[\

O
|

TEST REPORT
American Electric Power Service Corp.
Canton Laboratory
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AMPACITY TEST FOR POWER CABLES Date pecember 16, 1983
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I. INTRODUCTION

The

II.

ITI.

For compliance with lOCFR50, Appendix R at the'D. C.

OBJECTIVE

Cook Nuclear Plant, tests were conducted on power-and control
cables enclosed in a TSI, Inc. one-hour fire barrier system.
results of the test will be compared to computer-generated
data to determine the validity of the computer model on heat
run flow and cable ampacity.

The test objective was to simulate as closely as possible

TEST METHOD
The generalized test method consisted of:

. Installing cables.

Attaching thermocouples.

Enclosing the TSI fire barrier system.
Applying the specified amperages.

DW=
.

40°cC.

the actual conditions of tray and conduit runs proposed for Cook
Plant and determine the final conductor temperature for the specified
amperage and tray fill.

Maintaining a constant ambient temperature of

6. Monitoring the temperature rise and final conductor

temperature.
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°I. TEST METHOD (Cont'd.)

The detailed test procedure was as follows:

1.

Equipment

1.1°

1.1.1.

1.1.2.

1.1.3.

1.1.4.

l.2.
1.2.1.
1.2.2.

1.2.3.

1.3

1.3.1.

1.3.2.
1.3.3.

1.3.4.

1.4.

.Cable Tray and Cover

Cable tray was galvanized steel, expanded metal. bottom;
size 12" x 6" x 8'~0" Long.

Cable tray cover was galvanized steel, ventilated

12" wide.

10'-0" Original tray length cut to 8'-0" to accommodate
installation in environmental chamber.

Tray cover attached to tray by using #10 x 3/8" Parker-
Kalon type B (2) with "H" head.

Conduit

4" I.D. Galvanized rigid steel.

1" I.Db. Thinwall EMT

Conduits cut to 8'-0" to.conform with cable tray

length and installation in chamber.

Fire Barrier Envelope

Thermo-Lag 330-1 subliming coating manufactured by

TSI, Inc. for a one hour barrier. Thickness of barrier
was .500" (+.125", -.000").

Prefabricated panels 6'-0" x 4.6".

Prefabricated conduit sections.

Steel banding. |
Cables
The following cables were used for testing: i

B/M ltem #§ Description

324 3TC #12 Cu 600 V

339 3TC #6 Al 600 V

344 3TC #4 Al 600 V

348 3TC 42 Al 600 V

3101 3TC #4 Al 5 kV shielded

3102 3TC #2 Al 5 kV shielded

3103 3TC #2/0 Al 5 kV shielded

3104 3TC #4/0 Al 5 kV shielded

3120 4/C #12 Cu 600 V. P5-chBLE-00/
' Rev O '

ATRcHmens ¥

A oF A3




»



Test Setup

2.1 Raceway |
2.1.1. Cable tray and conduit were supported approximately

2'-6" above floor to allow for natural ventilation.

2.1.2. Raceway ends were sealed during the test with
thermal insulating material to prevent heat
loss through these areas.

Note:

This procedure could cause excessive heating

of the cables passing through the thermal seal; |
therefore, all temperature readings were taken

a minimum of 1'-0" from the thermal seal.

2.2 TSI One Hour Fire Barrier System

2.2.1. The tray envelope was constructed of the pre-
fabricated panels, cut so as to fit as shown
in the Appendix (see Figure #l).

2.2.2. The conduits were encased in the prefabricated

sections. |
2.3 Thermocouples |
2.3.1. T-Type thermocouples were used to measure tempera-

tures of the following:

A. Ambient air
B., Top and bottom of the fire barrier envelope ,
C. Air space in tray

D. Conductors.

2.3.2. Thermocouples were installed on the inward |
side of the conductor in a triplex arrangement |

(see Figure 2). A hole was bored in the insulation |

and the thermocouples were placed on the conductor. i

l

1

1

2.3.3, Thermocouples were imbedded in Omegatherm 201
high thermal conductivity paste.

2.3.4. Thermocouples were installed in a position
located on the cables in the center of the

tray where:

A. Heat generation is greatest.
B. Heat dissipation is the least (see

Figure 3). :
PS-CHBLE-0O [
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2.3.5.

Test Procedure

3.1

3.2

3.4.

The minimum number of thermocouples used to
measure the conductor temperature was two (2)
per cable circuit installed in the tray and
five (5) for single cables installed in the
conduit,

Cables

Cables were positioﬁed in the cable tray in
a single layer in such a position that there
was a minimum spacing of 1/3 the diameter of
the larger adjacent cable. Cables were then
secured with "Ty-Rapbs".

Each test consisted of installing the cables

in the tray in one of =ix (6) configurations

as specified in the test request.

Once the proper setup was attained, cables

were subjected to a load of three phase,

60 Hz sinusoidal current as specified in Section
4.

Ambient temperature was set to 40°C.

Temperature rise of the cables was recorded

on an Esterline Angus Model PD-2064 data acquisit-
ion system at %-hour intervals until the cable
temperatures stabilized.

The voltage and amperage of each circuit was
monitored periodically throughout the test.

Test Configurations

4.1

Circuit No.

Test #1

Item No. Description Runs in Tray Ampacity

2 W N

324 3TC#12 Cu 7 3.8
324 3TC#12 Cu 3 20.0
348 3TC#2 Al 1 60.0
324 3TC#12 Cu 1 0

Ps- crBLe-o0/
rev o

ATHCHMENT T
& oF 23






4.2 Test %2
Circuit No. Item No. pescription Runs in Tray Ampacity
1 324 37C#12 Cu 2 .17
2 324 3TC#12 Cu 2 .71
3 324 3TC#12 Cu 4 2.8
4 348 37C#12 Cu 1 6.8
-4 3120 4/C#12 Cu 1 6.8
5 344 3TC#4 Al 1 53.0
4.3 Test #3
Circuit No. Item No. Pescripcion, Runs in Tray Ampacity
1 324 37C#12 Cu 5 .71
2 324 3TC#12 Cu 5 2.8
3 3120 4/C§12 Cu 1 6.8
3 324 3TC412 Cu z 6.8
4 3120 4/C£12 Cu 2 16.0
4 324 37C#12 Cu 2 16.0
4 339 3TC#6 Al 1 16.0
5 339 ¢ 37C#6 Al 1 36.0
5 344 3TC#4 Al 1 36.0
6 344 3TCH#4 Al 1 53.0
7 348 3TC#2 Al 2 60.0
8 324 3TC#12 Cu 1 0
4.4 Test #4
Cable Size: 3TC#12 Cu 600 V.
Conduit Size: 1" I.D. EMI
Ampacity: 2 amps.
4.5 Test #5
Cable Size: 3TC#2 Al 5 kV shielded with one end
grounded.
Conduit Size: 4" I.D. Galv. rigid.
Ampacity: 72 amps.
4.6 Test #6
Circuit No. Item No. Description Runs in Tray Ampacity
1 3101 3TC#4 Al Sh. 2 20
2 3102 37C#2 Al Sh. 2 25
3 3103 3TC§2/0 Al Sh. 2 40
4 3104 3TC$4/0 Al Sh. 1 50
°S- CRBLE-00/
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& Iv. TEST RESULTS

The complete temperature recordings are tabulated along with test comments
on computer printouts and listed under data sheets in the Appendix.

The final conductor temperatures for each test are listed below:

Ampacity Runs in Highest Conductor °
Test No. Cable (Amps) Tray Temperature (°C)

1 3TC#12 Cu 3.8 7 45.6
" 20.0 3 59.7
1 3TC#2 Al 60.0 1 55.7
2 3TC#12 Cu .17 2 42.6
" .71 2 42.7
" 2.8 4 45,1
3T wr L 6.8 1 44.4
2 4/C%12 Cu 6.8 1 43.9
2 3TC4#4 53.0 1 58.3
3 3TC#12 Cu .71 5 54.6
" 2.8 5 57.9
@‘ " 6.8 2 60.4
" 16.0 2 67.3
3 4/Cé12 Cu 6.8 1 55.2%
" 16.0 2 62.7%
3 27C4¥6 Al 16.0 1 57.6
" 36.0 1 65.9*
3 3TC#4 Al 36.0 1 57.9%
" 53.0 1 68.8
3 3TC#2 Al 60.0 2 63.7
4 3TC412 Cu 2.0 1 42.9
5 3TC§2 Al 72.0 1 65.0
6 3TCH#4 Al 20 2 45.6
6 3TC#2 Al 25 1 45.4
6 3TC#2/0 Al © 40 2 45.5
6 3T7C#4/0 Al . 50 1 44.5

* Thermocouple installed on insulation, not conductor.

ﬁ . Ps-cheLe-oo/
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& V. DISCUSSION

Due to a limited supply of variable power sources, several circuits
were consolidated. 1In all cases, the loads were met or exceeded those that
were originally requested.

As per the original request, conductors were placed in the cable tray
in a single layer in such a position that there was a minimum spacing of
1/3 the diameter of the larger adjacent cable. Although this probably is
not the best simulation of actual conditions, it was one criterion of the
test request. During Test #3, the amount of cables made it impossible to
follow this criterion. It was followed as closely as possible and the results
can be viewed in the Appendix under "Photographs”. .

All results contained in this report were forwarded to W. F. Wilson,
New York, immediately upon completion of the test. Any questions pertaining
to the actual test results as compared to the computer-generated data should
be directed to him.

VI. APPENDIX

. A. Data sheets
B. Test setup
c.

Photographs.

Q " pPS— CABLE —00 /
) Rev O
ATncHmenr ¥

7 F 23






3]

Eﬂ[. N s G e
B R L W LN B VW

IRUN

[y
=S
-

1
1z,

14.
15.

16!

[}
)

R N N Y

. COMMENTE - TEST No. 1

TEST { CL S4% 11/01/83% TIME IS 4:23 A.M.
START A=, 783V B=,796V C=, 810V, ALL 3.8 AMP
STRRT A=, 732V B=.657V C=1.02V, ALL &0 AMP
START A=1,17V B=1i.34V C=1, 19V, AQLL 20 AMP
CHANWEL F9= AMBIENT

CHAN  IZ=TRAY TCP,Z=TRAY RBDTTOM, 4=RIR IN TRRY
CHANNEL €,7 ARE ONM £ AMP CIRCUIT

CHANNEL S, 2 RRE ON 28 AMP CIRCUIT

ALL DOTHER CHANNELS On 3.8 AMP CIRCUIT

CURR END A 3.2 B 3.9 C 3.9

VOLT END A .B870 B .845 £ . 887
CURR END A §9.2 B 58.5 € 58.3
VOLT END R .81E B . 713 C .05
CURR'END A 2@. 4 E 20.Z C 2€.2
VOLT ENMD & 1. 238 B L, 418 C 1,258
EMD TeET #1 CL-D4Z 11/1/83
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TEST No. 1

o pass | wprem mptmirm gare
w E5TENLINE ANBLUES LRI A

TIME CHE@ COH4Z  CH#S  CH& CH®S CHse COri&7 CH#32 CH#ll CHuIZ

3
T
S
0

Bazz0  17.3 =5 25,3 5.7 5.5 2£5.6 5.6 25,3 25,5 25.6 26.6
04:45  19.4 IZ.4a 0TS *8.5 43.4 ITE.4 35,7 455 9.8 3.7 8.z
05:15 o I7.2 381 Za.r 49.5 bda.l 43T 45,8 3I5.4 IS5 3.5
gs:45 =T =9 79.5 I8.7 53.5 48.9 48 5.9 3I9.5 3 8.5
BEILS 4.8 ab. 4 41 1.6 S55.9 S1.7 S0.4 S5E.1 41.9 41.% 40.8
G145 SE. L &l S 4B.7 4T.T S57.3 53,5 S2.4 S7.6 43T 42,5 4z.1
7:1 27.5 41,2 &1.%2 44,1 S7.8 S4. 4 S53.3 58.2 44.2 4T E 428
@7:45 2.3 40,8 4B.7 44.5 S8.8 S4.9 53,9 "59.%2 &Lb4.4 4F. T 43,2
@8:15 2B.7 641.3 41i.4 44.& SB.€& S4.8 S3.6 S8 L. b LT.6 43,2
08:45 29.%2 41.4 41.9 45.4 SB.9 5.3 54 s@. % 4&.7 6463.8 43,5
@9:1S5 29.5 41.3 42,1 45.5 S9.1 55 S4.y S9.% 44,8 44 43. 7
@2:45 9.8 41.1 41.8 45.8 S59.¢ S55.3 S4.1 S2.3 44.9 441 43,7
18:15 = 61, 41,8 4.8 59 55.5 Sb4.4 59,2 44,9 440 43,8
10:45 3.2 4i.4 4t 45.6 S59.2 ¥5.3 S54,% 55,4 44.9 a6.3 43,7
11:45  3I@.3 41,8 &2.% 45.8 9.3 S5.3T Sa.Z2 59.5 45 Gh, 2 438
11:45  IO0.5 41,6 42.%5 45.9 S59.7 $5.%5- 54,6 59.5 45.2 44.% 4T
12:15  3IG.6 4i.Z 41,9 4.9 59.7 55.85 S4.5% SS.4 45.2 44,1 44
12:45 30.9 4i.Z 41.8 45.8 H9.2 S55.€& 54,5 S$3.% 45.3 44 44, 1
T115 T 41,5 42,1 4§ £9.% S55.& S4.E S59.4 65,4 44,2 4401
215 1.4 41,8 &30 45.S =9.% S55.€6 54.5 S9.3 45,3 44 al, 4
L3465 Ti.1 aqi.3 42T 45.% 9.7 S5.5 S4.BE S9.& 45.2 44.3 43,9
15:1S Ti.1 41,2 &L.9 45,9 9.4 S5.8 S4.6 S89.4 45.4 44,2 44,
15:45 F1.2 41,2 41,9 4E 59.5 S5S.7 S4.5 S9.5 45.4 44,2 44,1

)

TIME CH#17 CH41S CHY42D CH2S CH&#ZE CHEZ7 CHEZS CH#I6 CHRZ7 CH#3S

1§

Q4:2 5.5 25.5 5.9 25.6& 25.€6 285.6 5.7 25.6 25.8 =4
0445 28.2 28.8 28,2 28.4 9.2 =B.1 & 9.3 3IvB.8 3I7.8
05:15 4.6 5.6 T4.7 IS 5.9 6.1 3B Ih. & 37 40.8

DS:45 8.6 F9.5 3IB.7 T8.9 TF8.9 4b.1 4@.2 3I8.4 4.1 4LB.4
@e:15 4.6 41,4 41,1 41 4z, 1 42,3 42.5 4B.8 4F.4 40.8

BE: 45 4z 42,8 4.2 42,4 4F.2 43,4 43,8 42,1 44.8 40.Z

Q7:15 4z.6 4.1 42,9 4LT.Y 44 44,3y L4.5 42,9 45.5 41

B7:45 2.8 .G 42,9 43,1 44,4 4Lb L. 8 I.2 45.5 40.4

@a:15 42,6 43,6 432 4.2 44,3 44T 44,7 43,4 45,6 41,3

08:45 43,1 43,9 436 4F. 5 446 LL.T 450 = .8 45.9 40.8

@9:15 4%. 3 TS5 43,4 435 44.7 446 45,2 4TS5 46.2 40.6

29:45 43,2 43.8 LI.T7 4T.E 44,8 44,7 45.1 43,8 4E.2 40.7

10015 4T.4  4TL7 436 4TS 44,8 44,7 45,4 4F.7 4B.T 40.7 N
1@:45 4.3 4T.8 43,7 4T.5 44,9 44.8 45,3 43I 8 4E.4 41

11:15 43,3 L8 4T 7 437 44,8 46,7 45.2 4. B 4E.Z 40.8

4z, 5 44 4.8 43,9 44,9 L4&6,7 45,59 44,1 4E.T 40,7
4%3. 6 437 L4 E L4,S 45, S 4.8 4B. T 40.4
£T.7 LT.3 44.8 44,7 45,5 43,8 4LBE.T 40,4
L3.8 4T.9 44.8 4L.E 4S5.6 43S 4E.4 48,8
4.7 43.9 44,8 wl.7 45.€ 43,9 4E8.F 40.6
44 4.3 45 0.8 485.5 44,2 46,46 4BIT
Ll T8 44.7 44,5 45,5 43,9 4EB.4 40,4
LB L, 1 44,9 44,2 45.5 44 4.3 40.4

-
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COMMENTS - TEST No. 2

THERM#1 AMEIENT (CH#IS)

THERMEZ TOP TRRY

THERM#Z - BOTTOM TRARY
THERME4 RIR SPACE

CURR QTART A .2 R .2 0L . &
VoLT STARTY A .&15 B (618 © | 8ZE
CURR.GTPRT A .9 B .9 C .5

VOLT START A 042 B .04E C .635
CURR START R E.8 BE E.8 € E. S

7

VOLT START A .471 E L4780 C 559
CURR START A 2.8 3 2.8 C &8

VOLT START A .308 B .::7 C .3QE
CURR START A 53.0 B S3.2 C 5.8
VOLT START -A 1.587 & (. 378 € 208
CL-542 TEST #Z& 11/3/8% START &5:iE
VOLT END R .8108 B ,0147 C.024Q

CUR &ND ALL | Z20AMP

UDLT END € . 5B4388 R @495 C
CUR END @ , 80 B .S® C .E2
VOLT END R . 495 B NI SR

VOLT END R L 32T R LTS3 © L 3IT
CURR SND ALL I, EAMP
VOLT END @ :.57Z % 1. 462 C .BID

CU? END QLL S55. 0@ AMPS .

END TEST 2 CL S42 16CZ TIME

Ol 9, 18, 26, 27, 28,37, ON 2.8 AMP CIRCUIT
CH 5 8 ON 53 AMP CIRCUITY

CH €,7 DN # = CABLE, B.8 AMP CIRCUIT

cu 1@,12 on 4/7C CRELE, E.E aMP CIRCUIT
! IE ON (87 AMP CIRCUIT

CH .-,_@,~4 OM .71 AMP CIRCUIT

-~
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;1'15
11:45
12:15
12:45
13:15
13045
14: 45
1G:18

11:15
11:45
1215
12245
17115
345
14:45
18245 -

T
-t n
@.7
SIS

CHiz

ZE.

D d

7
P
IE. 4
8. 3%
9.4

4@
4@, 4
4B. 3
40.9%
40. 7
4.0.
4
ai.
a@.
&8,
ai,
8.,
48, 8
4i.

N Vs Rt EET

{0

CHEL7

LX)
LapL

29.5
J4. 4
l(oE
A
&g, 2
4@, 9
41.%2
41.5
41.7
41.°
at.,

':.1
Lz

41.8
a4z, 1
a.-n

4z, 1

CHEZ

I2.7
JE. 8
I8. 4
F9.8
40. &
4.z
1.7
4l
at.z
41.4
L1.7
£1.9
41.9
£1.5
41,8
Lz

hi.dh

=1
-l
'--

f‘

] L
m LIPS LR

.,
-

-1 s

-
(R
* -

4z,
4z,
4z,
Lz,
4z,
Lz,
4z,
4z,

-
Pl

4z,
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4z
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TEST No. 2

CHs

.
\l

B ] TR 1D
M SR SRU R AR
WS MLW -

ERpDDDS D

Riatapat

1

ESTERLINE ANG

CH#%S
5.1
L3, 6
49, L
o301
55. %
9. 3
5€.9
S7.2

S57. 6

CH&E

-

21,4
Tl .
28. 6
- e
\-'[Ln -
- -
‘il s e

L@, 5
41.9
4z, e
4% 4
43, 4
43.9
L3, 9
4z, 9
44

a4

46, 1
Lo

44,z
4k, &
44,1

LHEZE

L] L i b
» -

10 1 » 1
A Wi~ i

o o
[N
.
[}

us DR

H

CHa7

21.8
29.1
Ja4. &
8. 4
40. 7
41.9

bl
e 8

43,4
4%. 6
43, 9
4z, 8
44,1
Gb. 1
44.1
44,1
44,1
Lb, 4
a4, 3
Lo, 3

CHE27

s
.f l‘\-'

.6
364
9.5

4
,!:o &

4z, 1
L2, 7
4%, 1
Lz

L. 4
L3S
3. 4
4z, 9
43, 3
43,7
43, 4
043, 5
4=, 7
43,95

CH£9 ChHxi

Ll ] Lrhed
dle pLags -'-
-y

> 0.
- y -
Pl £ 3% El mtnt e

8.3 FE.
LA, 2 40,
aicy 4t
41,8 4%,
4z, 4 4z,
4z2. 6 au.
Lz, 8 P
42,9 43.4
431 434
4z, 9 43. 5
.1 436
a4 4%, 4
43,1 45,6

-mummmmmbm

- -
<,

e ol acl- 7
T2 436
-'e A -'e

4%. 2 43,7

CH#&ZE CHEZ
22,1 24,1
29.6 3I2.3
IL. 65 3I7.4
I7.7 LD.&
TQ.5 42.5
4. & b
41.2 44.1
41.8 44.4
41.9 44.4
4z2.2 44,7

4z. % 45.1
2.5 44.8
L4z2.=% 45

4z.4 44.9
4.4 44,9

az. 4 L4.8°

4z.5 44.8
42,5 45,1
4z.6 45,1
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CHANNZL & TRAY LIREPRLE
CHANNELS 10, 12, 26, 72, 75, T4, T8, T8 ARE
ON THE INSULATION, NDT THE CONDUCTOR
CURR START A S3.0 B 5%.86 C 83.9
VOLT STRRT A .84% B 744 C €97
CURR START A ZE.2 B T5.06 C 36.92
VOLT START A {.E B 1.45 C L. €
CURR START A 2.9 B 2.8 C 2.9
VDLT START R/ 386 R .399 C (426
CURR START A 6.2 B 16.% CilE.1
VOLT START A 1.987 B 2.€@2 € 1,98
CURR ETART A 7.0 K E.9 C 7.0
VOLT &TRRT A . B & .E1 C.EBE2
CURR START A .3 B .2 C .8
VOLT START A .16 R .iE C .1E
CURR STRART A SE.@ B 57.3% (€ B
VOLT START A .64 R .B& C .E7
ST AMP CKT #12 CHAN’'S 11,17,25
2.8 AMP CKT #12 CYW'g 9,18, 21,26,27,28
=8, 37 '
2.8 AMP CKT «/C CH'S 1. 12
.8 AMP OWKT #12 CH'S o, 32
16 AMP CKY 25 CH'S 22, 24
& AMP KT L/C CHYE Z2, 33
16 AMP CKT 212 CH'S 36, LE

i

2.0 AMP CKT #4 CH'S =D, 38
TELE AMP CWNT #E SH'S T4, 35
ZT.0 AMP KT #4 OH’S 5,8

£0. 9 P ONT &2 C'S 6,7

iy
12
~d

994 B (620
G.9 B 0.9 C

VOLT END
CURR =ND

n- -

CURR END & &47.&4 B 2.0 €C S35.7
VOLT EMD A . E4B B 682 C 712
CURR MD A JE.&E B 36.7 C 3Z&. 2
VOLT END A L1.528 B L(.4E5 C 1.607
CURR END A 2.9 B 2.8 C 2.9
VOLT END A 418 B .4t . 44y
CURR END 8 16.2 B 16,3 ie. 1
VOLT END R 2. 40 B Z.04 2.2
CURR END A 6.7 B E.E C 7.0

A

(2]

A

&

A

OO ONOOON

VOLT END 117 B 122 115
CURR END 55.6 B S51.8 S.9
VOLT END .638 B (5ES . 897
END OF TEST #3 CL-542 11/11/83 1425
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TEST NO. 5

ZSTERLINE ANGLS DATAH

CH=zZ CH#Z CH#4 CH#6 CH&7 CH#3 CH#1Q CH#il CRi1z

2.3 3I5.6 Z7.7 3FO.1 ZF23OZ9.8 3I0.2 1.7 28,
.7 7.y F25 I85.5 3I8.6 IS.2 EB.T7 O 3T7.40 .
7 Z8.7 3EB.S 42,2 45.9 41.8 42.E 44.5 41,
8.4 9.7 42,2 47.4 Gi1.1 4B.7 4B.1 350 46.
9.3 4B.4 46,2 3B.7 55,2 S0.6 52.2 S4.2 SA.
0.2 4®.8 48.4 S5Z.5 58.1 &3.9 S94.8 S56.9 55.
41 41.5 S@.4 55.F 59.8 &§5.% 97 38.7 55
6103 42 591.8 S5&5.5 E1.9 S84 5B.2 E0.4 SE.
41.5 4z, S2.7 §7.8 €3.1 9$7.4 59.% €06.9 97.
4:1.8 2.5 3.3 SB8.6 EB3.F S8.3 EO.2 6Z 2e.
1.7 41.9 S3.7 S9.1 63.8 959B8.& €0.5 2 og.
at.a 41,7 532 S92 64.5 58.8° 80.8 £2.8 S9.
al1.7 4z S5 8.5 6B4.3F 358.9 8B0.9 S2.4. S8,
Lz 4z, 5  S5a 99.7 6B4.4 S8.9 EB.9 &£2.4 532,
L4202 42,7 S4.4 58.8 B4.8 S59.1 51,2 E2,.7 S8,
4l 6 41.2 S4.F £3 €4.8 59.5 Ei.Z2 €2.8 98,
L2 4z.1 S4.5 6.3 €5 59.5 61.3 E3.Z% 358

COMMENTS

750

TEST 5 CL-042 1Q/20/8% @
VOLT START A 589 B .244
CURR START £ 72.0 & 72.0
CHNL 12 ON QUTSIDE INSULA
I=AMBIENT 2-TOP CONDUIT
S-BEOTTOM CONDUIT 4—-RIR SPACE
VOLT FINISH A .€31 B 987 C €57
CURR FINMISH A 72.2 B 72.1 C 71.9

END TEST S CL 542 1@/20/83% 1545
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TEST &

<@ AMP KT CHE
=3 F‘-MP CKRT

ZND RUN
38 AMBIENT

“« RIR SP.Cu
L ©

ad AMe CKT CHANNELS S
1] QMP CKT CHANNEZLS §

CUxR ETAR

VoLT
CURR
VoL T
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ZNZ T

VDL

CuRR &

VLT
CURR
VoL

CURR END R

VOLT

&
VGLT b1

CHANNELS B,

- TEST NO. 6

11/

£, 20, 36
AT A 0.3 B 224 T 20.3
BTART & . 748 B 785 C .786
START A =5.4 B 5.0 © Z5.12
START A 1,282 & 1. 255 C© 1i.397
START R 40.3 B &8. 5 © 4%, 3
START O 226 B .2ia © . 245
TART A SZ. O % S5@.8 O S8.9
ART A LED4 B .30 0 LTE7
TOE IND LSLE/ET OTIME 1345
D5 25,5 0B 21,5 0 %1l
END O 78985 B.83S © .537
YA 25,4 B 25,3 C 25,7
ND A L. TES B L. 357 O 1.ZES
EnD R 4. Hoalee I 43,8
END A LI4% L L 3I3 C.oss
53.8 B 4%. 8 098, L4
END A 227 B.=ti C.278
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@ ERZ0S, DONALD C. COOK NUCLEAR PLANT
GRD
AME LD Einctionaivaves

VERIFICATION CHECKLIST — CALCULATIONS

Calculation Number _A2S ~ CARBRLE-DD/ Rev. _O
Lk L 10/23 /77
Signa%re of Verifie? Date
1.0 Were the inputs/dataisoliFEas correctly selected, incorporated
and documented into the calculation? Yes & N/A ___

Basis: THESE WERE 10ENTIFIED /4 DT ACIFERENCE - LFTRCHMENT
SCCT7onY . TZZESEE /SR [P 1181/ED A TAHE LPEIFIEL 70 ('//ELK e

£ » KA V)43 o &
VD GFLSO0 7O COAIEE ZHE CAl/LUNIT700 D7pL7s - : .
2.0 Are assumptions necessary to perform the calculation
d uate]y described and reasonable? - Yes 7 N/A ___

Basis: é?/;/&’ a2 A.SSumm/./ “YY caLLlES ARE Cﬂ-Rﬁ\l/p{t/ 42148
A’e.sﬂécfyé LA7ED ﬁf/ﬂ/r’&/q “. Irgs ,s!cceamu- A‘m -rl;;,r Crlevip-

) ﬁ'gg ﬁuz ﬂm r&t‘/d /:ﬂz (L LS oA m;/é L7 ,_{férggcz ZZ
@ THE CNIC Apl c.4+LLES, -

3.0 Are the applicable codes, standards and regulatory
requirements identified and requirements for design.
met? .Yes o~ N/A ___

Basis: Azr  Review oF +}l€ LisTe)p Rerceences A/UA
LTACHMNENTS L DENTEICD _tn  ZHE.  Cheuld=7704),

4.0 Was an appropriate design method used? Yes 1~ N/A ___
Basis: w/ ay, ¢ A4S 7
m = C 70 - g

77"./:2:/ w/rﬁc/umf S, THE T2/ 32% 15 A4 TEST foru)r I AYA

Acccdreﬂ ‘By 7o raousiey.
5.0 Is the output reasonable compared to input? Yes « N/A ___

Basis: ZZis /¢ BAsen onl e Aeview oF 7l a/f-/cu/rvou 2D
VD Y el azin g 7A€ copRecTion’) BACTIRS . TR Faup ™
it faZing 1S _DicumenTED w1 ZHe ATRHED SHEETS dF 7748

VeRIFICHTION
6.0 Are the results numerically correct? Yes .~ N/A ___

Basis: £45€D o Aol 4’ Cialr ubeZie TEHE CORRLLTIOAL
[F9CALS . 4/Sp ﬁﬁmbmaﬁ/: CHECKEDN 2/ 14-274{‘/4/14('147‘ L &

columas .

@ A7dCcHtcnwT S
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Calculation PS-CABLE-001, Rev. 0
Verification Cont.

In addition to the verification checklist (Page 1), the following additional information
documents the verification effort for calculation PS-CABLE-001, Revision 0.

For the identified cable trays at Cook Plant, it was necessary to predict correction factors
for fills greater than those described in IPCEA-P-46-426 (up to 6 horizontal cables) so the
appropriate conservative correction factor could be applied to the actual {ill configuration.
A mathematical model was developed which represents the correction factors identified
in IPCEA-P-46-426. MATHCAD was used to calibrate this model with the results being
equal to the correction factors in the IPCEA standard and to calculate the correction
factors for fill quantities greater than the IPCEA standard maximum value of 6.

Per the calculation procedure 227200-STG-5400-02, if a computer program is used the
requirements of 800000-LTG-7100-02 shall be met. Per review of section 2.2 of
800000-LTG-7100-02, software not identified for production purposes (e.g. one time
calculation) is exempt from requirements in 800000-LTG-5400-08 and 800000-LTG-
7100-02. Calculation PS-CABLE-001, Revision 0, documents the review of the
ampacity derating for installed cables, for historical purposes, to closeout the Thermo-
Lag issue. In the opinion of the independent verifier, this is a one time calculation which

" is exempt from procedure 800000-LTG-5400-08 and 800000-LTG-7100-02 as explained

above.

The following minimum requirements, per 800000-LTG-7100-02, do apply to this

. software. Validation of the software shall be performed and independently reviewed.

Also the program listing, verification and independent review shall be treated as a QA -
record. Validation of the software will be done by alternative hand calculation as shown
in the following pages. The program listing , verification with review will be made a part
of this calculation, which is a record. Quality Assurance (QA) was contacted and the use
of this software for this calculation was discussed. QA concurred with this independent
verifier’s opinion to treat this use of software as a one time calculation.

The computer listing is a hard copy of the logic steps/commands of how the computer
program operates (runs). The purpose of the program listing is to enable the computer
program to be recreated and/or run at some future date. In the case of MATHCAD, there
really is no official “program listing” because MATHCAD is a mathematical “number
cruncher”. Therefore , no computer listing is included in calculation PS-CABLE-001,
Revision 0. However, attachment 2 is a copy of the input screen for MATHCAD. This
input screen identifies the version of MATHCAD, mathematical model, and specific
directions to replicate the correction factors as documented in the calculation.
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The MATHCAD program was used to develop an equation to “predict” correction factors
for fills >6 cables horizontaly. The mathematical model was generated using the
following data from IPCEA-P-46-426 table VII:

# CABLES ADJACENT DERATING
CABLES(t)

1 0 1

2 1- 0.93

3 2 0.87

4 3 0.84

5 4 0.83 .

6 5 0.82

The equation MATHCAD generated to “fit” these points is:

mf(t)= 0.8+0.129 e (Y1974, g 973 (V1-991)

Where t is a number of cables directly adjacent to the cable of concern.

The validation of MATHCAD was verified by plugging in any of the number pair above.

mf(2)= 0.8+0.129 ¢ ' 0,073 &2V

= 0.8+ 0.047 + 0.027=0.874

mf(3)= 0.8+0.129 e ™). 0,073 /19N

=0.8 +0.028 + 0.016= 0.844

mf(5)= 0.8+0.129 ¢ 194 0 73 5199

=0.8 +0.010 + 0.006= 0.816

mf(12)= 0.8+0.129 ¢ “'%'9794. 0,073 #1991

= (0.8 + 0.000 + 0.000= 0.8

mf(20)= 0.8+0.129 e (2011.974) 0.073 20199

= 0.8 +0.000 + 0.000= 0.8

AGHACHHENT ST
Calc. PS-CABLE-001, Rev.0
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In section 4.0 of the calculation, the ampacity for 3TC # 6 Al cable is adjusted for 130°C
(short time rating) in accordance with IPCEA-P-46-426 equation 5 as indicated below:

I'= 1V (Tc’-Ta)/ (Tc-Ta)*(228.1+Tc)/(228.1+Te)
Where I’= Ampacity @ 130°C
I= Open Air Ampacity @ 90°C= 69 Amps
Te’= Conductor Temperature @ 130°C
Tc = Conductor Temperature @ 90°C

1'=69 V (130-40/ (90-40)*(228.1+90/(228.1+130)

I’=69  (90/ 50)*(318.1/(358.1)
=87.25 Amps.

In attachment 3, Table 3 through 8 the actual watts are calculated using following
equation: '

Actual watts = ¥"3 n *R,,

Note : 3 is used for 3TC cable.
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