pe - J
o
i |
txy
-
\_)
—4
P
X

Heat Effects From
Burning Natural Gas

211230345 821116
gDF‘i ADOCK 05000329
A PDR




NUS-4241

HEAT EFFECTS FROM BURNING
NATURAL GAS AT MIDLAND PLANT

Prepared for

CONSUMERS POWER COMPANY

oy

P. J. Fulford

C. L. Hoxie

November 1, 1982

N A

Approved: i e O
G. D. Kaiser, Manager
Consequence Assessment

Department
Consulting Division

NUS CORPORATION
910 Clopper Road
Gaithersburg, Maryland 20878



Section and Title

TABLE OF CONTENTS

1.0

2.0

2.5.1
2.5.2

3.0

Page No.

INTRODUCTION 1
TECHNICAL DISCUSSION OF PROBLEM 1
AND APPROACH
Pipeline Description )
Deflagration Overpressures 1
Radiant Heat Lcading and Flame Size 2
Convective Heat Loading 3
Break Location Selection and Affected 3
Safety-Related Structures
Low Pressure Pipeline
High Pressure Pipeline
RESULTS OF ANALYSIS 4
Borated Water Storage Tanks (BWST) <
Auxiliary Building North Face 5
Auxiliary Building North Face-Steel 5
Siding
Auxiliary Building North Face - Concrete 6
wall
Containment Buildings 7

8

REFERENCES

ii

NUS CORPORATION



-
A

n
o
Q
K <
€9

W/

OCATION

A\J




INTRODUCTION

bes the analys
in the pipeline.
safety-related structures
Included are direct radiation
heat transfer from the com-

om gas cloud deflagration

TECHNICAL DISCUSSION OF PROBLEM AND APPROACH

the onsite pressure

iucing s 'rom this s ¢ pressure lines at

pproximately 5 psig su 4 2 ¢ . the Evaporator and

‘ombination Shop 1g S r'h lir  1¢ is restricted
20

pipeline ha an automatic

L

>eline break and automatic




sured coverpressu
le beyond the ]

8] A
rapid deflagrations are no hazard to

Radiant Heat Loading and Flame

B
. (4)
Bennett ey

2
and Finley recommend a value of m® as the

mean radlative

power for LNG flames. The

turbulent methane flames,

i

text explicitly
to therefore, the mean value
adopted here as the flame edge heat flux.

timation

1

of the heat flux

and Steward '

ation

fires where
momentum

buovyancy"

al modelinc

“*rellaAd orm
MICLOL L2l

combustion.
arimental data

[

~m
ome




and Combination

flame height,

1 .
calcCu.

and

combustion 18

calculation

tion




break was found to have no adverse

safety-related structures:

Building (North Face)
-ontainment Buildings (North Faces)

Storage Tanks

structures are farther away and less

in other locations are bounded by

pipeline will result in

approximately the of rnatural gas and since
the high pressure

is further from safety-related

Structures, the heat loadings from a high pressure pipeline

Oreak are bounded by the break results for the low pressure

1
3 N

lpelline.,

RESULTS OF ANALY

minimum
each BWST cording to the MIDLAND

NnServ:s




- s

Auxiliary Building North Face

The north face of the Auxiliary building is 250 feet from the

pi.eline break location. The radiative shape factor for two

equal par , s of dimension 45 ft - by -185 ft and

separated by 250 f - -« = 0.033. The iransmissivity of
P - L=2

20% humidity air 8 Thus, the radiant heat loading on

, e ‘s o " -
the Auxiliary building (100x.033x.8=) 2.64 kW/m".

convective heat loading may also occur at the north face of
Auxiliary building 1if i is blowing from the north
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3 of air in

building. This much heat will cause the 500,000 ft
the interior of the Auxiliary building to rise an average of
1.0%. This is an acceptable temperature rise. Thus, the
effect of radiant and convective heat loading on the steel

siding is acceptable.
3:.2:.2 Auxiliary Building North Face - Concrete Wall

The lower portion of the Auxiliary building north face is
reinforced concrete 1 foot thick. The temperature rise over
the outer first inch of this concrete because of a radiant
heat loading of 2.64 kW/m2 for 50 seconds is less than 3%.
The radiant heat loading will cause the temperature of the
inner surface of the 1 foot thick concrete wall to rise a

maximum of 0.21%.

Under worst case conditions the lower concrete portion of the
Auxiliary building will also be subjected to a convective heat
loading because of the hot plume impinging on the concrete for
50 seconds. At the end of 50 seconds, the average tempera-
ture of the first inch of concrete is 70°C and the inner 1l
inches of concrete are still at ambient temperature (38°C) .
Recall that wind speeds greater than 12 m/sec are required for
there to be any convective heat load on the Auxiliary
building. At the end of 50 seconds this wind would continue
to blow and cool the outer concrete surface. However, if no
credit is taken for this coolin¢ then several hours after the
accident the inner surface of the concrete would rise in
temperature a maximum of 2.7°C because of the convective heat

lcading.

Thus, the combined effects of radiant and convective heating
of the concrete portion of the Auxiliary building north face
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are acceptable. The outer first inch would have a maximum
average temperature of (70°c + 3° =) 73°%. For comparison,
NUREG/CR-1748 gquotes an allowable short term temperature of
194°c for concrete following an accident. The interior
surface of the concrete undergoes a maximum temperature rise
of (2.7°C + 0.21%sy 3°C. This is also acceptable.

Jed Containment Buildings

The Containment buildings are 344 feet from the pipeline break
location. The radiant heat loading on them is 1.54 kW/mz.
This loading lasts for 50 seconds.

A convective heat 1loading may also occur if the wind is
blowing from the north with a speed greater than 8 m/sec (17
mph). (For lower wind speeds the hot air plume rises over the
containment). Under worst case conditions, hot plume air with
a temperature of 149°%C impinges on the containment walls for
50 seconds.

The containment wall is reinforced concrete 3.5 feet thick.
The temperature rise over the outer first inch of this concrete
because of a radiant heat loading of 1.54 kW/m2 for 50 seconds
is 1.5°C. The radiant heat loading will cause the temperature
of the inner surface of the 3.5 foot thick concrete wall to

rise a maximum of 0.04°C.

Under worst case conditions the containment walls will also be
subjected to a convective heat loading because of the hot
plume impinging on the concrete for 50 seconds. At the end of
50 seconds, the average temperature of the first inch of
concrete is 66°C and the inner 41 inches of concrete are still

at ambient temperature (38°¢C). Recall that wind speeds

NUS CORPORATION



greater than 8 m/sec are required for there to be any con-
vective heat load on the containment. At the end of 50
seconds this wind would continue to blow and cool *the outer
concrete surface. However, if no credit is taken for this
cooling then several hours after the accident the inner
surface of the concrete would rise in temperature a maximum of
0.67°C because of the convective heat loading.

Thus, the combined effects of radiant and convective heating
of the Containments are acceptable. Th outer first inch
woulad have a maximum average temperature of
(66°C + 1.5% t)67.5°C. For comparison, NUREG/CR-1748 quotes
an allowable short term temperature of 194°c for concrete
following an accident. The interior surface of the
concrete undergoes a max imum temperature rise of
(.04°C + 0.67°% =)0.71°C. This is also acceptable.
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APPENDIX C

ANALYSIS OF LEAKS INTERNAL
TO THE EVAPORATOR BUILDING AND
THE COMBINATION SHOP



Appendix C

COMBINATION SHOP TEST BOILER ROOM
CALCULATION OF PROBABILITY OF GAS PIPELINE BREAK

This calculation is to confirm that the probability of a pipeline break within
the test !‘oiler room is acceptably low.

Pipe Within Test Boiler Room - 250 ft (estimated)
Frequency of Rupture - 3.3 x 10-8 Ruptures/ft-yr*
Availability of Leak Detection System - 98%

2

P=(3.3 x 10-8 Ruptures/ft-yr) x (250 ft) x (2 x 10~

)

P 1.65 x 10_7 Undetected Ruptures/yr

*The frequency of pipe rupture is determined from data collected by the
American Gas Association (AGA). Since this piping is contained within a
building it is assumed that a rupture due to an outside scurce is not
applicable. An outside force is defined by the AGA as the encroachment of
mechanical equipment, such as bulldozers and backhoes, from earth movements
such as settlement or washout, from weather effects, such as thermal strains,
and from willful damage. None of these reflects faults in the pipeline itself
or in the operating or maintenance procedures. A detailed explanation of the
calculation is provided in Section 3.0 of the NUS Report "Analysis of
Flammable Concentrations at the Midland Plant from Natural Gas Pipeline
Breaks."

mil182-1410a131 MAF (11/82)



Appendix C 2

Evaporator Building

Auxiliary Boiler Room

The auxiliary boiler room has been constructed so as to result in minimal
effects to the plant in the event of an internal explosion. The south and
west walls are block construction while the north and east walls are of butler
construction which will act as blow-out panels and relieve to the north and
ea. .. Therefore, in the event of an explosion in the auxiliary boiler room,
the potential air shock and missiles generated will be directed to the north
away from safety related structures.

Laboratory Area

An investigation into the possibility of 2 natural gas leak in the evaporator
building laboratory area was performed. The objective was to determine if in
the event of a natural gas leak a flammable concentration (5% volume) could be
reached. The only rooms with gas jets are the prep room and the sample room.

The maximum flow rate for gas jets was conservatively taken as 5 cu ft of gas
an hour. The prep room Las a volume of 13,100 cu ft; therefore, 655 cu ft of
gas would be needed to reach a flammable concentration. With a leak flow of 5
cu ft an hour it would take 131 hours (5-1/2 days) to attain a flammable
concentration. The sample room has a volume of 17,500 cu ft, therefore, 875
cu ft of gas would be needed to reach a flammable concentration. With a leak
flow of 5 cu ft an hour, it would take 175 hours (7 days) to reach a flammable
concentration.

The natural gas has an odor that can be detected at concentrations ot 1% by
volume. The laberatory will be manned 24 hours a day. The labora‘®ory
personnel will have ample time to detect any gas leaks. Also this calculation
has not taken any credit for the HVAC system for the rooms in question. The
HVAC system for the prep and sample rooms run 24 hours a day, 7 days a week.
Therefore, with the air exchange that this would provide, it would take a
longer time for the gas to build up to the concentrations calculated above.

Based on the above calculation and information, a leak in the evap-rator

building laboratory area will be detected before it could reach a flammable
concentration.
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