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A study for the design of a mitigation system considering leakage velocity

of a benzene tank storage

Hyeon Oh Song

Department of Safety Engineering, Graduate School of Industry
Pukyong National University

Abstract

The possibility of leakage accidents has been being increased since
the number of hazardous chemical substances, tanks and facilities has
been increased. In a typical example, the leakage accident from an oil
storage tank occurred in April 2014 and the total loss is KRW 18
billion. After this accident, many companies and organizations have
begun to develop a mitigation system to minimize the loss of the
leakage accident.

The aim of this study is to design the mitigation system for handling
leakage accidents. In this study, the Benzene tank is selected to verify
the performance of a mitigation system. In order to design this system,
the leakage velocity and quantity according to time should be analyzed.
The basic concept of the mitigation system is that the leakage fluid of
Benzene is moved to a reserve tank and this is transferred to a spare

tank by a pump for avoiding the overflow of a reserve tank. Based on



the mathematical simulation, the optional pump capacity is investigated
by the consideration of the overflow. Throughout this study, the
optional design of a case study is suggested and this study can play a

critical role to provide a guideline for designing this system.
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Table 1. Benzene physicochemical characteristic

Categorize Characteristic
Color Achromatous
Smell Aromatic odor
Boiling point 80°c

Melting point 6°C

Flash point = 1l

Upper explosive limit 71.8%

Lower explosive limit 1.2%

Exposure standard
Inhale

Contact

Molecular formula
Vapor density
Vapor pressure
Molecular weight
Specific gravity

TWA —1ppm, STEL—5 ppm
Gastritis, Pulmonary edema
blister, blister, Dermatitis etc.
CsHj

2177

75 mmH,O

78.11

0.879(at 20°c )
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Table 2. Design spec of tanks

Facility

Design

Tank 1

Permission quantity : 5,000,000 /¢
Type of storage tank : CRT

[ ID : 1900 m x H: 1885 m ]
Design pressure : 150 / -50 mmH,O
Operation pressure : 30 / -25 mmH,O
Design temperature : 60°C

Operation temperature : 35°C

Tank 2

Permission quantity : 5,000,000 ¢
Type of storage tank : CRT

[ ID : 1900 m x H : 1885 m |
Design pressure : 150 / =50 mmH,O
Operation pressure : 30 / -25 mmH, O
Design temperature : 60°C

Operation temperature : 35°C

Tank 3

Permission quantity : 3,000,000 /¢
Type of storage tank : CRT

[ ID : 16.00 m x H : 16.15 m]
Design pressure : 150 / -50 mmH,O
Operation pressure : 30 / -25 mmH, O
Design temperature : 60°C

Operation temperature : 35°C

Tank 4

O0OO0OO0O 0O0|0OOOO OOOOO O0O0OjOOO 00

Permission quantity : 2,000,000 /¢
Type of storage tank : CRT
[ID : 135 m x H: 1515 m ]
Design pressure : 150 / =50 mmH,O
Operation pressure : 30 / -25 mmH,0
Design temperature : 60°c

Operation temperature : 35°C




EX

A X

S o944 Ahe} 47)e)

-
1

Al el

F,

g

~
)
B

b

10



B

0

HH
o
Ho
A
-

<
=0

F%(CRT) #

i

=K

o
—_

™
_ﬁ.e

o

ol

17

Al

9
2 4 inch ~ 6 inch7}A 1 inch

5T

1 5300.889 M/T o]t}

A

Foz gy

=z
o

< 7l

o

oA

o

19tk 1ejm 29gaAA

o] A7|E 714

FEE

37FA]

2 &

B

ol
fite)

G

9]

T

o] & A A]

a7 o]%HE ABEE Fig 3% 2t

11



oodd

Reserve tank

L
; g:_nu Storage Tank /tg'—zlrr;)-
- [
Manifold — [
- Ship_

Mitigation system

Fig. 3 Process flow drawing in mitigation system according to

Benzene leakage

12



& ALk

N
I

Bk

qr
N
-

of o] &3t 218 Bernoulli ¥ 7wt

W3 olt}. Torricelli]

3)

W22 hydraulic pressureo] 2

Torricelli ¢

ki3

o
K

=
£4

}= HF o7 Bernoulli €9

)

Frlol ol Bernoulli 9@

S

==
=

(1=

Al
2

o} o

="

el

e

Nd

G X

Ul

ki3

o] &

JWMO
ol
X

o
W

Torricelli ¢

(1

P

2

2

—= constant

o

+ gh+

[

|
)

it
QU

T

el

(2

Liquid

-
1

"ﬂ‘q f‘—_f-o]a PI’PQ

99 wolsh FEFolA 9 o

ol
ol

Liquid #7342

13



Mo
_aé
=

A
Ny

oA frAle] &

e

AO

\

w Liquid

4

w3 2k

bel o

Hog Aels

=
2=

o

)

™
Ao

3)

2(P, — P,)

UQZ \/QQ(hl_h2)+

—
fite)

Mo

14



o

el

O
o
o

—

+

= ;
) -
Q] B I A A A
(o]
o]

O
o

o

)

—
fite)

o

15



2r
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Table 3. Input data from vertical tank simulation

Data Value
Gravity 9.81 m/s’
Radius of tank 85 m
Length of tank 1885 m
Leak hole size 4 inch ~ 6 inch
Mitigation system size 50 m?, 100 m?®, 150 m®, 225 m?

19



Leakage velocity(4 inch)

0.0014
0.0012
0.001

ty(m/s)

"

E 0.0008

e

>
o 0.0006
k=

=
i 0.0004

0.0002

0 3000 6000 9000 12000 15000 18000
Time(second)

Fig. 5 The leakage velocity of Benzene in case the size of a

leak hole is 4 inch
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Fig. 6 The leakage velocity of Benzene in case the size of a

leak hole is 5 inch
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Fig. 7 The leakage velocity of Benzene in case the size of a

leak hole is 6 inch
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The amount of leak and storage tank(4 inch)

—Leak
5000 —Storage tank
4000
E
‘g’ 3000
Q
N
g
M 2000
1000
0
0 3000 6000 9000 12000 15000 18000

Time(second)

Fig. 8 The amount of Benzene in a storage tank and reserve

tank(4 inch)
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The amount of leak and storage tank(5 inch)

— Leak
5000 —>Storage tank
4000
E
‘g’ 3000
Q
N
g
@ 2000
1000
0
0 3000 6000 9000 12000 15000 18000

Time(second)
Fig. 9 The amount of Benzene in a storage tank and reserve

tank(5 inch)
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The amount of leak and storage tank(6 inch)

—Leak
5000 —Storage tank
4000
E
‘g’ 3000
@
N
g
M 2000
1000
0
0 3000 6000 9000 12000 15000 18000

Time(second)

Fig. 10 The amount of Benzene in a storage tank and reserve

tank(6 inch)
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Table 4. The spare tank volume of mitigation system

Volume(m?) Specification( Width X Length X Height, m)
50 5 X5 X2
100 10 X 5 X2
150 10 X5 X3
225 15 X5 X3

28
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Fig. 11 The spare tank of mitigation system
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Benzene quantity(4 inch, 50 m?, 515 m¥hr, H : 2m}
5000
4000

3000

Benzene{m®)

2000

1000

0 3000 €000 9000 12000 15000 18000
Time(second)

—5torage tank — Reserve tank

Fig. 12 The amount of a storage tank and a reserve tank
according to the operation of mitigation system(4 inch, 50 m?*, 515

m?/hr, H : 2 m)

Mitigation system(4 inch, 50 m*, 515 m*hr, H : 2m)

3
25
-2
£ p—
E 1..5 /__,-'"'--. -._\.\\.
r / Y
I 1 / -\.\\
05 |, i
! M
0
o 2000 G000 2000 12000 15000 1EDOD
Time({second)
Spare tank

Fig. 13 The height of a spare tank controlled by a pump(4 inch,
50 m?* 515 m*/hr, H © 2 m)
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Benzene quantity(4 inch, 100 m?, 430 m%hr, H : 2 m)

5000

4000
E

T 3000
]

g 2000
]

1000

1]

0 3000 €000 2000 12000 15000 18000
Time(second)
——5torage tank ——Reserve tank

Fig. 14 The amount of a storage tank and a reserve tank
according to the operation of mitigation system(4 inch, 100 m®,

490 m*/hr, H @ 2 m)

Mitigation systemi(4 inch, 100 m? 490 m%hr, H: 2 m)
3

a
LET
|

Height{m)
—
L]
"\.
A
/
/

-
&
F

(=]
LEs]
H'\-\.

(=]

1] 3000 6000 4000 12000 15000 18000
Time{second)

Spare tank

Fig. 15 The height of a spare tank controlled by a pump(4 inch,
100 m*, 490 m*/hr, H : 2 m)
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Benzene guantity(4 inch, 150 m?, 475 m¥hr, H : 3 m)

£000

_ 4000
=

@ 3000
ar
=

g 2000

1000

(1]

] 3000 6000 2000 12000 15000 18000
Time(second)
~——Storage tank —Reserve tank

Fig. 16 The amount of a storage tank and a reserve tank
according to the operation of mitigation system(4 inch, 150 m?®,

475 m*/hr, H © 3 m)

Mitigation system(d inch, 150 m?, 475 m?hr, H : 3 m)
3

25 _-__'_,,.,-o-" --H

2 / ﬁx\“‘\

1.5 J
1

Height{m)
I\\\.

0.5 x/
o
] 3000 6000 8000 12000 15000 18000
Time({second)
Spare tank

Fig. 17 The height of a spare tank controlled by a pump(4 inch,
150 m*, 475 m*/hr, H : 3 m)
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Benzene guantity(4 inch, 225 m?, 455 m¥hr, H : 3 m)

5000
. 4000
L]
s
Z 3000
g 2000
1000
0
0 3000 6000 2000 12000 15000 18000
Time({second)
——5torage tank ——Reserve tank

Fig. 18 The amount of a storage tank and a reserve tank

according to the operation of mitigation system(4 inch, 225 m®,

455 m*/hr, H 3 m)

Mitigation system(4 inch, 225 m?, 455 m?hr, H: 3 m)
3

\
'i'.
/

X

Y

Height{m)
P —
i on

L=

o 3000 &000 2000 12000 15000 18000
Time(second)

Spare tank

Fig. 19 The height of a spare tank controlled by a pump(4 inch,
225 m*, 455 m*/hr, H : 3 m)
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Benzene guantity(4 inch, 150 m?, 475 m¥hr, H : 3 m)

5000

. Aooo
E

E 3000
i
£

= 2000

1000

o

1] 2000 6000 9000 12000 15000 18000
Time({second)
=—— Storage tank ——Reserve tank

Fig. 20 Pump rate according to leak hole size(4 inch, 150 m?*, 475
m*/hr, H @ 3 m)

Mitigation system(d4 inch, 150 m?, 475 m’/hr, H : 3 m)
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Fig. 21 The height of a spare tank controlled by a pump(4 inch,
150 m*, 475 m*/hr, H : 3 m)
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Benzene quantity(5 inch, 150 m?, 740 m?/hr, H : 3 m)
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Fig. 22 Pump rate according to leak hole size(5 inch, 150 m?, 740
m*/hr, H @ 3 m)

Mitigation system(5 inch, 150 m?®, 740 m?hr, H: 3 m)
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Fig. 23 The height of a spare tank controlled by a pump(5 inch,
150 m?, 740 m?®/hr, H © 3 m)
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Benzene quantity(6 inch, 150 m?, 1065 mi/hr, H: 3 m)
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Fig. 24 Pump rate according to leak hole size(6 inch, 150 m?,

1065 m*/hr, H : 3 m)

Mitigation system(6 inch, 150 m?, 1065 m¥hr, H : 3 m)
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Fig. 25 The height of a spare tank controlled by a pump(6 inch,
150 m®, 1065 m*/hr, H © 3 m)
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Pump operation (5 inch, 150 m3, 740 m3/hr)
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Pump On/Off

0 3000 6000 9000 12000 15000 18000
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Fig. 26 The result of pump operation(5 inch, 150 m?*, 740 m?*/hr)

41



Pump operation (6 inch, 150 m3, 1065 m?3/hr)
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Fig. 27 The result of pump operation(6 inch, 150 m?®, 1065 m?*/hr)
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Pump operation(5 inch, 150 m3, 740 m3/hr — 470 m?/hr)

On

Pump on/off

Off

0 3000 6000 9000 12000 15000 18000
Time(second)

Fig. 28 Pump operation rate change(5 inch, 150 m*, 740 m*®/hr —
470 m?/hr)
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Pump operation(6 inch, 150 m3, 1065 m3/hr — 670 m3/hr)

On

Pump on/off

Off

0 3000 6000 9000 12000 15000 18000
Time(second)

Fig. 29 Pump operation rate change(6 inch, 150 m*, 1065 m?/hr
— 670 m*/hr)
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