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Abstract : An accident of an ammonia tank pipeline at a storage plant resulted in one death and three injuries in 2014. Many accidents
including toxic gas releases and explosions occur in the freezing and refrigerating systems using ammonia. Especially, the consequence
can be substantial due to that the large amount of ammonia is usually being used in the refrigeration systems. In this study, offsite
consequence analysis has been investigated when ammonia leaks outdoors from large storages. Both flammable and toxic effects are
under consideration to calculate the affected area using simulation programs for consequence analysis. ERPG-2 concentration (150 ppm)
has been selected to calculate the evacuation distance out of various release scenarios for their dispersions in day or night. For offsite
residential, the impact area by flammability is much smaller than that by toxicity. The methodology consists of two steps as followings; 1.
Calculation for discharge rates of accidental release scenarios. 2. Dispersion simulation using the discharge rate for different conditions.
This proactive prediction for accidental releases of ammonia would help emergency teams act as quick as they can.
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Table 1. Ammonia Leak accident in refrigeration systems
Date Location Accident - Warehouse Consequence
type type
2012. Gwangju, Leak Refrigerator 2 fatalities,
7. 18. Kyungkido Explosion g 10 injuries
2013. Anseong, . Evacuation
8 17, Kyungkido Leak Refrigerator order
2014. Namyangju, Leak . 1 fatality,
2. 13. Kyungkido Explosion Reftigerator 3 injuries
2014. Changwon, . Evacuation
7. 12.  Gyeongsangnamdo Leak Refrigerator order
2014. Seocheon, . Evacuation
9. 10.  Chungcheongnamdo Leak Reftigerator order
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Table 2. Temperature and pressure for saturated liquid condition

Temperature (C) Pressure (atmg)

-33.33 0
-17 1.09
0 3.27
15.68 6.33
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Table 3. Classification by used coolant capacity5>
Freezer capacity Ammonia R-22 R - 404A
<= 100 RT 122 495 50
<= 500 RT 218 70 9
> 1000 RT 3 0 0
<= 1000 RT 21 9 0
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Table 4. Weather conditions for the scenario

ATMOSPHERIC DATA F 15
Wind speed 1.5 m/s
Cloud Cover 50%

Air Temperature 25T
Stability Class F
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Table 5. Endpoint distance of the ammonia release rate

Release rate Amount Blast Area of  Toxic Are.a of Vapor

(kg/min) Released Vappr Clougi Cloud distance(m)

(kg) Explosion 1 psi(m) ERPG-2 (150 ppm)
100 1,000 131 3,100
200 2,000 186 4,200
300 3,000 229 5,100
400 4,000 266 5,800
500 5,000 302 6,500
600 6,000 332 7,100
700 7,000 360 7,600
800 8,000 386 8,100
900 9,000 410 8,600
1000 10,000 434 9,100

Evacuation zone for Ammonia
(1 psi/ ERPG-2, F 1.5 stability class )

9,000
X 7 2
Q 1psi @ ERPG-2 8100
8,000 8,600
8,100

7,000 7,600
o 7,200 y=-30.091x¢ + 1016.2x + 2243.3

y 6,500 R?=0.9982

5,800

5,100

distance (m)

7 4,200

3,000 3,100

¥ = -1.6932x2 + 51.304x + 86.617
R*=0.999

1,000
) 31 186 229 266 302 332 360 386 410 44

1 2 3 4 5 6 7 8 9 10

The maximum storage capacity ( ton )

Fig. 1. Evacuation zone for amomnia,
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Table 6. Phast ver 6.7 (multicomponent option) input specifications
for simulation

User - Defined Data

Material Identifier AMMONIA
Dlscha?ge State of Material Saturated Liquid
Material
/ Mass Inventory 5000 kg
C}:)rli)dciiis(in Pressure Specification(bar) 0,1,2 3,45
Temperature( C) -33, -18.7, 9.1, -1.8, 4.3, 94
Scenario Scenario Type Line rupture
) Internal Diameter 25, 50, 80 mm (1, 2, 3 inch)
Pipe -
Line length I m
Location Elevation I m
Location of release Open air release
Outdoor

Outdoor Release Direction Horizontal
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Table 7. Release rate calculated from Phast ver 6.7 (multicomponent
option)

Diameter

of ruptured , Store Store . Discharg; ALOHA
pipe ressure (bar) Temperature (C) rate (kg/min) ERPG-2 (m)

0.02 33 1 52

1 -18.7 9 152

25 mm 2 9.1 14 195
(1 inch) 3 -1.8 18 22
4 43 23 251

5 9.4 27 273

0.02 33 4 103

1 -18.7 35 311

50 mm 2 9.1 55 394
(2 inch) 3 -1.8 74 459
4 43 93 518

5 9.4 112 571

0.02 -33 11 171

1 -18.7 88 502

80 mm 2 9.1 140 642
(3 inch) 3 -1.8 189 753
4 43 238 852

5 9.4 286 941
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Table 8. Recommended evacuation distance for release rate

Simulation Program EFFECT 9

Release rate (kg/min) ERPG-2 Endpoint distance for D3 (m)
10 154
20 239
30 307
40 369
50 424
60 475
70 523
80 568
90 611
100 652

Table 9. Comparison of inputs for two simulation programs

Simulation Condition

Input Parameter EFFECT 9 ALOHA
Discharge Material AMMONIA
Stability Class D (Neutral)
Wind Speed 3 m/s 3 m/s
Measurement Height of
Wind Above Ground 10 meter 10 meter
Air Temperature B 25T
Humidity _ 50 %
Location: Released 0m 0m

Elevation

Regular large

Urban or Forest
obstacle coverage

Ground Roughness

Type of Vessel

Scenario Type Continuous Direct
Concentration for 150 opm 150 ppm,
Terminatimg Dispersion pp ERPG-2
Dispersion Model Gaussian Gaussian

Table 10. Comparison of evacuation distance results

Simulation Program EFFECT 9 ALOHA

Release rate (kg/min) ERPG-2 Endpoint distance for D3 (m)
10 154 164
20 239 234
30 307 288
40 369 334
50 424 375
60 475 412
70 523 446
80 568 479
90 611 509
100 652 538
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