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Study of pressure safety valves and an absorption system

for an ammonia tank.

Jong Hoon Bae

Department of Safety Engineering, Pukyong National University

Abstract

Chemical plants have been continuously changed according to the
purpose of reducing costs and improving production capacity after initial
operation. At this time, even though changes are implemented through
design reviews such as process safety and work safety, it 1is
questionable whether the chemical plant has been changed to meet the
current standards about 50 years after settling in Korea.

In this study, ammonia tanks of A plant in Ulsan Petrochemical
Industrial Complex were selected and studied. The ammonia tank of
cylindrical type was installed outdoors to store propylene during the
first plant construction in 1972. Due to the increase in production

capacity, a separate propylene storage tank has been installed, and the



cylindrical type propylene tank is currently operated as an ammonia
tank. Despite the changing use of the tank, no review data were found
at the time of the change.

Therefore, it shall be confirmed that it is properly modified and
operated safely by the current standard, and shall propose
improvements. In addition, the study was conducted with the purpose of
the preparation of emergency response plans through the chmical
diffusion modeling by CA(Consequence Analysis).

The study analyzed the design data at the time of initial installation,
and confirmed the safety by applying the KOSHA Guide. It not only
identified the processing capability of ammonia absorbing systems at
the discharge of the safety valve but also determined the scope of its
impact to the outside using EPA’'s ALOHA(Areal Locations of
Hazardous Atmospheres) and KORA(Korea Off-site Risk Assessment
Tool) programs.

As a result, it was confirmed that there was no problem with the
safety devices installed in the ammonia tank, and it was possible to
suggest the time necessary for emergency response in case of ammonia

release.
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Table 1 Major chemical accident*”

Year Location Chemical event Deaths/injured
FLIXBOROUGH,
1974 Cyclohexane explosion 28/76
ENGLAND
TCDD(2,3,7,8-tetrachloro
SEVESO,
1976 dibenzo paradioxin) toxic ?/300
ITALY
release
BHOPAL, MIC(Methyl isocyanate)
1984 2,500/?
INDIA toxic release
1989 TEXAS, US Ethylene explosion 23/314
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Table 2 General information of ammonia*®

Categorize Characteristic
Cas No. 7664-41-7
Molecular formula NH3
Molecular weight 17.03

Boiling point

Melting point
Autoignition temperature
Upper explosive limit
Lower explosive limit
Vapor pressure

Vapor density
Toxic(ACGIH)

ERPG-1

ERPG-2

ERPG-3

-33.35C (at 760 mmHg)
-78TC (at 760 mmHg)
651

33.6 vol%

15 vol%%

S kPa (at/26,2C)

0.59%kg/m' (Air : 1)

TWA-25ppm, STEL-35ppm

25ppm
150ppm

750ppm
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Table 3 General information of facilities

Item Categorize Data
Ammonia Type Horizontal Cylindrical Tank
tank Capacity 354m'/EA
Material ASTM A516-70
Design Press./Temp. 20kg/cnt / 38C
Operating Press./Temp. 15kg/crt / 30T
Ammonia Capacity 4774 m'/hr(28.74 Ton/hr)
receiving Discharge Pressure 22kg/cit
Pump
Pressure Type Conventional Type
Safety In / Out Size Wi ¥
valve
Setting Pressure 20kg/cnf
Required Capacity 43,320kg/h
Ammonia Type Cement Concrete (Open type)
Absorption Size 5,000 X 5,000 X 1,500mm
Facility
Capacity 33.5 Ton
Water Type Full Cone type
Curtain Hight 6.0m(above 2m of tank)
Ratio 13
(Water/Ammonia)




Ammonia
Absorption Facility
(375

Water Curtain ‘:""'*-i,_ﬂ_

Fire Water
Tank
(3,000m)
Automatically Water Curtain valve is
opened by Gas Detector
=
= Pump
Waste Water S| (1,100m/hry
Tank i
(4,9001%, 3EA) i
H
! DCS
L Signalling
- e L e -

Fig. 1. Conceptual diagram of ammonia tank installation and operation
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cylinder = L'QR[0087 1( e H)} (3>

5 R

SEillps =2.168 -2R-H (4)

S,

eytinder * Surface area of cylinderical portion

Skips © Surface area of 2:1 Fillps portion

L : Length of vessel (33m)

R : Radius (1.85m = #)

H: Liguid level

1) Ag%F Level 85%2] Case : 336.38m’

AZLHEFS A4 A Level 85%= AHAA S A Leveld o=

o

3.14m(3.7m X 85%)olw, Ui otmijolo] HE3lw Qi wWl=e ¥ W

< 336.38m o= AAkET
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— Cylindrical portion of vessel : 286.0m’

1.85—3.14

5 1.85

cylinder — 33-2-1.85 [0057 1( )] = 286.0

- Two 2:1 Ellip heads : 50.38m" (25.19 X 2)
Spips = 2.168 -2:1.85:3.14 = 25.19

- Total : 286.0 + 50.38 = 336.38m’

2) AA82 Level 100%¢] Case : 442.94m’

Ao 100%2 RIS AZFE A, B o] AEsn

o] ¥ WAE 442.95m o2 ALtE

— Cylindrical portion of vessel : 383.59m’

1.85—3.7

185 )}: 383.59

S{:ylinder =33-2-1.85 [0057 1(

- Two 2:1 Ellip heads : 59.36m’ (29.68 X 2)

- Total : 383.59 + 59.36 = 442.95m’

_16_



Fig. 2. The surface calculation of cylindrical tank®

_17_



2222 etdwy E &8 (kg/hr) AHA

222180 M g gt ol ' Wy HAlo] HFska = WA (m)

Hero® 2 (1), Q)= ke EEE=F 4l

o

Fwijols} Ha £ Level 85% AZHE Aot od 2ol Heat

input< 7,199,968kcal/h, QFd¥ B E S &7 21972kg/hro =2 AAbE T

7,199,968

Q : Heat input(keal/h) = 61,000 X 1 X 336.38"%* = 7,199,968

2) dEYotE 100% AGeE 45

drYol BAE 75 AR d& dFod= v 2ol Heat input

9,022,787kcal/h, Required capacity+= 27,534kg/hro = AlA+E T},

9,022,787
W(kg/h) = agrag = 27034
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Table 4 The result of PSV calculation

Case PSV Capacity
Closed outlets 28.74 Ton/hr
Cooling water fail Not available
Thermal expansion Not available
External Fire 27,534 kg/h

Table 5 Latent heat of vaporization?

Material Latent heat of vaporization (kJ/kg)
Ammonia 1,369
Propylene 342

_20_
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231, Yol A
hEifobe] &S WS s, YA driol YL A
o AR Fig. 3 3 o] ®#a Sy duoes FEste] ArtEo A
o ZHe AP A4 (), GU AFFES A (O ANT & Yk
V(:ylinder i [RQ'Cosil( R;H)_ (R_ H) \/QRH_ HQ} (5)
o m g (H) .(Eﬂ

Viuips = D™ C 35 [3(D) 2:\ 5 (6)

: Volume area of cylinderical portion

chl inder
Viinps + Volume areaof 2:1 Eillps portion

L : Length of vessel (33m)

3.7m)
2

R : Radius (1.85m =
D : Diameter (3.7m)

H : Liguid level
C : value of accordingto ASME code. = 0.5
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Fig. 3. The volumes calculation of cylindrical tank@
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tEuolrl AAl $AEIL Q& Level 85% 2 AFEH JE AF, GE

peae.

Ol

Yol A%FeF 332.88m'(200Ton) & &<l

1) Cylindrical portion of vessel : 321.0m’

1.85—3.14

—_ —_ . . . —_ 2
185 ) (1.85—3.14)- V/2-1.85-3.14— 3.14

chlinder =33 [1'852'0087 1(
2) Two hemispherical heads : 11.88m’ (5.94 X 2)

_ o _2.96)2_ _(2.96)3}_
Venips = 375055 [3(3.7 2:| == |=5.94

3) Total Volume : 332.88m’' (321.0 + 11.88)

4) Total Mass = 332.88 X 0.602 Ton/m' = 200.4 Ton (200Ton % &)

_24_



of W ohmiole

2

=
=

e

-
R

Hol JJerm=z | Fig. 404 H

=
=

=
=

olo] &3l% 0.4 kg-NH3/kg-water

beae.

Xé] 5

—a—MNH3

1000

200 A

800 A

{d=yem By Jad sed ) Ayignjog

50

30

20

10

Water Temperature (deg C)

Fig. 4. Solubility of ammonia™

_25_



o

=K

: 28,740 kg/h (Full7]<= - Closed outlet case)

W B8

N

2) EYol Ba A 1 200 Ton

: 0.4 kg-NH3 /kg-H20 at 30T

o
=

Yol &

: 33.5 Ton

A (7)

ol

Ak

_EH

)

|

°] 6.964]

7}

A% 9%z grwvepst

~ed

A

PN
T

(7)

Amount of water surplies of NH3 flow in to the environment

(8)

98,740 kg NH3/h
" 0.4kg_NH3/kg_H,O

71,850kg_H,O/h
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A & d8ste] JaFHelE FelstaL, v | 8ol 283tz &
o =3, FEAFLY] g4stE 98l A XA E Water curtaing 4 &3t A5
of A&tA Fe AT A AL Aot Y=X Slstazt gt

FE g9 AA e w EPAY ALOHA(Areal Locations of

Hazardous Atmospheres)e} tjstdl=r 3759 KORA(Korea Off-site

rol

Risk Assessment supporting tool) T2 &&3ste] HUd3} L7)%=
7HEA U 22 A T
= g9l e] 7]Fo] HiE FEE ERPG 7|5<S A &3t ERPG

(Emergecy Response Planning Guide):= "] =F AFd A ek3) 7 A3l 3}st&

A TR E AGAE e Atnd Sl ek Thel=Ekel e Table 6

MN
rlo
S

7o) ERPG-1, ERPG-2, ERPG-3 2 F&¥t}. ¢tRyole] %7
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7} 1500 ppm, 150 ppm, 25 ppm (ERPG-3, ERPG-2, ERPG-1)°]™, <&

91 AP Al = KOSHA Guide(P-107-2020, H ot B tiQte] Aba Alvg] e

o

Aol s 7l=A 3ol wel ERPG-2(FE Yo}, 150ppm) #S 483k
1;]_‘12)

gmuol +F JIWUSY F7ME 9% NFAHRE Table 79 2o] 7|43

Table 6 Description of ERPG®
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ERPG

Description

ERPG-1

“The maximum airborne concentration below which it
1s believed that nearly all individuals could be exposed
for up to one hour without experiencing other than mild,
transient adverse health effects or without perceiving a

clearly defined objectionable odor.”

ERPG-2

“The maximum airborne concentration below which it
1s believed that nearly all individuals could be exposed
for up to one hour without experiencing or developing
irreversible or other serious health effects or symptoms
which could impair an individual's ability to take

protective action.”

ERPG-3

“The maximum airborne concentration below which it
1s believed that nearly all individuals could be exposed
for up to one hour without experiencing or developing

lifethreatening health effects.”

Table 7 Weather information in Ulsan*

_31_



Categorize Data

Average temperature 14.58C
Average humidity 67.41%
Atmosheric pressure latm

Average wind velocity 2.16m/s
Maximum wind direction NNW (308.33°)

2.4.1 Water curtain €&
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- Aloha 2% : 1,300m (Fig. 6, Fig. 7)

- KORA Z 3 : 2282.3m (Fig. 8)
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Fig. 6. Diffusion range for 4inch hole release by Aloha (No

water curtain operating)

_35_



Fig. 7. Diffusion range mapping for 4inch hole release by

Aloha (No water curtain operating)
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Fig. 8. Diffusion range mapping for 4inch hole release by

KORA (No water curtain operating)

2) B3 25 4 inch hole += (Water Curtain #H-s)
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- Aloha 2% : 1,100m (Fig. 9, Fig. 10)

- KORA A3 :1,9339m (Fig. 11)
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Fig. 9. Diffusion range for 4inch hole release by Aloha

(water curtain operating)
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Fig. 10. Diffusion range mapping for 4inch hole release by

Aloha (water curtain operating)
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Fig. 11. Diffusion range mapping for 4inch hole release by

KORA (water curtain operating)
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Fig. 12. Concentration of ammonia : water curtain test.

(Aloha 4inch release case)
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Fig. 13. Concentration of ammonia : water curtain test.

(KORA 4inch release case)
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Table 8 The result of consequence analysis

Hole size | Water Curtain | Program | Leakage rate | Radius of damage
Operation (kg/s) (m)
4 inch NO Aloha 6.3 1,300
KORA 22.1 2,282
YES Aloha 5.0 1,100
KORA 17.7 1,933
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