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Abstract — As the industry develops in Korea, the use of hazardous chemicals is increasing rapidly and chemical acci-
dents are increasing accordingly. Most of the chemical accidents are caused by leaks of hazardous chemicals, but there
are also accidents in which all the substances are released instantaneously due to sudden high temperature/pressure or
defection of the storage tanks. This is called catastrophic failure and its frequency is very low, but consequence is very
huge when it occurs. In Korea, there were 15 casualties including three deaths due to catastrophic rupture of water tank
in 2013, and 64 instances of failures from 1919 to 2004 worldwide. In case of catastrophic failure, it would be able to
overflow outside the bund that reduces the evaporation rate and following consequence. This incident is called overtop-
ping. Overseas, some researchers have been studying the amount of external overflow depending on bund conditions in
the event of such an accident. Based on the previous research, this study identified overtopping fraction by condition of
bund in accordance with Korea Chemicals Controls Act Using CFD simulation. As a result, as the height increases and
the distance to the facility decreases while meeting the minimum standard of the bund capacity, the overtopping effect
has decreased. In addition, by identifying the effects of overtopping according to atmospheric conditions, types of mate-
rials and shapes of bunds, this study proposes the design of the bund considering the effect of overtopping caused by cat-
astrophic failure with different bund conditions.
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Table 1. Bund installation standards of domestic chemical control act [9]

g oo

o

Act Toxic Chemical Act Occupational Health and Safety Control of High- Pressure Gas Safety
Parameter Safety Act Dangerous Substances Act Control Act
. Reinforced concrete or Reinforced concrete or mud Reinforced concrete or mud
Material None
mud wall wall wall, etc.
. . Structure without spill or .. .
Strength None Resisting fluid pressure Resisting fluid pressure

leakage

Internal volume None (External spill or leakage

over maximum

Over 110% of maximum .
over maximum volume tank

not allowed) volume tank volume tank
. As low as the least interference
Height None 0.5~3.0m 0.5~3.0m in safety activities
- more than 1.5 m
. External spill or leakage - Below 15 m of diameter.: more
Distance to tank None than 1/3 of the tank height None
not allowed .
- More than 15 m of diameter :
more than 1/2 of the tank height
No more than 10 Flammable- oxidizing or
Number of tanks None None (Limited exception allowed) flammable- toxic chemgicals
Chemicals which Chemically reacted
installation is not allowed None chemicals causing danger or None None
within the same bund hazard
Material of bund bottom Impermissible Corrosion proof None None

399 m 399 m
-—— «—>

Fig. 1. (a) Circular type and (b) square type bunds of the storage tanks.

Table 2. Details of circular type bunds

Circular type
Parameter Height Diameter ~ Distance to tank
Type No. H(m) L(m) R(m)
Circular type 1 0.5 17.2 6.6
Circular type 2 1 12.5 43
Circular type 3 1.5 10.5 32
Circular type 4 2 9.3 2.6
Circular type 5 2.5 8.8 22
Circular type 6 3 7.9 2.0

Al et a2 spstEd e el Ha 7|El WA §%9
110%2] 110 m*%2 A7kt B78 Je= 982 YA 3
B2 Akl ar, W] #H 4 30] 0.5 miE FHd) 0] 3 m7HA|
0.5 me] 7HA 02 F 12714 T2 Wdel tisl] AlEelo] S
ZEYSIATHFig. 1). "TF7H ] e A5 A= Table 2, Table 3,
Fig. 201 J2]s}alct.
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Table 3. Details of square type bunds

Square type
Parameter Height Length Distance to tank

Type No. H(m) L(m) R(m)

Square type 1 0.5 153 5.6

Square type 2 1 11.1 35

Square type 3 1.5 9.3 2.6

Square type 4 2 8.2 2.1

Square type 5 2.5 7.5 1.8

Square type 6 3 7.0 1.5
78 %% 3 m/s, 719 D ClassE 2831913, W] B¢ 3%

1.5 m/s, A7]QHH £ F ClassE 4-&F1TH10]. %h& Aol mE
surface roughnessi= processing plant 2! EPA urban casesol] 2] &
=1 m= Mx—]ﬂ_oﬂr/]. 11].

A4S AA ”6444' AlEeold A3 Bla e £ oA S5
A& F7FAth 27 HATY B Eo EHEE'CH VOCs=Z 3]
|FoRL: o FE H“@’Q 132, A AR SEe® 1=,
I s Akl vel S5 g A4S d o)
shch 523k g, V1%, R 5 9o, skl wEmd wiE
whH ) Ejol] WA A 3to] APge] o] 24 3171 % githal HaEo] gl
tH12].

= E7dllel] th3EA]Ql £ 8 Aol Wins) pwsgEolh £2)
79 25°Coll A WS 998.2 kg/m’, THHE-2 0.078 N/mO| 1L
E 749 WEi= 866 kg/m®, A 0.028 N/mo] T}, oﬂzﬂA
freolehs BAlollA Wil e ] fol & 7 1L 9l 27}
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3. CFD Simulation

3-1. Actual overtopping test
Texas A&M University®] Bin Zhang 5[2]2] &3-7-l|A4] overtopping
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Fig. 2. Details of (a) circular type and (b) square type bunds.
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Fig. 3. Schematic of the experimental setup for overtopping tests cour-
tesy copied from Zhang et al. [2].
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Fig. 4. Snapshots of high-speed camera records of the overtopping
process courtesy copied from Zhang et al: (a) 0.0, (b) 0.1, (c)
0.2, (d) 0.3, (e) 0.4, (f) 0.5, (g) 0.6, (h) 0.7, (i) 0.8, (j) 0.9, and
(k) 1.0 s [2].

Fig. 5. Liquid-nitrogen overtopping in the field tests courtesy cop-
ied from Zhang et al. [2].
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Fig. 6. 3D geometry and boundary conditions of (a) validation cases and (b) CFD simulation cases.
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Fig. 7. Polyhedral mesh on 3D geometry of (a) circular type and (b)
square type bunds.
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Fig. 8. Comparison between the result of the actual experiment and
those of the simulations.
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Aol whAhzkar, A A A& el A overtopping fraction< 46.98%,
CFD AlE# o] Aol M 47.10%24 <k 0.12% o] 7} ek &4
o] AR o] FAEFF WA vl E oA FolEgloH
Filling Ratio”} 20%% W= oF 1%4e] B8 upZo 2 whauzic),

Fig. 9 WEo] Alzte 255 2 274 R 99 Uie] Al
2ol 2 239 Aers HolFa vk B2 WwEo] A1z &
oF 0.15~0.2 & Afolof] W-e upg o 2 wurby] Aldksta Sk
o] dAeFo] EHo] HZol= ATES BT 7 0]% 0.85~0.9
Z Ato] thA] g\ TR gol] o) e EFo] WUzt on,
Z7] WE5E] 0.5 2 Alolel 71 B Elo] WY vl o ® w
Auzkom 1 & U] overtopping &/do] FAE T}

EERES

4-2. W5 M| ZHH overtopping fraction

sherEd T O] B A ETE S RS A 223 ellA
BAE A WEA S W overtopping fraction®] 2 3} Table 57}
Fig. 110 Z2Jstoich. 79 o] §ak2 A 1d 852 110%%2

Table 4. Comparison between the result of the actual experiment and those of the simulations

- . Initial mass Remaining mass after 2 s Overtopping fraction(%) . (Simulation
Filling Ratio - - - Ratio | ———
(kg) (kg) Simulation Experiment Experimen
A(20%) 0.310 0.306 1.29 1.18 1.09
B(40%) 0.618 0.555 10.19 12.66 0.81
C(60%) 0.926 0.691 25.38 24.14 1.05
D(80%) 1.232 0.781 36.61 35.62 1.03
E(100%) 1.539 0.816 46.98 47.10 1.00
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: 0.2
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Bund height (m)
0.4 .
® Toluene tank  Circular 1.5/F
0.2 1 T 1 ® Circular 3/D
o8 = Squre 1.5/F

0 02 04 06 08 1 12 14 16 18 2 oe u Squre 3/D

Time (s)

Fig. 9. Mass change in bund area over time in CFD validation sim-

04
ulations.
0.2
TA S Aol A] W o] tzo]7) zolx| 31 Adn| ghe] Arls} 7t
0.5 1 15 2 25 3

Overtopping fraction

3ol we} overtopping fraction 7]AFZ=710]u) W o] e, 0
=4 Fe] 4 glo] Araeke AEE Bl

A o] geiel 71dz0] ©J 3t overtopping fractions 1.5/F Fig. 11. The result of CFD simulations of overtopping by a catastrophic
ZAHT 3/D 27004 =9k SHAINE 1 Alo]= OF 1~4% R failure.

Bund height (m)

04s

0.6s 08s ls
Fig. 10. Snapshots of the CFD validation simulations of the overtopping process.

Table S. The result of CFD simulations of overtopping by a catastrophic failure

Water tank Toluene tank
Overtopping fraction (%) Circular type Square type Circular type Square type

1.5/F 3/D 1.5/F 3/D 1.5/F 3/D 1.5/F 3/D
Type 1 (H=0.5 m) 70 73 73 75 69 73 73 75
Type 2 (H=1.0 m) 54 57 61 56 54 57 61 56
Type 3 (H=1.5 m) 43 46 45 41 43 46 45 43
Type 4 (H=2.0 m) 38 40 36 36 38 40 35 36
Type 5 (H=2.5 m) 31 34 32 33 31 34 32 33
Type 6 (H=3.0 m) 27 28 27 29 27 28 27 29

Korean Chem. Eng. Res., Vol. 57, No. 1, February, 2019
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