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A Study of a Dike Design Considering a Leakage Velocity
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Abstract : Chemical accidents generated during maintenance, repair, and normal operation, such as dispersion, fire, and explosions, can cause
massive losses like a 2012 hydro fluorine leak in Gumi, South Korea. Since this accident, many researches have studied physical mitigation
systems. However, due to many difficulties including potential costs and lack time, it is really hard for many companies to install mitigation
systems without prior knowledge. Thus, the efficacy of mitigation system should be evaluated. This study assesses a dike design considering
the fluid velocity at an open hole when a leakage accident occurs. It is assumed that leakage materials follow a free fall motion. Throughout case
studies, a current KOSHA guide for a dike design was evaluated and new guidelines handling various conditions were proposed.
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Fig. 1. Horizontal cylindrical vessel: red circle indicates an
open hole with radius r .
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Fig. 2. Vertical cylindrical vessel: red circle indicates an open
hole with radius r .
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Table 1. Design specifications and operating conditions of HCI
tank

Items HCI #1
Tank radius 3000 mm
Tank height 5000 mm
Tank volume 35 m’
The max. radius of Pipe 80 mm
Tank pressure 1 atm
Tank temperature 25C
The minimum distance between dike and tank wall 300 mm
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Table 2, Maximum leakage velocities according to various
heights of opening holes in HCI tank

The height of an opening hole (m)| Maximum leakage velocity (mv/s)
4 0.091
35 0.128
3 0.157
25 0.181
2 0.203
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Fig. 4. The trajectory of HCl according to various heights of
an opening hole, It is assumed that the pressure of a tank is
1 atm,
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Fig. 5. The trajectory of HCl according to various pressure
conditions when a leakage velocity is maximum,
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Fig. 6. Real pictures for a leakage experiment to verify the
results of simulations,

2 AMstgee duishe, AR FEEE Ao
SAPFOR FETLAAE] £E7 00] ofd o]
1 ZEYE 4 9k

6.8E

2 ApolAE ek 24014 $IgEe] F2Y
O e oMY HTjSES ANt o2 F3 ¢
do] Agust sk A Adkstel, WAl A
of Q= WAL AR 1 AT & 4 92X

o >
o 1 do rfr

B AToAE 44 A5Y AgYan LS,
Tomicelli®] o] ujeh AA220| ofg] Folot i
Fol 91X Hol7t AL4E §A) & Swv} e}
We AL ATkE B9 Blo] AHssteck. g1 A
Apgleke] qhelo] di7|oka Bhe 2AS AIshE 9]
@=o| walste] AERel B At WS FolA,
AR A AT AW GAF AR A9 uE
AT WA ojue] A AxEe] gAE, mE
FEEE QAR BE ARE 4 9o selsdct

[e)
Ayzeke) erejo] ol W X EHo] g
As7) F7kekn @A) KOSHA 71443
‘]

shAlk WAl weo] S1RBY] Vs A%
she 8 29102 mdtThy, WaAlel B o
o] 7o) FoldsE Pe 4 Qe oldE Bl
ZAR 2 ATeld R WA Aol 49, =,
AR £ o] o/ e 1 amo.z §
AFh AT Aol QPARATT] e A
Aol 2t 71eAABTt EA AAE wgA) A

o} 4

2% E BAVE gk AES 9& 5 U3
ok gae) A dgol S7kehs A9 G4 &

SH=ekdsIa| A, MI32@ M6=, 2017H

SE7F AAEA PR d
ZIeA Rl A AAE AR HE 5 ee &
A = Ao, YAl olelo] F7H2Ql HiZo] &
a3 ZFlE 4 Asdth

& Ae AR A Bl met FESEE AV
sto WrAl7E 1 98-S Ad2 & 5 Aol i
F7tel 71Rbo] He datelw, & dolA #8d
A5 AZRA ololl= +BLEH, 77 AR
Ao FETOM AHE FESE Akte] BF Tk
sith. o5 Faf WAl AA Al o]22Q] Thol =kl

& AT 4 Uk

ot

References

1) J. Y. Park and C. J. Lee, “Principal Component Analysis
Based Method for Effective Fault Diagnosis”, Journal of
the Korean Society of Safety, Vol. 29, No. 4, pp. 73-77,
2014.

2) http://report.safedu.org/

3) http://www.chemnavi.or.kr/main.do

4) M. A. Rana, Y. Guo and M. S. Mannan MS, “Use of Water
Spray Curtain to Disperse LNG Vapor Clouds”, Journal of
Loss Prevention in the Process Industires, Vol. 23, No. 1,
pp- 77-88, 2010.

5) J. McQuaid and R. D. Fitzpatrick, “Air Entrainment by
Water Sprays: Strategies for Application to the Dispersion
of Gas Plumes”, Journal of Occupational Accidents., Vol. 5,
No. 2, pp. 121-133, 1983.

6) J. A. Suardin, R. Qi, R. Benjamin, M. Rana, Y. Zhang and
M. S. Mannan, “Application of Fire Suppression Materials
on Suppression of LNG Pool Fires”, Journal of Loss
Prevention in the Process Industries, Vol. 24, No. 1, pp.
63-75, 2011.

7) V. Busini and R. Rota, “Influence of the Shape of Mitigation
Barriers on Heavy Gas Dispersion”, Journal of Loss
Prevention in the Process Industries, Vol. 29, pp. 13-21, 2014.

8 D. Liu and J. Wei, “Modelling and Simulation of
Continuous Dense Gas Leakage for Emergency Response
Application”, Journal of Loss Prevention in the Process
Industries, Vol. 48, pp. 14-20, 2017.

9) M. R. Swain and J. Shriber, “Comparison of Hydrogen,
Natural Gas, Liquified Petroleum Gas, and Gasoline
Leakage in a Residential Garage”, Energy and Fuels, Vol.
12, No. 1 pp. 83-89, 1998.

10) KOSHA, “Korea Occupational Safety and Health Agency,
Technical Specifications for the Dike Installation”, 2012.

45



