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Technical Criterion of Safety Evaluation of
Leakage Preventing Plates for Alleviating Space Shortage
Between Chemical Storage Tank and Dike

Eunbyul Lee - Sollim Kwak + Youngbo Choi'
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Abstract : The Chemical Controls Act strictly regulates for the chemical companies to establish sufficient space between the liquid chemical
tank and dike, but facilities already installed suffer from the space shortage between the tank and dike. Installing leakage preventing plates on
the dike is considered as one of the economic solutions that can alleviate the space deficiency. However, there is no technical and reasonable
criterion for the safety evaluation of the leakage preventing plate on the dike. In order to address this problem, we provide generalized and
verified calculating equations that give maximum height and horizontal distance of leakage trajectories. Through the proposed equations,
proper heights of the leakage preventing plates on the dike can be easily determined. In this study, new calculating methods are also
developed to determine the impact force of the liquid to the leakage preventing plates. In addition, we performed the reactivity experiments
between four corrosive liquid chemicals and two stainless steel materials that are candidate substances for the construction of the leakage
preventing plate. The results of this study is expected to be applicable as a guideline in the design of safe dike and its leakage preventing
plates.

Key Words : chemical storage tank, dike, chemicals controls act, leakage preventing plate, chemical facility
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Fig. 1. Calculation scheme for the leakage liquid from the
vertical cylindrical tank operating at ambient pressure,
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Fig. 3. Calculation scheme for the impact forces of leakage
liquid from the vertical cylindrical tank,
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Table 1. Leakage velocities according to different liquid level
heights, ratios of hole height to liquid level height and discharge
coefficients

Discharge | Ratio of hole Leakage velocity (m’s)
Coefficient | height to liquid Liquid level height (h(m))
(ca) level height (a) 3 5 7 9 1 13
0.9 242 | 3.13 | 3.70 | 420 | 4.64 | 5.05
0.7 420 | 542 | 642 | 727 | 8.04 | 874
1 0.5 542 | 7.00 | 828 | 9.39 [10.38|11.29
0.3 642 | 828 | 9.80 | 11.11 | 12.2813.36
0.1 727 | 939 [11.11|12.60 | 13.93 | 15.14
0.9 1.96 | 2.54 | 3.00 | 3.40 | 3.76 | 4.09
0.7 340 | 439 | 520 | 589 | 651 | 7.08
0.81 0.5 439 | 567 | 671 | 7.61 | 841 | 9.14
0.3 520 | 6.71 | 7.94 | 9.00 | 9.95 | 10.82
0.1 5.89 | 7.61 | 9.00 | 10.21 | 11.28 | 12.27
0.9 148 | 191 | 2.26 | 2.56 | 2.83 | 3.08
0.7 2.56 | 3.31 | 391 | 444 | 491 | 533
0.61 0.5 331 | 427 | 5.05 | 573 | 633 | 6.89
0.3 391 | 505 | 598 | 6.78 | 749 | 8.15
0.1 444 | 573 | 678 | 7.69 | 8.50 | 9.24
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Fig. 5. Maximum ratio of the hole height to liquid level height
for the highest leakage trajectory.
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’ 0.6 0.79 0.85 0.77 0.69 0.52

0.5 0.82 0.89 0.81 0.72 0.55

2] $rolo] Aol 2% o[ Lheht, 1 @]
255 0 REYA0] SUE AL AT 5 9
e, 2 APols 22 olgsio] F3u
FETE WEGY] W), FETOIAe] nhae Aol
27 e O vttt et ETe) 34, 9

A Sl wet rHPY &AL ek 4 gk

A<t 0] 28 Sol HEE AA7H ol
w2 P RUY o s 348 4 (198
Fol AR 4 ook st R ey o] 9
Ao ARt gel, 4 (15) Aol BRg Wt
7] wRel e 7S AW mEsks Ao] 44
o

+

011

°d

48

Table 3. Properties of chemicals with high risk for leakage
accident

35 wi% | 70 wi% | 98 wi% | 35 wt%
Hydrochloric|  Nitric Sulfuric Hydrogen
acid acid acid peroxide
Molecular weight| 3¢ , 63.01 98.08 34.01
(g/mol)
Density
1178 1410 1800 1140
(kg/)
B‘“h?%)p"‘m 656 12 327 108

4>
0
o
E
fr“‘i
u
X
o
Mo r
4>
E‘:
;: e
-1 1o
_|>:4
o 2
=Y
2
ol
_l
1

Tt kgX HlEE]7] wf&ol krg Ao 14310] ;aEpo)

g o] BFEAEY Y ol weh tEA
Tk, Table 3o EAIGH A 1000 ~ 1800 kg/m® Afo]
o] Wolo] W2 77| wjRo] s W] A that
=298 AAIth £33 Table 1 Y Fig. 79 23S

R, w8 W} YR rE Y 2
o SAs FEle] A YA FAGL WE 5

Pde 2A(c, =1, a=1, x—05m)°ﬂ b3 =29
ARk, 1 AS Table 40 e
Table 45 ZFa13s}, 1,000 ~ 1,800 kg/m o] W&
Zbe A7) FE&Ew, whEs gl =X vkx|gho) oF
50 N ~ 2,000 N&J ZA o] 7}sfd 4= g;:: Aoz 1}
SR R 2 S S BARE r27e) 2
71, o o] B 2] W] vlaato] F7hke
& % S Ak wehd WETh 21 o] &e 73%

o & AN YEARE BeHow M)
£ o] Fasith ER FE77 92 ofe el w4
58 FA420] 27] uiel, & Yxwe] Ak
o} shgo] 94t WFANS 2EE ARshs Ao|
2 g sjel.

2 AR AR 88 4 gl Auelel Ay
RAy oA SfshE o] whe A AFlolA, 70 wiv
A} 98 wt% ZFAbo]l ZIA|SF SUS304 2 SUS316 A]H

© o] Hi wstE ek gkotch WA 9 3]
tfst SUS3049} SUS316 AAe] FHAl &£n7} 0.5

mmyear o]al% W] wjEo,

oro Ao @ whhEh
ShAIRE At B TSl dlaAl s Fulee B

S4S UEhyt Fig 9(A)9H (B)= 217} SUS304

MekE WgAS HolX

J. Korean Soc. Saf., Vol. 33, No. 5, 2018



SIEEE MY WAt AR Aol 2t 5

Table 4. Impact forces of leaked liquid according to different
areas of leakage hole, liquid level heights, and densities

Area of Liquid fmpact force (N)
leakage hole| level Density of liquid (kg/m?)
(o) | height () 000 1200 | 1400 | 1600 | 1800
3 53 63 74 84 95
5 88 106 123 141 159
7 123 148 173 197 222
0.001
9 159 190 222 254 286
11 194 233 272 310 349
13 229 275 321 367 413
3 158 190 221 253 285
5 264 317 370 423 476
370 444 518 592 666
0.003
9 476 571 666 762 857
11 582 698 815 931 1047
13 688 825 963 1100 1238
3 263 316 369 422 474
5 440 528 616 705 793
617 740 864 987 1110
0.005
793 952 1111 1269 1428
11 970 1164 1358 1552 1746
13 1146 | 1376 | 1605 | 1834 | 2063

Fig. 9. Photos of (A) SUS304 and (B) SUS316 in 35 wt% HCI
solution after the immersion of (a) 1 hour and (b) 5 hour,
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Fig. 10. Photos of (A) SUS304 and (B) SUS316 in 35 wt% H202
solution after the immersion of (a) 1 hour and (b) 5 hour,
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