KIGAS Vol. 21, No. 5, pp 95~103, 2017 https://doi.org/10.7842/kigas.2017.21.5.95
v (Journal of the Korean Institute of Gas)

gLof elst & MEAHoAM e /EE 2|

o

=

HeM - 2oy . 'dE

1dthstn kA &k

(2017d 7€ 26 FH<m 2017d 109 24 54, 20173 109 25 A=)

40

Risk Management for Ammonia Unloading and
Storage Tank Facility

Yun Seo Jeong ¢ In Sung Woo - +Jong Woo Lim

Department of Safety Engineering, Incheon National University, Incheon, Korea
(Received July 26, 2017; Revised October 24, 2017; Accepted October 25, 2017)

29

Az4Y ol eE TS FalAdEdo] AHe, A e L ALE I o, dRYoLE HF ke A4
A B FE, A LA RuE T o fl @AY f1E B 2 AT G E et IR
Z2(PSM), 7122+ A T-2](SMS), B2 9 FH7HORA) A= 5 The A A 8] =20 o] =) 444
Aol AL QL FANME AP AH 7 Bd A7 SdstA JYE ok B AT = drY ol ¢
St A A o2 A ARG A EH AT AL Al V] ol thgh F] s G e Aol =
9] 93k 718 KORA T2 13, AtT W15 24 o] = LOPA PFD & ¥ & A 83l 9th B 27 =44
AI=E S5t a AEHA AP S A= WU FE AA Lo A &R E S 84 Av) W
Fe 9 EAX, T U4 EE 5 ZAH AL st o] AMRED 9 HRE ) ZE EHA A4 LOPA B
g Rz A FFH A 2203 &4 I =N FHAA DA E AL, FAHAGAH Ao o] Y
AAY S Z2 oA LDAE & Hof| A 2] wleko] A A= T},

K

ofo
R\

Abstract - A lot of hazardous materials have been used for product processing and utility plant. Many acci-
dents including toxic release, fire and explosions occur in the ammonia related facility and plant. Various safe-
ty and environment management program including PSM , SMS, ORA etc. are being implemented for risk
management and accident prevention in the production industry. Also much study and research have been car-
ried about risk assessment of accident scenario in the academic and research area. In this paper, firstly risk level
was assessed by using a typically used KORA program and LOPA PFD method for the selected ammonia un-
loading and storage facility. And then risk reduction measures for the risk assessed facility were studied in 3
aspects and some measures were proposed. Those Risk Reduction measures are including a leak detection and
emergency isolation, water spray, dilution tank, dike and trench, scattering protection in hardware impovement
aspect, and a applicable risk criteria, conditional modifier for existing LOPA PFD, alternative supporting mod-
eling program in risk estimation methodology aspect, and last RBPS(Risk Based Process Safety) program,
re-doing of process hazard analysis, management system compliance audit in managerial activity aspect.
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Fig. 1. Process Flow Diagram for Facility
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Table 1. Operation Condition of Tank Lorry

SEEEEAEEREEELEE

Table 4. Calculated Horizontal Distance of Impact

and Storage Tank (Unit : m)
Operation Condition Hazard . BLE- | Pool | Zet
Facility | Chemical | Capacity Scenario Toxic | VCE VE | Fire | Fire
Temp. | Pressure | Phase
Storage | Gross Distance
Storage
Tanl% | 93,000 kg | 37 C |1.25 Mpa Tank to End Point 253 | 313 | 542 14| 32
Argngngo;a Sit}lra}sd Release,
.5% iqui . .
Tank 18,000 kg | 34 T [1.25 Mpa Fire & Distance o | o |m2| o] o0
Lorry Explosion | Beyond Fence

Table 2. Hazard End Point Value and Atmosphe-
ric Condition

Hazard to Analyze Atmospheric Condition
(End Point Value) (1 Year Ave.)
Toxic Thermal | Over Wind | Stabi- Tem Humi-
Radiation |Pressure | Velocity | lity P: dity
ERPG 5 1 2.7 D 12.8 66
2 (kw/m2) | (psi) | (m/s) ©) | @

(*) ERPG : Emergency Response Planning Guideline

Table 3. Release Geometric and Geographic Con-

dition
Scenario Release Release | Release Geo.
Hole Size Time | Height | Condition

Storage Tank| 16 mm (20% of 0 mn| 0m City Area
Release Connected Pipe) like
Tank Lorry (50 mm (100% of . City Area
Release Connected Pipe) 30 min 0m like

A= A4 o Avle &4 =2 Table 1,
A= A 7
Al mH (End Point) 43|

20| 7)5}std, @A

st
@) A AvkE 2ol g 333

ZH v 2 AdE el e 21, 718 =4
o] w2} KORA (Korea Off-site Risk Assessment)
ZZ I (Ver. 09.2.38)cl oJ3ll AlLtE s g
9 (F8AE) = Table 4. ¢ 2t

g sol] yehd Adbe AHEE 20
AR FHY AP A AofEo] AHHA FaL
THAQ G4 A FFE ] vk AAEL gloH
i B AR thE 43 3 d9) 229 284

Gross Distance

Tank Lorry|  to End Point
Toxic
Release Distance

Beyond Fence

969 | 181 | 296 | 42 92

552 0 0 0 0

(*) Vertical Disperse Profile can not be calculated by KORA
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Table 5. Frequency Calculated from PFD of Ini-
tiating Event and IPL for Storage Tank
BLEVE Scenario

o Risk Reduction Total
Initiating Event Frequency | No. — PED
PFD of IPL | Description
1 Pressure Vessel Failure 1E-06 2 1E-02 | Relief Valve | 2.00E-08
Detactor/
2 Piping Rupture/100m 1E-05 1 1E-03 Isolation, 1.00E-08
Relief Valve
3 Piping leak/100m 1E-03 1 1E-02 | Relief Valve [ 1.00E-05
4 Atmosphere Tank Failure 1£-03 0
5 Gasket/Packing Blowout 1602 |20 1e0r | P | So0ee
Isolation
6 Turbine/Diesel Engine overspeed 1508 0
with casing breach
Third-party intervention
! (external |mF:)arX by Back-hoe, etc) 1820
8 Lightning strike 1E-03 0
9 Safety valve open(Failure) 1E-02 5 1E-02 | Relief Valve | 5.00E-04
10 Cooling Water failure 1E-01 0
11 Pump Seal Failure 1£-01 0
12 Unloading/ Loading Hose Failure 1601 | 0
13 BPCS Instrument Loop Failure 1E-01 0
14 Regulator & Failure 1E-01 0
15 Small External Fire 1E-01 0
16 Large External Fire 1£-02 1 1.00E-02
Frequency considering Risk Reduction 3.05E-02

(*) PFD : Probability of Failure on Demand, IPL : Indepen-
dent Protection Layer.

Table 6. Frequency Calculated from PFD of Ini-
tiating Event and IPL for Tank Lorry
Toxic Release Scenario

_ Risk Reduction Total
Initiating Event Frequency | No. iy
PFD of IPL | Description
1 Pressure Vessel Failure 1.E-06 1 1.00E-06
Detactor/
2 Piping Rupture/100m 1E-05 1 1.E-03 Isolation, | 1.00E-08
Relief Valve
3 Piping leak/100m 1.E-03 1 1E-02 | Relief Valve| 1.00E-05
4 Atmosphere Tank Failure 1803 | 0
5 Gasket/Packing Blowout 1802 | 14| 1801 | PR | aoe 0
Isolation
6 Turbine/Diesel Engine overspeed 1604 0
with casing breach
Third-party intervention
7 (external impact by Back-hoe, etc) 18020
8 Lightning strike 1.E-03 0
9 Safety valve open(Failure) 1602 | 0
10 Cooling Water failure 1.E-01 0
11 Pump Seal Failure 1.E-01 0
12 Unloading/ Loading Hose Failure 1601 | 1| 1802 | Trench [ 1.00E-03
13 BPCS Instrument Loop Failure 1.E-01 0
14 Regulator & Failure 1.E-01 0
Fire Fighting
15 Small External Fire 1E-01 1 1.6-02 | Equipment | 1.00E-03
(Two Types)
16 Large External Fire 1.E-02 1 1.00E-02
Frequency considering Risk Reduction 2.60E-02
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Table 7. Risk after Reflecting No. of Effected Per-

sons
No. of
Scenario Frequency Effected Risk
Persons
Storage Tank -2 -2
BLEVE 3.05x 10 - 3.05x10
-2 -1
Tank Lomry 1) 6 x 10 20 520x10
Toxic Release

- 08 -

(*) Small No. of Effected Persons was due to Most Non-Oc-
cupied Mountain Area Beyond Facility and Exclusion of
Facility Internal Persons.
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Fig. 3. Water Spray Diagram for Tank Lorry

Table 8. Water Spray Design Data

Location Storage Tank | Tank Lorry

Capacity (1 /m2-min) 5 5

Spray Area (m2) 204.7 79.6

Required Spray Water Volume 1,126 398
On/Off Signal NH3 Detector | NH3 Detector

No. of Nozzle 56 14

Flow Capacity of Each Nozzle 237 32
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Fig. 4. Ammonia Dilution Tank.
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Table 9. Individual Risk Criteria in Other Count-
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Criteria UK | Netherlands (N)/ | USA

HSE Australia (A) EPA
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(*) ’Guidelines for Developing Quantitative Safety Risk Criteria’
Published by CCPS.
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