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The study on Mathematical Interpretation for the mitigation system

of damage extent by leakage from Ammonia storage tanks

Jae kyu Park

Department of Safety Engineering,

Pukyong National University

Abstract

Ammonia, a typical harmful chemical, is often used as a refrigerant
because its freezing capacity is higher than other refrigerants in a
refrigeration manufacturing facility. However, ammonia has a strong
toxicity that affects the human body and flammability which can cause
fire and explosion, so care is needed when storing and handling. Due to
the hazards and dangers of the ammonia gas, further strengthened and
specialized leakage prevention measures and extent of damage have

been studied for ammonia storage and handling facilities. However,



most studies focus on qualitative measures such as early detection,
evacuation, and control in the event of an accident in times of accident.
For this reason, in order to quantitatively calculate the leak amount
before the ammonia leakage accident occurs, and to establish and verify
correct measures to reduce the damage, a variety of accident
simulations and safety device modeling should be done.

In this study, to verify the amount of leakage and extent of
damage at the time of leakage accident in the storage tank of ammonia
used as refrigerant in the refrigeration manufacturing facility and after
a reserve tank was installed and connected as a safety device. modeling
was carried out to verify the amount of leakage and extent of damage.

The study method transported ammonia from an ammonia storage
tank to a reserve tank through a connected piping and pump when an
accident occurred in an ammonia Storage tank or connection pipe and
the leaked amount of ammonia was calculated using the MATLAB
program. And based on the calculated leakage, a quantitative evaluation

of the extent of damage was carried out using the ALOHA program.

Key Words | Ammonia, MATLAB, Reserve tank
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Volume: 1047.6 kg (Horizontal)
Operation pressure : 12.5bar

Operation temperature: 35°C
Liquid percent level: 90%

NH3
Storage tank

Leakage hole size
inch: 0.02~0.2

PUMP Capacity
m3fh: 5, 10

[

4

Reserve tank

Figure 2. Scenarios for ammonia Leakage
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2.3 Torricelli’s theorem
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2.4 Storage Tank ¥Y=% 243
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2.5 ERPG(Emergency Response Planning Guideline)
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Table 3. Ammonia ERPG

Chemical Name Ammonia
CAS Number 7664-41-7
Molecular Formula NH?
H
\
Structural Formula N — H
\
H
ERPG-1 25 ppm (17.5 mg/m®)
ERPG-2 150 ppm (105 mg/m®)
ERPG-3 1,500 pm (1,070 mg/m®)
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Table 4. Matlab Simulations Input data

Data Value
Gravity 9.81 m’/s
radius of tank 04 m
Operation pressure 12.5 bar
Operation Temperature 3B T
Atmospheric pressure 101.325x10°Pa
Length of tank 4 m
NH® Mass 1047.6 kg
Leak hole size 0.02~0.2 inch
Hole Height 0m
Pump Capacity 0, 5, 10 m’/h
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Figure 4. Amount of ammonia over time without a reserve tank

(0.04 inch)
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Figure 5. Amount of ammonia over time without a reserve tank

(0.1 inch)
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NH; change amount{Without reserve tank)
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Figure 6. Amount of ammonia over time without a reserve tank

(0.2 inch)
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Figure 7. Amount of ammonia over time with a reserve tank

(0.04 inch , pump 5m’/h)
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Figure 8. Amount of ammonia over time with a reserve tank

(0.04 inch , pump 10m?/h)
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Figure 9. Amount of ammonia over time with a reserve tank

(0.1 inch , pump 5m3/h)
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Figure 10. Amount of ammonia over time with a reserve tank

(0.1 inch , pump 10m?/h)
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Figure 11. Amount of ammonia over time with a reserve

(0.2 inch , pump 5m3/h)
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Figure 12. Amount of ammonia over time with a reserve tank

(0.2 inch ,pump 10m3/h)

32



34 FET size S WZ 4T B ¥2F 22 5H B

0.02~0.2 inch® &7+ =719 5m’h, 10m*he] HBxZ G| w&

h
o

Reserve tank %] 3l =% W3l: Figure 13014 X yo} #]%el

A9 FEHE FEF A7) v Esta Reserve tankZ 2 o|FHEL &

2
f
1)
offl
e
ot
—
o
EC«\J
-
o,
fekich
[
oo
ol
e
o
o
o
N}
oF
(@)
)
oy
>,
<
%o
w
~
mQ
o,
—r
rf
(i

b of]l 0.02 inchell A 37.2 kg7b FEH o] oF 208 A= FEF T4
3 &I F Utk

0.02 inchell Al ¢tE Yo} F=A] Reserve tank X9} m|AdX Al HF

29 o] AL3 ABHolAANAY Aol HEF F=o] Reserve

tank V1435 A§3 ARl Mol Aol il HF T @} ulalstol

96.5%7} FE5% A &1 Reserve tank® o]% % A% m&= g7t s

33



NH3 Leakage amount(According to Pump, Hole size)
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Figure 13. Comparison of Ammonia Leakage Amount

(According to Pump, Hole size)

Table 5. Final amount of Ammonia Leakage

Holesizelinch)| 0.2 018 | 016 | 0.14 012 0.1 0.08 0.06 | 0,04

0.02

No pump 10476 | 10476 | 1047.6 | 1047.6 | 1047.6 | 1047.6 | 1047.6 | 1047.6 | 1047.6 | 1047.6

Pump(m/) | 9003 | 872.2 | 8362 | 789.0 | 7272 | 6448 | 3358 | 3955 | 220.2

7.2

Pump(10m*/h) | 793.0 | 7518 | T0L3 | 640.0 | 565.0 | 4746 | 3684 | 230.0 | 1315

37.2
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3.5 Storage tank T I A &4

Storage tank® FE <EYol FEyEHS H7E= oA AFIHE
ALOHA zz2a3& o] &3tk Alue] 2= Matlabs ol &3te] & 74
Algeelds AaatdS wel F9¥ KOSHA GUIDE (P-107-2016) # ot

of AuEl e s A&7 felA Table 49 datas ©l&3tl o™ A& O]

Table 6. ALOHA Additional Input Data

Data Value
Building type Enclosed
Wind direction NNW

Source Modeling Direct
Cloud Cover 5
Leakage Type Continuous source

Chemical Source Liquid
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Figure 14. Threat zone of Ammonia without a reserve tank

(0.04 inch)
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Table 7. ERPG Damage extent without a reserve tank

(0.04 inch)

Damage type Distance

ERPG-3 (Red : 1500 ppm) 1.3 kilometers

ERPG-2 (Orange : 150 ppm) | 3.3 kilometers

ERPG-1 (Yellow : 25 ppm) 7.4 kilometers
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Figure 15. Threat zone of Ammonia with a reserve tank

(0.04 inch ,pump 5m3/h)
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Table 8. ERPG Damage extent without a reserve tank

(0.04 inch ,pump 5m3/h)

Damage type Distance

ERPG-3 (Red : 1500 ppm) 373 meters

ERPG-2 (Orange : 150 ppm) | 1.3 kilometers

ERPG-1 (Yellow : 25 ppm) 3.5 kilometers
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Figure 16. Amount of ammonia over time with a reserve tank

(0.04 inch ,pump 10m3/h)
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Table 9. ERPG Damage extent without a reserve tank

(0.04 inch ,pump 10m3/h)

Damage type Distance

ERPG-3 (Red : 1500 ppm) 373 meters

ERPG-2 (Orange : 150 ppm) | 1.3 kilometers

ERPG-1 (Yellow : 25 ppm) 2.8 kilometers
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Figure 17. Threat zone of Ammonia with a reserve tank

(0.1 inch ,pump 5m?/h)
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Table 10. ERPG Damage extent without a reserve tank

(0.1 inch ,pump 5m?h)

Damage type Distance

ERPG-3 (Red : 1500 ppm) 956 meters

ERPG-2 (Orange : 150 ppm) | 2.6 kilometers

ERPG-1 (Yellow : 25 ppm) 5.8 kilometers
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Figure 18. Threat zone of Ammonia with a reserve tank

(0.1 inch ,pump 10m3/h)
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Table 11. ERPG Damage extent without a reserve tank

(0.1 inch, pump 10m3/h)

Damage type Distance

ERPG-3 (Red : 1500 ppm) 892 meters

ERPG-2 (Orange : 150 ppm) | 2.3 kilometers

ERPG-1 (Yellow : 25 ppm) 5.1 kilometers
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Figure 19. Threat zone of Ammonia with a reserve tank

(0.2 inch ,pump 5m?/h)
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Table 12. ERPG Damage extent without a reserve tank

(0.2 inch ,pump 5m?/h)

Damage type Distance

ERPG-3 (Red : 1500 ppm) 1.2 kilometers

ERPG-2 (Orange : 150 ppm) | 3.1 kilometers

ERPG-1 (Yellow : 25 ppm) 6.9 kilometers
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Figure 20. Threat zone of Ammonia with a reserve tank

(0.2 inch ,pump 10m3/h)
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Table 13. ERPG Damage extent without a reserve tank

(0.2 inch ,pump 10m%/h)

Damage type Distance

ERPG-3 (Red : 1500 ppm) 1.2 kilometers

ERPG-2 (Orange : 150 ppm) | 2.9 kilometers

ERPG-1 (Yellow : 25 ppm) 6.5 kilometers
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Hzx 22 10m3/h
=
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HIE10m*h| 0.2 018 | 016 | 014 | 0.2 0.1 008 | 006 | 004 | 0.02
ERPG 1 1.2 1.1 1.2 1.1 0985 0.892 759 5375 373 180
ERPG 2 29 2.8 2.8 2.7 2.5 2.3 21 1.7 1.3 0.611
ERPG 3 6.9 6.3 6.1 5.9 3.5 5.1 45 38 2.8 1.6
Figure 21. ERPG extent accroding to hole size (Pump 10m®/h)
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Figure 22. ERPG extent accroding to hole size (Pump 5m?®/h)
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