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A Research on Optimized Safety Facilities by Using CA and

LOPA when Leaking of HF Storage Facilities.

Ho Sung Cho

Department of Safety Engineering

Pukyong National University

Abstract

According to the chemical accident statistics of the past three years,
chemical accidents caused by HF are continuously occurring.

This shows that the accident in the industrial site is not limited to
the business premises, but has a significant impact on the resident and
the surroundings of the business area outside the business
establishment.

HF is estimated to be about 45000 metric tons of domestic
distribution in 2016, and the use of semiconductor gas and secondary

batteries is increasing every year.
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In particular, there are three business sites in the Ulsan National
Industrial Complex, which accounts for 35 percent of the domestic
distribution.

When toxic substances leak in Korea, research various ways to
reduce the amount of damage and reduce it, several methods are
currently being applied to reduce spreading scope of damage.

In this regard, the Ministry of Environment introduced a new system
for Over Impact Assessment and the preparation of the Risk
Management Plan,

Have a duty to submit the proper risk standard of business
establishment by comparison and review the stability improvement rate
of storage tank according to the level of application of easing device to
use the over impact assessment general program since 2015.

In this research, Degree of danger is assessed using the risk Hazop
of Portable storage facility related to HF leakage accident, a comparison
of indoor and outdoor conditions and before and after discharge wall
area were evaluated Based on one of the quantitative evaluation
techniques : CA(Consequence Analysis).

Based on this, derive a potential risk accident scenario and suggest

- viii -



improvement suggestion for scenario using LOPA(Layer Of Protection
Analysis).

Also, analyze the applicability of optimized safety equipment and
analyze the following before and after installation to minimize damage
area and the amount of money by minimum economic safety facility
investment money,

A research was conducted on the adequacy and applicability of the
utilization to the guidelines for selection of protective gear range for
disaster protection personnel and resident evacuation.

Based on this research, We hope to help minimize the damage to
nearby residents that the devices that can reduce risk in the initial
design part will complement, reflecting the safety improvement rate
according to the level of application of the mitigation device to the HF

business establishment.

Key words : HF Storage Tank, HAZOP, CA, LOPA
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Table 1.1 Recent major accident case?d

maintenance

Ac})c;ctl:nt Region | Company Accident Contents Damage
Hube— | HF leakage from tank lorry (20ton) in Death 5
12.09.27] Gumi Plant due to operator error(valve lever .
global has opened) Injury18
A liquid leak containing 8% of the HF due
Global to damage to the PVC pipe connected to | pegth 1
13.01.15| Cheongju . the tank(Operator fall down and step ]
Display | qown) when checking the LCD processing | 1iury 1
facility
HF leakage due to poor flange fasteners |pegth 1
13.01.28Hwaseong Samsung | (negligence of work), After changing the ]
tank valve Injury 4
Leaking mixed acid (nitric acid, fluoric
. : acid, acetic acid) due to container cover .
13.03.02  Gumi LGsiltron failure (negligence of work) during testing Injury 3
after filter cover replacement work
Gurii Chlorine leaks due to chlorine gas pipe
13.03.05] Gumi ) cleanup unit failure (unconfirmed blower Injury 1
chemical | ohorating condition)
b During the process of transferring liquid
amsung | chlorine to the methyl chloride process, a .
13.04 Ukag finechem | 4—kilometer chlorine is discharged for 50 Injury 6
minutes due to pump failure
Damage and leakage of a mixed xylene
140229 Ulsan | Koreazine conveying piping buried underground
e during drilling to construct a bridge type
steam piping column (30,000L)
Pump internal permanent magnetic cover
and separator cover contacts for
14.02.25 Ulsan Isu— internal&external permanent magnet
T chemical | caused by wear and tear, causing
chemical (normal paraffin, mixed
hydrofluoric acid) leaks
A leakage of hydrogen fluoride when
Ram— opening the feed valve to transfer .
14.08.24 Geumsan technology| hydrogen fluoride to the production Injury 7
facility
1,000L of Hydrogen fluoride leakage due
Isu— to drain valve failure of reactor during
15.11.15  Ulsan chemical | restart process of plant after routine
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1 EAS <Table 2.1>

Table 2.1 Physical and chemical properties of hydrogen fluoride

Anhydrous HF Aqueous HF Aqueous HF
Property
(AHF) (70%) (50%)
Boiling Point 19.51C 66T 105TC
Melting Point —-83.37TC —86TC -35T
Density at
2505 0.9576 gfem? 1.23 g/cm? 1.17 g/em®
Vapor 922mmHg at 150mmHg at 12.4mmHg at
Pressure 25T v L 25T
Solubility Iin
complete complete complete
water
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Fig 2.2 leakage accident of hydrogen fluoride scene in

Hube-global
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when leakage accident of hydrogen fluoride
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Fig 2.5 Crop damage status at the time of the accident
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Risk HAZOP analysis of removable
storage facilities

CA(Consequence Analysis) indoor/outdoor conditions and

discharge wall area comparative review

Analyze LOPA(Layer of Protection Analysis) to optimize the mitig

ation device for improved safety

Comparison selection of minimum economic safety facility
investment compared to the price of accident damage to analyze
before & after applying the optimized safety equipment safety
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\1,
ML EE EY
(Consequence Estimation)

7|ER R

v

Process Flant Data

- Chemical data
PFD, P&ID

- Plant Layout

- Operating Procedure
Envirenmental Data
Land use & topography
Population and demagraphy
Metecrological data
Likelihood Data
Historical incident data
Reliability Data

AL HE 2
(Likelihood Estimation)

Historical incident approach

quency incident approach
Fault tree analysis

Event tree analysis, others
Complementary Modeling
Common cause failure
Human Reliability Analysis
External events Analysis

I

e 24
(Risk Estimation)

Physical Models ;| Effects Models
Discharge Thermal
Flash& Toxic
Evaporation : Explosion
Dispersion
Pool, Jet Fire
Explosion
efc
AHY HEYY .
(Risk Reduction) y
Consequence | Quality |
Reduction = ! Control :
Design Operation
Inventory Management
Layout Pracedure
Isolation

Calculation Quality
Individual Risk || Risk Uncertainty
Social Risk Sensitivity
Others Importance
Y= E7t

(Risk Assessment)

HaALd e
g 444 994
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Table 2.4 Risk assessment technique

o

2 9184 Bohy

Analysis)
A9 RS

(Hazard and Operability

Analysis)
o] 9 E T A

(Failure Mode and Effects
Analysis)

Abareld A2 24

What—If Analysis

What—If Checklist Analysis

Ag &4 (Fault Tree
Analysis)

AR S 4 (Event Tree
Analysis)

91— 2 T

(Cause—Consequence Analysis)

ro,

1o i R e R I P

1=]
24

W5 A

ol

(Layer Of Protection Analysis)
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233 943FH 9 o =(Consequence Analysis ©]&)

1) Consequence Analysis (KORA)

494 B7h F AN = FHANA ARG RDe] YA FE
A8 ARG P AZwDe] Awe P, o

B AL ¢ %ol 2ojx gE AL & F AT
Table 2.5 Comparison of CA Software
Division | TRACE PHAST ALOHA KORA
SAFER Mi.nistry of
Environmental
Operate | Systems, DNV GL EPA, NOAA ]
chemical
Dupont
substance
Reflect Variety of flow Simple Simple
various analysis, Lots of modeling modeling
Feature ] ; i i
accident material data, enables quick | enables quick
data Frequency analysis response response
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High ]
Cost High cost Free Free
cost

2.3.4 KORA % ofn] 98 F4]

B Aol A 201535 AdE shetzage el w seteds
Foe A9ge goldFHst 2 AABdAGAE AFsokels o ¥}

A7) Wi FuE &8I £ 9 KORA Z 2SS AFEEe] A9

KORA® A& 94 B7Hrg daie] d=3 Ade A7« 4

Tor AHdHIAY YalBYAIAE AT £ At}
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Table 2.6 Preliminary risk analysis procedure

Step 1
(Identify risk
factors and

*Types of harmful chemical substance handling

*Risk type of harmful chemical substance

*Storage volume of containers and piping

target *Operating conditions such as operating
equipment) temperature and pressure
-
*Toxic substance leakage

Step 2 *VCE
(Create impact | *BLEVE

matrix *Pool fire
by risk factor) | *Jet fire

.t

Step 3
(Analysis)

Analyse each scenario leakage condition
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Table 2.7 Worst accident scenario selection(valuation condition)

. . . Utilization
Sortation Detail condition
of KORA
Automatic
— Concentration of toxic substances : ERPG—2 etc. setting
— Radiant heat : 5kW/m' (40 seconds) (Enter the
End point — Overpressure : 1psi concentration
* Derived according to "Technical Guidelines on of toxic
Selection of Accident Scenarios substances in
some cases)
— Wind velocity : 1.5m/s
Weather — Atmospheric stability : F(Stability) Automatic
condition — Atmospheric temperature : 25C setting
— Atmospheric humidity : 50%
. ; Automatic
Leak point — Assuming leakage from the ground surface. )
setting
~=mafll’ h iti i
Flexure of e condition of ground surface is selected between Input
the cities and the countryside. required
ground . . . .
- The cities : terrain with lots of buildings and trees (weather
surface g 1 ..
- Countryside : flat terrain condition)
— Use the operating temperature when a gas substance
is handled by cooling it into a liquid state under Automatic
Temperatur ) )
f loak atmospheric temperature and atmospheric pressure. application
e OI lea ; - 3 ., ..
— When handling liquids other than freezing liquid, of condition
substance ’ ; A .
apply a large figure of daytime maximum temperature input value
or operating temperature.
— apply a maximum amount stored within a single
container or maximum amount retained in a single
pipe (maximum operating capacity).
— At this time, a reduction of leakage quantity by Automatic
Leakage passive mitigation systems, such as physical barriers application
quantity or prescribed procedures, such as the discharge of condition
walls, can be reflected. input value
A method of calculating leakage quantity be prepared
according to "Technical Guidelines on Selection of
Accident Scenarios] .
. — Maximum amount of containers or piping is considered Automatic
Leak Time . .
as leakage for 10 minutes. setting
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Table

2.8 Alternative accident scenario selection(valuation

condition)
Sortation Detail condition Utilization
of KORA
Automatic
— Concentration of toxic substances : ERPG—2 etc. setting
— Radiant heat : 5kW/m’ (40 seconds) (Enter the
End point — Overpressure : 1lpsi concentration
* Derived according to "Technical Guidelines on of toxic
Selection of Accident Scenarios substances in
some cases)
— Wind velocity : Apply a minimum of 1 year of average wind
velocity for applying local weather, otherwise use 3m/s.
— Atmospheric stability : Apply the most stable atmospheric
stability during a minimum of one year of atmospheric conditions
Weather for applying local weather. Otherwise, use D (neutrality). Input
condition — Atmospheric temperature : Apply a minimum of 1 year of average required
atmospheric temperature for applying local weather, otherwise use
25C.
— Atmospheric humidity Apply a minimum of 1 year of average
atmospheric humidity for applying local weather. otherwise use 50%.
Leak point — Apply the height of the leakage surface of corresponding scenario. Inp'ut
required
Flexure of — The condition of ground surface is selected between the cities and
the countryside. Input
ground - The cities : terrain with lots of buildings and trees required
surface - Countryside : flat terrain
Temperature
of leak — Use the operating temperature. Inp'ut
required
substance
— Calculate according to "Technical Guidelines on Selection of
Accident Scenarios) considering the reduced amount by passive
and active mitigation systems, write by referring the method for
calculating each of the following and submitting evidential matter
Leakage on how to select the leakage quantity. Input
quantity @O KOSHA GUIDE(P-92-2012) Guidelines for leakage modeling required
@ KOSHA GUIDE(P—110-2012) Technical guidelines on measures
to minimize damage to chemical plants
@ Calculation method of leakage according to risk based inspection
criteria(API 581) of the American Petroleum Association
— Calculate according to "Technical Guidelines on Selection of
. Accident Scenariosy considering realistically potentially leak Input
Leak Time time, The calculation base shall be presented and the following required

methods apply.
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1(Layer Of Protection Analysis, LOPA)

- Calculation method of leakage according to risk based inspection
criteria(API 581) of the American Petroleum Association
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Table 2.9 LOPA Procedure for each step

Step 1 : Selection and — Determine the extent of the impact of the
creation of accident (Population number)
accident scenario — Selection of accident scenario zones

> o

) Deduct all initiating events within the
Step 2 : Occurrence .
scenario area
frequency of
. — Calculate the frequency of occurrence of
mitiating events L.
each initiating event

-

— IPL can mitigate each initiating event
Step 3 : Failure (Passive / Active easing device)
occurrence frequency — Increased reliability of stability by IPL in

each initiating event

-

i ) — Number of residents within the range of
Step 4 : Risk analysis . .
impact x Failure occurrence frequency

-

Step 5 : Risk — Steps to describe risk determination
Assessment — Acceptance levels and comparisons

Y-

If the risk is higher than the acceptable
Step 6 : Secure safety & P
level
measures . . .
— Establishment of risk reduction measures

_36_




A3 ATEH

2

D

CA

o

el

Mo

FtHD),

o4

=
=

9] <Table 3.1>

2]

_37_



Table 3.1

Typical frequency values of major initiating events

12)

Division Initiating event Frequency
-1 Pressure Vessel Failure(Z 8 7]39+4) 1x1076
-2 Piping Rupture/100m (¥ 3}<d) 1xX107°
-3 Piping leak/100m (M &=, 10%4F &AH) 1x107°
-4 Atmosphere Tank Failure (3¢t ©14 1<) 1x107°
-5 Gasket/Packing Blowout(Z WA 5 7}27 1<) 1x107?
-6 Turbine/DieselEngineoverspeedwithcasingbreach 1%10-

(BJW1% 9] Overspeed® ¢1%t Casing 34)
Third—partyintervention
-7 (external impact by Back—hoe, vehicle, etc) 1x107?
QEZFA (AFS)
I-8 Lightning strike (&&]) 1x107°
-9 Safety valve open (Failure) (A8 8 113}) 1x1072
I-10 Cooling Water failure (82 &3 =% 1x107!
I-11 Pump Seal Failure (23 17) 1x107"
=19 Unloading/ Loading Ijo-se Failure (Y &3} A4 1% 1071
=)
I-13 BPCS Instrument Loop Failure (BPCS ZAgh) 1x107!
I-14 Regulator 5 Failure(ZE®MH 174) 1x107¢
I-15 AR 21E-3HA) 1x107¢
I-16 12 RS R el 1x107%
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Table 3.2 Safety enhancing values of pas

sive mitigation devices(independent protection devices)!4

Division | Protection devices CONTENTS Re‘i‘;getlon
J=ZHE TEHYE ‘
P-1 Dike ("-7F4) E THE TEH 1x1072
=52A 7
Underground Drainage . =
¢ 5 mporye FEHdE
P-2 System 2 22)7] 1%X10
(A3 F% mg An) oo
p_3 Open Verllt with no shel kA w) (i 7]9h) %102
valve
P4 Fire Proofing Fu|2o] dXid Ho 7 X 10
(g2 n)) Qlst njAFx A
s Abare] disk HE .
P-5 Blast wall/Bunker e, 24 1x107°
=527
p—g Inherentlslf Safety AEEE7 5= .?_345} %102
Design TLEAQ ok g A
SlAY T = vj#doR
Flame Detonation "N N Zy
P-7 1 | o] Q1 }JA st 1x10
rrestor
° (7, AAR BRz)

Table 3.3 Safety enhancing values of active mitigation devices

(independent protection devices)'"

Division Protection devices CONTENTS Reduction
7/\74x7 ul 7= u]_anu == Al &=A] 7FA]slo
Aol F~H A 7] a &bk T | ﬁ-l F=] 5o 1% 10-2
(R15 252 2 8) ZAES s Ay
. 712 o]A9] Over
A-2 Relief Valve/Rupture Disc OE ) 1x107?
Pressure® " g
Basic P
A—3 asic Process Control LAAE A A 1101

System
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3.1.2 Hazard and Operability Analysis 2 3}
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Table 3.5 ISO Tank Loading/Unloading HAZOP (1)

Guide
Word

Deviation

Possible Causes

Consequence

Protection

Flow

. Valve 2#%F

- FEun 3y

AFAe e 2
W3t o}

a A4

o
Ho

a.l FFAE AAste] DCSelA
Monitoring

DCSellA 25 Ay 227k
2 ON/OFF e g1

a.2

High

Flow

. N2 7}t Valve
Leak (#3})

a.l
a.2

7Heh A

ISO Tank Vent& Valve A%

(Interlock A7%)

A &4 A+

SD S/W A XA

A% Y5 Vent A|2~E A XA

5 AAE A

T ue {15 f 8
Trench %]

a.8 PTE AA3lo] ISO Tank W+

+2 Monitoring (Alarm 2 7%)

Gas Detector 2%

(7% Al Alarm 2A)

a.3
a.4
a.b
a.6
a.7

T ofje

e e of

a.9

ol ft 4

b.1 w3 3,
HF %

b.2 Flange
HF %

HEZ BAF AM7] AA

olF & A

ESD S/W 4%

b.4 T UF Vent A|AE X

5 AlAE AXA

b.6 TAFZ vie #HF FE
Trench A3

b.7 Gas Detector 23|

(7% A Alarm 224)

o
o
e e of

CAZR A} ES

Valve Close

c.2 Flange
HE &

c.l1 St Valve CSO =X

c.2 olFu & AX

c.3 ESD S/W A X

c.d FRF UHE VentZ A AE AX

c.b B i AlAE AA

c.6 TAETZL e H5 f &
Trench 43|

c.7 PTE AA 8] ISO Tank Ul
¢t# Monitoring (Alarm 2 4)

c.8 Gas Detector 2%
(7% Al Alarm ZA)

c.9 Gasket & Flange cover

d. Flow Meter 1%

EERREE S

d.1 ISO Tank
&4,

HF %

d.1 ISO Tank Vent§ Valve Opend}
o] Z A (Emergency Tank® 4)

d.2 24 ¥ &4 49

d.3 ESD S/W 23|

d.4 F4% W Vent Al AE X
db & 5 A" AA

d.6 TAF vte H FEE
Trench 43|

PTE Ax3}o] ISO Tank WH
¢+2 Monitoring (Alarm A7)
Gas Detector A3

(7% Al Alarm ZA)

d.7

d.8

_43_




Table 3.6 ISO Tank Loading/Unloading HAZOP (2)

Guide Word | Deviation |Possible Causes| Consequence Protection
a.1 Check Valve A3
a.2 olFFA ‘HE A A
B a.3 HdE N2 35 w3 Ax
High Low a. N2 &3 T a. HFY 9 &7 a.4 PTE AX O]-Oi ISO Tank
W¥-¢+2 Monitoring
(Alarm 274)
a.l T4 37 &4 4+
a.2 ISO Tank Vent& Valve A3
CISO Tank w2 (Interlock A7)
- oLEE}/\Ljr; ;-H]T T Lﬂ—r Vent Al2~8 A%
: P E Oy a. 3 x*/é} A A A AlE
Temperature| High a. &% 3}hA) Vet Tank e, 23]
HF == ad FHATL ve H5 =
' = Trench 4]
a.5 Gas Detector 23]
(7% Al Alarm ZA)
N a.l o]zl AX (Jacket Hlj¥tel
a W my |2 EFA AZE Ao LA
3 ! HFLT‘% o= oooix_‘oo
Monitoring)
g b.1 &4 ¥ &d 4g
Others | Corrosion b.2 A UF Vent AlAE AX
b.3 TAG A AW FAF AIAE
b. ISO Tank d. ISO Tank 2], %)
B HF ¥= b4 T8 ¥ Hte A F =

Trench 43|
Gas Detector A3
(7% Al Alarm ZA)

_44_




3.1.3 CA(KORA) CASE® Al&dolAd d8Hxw 2 A3}
<Table 3.7>2 CAE 4 24L& 7|EZ4 #x3 Tanke AL
o/ieke] 2Ae FAsH, FEAL] A Aokel A 1087 AP

FEET, giete] 4§ 3083 A& A 100%<! 40mmel A
TEEE x2do|Hs
Table 3.7 Necessary information for running KORA1617)
Acci_dent Scenario Analysis Condition
T FHeotel Aygle kel Al e
24 AL ¢ SKW/m BAFD @ BKW/m
(] ==A1e] 9] A 8t 79t : 0.1Mpa 7}9F & 0.1Mpa
3] (ATHA)) =AeIEE : ERPG—2 LA oIEk : ERPG—2
278 ) Tank type 33 B Tank type £33 B3
47147 (m) 2.7 M,
&7130°] (m) 5.0 5:0
g (Kg) 18,000 18,000
A 7 el N A} N A}
A %1 2] (M) 1.7 1.7
WEe WA (m?) 30 30
FEAIH(Sec) 600 1,800 (API 581)
— 1.5 m/s 1.5 m/s
= o 30.0(FA A& 1073+ 4.33(FA L= 303t
=8 (Kg/Sec) = e
TEER) TFEEE)
TrE¥ Ko 18,000 7,797
T 137 B
H7)er = F(}9-¢17) a=e 1ddst 8
714x4, D(EH)
rles W S5 25T, 50% 25T, 50%, NE
FEAR Az FEHE AoRE MY AR FEHE Ao®E 7MY
N ) 307 A5 A7 9
FE (108 A=) _
e Heh= ° 100%<) 40mm 3
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714 % 7S <Table 3.8>¢ ¢

grol A o

o]

ke Ay el A= &AEA

2591,

Table 3.8 Average weather conditions for the year of the Ulsan

HqE L% qd FE BETE PR
T I Bt = é}_“:
- =
() (%) (m/s)
15 64 NE 2.2 D =
- g g 2= Hd 5% = xg q9d 5
) (%) (m/s)
12 3.5 51 NNW 2.3
29 4.5 51 NW 2.3
34 8.9 49 NW 2.4
49 13.8 64 NE 2.4
59 20 54 W 2.2
64 21.5 78 NE 2.1
16
72 24.4 81 WSW 2.4
84 26.4 78 W 2.1
94 21.1 76 NE 2.3
10€ 16.6 59 W 2
11¢ 12.4 76 NE 1.9
12€ 6.5 62 NW 2.1
Table 3.9 Results of simulation by case
CASE | Point of AW, BFE gy a7 AW BEE Hgwe a7
execution |Zg A (before)| T (before) A& Z(after) I (after)
# o} ERPG-2 ERPG-2
CASE1 553,960 & 24
Akl 9 7.871.1M ¢ 121.5M ¢
ojeke] ERPG—2 ERPG—2
w w
CASE2 Atbel e 2.205.8M 5,729 4§ 71.9M 28
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3.1.4 LOPA 7HAARA B A3t

o7 & MAAAS HE 2 wANEE <Table 3.10>3 2t}

F8% 9w B A wAQ M 94 Hazopd b

Table 3.10 Determining initiating event and calculate the

frequency of risk of accident scenario

12)

Division Initiating event Frequency
-2 | Piping Rupture/100m (¥ &3}<) 1x107°
[-3 | Piping leak/100m (¥l &+=, 10%4T 2 4) 1x107°
-4 | Atmosphere Tank Failure (%4t B3 1) 1x107°
I-5 | Gasket/Packing Blowout (Z#WA] 5 7}A70 1k&)| 1xX1072
-9 | Safety valve open(Failure) (QF&winB 117 1x107?
[-11 | Pump Seal Failure (HX 1.%) 1x107!

Unloading/ Loading Hose Failure
1-12 - - 1%107!
(=3 A F5)
[-13 | BPCS Instrument Loop Failure (BPCS A% 1x107!
[-14 |Regulator % Failure(ZZWHE 17) 1x107!
[-15 | &27tR 9] F31A) 1x107!
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<Table 3.11>, <Table 3.12>3} 7t}

Wjdgd 2 <l 7k~ & A A-12 Gas detector® #HA % o] Pump 7}
A He= Alzdolt CCTVE 4% Ao #AdarE 4A 348
g F o FEor: HAAAA Ao7t 7hedh Al=delt

A-2(Relief valve & Rupture disc)= Hi#o] =7 d A o=

o)
H

)
ftlo

& &k Aot

A-3(BPCS)= AojHolA &4 A A= 4F dHA FAS

B

skolate] 2 &7t A AIZE control & = AE Al &H= o]t

LY

gazale] /&8t A9l 49 Flexible HoseE AFE-3HA ¥ =l
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Table 3.11 Results

of IPL application (1)

Equipment Initiating event IPL PFDs
Aol Gas detector & Emergency 1. 00E-02
Piping shutoff valve & CCTV
Rupture/100m - - —
(a7 90) A—2 | Relief valve & Rupture disc 1.00E
. Basic P |
Steel Pipe A-3 asic Process Contro 1.00E™%
System
—2 | Relief valve & Rupture disc 1.00E™
Piping leak/100m == adyr, b 1.00E 2
(T2, 10% : . .
A7) A7 Air pollution prevention 1 .00E-O!
facility
P-3 | Open vent with no valve 1.00E72
Gas detector and emergency .
A-1 1.00E72
. Atmosphere Tank shutoff valve & CCTV
ocess Failure
Vessel Air polluti - i
(/\01_%1, %.‘H_ E}%ﬂ) A—7 1 poliution prevention ]HOOE_(H
facility
A—=5 | Emergency Tank 1.00E72
Gasket/Packing Al Gas detector and emergency 1. 00E-02
Fl Blowout shutoff valve & CCTV
ange _ =
(FdA 5 7t2A
) A—8 | Flange & Valve Cover 1.00E™%
P—3 | Open Vent with no valve 1.00E7%2
Val Safety valve open - Rellef valve & Rupture diSC 1.001:‘4‘_02
alve .
(Failure) Aol Gas detector and emergency 1. 00E-02

shutoff valve & CCTV
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Table 3.12 Results

of IPL application (2)

Equipment Initiating event IPL PFDs
Gas detector and r ‘
. Aol as detector and emergency 1. 00E-0?
p Pump Seal Failure shutoff valve & CCTV
ump
(A= 173) Air pollution prevention
R A-7 | 0T P 1.00E™!
facility
Loading/ UnlO?:lding/ Aol Gas detector and emergency L O0E-2
. Loading Hose shutoff valve & CCTV
Unloading Fail
ailure :
facility o L 3 Basic Process Control o1
Q& A4 ) [ AT g dom 1.OOE
"L Basic Process Control 1.00E-01
BPCS BPCS Instrument System '
Instr t|L Fail Air pollution prevention
nstrumen oop Failure A7 .? p 1.00E-"!
facility
Regulator’s A—2 | Relief valve & Rupture disc 1.00E™%2
Regulator | Failure n . ]
Air pollution prevention —o1
(2Hdwy 37 A=g . 1.00E
facility
] Fixed fire extinguishing —o1
Etc. Small external fire | A—4 1.00E

system
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3) LOPA®] 24 A3}

g Ao otAA FAEE <Table 3.13>9] v a2, Apply to all®]
¥ == 159E-03, Conservative apply®] 98 %E= 1.14E-02°0.2 3 x=7}

THbE ok Ao et (2 4k 7S tigke] AbaA v o

4 8)

Table 3.13 Analysis results of LOPA safety improvement

comparison
LOPA
Division Apply to all Conservative Unapplied
apply
Storage |Storage tankl ;oo 1.14E2 7.42701
facilities (inside)
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<Fig 34>< 7WAARAT Bl # oA A ZFA Y P =rhH] F24H] &9
A A4 (Relief Valve/Rupture Disc) + (Gas detector and emergency
shut off valve & CCTV)S & & oW, B53 A8 4TS ¢ F
A

<Fig 35> 7§A|AFA & Piping Leak 1&g %= thy] v]-&9 72 A4
& 82 (Relief Valve/Rupture Disc) + (Double Pipe Disc)S & 4 Jou,
<Fig 3.6> W& <l An|el (Air pollution prevention facility)2 A+ 7ol A
oFH o g MHx|slojor o 7 (Relief Valve/Rupture Disc) + (Air
pollution prevention facility)S HFA 24802 X3HAY. 18U F+F

AAA &0l & <Fig 35> (Relief Valve/Rupture Disc) + (Double

Pipe Disc)® 7|H = ojof 2 Aoz dutgch
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N Ll LE L L L Ll
10° o m UN -
10" o -

— b
T
0 A-2
= W E
=
=
-.“.‘;10-;_ _
LH 3
w0
BF 402 4 A2+ A1 -
107 - -
S A-2 + A-1+ A-3
T T T T T T T
o 20 40 &80 80 100 120

erE E I HI=

Fig 3.4 Piping rupture
(risk reduction and cost by safety devices plot)
UN ; unapplied.
A-2; Relief Valve/Rupture Disc.
A-1; Gas detector and emergency shut off valve & CCTV.

A-3 ; Basic Process Control System.

10 -

10°

FI# G (arb. #1ET)

77— T T T T T
0 20 40 60 80 100 120 140
StEFX] dHI=

Fig 3.5 Piping Leak/100m(10% Equivalent diameter)

(risk reduction and cost by safety devices plot)
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UN; unapplied.
A-2 Relief Valve/Rupture Disc.
A-6 Double Pipe Disc.

A-7; Air pollution prevention facility.

10* =
10‘—:
107 5

10" =

FIBI L (arb. s1ET)

10°

107 4 A-2 + A7+ A6 =

T u T T T T T T
o 20 40 &0 80 100 120 140
SrE I HI=

Fig 3.6 Piping Leak/100m(10% Equivalent diameter)
(risk reduction and cost by safety devices plot) (2)
UN ; unapplied.

A-2 ; Relief Valve/Rupture Disc.

A-6 ; Double Pipe Disc.

A-7 ; Air pollution prevention facility.
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<Fig 37> /WAARE T (GdRa 9) bdFA o BHaA A

RN A -1

(Open vent with no valve) + (Gas detector and emergency shut off

valve & CCTV) + (Air pollution prevention facility)S & 4 St}

<Fig 3.8>2 7N A F(E-A 5 7t

S,
“

dhé) FEA A o

Baed A8

rlo

AH]g 1138 (Flange & Valve Cover) + (Gas detector

and emergency shut off valve & CCTV)Y S & 4 gt}

10—~ ——rrr T
10“1 " uN E
1“’1 -
£ 10" P-3 :
?‘ 4
a0 1
= 3
= 1 P-3+A-1
0 Bl ;
Eﬁ_.: 10" P-3+A-1+A-7 ]
10° 4
107 5 E
P-3+A-1+A-T+AS
10" +rr—r—rrrr—r—rrrr——rrrrr
] 50 100 150 200 250 300 350
etEFI HIS

Fig 3.7 Atmosphere Tank Failure
(risk reduction and cost by safety devices plot)
UN ; unapplied.
P-3 ; Open vent with no valve.
A-1; Gas detector and emergency shut off valve & CCTV.
A-7 ; Air pollution prevention facility.

A-5 ; Emergency Tank.
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L] L L] L) L]
[ |
10° 4 H .
E A-B
s
- 10
<
2
i
£ 10' 4
O=
A-l
1n1 L] LJ L] L] 1
0 10 20 30 40 50

StEEA HI=

Fig 3.8 Gasket/packing blowout
(risk reduction and cost by safety devices plot)
UN ; unapplied.
A-8 ; Flange & Valve Cover.

A-1; Gas detector and emergency shut off valve & CCTV.

<Fig 3.9>& 7WAIAA S (B ) Qb
Ar)E 1g8& o7 A& H839] (Open vent with no valve) + (Relief
Valve/Rupture Disc) + (Gas detector and emergency shut off valve &

CCTV)S & 4 Utk
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i 10 20 30 40 50 1]

oEE L U S
Fig 3.9 Safety valve open(failure)

(risk reduction and cost by safety devices plot)
UN ; unapplied.
P-3 ; Open vent with no wvalve.
A-2 ; Relief Valve/Rupture Disc.

A-1; Gas detector and emergency shut off valve & CCTV.
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10° 4

10" 4

10" o

28 % (arb, *1ET)

10° o

O 20 40 & 80 400 120 140
ctEFX HE

Fig 3.10 Pump seal failure (risk reduction and cost by safety
devices plot)
UN ; unapplied.
A-1 ; Gas detector and emergency shut off valve & CCTYV.

A-7 ; Air pollution prevention facility.

<Fig 3.11>< Unloading/Loading hose Failure= (Gas detector and
emergency shut off valve & CCTV)A (& %535) (Basic Process
Control System)(aLH]-& A& &) #|<|gr},

<Fig 3.12>% BPCS ZA3%-& (Air pollution prevention facility) % &

(B A o) A, (Basic Process Control System)(alB]-& # &&)

ftlo

A 2] Rk,
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107 ur -
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-
o 10" o 1 -
== ]
~1L+A-3
10° -
1 T — T ™ T T ' — — 3
1] 20 [-11] g0 100

40
ehEF 3 HIE

Fig 3.11 Unloading/loading hose failure (risk reduction and cost by
safety devices plot)
UN ; unapplied.
A-1; Gas detector and emergency shut off valve & CCTV.
A-7 ; Air pollution prevention facility.

A-3 ; Basic Process Control System.

0.1 UM -
—
=
-
=
—
= 0.01 4 P -
L ] ]
w50
==
S34A-T
1E-3 4 -
T T T T T T T T
1] 20 40 60 a0 100 120 140 160

¢RI HIE

Fig 3.12 BPCS Instrument loop failure (risk reduction and cost by

safety devices plot)
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UN ; unapplied.
A-3 ; Basic Process Control System.

A-7 ; Air pollution prevention facility.

<Fig 3.13> Regulator 1272] (Relief Valve/Rupture Disc), (Air
pollution prevention facility) S % -8 3tt}. ((Relief Valve/Rupture Disc
AHEAE 83 %) (Air pollution prevention facility)(aL¥]-& # & &
WA o] FAFE)

<Fig 3.14> &5t 5 2| F3tAo] A (Fixed fire extinguishing system)i=

ol WA Abee] .
L L] L] L] L] 1
1074 us e
E‘lﬂ’-_ '-
';' F
=
Pl
40t A-2 -
ma ] ]
o= 4
mi': A-2+AT
L L] L] Ll L] 1
0 20 a0 60 80 100 120
PEIN HIE

Fig 3.13 Regulator failure

(risk reduction and cost by safety devices plot)
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UN ; unapplied.
A-2 ; Relief Valve/Rupture Disc.

A-7 ; Air pollution prevention facility.

T T T T T T

10° 4 UM -
—
[

e -
e
=
=
-
=0
=

A-4

10° o -

—rrTrTr-r-r-rT— 1T

] 20 40 60 80 100

CHEER HIB

Fig 3.14 Small external fire
(risk reduction and cost by safety devices plot)
UN ; unapplied.

A-4 ; Fixed fire extinguishing system.
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322 M4 & R&Ol whE REm

H| g3 G 8o AH]E 188 ((Dike), (Open vent with no valve),
(Gas detector and emergency shut off valve & CCTV), (Relief
Valve/Rupture Disc)) & H44 A& A E3tH 38 7153 IS
Ae o, 1A gFAREE AES WA = 71N, (Fixed fire
extinguishing system), (Air pollution prevention facility) #H]-&31 8 &
oA gk B4 Al xggE o Q. 2y 7] ¥ 2= (Basic Process
Control System), (Emergency Tank), (Double Pipe Disc)%5 2] ¢td ==

Zdste] HST Gt YAEE FHEsteof & Aow dddET

Table 3.14 Dlstrlbutlon table accordlng to cost & efficiency

ol
ofm
B

[ ==}

ko
NE |
o

(Openvent with no valve

Gas detecior and emergency shutoff valve & CCTY

Relief valve & Ruphure disc

Basic ProcessControl System

I |:|:
N
EES
[s]:e} bOI'

Fizedfire extinguishing system
S — Emergency Tank
L JH2 A Ee DoublePipe
\ m /_H _4 Air pollution prevention facility
: oA 4E
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