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Attachment I
Camparison of PECo Heat Balance Model With NURBEG/CR-3192

Data for the tests reported on in NUREG/CR-3192 has been received fram
Sandia National Laboratories; enabling us to camplete a camparison between the
results of the UL tests and the calculated temperatures from the PBECo heat
balance model. We have evaluated Tests 1 through 6 and Experiment 3. The
results of the camparison are as follows:

Test 1

5 gallons Heptane and non-qualified cables (PE/PVC)

Experimental peak temperatures at 5 minutes
Duration - 15 minutes

Heat release rate 1160 KW Heptane
1750 KW Cables
2910 KW Total

PECo Heat Balance Calculated Temperature - 1284°F

Test 1 Average Roam Temp. - 784°%

Test 1 Temp without lowest level thermocouples - 1212°F

Test 2

5 gallons Heptane and qualified cables (XLPE)

Experimental peak temperatures at 6 minutes

Duration - 14 minutes

Heat release rate Case A Case B
1160 KW Heptane 1160 KW Heptane
1234 KW Cables 1410 KW Cables
2394 W Total 2570 KW Total

PECo Heat Balance Calculated Temperature - 1036°F 1106°F
Test 2 Average Room Temp. - 659°F
Test 2 Temp without lowest level thermocouples - 1027°F

Test 3

5 gallons Heptane and non-qualified cables with ceramic fiber blanket
Experimental peak temperature at 15 minutes
Duration - 20 minutes

Heat release rate 1160 KW Heptane
1312 KW Cables
2472 KW Total

PECo Heat Balance Calculated Temperature - 1261°F

Test 3 Average Room Terp. - 539°F

Test 2 Temp without lowest level thermocouples - 753°F



Test 4

5 gallons Heptane and qualified cables with ceramic fiber blanket
Experimental peak temperature at 16 minutes
Duration - 30 minutes
Heat release rate 1160 KW Heptane
575 KW Cables
KW Total

PECo Heat Balance Calculated Temperature
Test 4 Average Room Temp.
Test 4 Temp without lowest level thermocouples -

Test

5 gallons Heptane and nonqualified coated cables

Experimental peak temperature at 10 munutes

Duration - 20 minutes

Heat release rate 1160 KW Heptane
1312 KW Cables
2472 KW Total

PECo Heat Balance Calculated Temperature - 1261°F
Test 5 Average Room Temp. - 560°F
Test 5 Temp without lowest level thermocouples - 789°F

Test 6

5 gallons Heptane and qualified coated cables
Experimental peak temperature at 19 minutes
Duration - 23 minutes

Heat release rate

PECo Heat Balance Calculated Temperature -
Test 6 Average Roam Tenp. o
Test 6 Termp without lowest level thermocouples -
Experiment 3

—ee

10 gallons Heptane

Experimental peak temperature at 20 minutes

Duration - 25 minutes

Heat release rate 1160 KW Heptane

PECo Hea
Exper 3
Exper 3
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The abcve comparisons were made on the following bases:

1.

Average temperature calculation: Sandia Laboratories provided
thermocouple readings and temperature plots for the six
full-scale tests conducted by UL. These readings were used to
calculate a volumetric average of the 76 thermocouple locations
(Figure 1). In evaluating the data, thermocouples #26 and 28
were not functioning properly, #56 was not included in the data
and #31 and 32 were interchanged. To replace #26 and 28,
thermocouples #102 and 100, respectively, were used (see p. 116,
NUREG/CR 3192). The value for #56 was taken to be the average of
adjacent thermocouples #44 and 8.

The test room was divided into the 76 zones shown on Figure 2.
Each of these zones was assigned the temperatures of the
thermocouple within the zone. Weighted volumetric averaging was
then performed by using the following formula.

T 2V

i=1 Sl * =T
N

v,
1=1 4

m:erevixl:‘achofthe%volmesshamonf‘igurez

'ri = The thermocouple data for Vi

All 76 zones were used in calculating the average room
temperature. An average temperature for the upper portion of -he
room was calculated by eliminating the lower layer of
thermocouples and their associated volunes. The average

temperatures were calculated using the peak temperatures from the
test cata.

Heat Release Rate

Heptane - Literature values for heat release rates for flammable
liquid pocl fires ally and heptane specifically vary in the range
of 2500 to 3300 kW/m". For the Sandia and UL tests, the heat release
rate was calculated by taking the total heat galue of the fuel divided
by the duration of the fire, and is 1966 kW/m“. The table below shows
the heat release rate for the heptane fire using this data.



Heat Release Rate for Heptane Pool Fire
Q Source
913 kW Sandia/UL - NUREG/CR-319%

1160 kW Based on 120,000 BTU/gal - Coulbert Fire
Technology Aug. 1977

1530 kW FMRC-Alpert & Ward, SFPE-TR 83-2

The methodology used for Limerick for pool fires was based on
Coulbert's approach. Therefore, for this comparison, the value
of 1160 kW was used.

Cables - The heat release t or the non-cualified PE/PVC was
calculated using the mass s data and heat of combustion
smular to the rrethodoloqy used for Limerick. The FM test data
(see EPRI NP-1881) for PE/PVC was used. This yields a heat
release rate of 628 kW/m~ of cable tray.

In the case of the qualified (IEEE 383) XLPE cables, no large
scale test data was available similar to that on PE/PVC or
hypalon jacket conducted by FMRC. To develop the heat release
rate for these cables, the small scale tests outlined in EPRI NP
1200 (see Table S-4) were useld as a camparison to develop a heat
release rate. Two such values were developed. The first was
developed by taking the PE/PVC data fram EPRI NP-1881 and
m_zlfipl"*ﬁg by the ratio of small scale heat release rates fron
EPRI NP-1200 as follows:
2 . 2
628 KW/m~ x 475 XIPE = 506 kW/m~ fram PE/PVC
589 PE/PVC

The second was developed by taking the hypalon data and
multiplying by the ratio of small scale heat release rates as

£

o .
KW/m~ x 475 XLPE = 443 kW/m”~ from hypalon
204 h‘yr»d‘x'ﬂr‘

heat 1
heat 1

se comparisons yield a range of el

234 kW - 1410 kw.
In the cases where cable protectlon schemos were provxded (i.e.,
ceramic fiber insulation or cable coatings) no test data exist:
regarding heat release rates. To estimate thvsw heat release ra
the duration of the fire for protected cables was compared to th
unprotected cables. The heat release rate was then developed b
"lu“ u ying the uneat releasec rate of the unprotect AT L
ratios of fire duration.
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3. Fire duration: The fire duration was determined fram the
le readings in the fire plume (Nos. 13, 14, 15, and 16 on
Figure 1). When the temperature of these thermocouples dropped
sharply, the fire was assumed to be completed.

Summary

'Iheresultsoftheworkmﬂertakentocmpareﬂ'etestdataofthem
test fires analyzed by Sandia National lLaboratories in NUREG/CR-3192 with
the analysis of identical fires using the PBECo heat balance mode indicate
that the model predicts temperatures which are higher than the weighted
volumetric average temperatures obtained fram the test data. Note that the
calculated average temperatures fram the test data are based on instantaneous
maximum peak values.

To perform calculations for these comparisons required that
assumptions be made for burn rates and heat releases because no data was
available for some of the materials being burned. The input to the
Limerick and Peach Bottom calculations have been gathered from test data
and were not based upon assurptions.

The heat balance methodology is not intended for use as a tool for
calculating a preuse temperature that results from a fire. The intendad
application is that of a conservative screening device in the process of
determining the survivability of structural steel during a fire. In
addition to using the heat balance model to determine overall room or area
temperatures localized effects of fires on the structural steel are
evaluated. This is accorplished by looking at the plumes of the
hypothesized fires. Once temperatures are obtained fram these devices
steel temperatures are calculated by using the methodology presented by
Stanzak as submitted with our calculations.

DMG:mtk 1/13/84-1
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CASE NO.: 1

BUILDING:

ELEVATION AND AREA DESCRIPTION: UL TEST 1
CASE DESCRIPTION:

el o o o o o o o e ol o < D e o e o e o i e o o o o o o o o o o o e o o e o o o e o b S o e e e e e o b o e s o o o o o b o e o e e e o o e o o

CEILING/WALL THICKNESS CEILING/WALL MATERIAL RO HO aw @
(FT.) SQ@. FT. FT. 8Q. FT. KW

o o oo o v o o oo o o o o e o oo o o o e o o o o o o s e o o o o e o e o oo o oo o oo o o oo e e oot o ool e
2.7 CONCRETE BLOCK 32 e 1130 2910

FIRE 1S FUEL CONTROLLED

FIRE DURATION GRS TEMPERATURE
(MIN.) (DEG. F)

386.992
S15.835
614.938
638. 583
772.325
833. 021
9@8. 372
957. 490
1011. 14
1061. 90
1110.17
1156. 21
1200. 56
1243. 14
1284.23
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CASE NO.: 2-A

BUILDING:

ELEVATION AND AREA DESCRIPTION: UL TEST 2
CASE DESCRIPTION:

o o o oo e e s o o o o o o s e s o oo o o e o e e oo e e o o o b o e o oo o o o o e o oo e e o e e e s oo e e e o e o o e e e e e o oo o o e 4
CEILING/WALL THICKNESS CEILING/WALL MATERIAL AD HO AW Q

(FT.) SQ. FT. FT. SQ. FT. KW
e o o e s o o o e e o o e e e o o e e e e e s o b s o o o o e e s o e e s o s e e e e o o e o o e e e s e o o o e s s e e s o o e e e e e o o e oo o o o

2.7 CONCRETE BLOCK 32 e 1130 2334
FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)

—

331.506
437.426
518. 902
o87.874
€48. 308
7@3. 153
753. 606
eee. 573
844.70E
88E. 448
S2E. 156
964. 101
1000. 43

1035, 52
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CASE NO.: 2- 8

BUILDING:

ELEVATION AND ARER DESCRIPTION: UL TEST 2
CASE DESCRIPTION:

e bbb o o b ool o ke o o ol e e ol s ol i e o o o o e e o o o e o o o e e o b e o s o o o o K e e e o e o o o o o o o o o e e e o b oo

CEILING/WALL THICKNESS CEILING/WALL MATERIAL A0 D Al e
(FT.) SQ. FT. FT. 5Q. FT. KW

R o o o o o o o o o o A o o o o o o o s o o oo o o oo e
.7 CONCRETE BLOCK 32 e 1130 2570

FIRE 1S FUEL CONTROLLED

FIRE DURARTION GRS TEMPERATURE
(MIN.) (DEG. F)
1 350.438
2 4B4.172
3 o51.659
4 625. 523
S £90. 607
€ 743.434
7 8@3.E64
e 854. 0397
9 901.473
10 S4E. 290
11 988. 922
12 1023.66
13 1068. 73

14 112€. 33




CASE NO.: 3

BUILDING:

<LEVATION AND AREA DESCRIPTION: UL TEST 3
CASE DESCRIPTION:

m.***************************************l’l************************************

CEILING/WALL THICKNESS CEILING/WALL MRTERIAL RO HO AW G
(FT.) SQ. FT. FT. S@. FT. KW

e o o o o oo o s e e o o o oo o o e o o o o s o o o s e S e o o o o e oo o o e o e o - o e o o o s o o s e o o o o s e o o oo e
2.7 CONCRETE BLOCK 32 e 1130 2472

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)
1 339.897
2 449, 280
3 S33. 419
4 604. 433
S EE7. 054
6 723.690
7 775.791
e 824. 297
e B8E9. 864
10 912.969
11 953.973
12 993. 156
13 10302. 74
14 1QEE. S0
15 1121.8@
16 1135. 56
17 11€8. 27
18 1200. 05
19 1230.95

20 1261.04



CASE NO.: 4

BUILDING:

ELEVATION AND AREA DESCRIPTION: UL TEST 4
CASE DESCRIPTION:

W e o s e s o e o e s o o e s o o o e e o o i o e o s o o i o o 3 o e o o e e s e o o e b o s o o e s e o e e e o e e o o e s e e e e e o o o o e e

CEILING/WALL THICKNESS CEILING/WALL MATERIAL RO HO Hw @
(FT.) 8Q. FT. FT. S@. FT. KW

o oo o o o o oo S o o o S o o o o o o e o o s o oA o oo oo o o e oo o oo oo oo o o ok
2.7 CONCRETE BLOCK 32 g 130 1735

FIRE IS FUEL CONTROLLED

FIRE DURATION JAS TEMPERATURE
(MIN. ) (DEG. F)
1 260. 524
P4 337.229
3 396. 223
4 44E.019
S 483. 926
& 529.642
7 SEE. 181
€ €00. 201
£ 632. 162
1@ €62. 397
11 €31. 160
12 718. B4E
13 745. 013
14 778. 385
15 794.8€3
16 818. 552
17 841.50@5
18 8E63.79S
19 €85.476
20 30E. 594
21 927. 192
22 947.305
23 3EE&. 9E7
24 986. 207
25 122S. 05
P 1823. 52
27 1041.64
28 1@58. 42
29 1276. 90

30 1084. 07



CASE NO.: S

BUILDING:

ELEVATION AND AREA DESCRIPTION: UL TEST S
CASE DESCRIPTION:

o o e o o e e s o e o o e o ol ol o e o o e o e e ol e el 6 e o e o o o o e o o o o s e o o o e o 3 e o e s o e s o o oo o o e e b o oo oo o

CEILING/WALL THICKNESS CEILING/WALL MATERIAL RO HO Aw Q
(FT.) 8Q. FT. FT. S@. FT. KW

SR o Aok o o ool o obe s oo o o o o o o o o o o o o o oo o o o o e o o o o e o e o oo o oo oo e o o o oo o
2.7 CONCRETE BLOCK 32 e 11302 2472

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)
1 339.897
2 443, 280
3 5933.419
4 BQ4. 439
S RE7. 054
6 723.E90
7 7735.791
€ B24. 297
9 GES. B4
10 912.9€9
11 953. 973
12 993. 156
13 1030@. 74
14 10EE. S0
15 1121.80
16 1135. 56
17 1168. 27
18 1200. 05
19 1230. 95
20 1261.04



CASE NO.: &

BUILDING:

ELEVATION AND AREA DESCRIPTION: UL TEST &
CASE DESCRIPTION:

Sl o o o o e o S e o e o ol s o o i o e o e . e e i s o e o e e i e o e o o o s i e b b i o o e o e o o o o o o e e o e ¢ o e e o e o e e o o e o o o e

CEILING/WALL THICKNESS CEILING/WALL MATERIAL AD HO o Q
(FT.) SQ. FT. FT. S@. FT. KW

o o o o o o o o o o o o o o o o o o o o o o o o o o o o e o e o o oo o o o o o e b o o o o o o o e o o SR o o o oo b oo o e o oo
Q.7 CONCRETE BLOCK 32 e 1130 1853

FIRE 1S FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)
1 273. 248
2 355.178
3 418.194
4 471,386
S S18. 287
€ SE6@.711
7 598. 741
e EJE. QE0
9 670. 218
10 702.514
11 733. 236
12 ' 762.3595
13 79@. 757
14 €17.858
1S5 844.012
16 BES. @S
17 £93. 821
18 917.6239
19 94@. 786
20 9E3. 347
21 985. 343
22 100E. 82

23 1027.82



CRSE NO.: 7

BUILDING:

ELEVATION AND AREA DESCRIPTION: UL EXPERIMENT 3
CASE DESCRIPTION:

‘e e e e o o e o o 3 o i o o o s o e e e e o s e e b b e e e ok e o i o e o o o o o o e o o o e o o s o e e o o o e e o o o o e e e R o o o e o ol R o o o o

CEILING/WALL THICKNESS CEILING/WALL MATERIAL RO HO AW Q
(FT.) S@. FT. FT. S@. FT. KW

e o o o e o o oo o o o o e o o o o o e o o o o o o o o o o o o e o oo o o o o o o o o o o o o o o b ok R
Q.. CONCRETE BLOCK 32 e 1130 1160

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE

(MIN. ) (DEG. F)

1 198, 387

2 243. EE2

3 289. 088

4 322. 356

< I51. 6689

G 378.222

7 402.632

) 425, I60

3 446.712

10 4E6.913

11 486. 130

f 12 S04. 494
13 522,111

t 14 539. 065
15 555. 425

16 571. 250

17 S8E. 587

18 E01. 483

F 19 615.971
20 £30. 084

21 643. 848

22 £57.290

23 £70. 470

24 583. 288

25 £95. 881
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