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Abstract — In this study, safety devices for ammonia tanks of a company in Ulsan petrochemical industrial complex
were studied. The type of a tank is cylindrical and this tank was originally designed to store propylene in 1972. Due to the
changes of the production schedule according to market environments, the usage of this tank has been changed to store
ammonia. Despite of the changes of materials, there is no scientific information or reviews for guaranteeing the safety.
Therefore, in this study, the current status of this tank is investigated to confirm that the operational conditions are
complying with safety conditions. Moreover, the safety devices such as an ammonia absorbing system and water curtains
are analyzed how they mitigate the impact of an accident. In addition, consequence analysis is performed to provide a
proper emergency response plan. Throughout these analysis, it is confirmed that installed safety devices effectively mitigate
the impact of accidents, and the necessary time for an emergency response plan is suggested when ammonia release.
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Table 1. Representative major chemical accidents [2,3]
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Year Location Chemical event Deaths/injured
1974 FLIXBOROUGH, ENGLAND Cyclohexane explosion 28/76
1976 SEVESO, ITALY TCDD(2,3,7,8-tetrachloro dibenzo paradioxin) toxic release N.A./300
1984 BHOPAL, INDIA MIC(Methyl isocyanate) toxic release 2,500/N.A.
1989 TEXAS, US Ethylene explosion 23/314
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Table 2. The information of ammonia [4,5]

Categorize Characteristic
Cas No. 7664-41-7
Molecular formula NH;4
Molecular weight 17.03
Boiling point -33.35°C (at 760 mmHg)
Melting point -78 °C (at 760 mmHg)
Autoignition temperature 651°C
Upper explosive limit 33.6 vol%
Lower explosive limit 15 vol%

ubag 2] ole]ole T;T‘/l: O}T‘:‘ oﬂ ‘:HEH AAFIATE A WA= o)) Vapor presstlre 1,013 kPa gat 2.6 °C)
it By 2 ESoI]l WS EPA(Environmental Protection T:i?:(r :ggig) W, A(?2559 ;iln? S%Ii- 315) opm
Agency)®] ALOHA(Areal Locations of Hazardous Atmospheres) >~ ERPG-1 25 ppm
23S FEoto] FEARLY eskE 918l A€ Water curtain®] ERPG-2 150 ppm
2Eohs 7399} 25okA] b 73-F- Water curtain®] 01 5 4] ERPG-3 750 ppm
Table 3. Detailed information about an ammonia tank
Item Categorize Data
Type Horizontal Cylindrical Tank
Capacity 354 m3/EA
Ammonia tank Material ASTM A516-70
Design Press./Temp. 20 kg/em?/ 38 °C
Operating Press./Temp. 15 kg/fem?/ 30°C
) . Capacity 47.74 n’/hr (28.74 ton/hr)
Ammonia receiving Pump . 5
Discharge Pressure 22 kg/cm
Type Conventional Type
R In/Out Size 4" /6"
Pressure Safety valve K 5
Setting Pressure 20 kg/cm
Required Capacity 43,820 kg/h
Type Cement Concrete (Open type)
Ammonia Absorption Facility Size 5,000 x 5,000 x 1,500 mm
Capacity 33.5 ton
Type Full Cone type
Water curtain Height 6.0 m (above 2.0 m of tank)
Ratio (Water/Ammonia) 13
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Fig. 1. The conceptual diagram of an ammonia tank.
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Table 4. The important factors triggering the pressure increase at a pressure safety valve [6]

Categorize

Data

Pressure may exceed the maximum allowable pressure when all exits of the facility are blocked.

Closed outlets
be applied to this case

Cooling water fail
Thermal expansion

— The design pressure (22 kg/em?) of the pump supplying ammonia is higher than the design pressure (20 kg/cm?) of the tank, so it can

No cooling water or heat medium to cool the ammonia tank, so this case is not applicable
This case is not applicable because it is calculated based on the ammonia tank

When facilities such as storage tanks and pressure vessels are exposed to external fires, the maximum allowable pressure may

External Fire

be exceeded due to vapor generation by boiling liquid substances and expansion of substances.

— This case can be applied as the maximum allowable pressure may be exceeded by vapor by boiling in the ammonia tank due to an

external fire
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Fig. 2. The cylindrical tank.
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Table 5. Calculations of volume and mass according to the parts of
ammonia tank

Volume Data
Cylindrical portion of vessel 321.0m’
Two hemispherical heads 11.88 m’

332.88 m’ (321.0 m® + 11.88 m°)
200,000 kg (332.88 m® x 0.602 ton/m’

Total Volume

Total Mass
% 1,000 kg/ton)

— 1000 -

#§ [V

Z, 800 -

=

w

©

> 600 -

K-

=z

= 400

=

K

w

© 200

=

o

£

£ 0 . . . . . \
< 0 10 20 30 40 50 60

Water Temperature (°C)

Fig. 3. Solubility of ammonia [10].
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Table 6. Weather information for the consequence analysis [13]

Categorize Data
Average temperature 14.58 °C
Average humidity 6741 %
Atmospheric pressure 1 atm
Average wind velocity 2.16 m/s
Maximum wind direction NNW (308.33°)
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Table 7. The input data for the ammonia release scenarios
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Fig. 5. Effectiveness of water spraying for ammonia gas [14].
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Table 8. The results of the ammonia release scenarios

ERPG No water curtain operating Water curtain operating
ERPG-2 zone 1,300 m 1,100 m

Source Chemical mass of tank

Type of tank failure

Opening diameter

No water curtain operating Water curtain operating

Horizontal cylindrical tank 200 ton

Leaking tank 4 inch

3.58 inch
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Fig. 6. The result of consequence analysis generated by Aloha in
case there is no water curtain operation. (The orange color
indicates ERPG-2 zone)

Fig. 7. The result of consequence analysis generated by Aloha in
case water curtain system is operated. (The orange color
indicates ERPG-2 zone)
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