated a derating factor
with a one-hour rating of Darmatt firewrap material covering the
existing Thermo-Lag 330-1 material over the top, bottom, and
sides of the 4" x 30" power cable trays. Configuration 2
calculated a derating factor similar to configuration 1 except
that the top layer of the existing Thermo-Lag 3301~ material was
removed. The results of this calculated determined derating
factors of 0.57 and 0.59 for Configuration 1 and Configuration 2
respectively.

DA KL‘&AX&}‘C
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Since the derating factor of 0.57 has the greater impact upon
ampacity derating, this value was entered into Sargent & Lundy
Interactive Cable Engineering (SLICE) program for affected
routing points 163A, 164A, 165A, 153A, 154A, and 155A. The
"Cable Tray Power Cable Ampacities Selected Cables" Report $110
was generated for the affected power cable routing points. The
results from this report show that the calculated ampacities for
the affected power cables are greater than their respective full
load currents. A copy of this report has been attached to this
letter.

Therefore, the one-hour rating of Darmatt KMl firewrap material
can be applied directly over the existing Thermo-Lag 330-1
without any adverse affect upon cable ampacity derating.

If you have any questions concerning this subject, please call me
at (815) 357-6761 (extension 2103).

Yours very truly,

v G

D. A. Kologgak
Senior Electrical Project Engineer

DAK:slg

CECeo DDL DC: CO020

Attachment

Copies:

CHRON System (1/1 via Hardcopy)
D. S. Berkman (1/0 via CCMail)
§. Javidan (1/0 via CCMail)
R. W. Tomala (1/1 via Hardcopy)
C. H. Furlow (1/0 via CCMail)
L. V. Jacques (1/0 via CCMail)
R. A. Parson (1/0 via CCMail)
J. L. Engleman (1/1 via Hardcopy)
J. S. Esterman (1/0 via ccMail)
D. A. Kolczak (1/1 via Hardcopy)
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LICE Version 7 & -

Copyright (€] 1986-193) Sargent & Lundy Engineers - All Righte Keserved

SR A N R S S M 1 S B RS . 000 U e W i o I S N M U Y e AN e T i 0 e e o i e i . A e e E e e T e LR me e R E . ... e .

ABLE. TRAY POWER CABLE AMPACITIES - SELECTRD CABLES { S110 } LASALLE UNIT 1 PROJEBCT NO: 7705-03 03/09/%4 PAGE 2

"RAY POINT: 1&4A CONTINURD _
iboo3s ¥ 23148 0.50 0 00335000 6.3 20.00 = 0.32
10Te1? ¥ J3108 0.70 0. 00132500 15.6 - 314 40 » 0. 44
107023 F 03106 0.70 0.00132500 15.0 - 14.40 . .44
1FC022 F G3006 1.50 2.01380000 88.0 106.06 0.83
1FCC47? P c1146 0.50 0.00335000 2.3 - 2C.00 d @.38
1LRH198 4 03506 2.70 0.00275000 228.0 389.860 - 6.59
1RH197 P 02146 0.50 0.0033500¢C 7.5 g 20.00 » 0.38§
1RH201 P 231506 2.7 0 00275000 228.0 1g%.60 & g.59
1RKH202 3 0214¢ 0.50 2.003135000 2.3 ® 20.00 . Q.38
iVbe12 P 0302¢ 1.20 0 02030000 50.0 €7 .37 0.74
1VDo1s P C3l4s 0 50 0.001335000 4.6 20.00 » 0.23
1VYn2z P 03145 0.50 Q.00335000 7.0 20.00 - ©.38

YIDTH OF TRAY: 30.00

IBPTH OF FILL: 0.5

iBAT INTENSITY: 7.52

'RRATING FACTORS :
AMBIENT: 1.00 DBRATING FACTOR NOT DEPINED; STANDARD DERATING PACTOR USED
COVRRS: 1.00 E’RATIM FACTOR NOT DEFINRD; STANDARD DRERATING FACTOR USED
FIRR SEAL!: 0O
FIRE SEAL2: 1 00 ODERATING PACTOR NOT DEFINED; DEFAULTS TO PACTOR FIRE SEAL1
FIRR SEAL3: 1 00 DERATING FACTOR NOT DEFINED; DEFAULTS TO PACTOR FIRE SRAL2

RAY POINT: 16S5A
CABLE PULLED TYPB DIA- AC RRSIST FL PROJ PLC FRER AIR FLC BXCEED
NIUMBER STATUS CODE METER OHMS, 300FT CURRENT USED AMPACITY AMPAC USED AMPACITY FLAG
1DGO12 3 03006 1.50 0 01280300 99.0 106.36 e 92
1DGO20C P Q3066 1.00 0.05130000 14.0 35.32 ¢.40
1DGO22 r 03066 1.00 0.05120300 14.0 3s.32 G.40
1DGO37 | 4 02146 C.50 0. 00335300 7.5 i 20.90 - Q.38
15G038 | 2 03066 1.00 0.051309C0 29.¢0 35.32 0 68
1DGO4E P 03146 0.50 0.00335200 5.0 20.00 . 0.2%
1DGO54 P Cl146 0.50 0.00335000 1.8 20.00 » 0.0%
1DG2132 P 03106 0.70 0.00132500 1.4 34 .40 . 0.04
1DO038 P 03146 0.50 0.00335000 6.3 20.00 . 0.32
1DTO17 P 03106 0.70 0.00132500 15.0 ol 34 .40 - 0. 44
1DTO023 P 031906 0.70 0.00132500 15.0 * 34 .40 -y 0. 44
1FC022 P 83006 1.50 0.01280000 82.0 106 .06 0.83
1FC047 P 02146 0.50 0.00335000 7.8 - 20.00 - 0.38
1RH19%6 P ~ 4506 2.70 0.00275000 228.0 389.60 el 05§
1RK197 P L2146 0.50 0.00335000 7-5 » 20.00 . 0.38
1RH201 P P350¢6 2.70 0.G027500¢ 228.0 189.60 ® 0.5%
1RH202 P 02146 0.50 0.00335000 7.5 » 20.00 -~ D. 3¢
1vDol12 P 03026 1.20 0.02030000 50.0 §7.37 0.74
1vDo1e P 0314¢ 0.50 0.00335000 4.6 20.00 * 0.23
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SLICR Version 7.4 Copyright (€] 1986-1%9%) Sargent & Lundy Engineers

All Rights Reserved

ONTT ® ZINIOMYC: L] [\3S

SABLE TRAY POWER CABLE AMPACITIES - SELECTED CABLES { S110 ) LASALLE ONIT I PROJECT NO. 7705-03 01/09/9%4 PAGE-: 3
TRAY POINT: 165A CONTINUED . .
1VY022 P 031145 0.50 0.00335000 7.0 2¢ .00 - 0.35
7IDTH OF TRAY: 10.00
JRPTH OF FILL: 0.91
{BAT INTENSITY: 7.52
JBRATING FACTORS:
AMBIENT. 1.00
;ovgza: 1.oo° DERATING FACTOR NOT DEFINRD; STANDARD DERATING PACTOR USED
IRE SBAL1: 0.57 g
FIRE GEAL2: 1 00 DERATING PACTOR NOT DEFINED; DEPAULTS TO FACTOR PIRE SEAL1 b
FIRE SEALY: 1.00 DERATING PACTOR NOT DEFINBD; DEPAULTS TO FACTOR PIRE SEAL? .
POTNT: 166A
PULLRD TYPE DIA- AC RESIST FL PROJ FLC CALCULATED FRBE AIR FLC BXCEED .
NUMBER STATUS  CODE METER OHMS / 100PT CURRENT USED AMPACITY AMPAC USSED AMPACITY G ”
1DG020 ° 03066 1.00 0.05130000 14.0 §3.20 - 0.22 -
1DG022 N uv106E 1.00 0.05330000 i4.0 s 20 > 0.2 5
1DGO3IR P 0306, 1.00 0.05130000 240 §31.20 -
103046 P 03146 0.50 0.00335000 $.0 20 .00 B .25 :
1DGOS4 P P3146 0.50 0.00335000 1.8 20.00 . ¢ 09
1DG232 P 0310 0.70 0.00132500 1.4 34.40 . €. 04
1vDo12 P 03026 1.20 0.02030000 50.0 110.40 . C.45
1VDO18 P 03146 0.50 0.00335000 4.6 20 .00 . c.23 -
1VY022 P 03146 IS¢ 0.0033500¢ 7.0 20.00 € 3% E
{IDTH OF TRAY: 30.00
YEPTH OF PILL: 0.20 -
IEAT INTENSITY: 15 40
WRATING PACTORS : &
AMBIENT: 0. 0% ’:
COVBRS: 1.00 DERATING FACTOR NOT DEPINED; STANDARD DERATING “FACTOR USED _
FIRE SBAL1: 1.00 DERATING FACTOR NOT DEFINED; STANDARD DERAT FACTOR USED €
FIRE SEAL2: 1.00 DERATING FACTOR NOT DEFINKD. DEFAULTS TO FACTOR P SEAL1 -
FIRRE SEALY: 1 00 DERATING FACTOR NOT DETINED: DEFAULTS TO FACTOR FIRE-& !
"RAY POINT: 167A
CABLE PULLED TYPE DIA- AC gesisT FL PROJ FLC % TRD PREE AIR FLC/ EXCERD
NUMBER STATUS CODR METER ME / 1 O0FT CURRRNT USED TY AMPAC USED AMEACITY PLAG
1DG020 P 03066 1.0¢ 0.05130000 14.0 63.20 . 0.22 o
1DG022 P 03066 00 0.05130000 14.0 €3.20 0.22 g
iDGO38 P 03066 1.00 0.05130000 24.0 63.20 . 0.38 &
1DGO46 P 03146 6.50 0.00335000 50 20.00 . 0.25 a
1DC0S4 P 031144 0.50 0.003315000 1.8 20 00 . 0.09 «
o
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TLICR Version 7 4 .

Copyright (C) 1525-199) Sargent & Lundy Engineers All Rights Ressrved

"ABLE TRAY POMER CABLE AMPACITIES - SELECTRD CABLES ( 8110 ) LASALLR UNIT 2 03/0%/94 PAGE - 2

FRPAY POINT: 1%42 CONTINUED. ..
2D0D038 P LEDE 13 0.50 G.00335000 6.3 20.00 - €.32
201017 P 93106 o 70 0.001323500 10.% 34 40 s c. 3
20T023 P 03106 0.70 0.00132500 10.5 34 .40 » g.31
4PC022 F Q3006 1.50 0 n1280000 B8.0 106.06 0.83
2PC04? P 02145 0.5%50 0.7 235000 7.5 - 20.00 » 0.38
2RH13% P 03S06 2.70 ©..C275000 228.0 383 60 - 0.59%
2RH197? P 02146 0.50 0.00335000 7.5 - 20.00 » 0.38
2RH201 P 03506 2.70 0.00275000 228.0 389.€0 » 0.59
2RH202 P 02146 0.50 0.00335000 7.5 - 20.C0 " 0.38
VD912 e 03026 1.20 0.02020000 50.0 67.37 0.74
2VDO1s P 23i4s ¢.50 C.00335000 4.6 20.00 i 0.23
2VYo22 P LE BT L 0.50 0.00335000 7.0 20.00 - 0.35%

IIDTH OF TRAY: 30.00

'EPTH OP FILL: 2.9

IEAT INTENSITY: 7.%3

'RRATING FACTORS:
AMBIENT: 1.00 CERATING FACTOR NOT DRFINED: STANDARD DZRATING FACTOR USED
COVBPS:. 1.00 DRRATING FACTOR NOT DRFINRD; STANDARD DRRATING FACTOR USED
FIRR SRALI: 0.57
FIRE SBAL3: 1.0C DERATING FACTOR NOT DEFINED; DEFAULTS TO FACTOR FIRE SRAL1
FIRF SEAL3: 1.00 DERATING FACTOR NOT DEFINBRD: DBFAULTS TO PACTOR FIRE SERAL?

RAY POINT: 155A
ChBLE PULLRD TYPE DIA- AC RES18T 148 PROJ FLC CALCULATBD  FREE AIR FLC/
NUMBER STATUS CODE METER COHMS/100FT CURRENT USED ANPACITY AMPAC USED AMPACITY
abGo12 P 03008 1.50 0.01280000 82.0 106 .06 0.87
2DG020 P 03066 1.00 0.05130000 14.0 35.32 C.40
2DG022 P 03066 1.00 0.05130000 14.0 35.32 D.40
2D0037 P 02146 .50 0.00335000 7:9 i 20.00 - 0.38
2DGOIN P 03066 1.00 0.05130000 24.0 35.32 0.68
2DG046 P 03146 0.50 0.00335000 2.5 20.00 . 0 13
2DGUS4 P 03146 0.50 0.00335000 1.8 20.90 - .09
2DGz232 P c3l106 0.70 0.001325¢C0 i.2 34.40 vy 0.01
200036 P C3las 0.50 0.00335¢0¢0 63 20.00 ot 0.32
2PT017 13 €31106 0.70 0.00132500 10.5 34.40 . 0.131
20T023 P £3106 0.70 0.00132500 10.5 34 40 - 0.3
2FC022 4 €300¢€ 1.50 0.01280000 es.0 106 .06 0.83
2FC047 P (2146 0.50 0.00335000 7.5 - 20.00 » 0.38
2FH1 936 P c3506 2.70 0.00275¢€00 228.0 389.60 * ¢.S9
2RH137 P £2146 0.50 ¢.00335¢000 F &% i 20.00 * 0.8
2RH201 P C3506 2.70 0.00275¢00 228.0 3ey .60 . Q.59
2RH202 P 02146 0.50 0.00335000 7.8 bl 20.00 . 0.38
2vDo12 1 4 c3026 1.20 0.02030000 50.0 6€7.17 Q.74
2VD018 P £3146 0.S0 0.002335¢000 4.6 20.00 * 0.23
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Copyright
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03/09/9s PAGE

WNTT ® ZINIONVS: A] INTS

TRAY PCINT: 15SA CONTINURD
2VY022 P 03146 .50 0.00335000 1.0 20.00 . 3.35
WIDTH CF TRAY- 20.00
DEPTH CF FILL 0.9
HWEAT INTENSITY: 7.52
DERATING FACTORS
AMBIENT: 1.00 DERATING FACTOR NOT DRFINED; STANDARD DERATING FACTOR USED
COVERS: 1.00 DEBRATING FACTOR NOT DEFINED; STANDARD DERATING PACTOR USED
$IRE SEALL: 0.57 e
FIRE SEAL2: 1.00 DERATING FACTOR ROT DEFINBD; DEFAULTS TO PACTOR FIRE SRAL: \
FIRF SEAL3: 1.00 DERATING FACTOR NOT DEFINRD: DEFAULTS TO PACTOR FIRE SRAL2 -
TRAY POINT: 156A A
CABLB.. PULLED  TYPR DIA- AC RESIST PL PROJ FLC  CALCULATED FREE AIR FLC/ EXCERD_—
NUMEER STATUS CODE METER OHMS / 100FT CURRENT USRD AMPACITY AMPAC USED AMPACITY PLAG '
2DG020 3 01066 1.00 0.0513000) 14.0 63.20 . 022 _ ;é
2DG022 » 03066 1.00 0.05136009 14.0 63.20 . 0.23~ X
2DGO S P 03066 1.00 0.0513000) 24.0 63.20 . TR -
2DGO4S P D146 0.50 0.00335009 2.5 20.900 . _~0.13
2DGA54 v Bij46 0.50 0.00335000 1.8 20.00 . "~ 0.09
2DG232 P D1ive 0.70 0.00132500 1.2 34 40 . 0.03
2VDC12 ° 03028 1.20 0.02030000 $0.0 110. 43 . 0.45
2VDC18 P 03146 0.50 0.00335000 4.6 20.00 0.23 v
2vYc22 P 03146 D80 0.00135000 7.0 20.00 . 0.35 &
o c
WIDTH OF TRAY: 3C_00 C
DERPTH OF PILL c.20 o -
HBAT INTENSITY: 15 40 -~
DERATING PACTORS _ -
AMBIENT: 3.89 - r
COVERS: i.00 DERATING FACTOR NOT DEFINED; STANUARD DERATI CT L
FIRE SEAL1: 1.00 DERATING PACTOR NOT DEFINED; STANDARD DERATI €
'

FIRE SRAL2: 1
FIRE SEBRAL)Y: 1

TRAY POINT: 1S7A

CABLE
NIMRER

2DGO20
2DG022
2D3038
2DG046
DGOS4

00 DESATING FACTOR NOT DEFINED;
00 DERATING FACTOR NOT DEFINED; DEFAULTS TO P

PULLED
STATUS

vwuwww

DEFAULTS TC F

.05130000
.05130000
.05130000
.00335000

00335000

PROJ FIC
USED
63
€3
613
20
20

LATED PREE AIR FLC

TTY AMPAC USRD AMPACITY
.20 . 0.22
20 - 0.22
20 e 0.38
.00 . 0.13
00 B N 0.c9

EXCERD

TIaATEeATTIO




