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The Research on the Design of the Real—time
Emergency Response Plan in Conjunction with

Consequence Analysis for Chemical Accidents

Jun—ho Ha

Department of Safety Engineering, Graduate School of Industry
Pukyong National University

Abstract

Recently, massive dangerous substances have been produced and
handled in South Korea. Thus, the emergency response plans, which
1S a procedure to protect workers and residents, have been
introduced and their roles are really critical. In general, the
consequence analysis on KOSHA guide provides a basic tool for
designing the emergency response plans for chemical accidents.
However, the consequence analysis is evaluated according to
assumed accident cases or the worst case. Therefore, the emergency
response plan based on the consequence analysis can provide
excessive damage area and this may increase huge efforts and costs.
As time passes after an accident occurs, more information and
parameters, which are necessary to simulate the consequence
analysis, are available. This means that the results of consequence
analysis based on the detailed information provide more realistic
results than the results based on the assumed accidents. This study
aims to reduce the efforts and costs for the emergency response plan.
In order to make the proposed model clear, the existing procedures

and manuals are revised to adopt the results of the real—time



consequence analysis. To verify the efficacy of the proposed model,
the existing emergency response plan is compared and this
comparison indicates that this proposed model can provide better

performances.
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Consequence analysis for worst/alternative case scenario

Table 1.
Variable Worst case Alternative
case
Wind direction N N
Wind
speed(m/s) 1= 3
Temperature 10 05
Weather °C)
Condition
Pressure (atm) - =
Humidity (%) 50 50
Atmospheric
stability (A~D) o ¥
Leak hple size 19 94
Scenario (in)
Segeduration 1oy (4 st 1200
time (s)
Leak amount (kg) 5,932,828 45,416.2
ERPG1 14,420 3,593
Damage
impact ERPG2 5,632 1,563
distance (m)
ERPG3 1,345 447




Table 2. Consequence analysis for reflecting actual weather condition

and leak duration time

Variabl 2022.01.04 2022.01.18
artabie 20:30 14:00
Wind direction N SSE
Wind
speed(m/s) o 2.6
Temperature 64 6.5
Weather ) . )
Condition
Pressure (atm) - o
Humidity (%) 12 8
Atmospheric
stability (A~D) P B
Leak hple size 94 94
Scenario (in)
Leak duration 1200 1200
time (s)
Leak amount (kg) 45,416 45,416
ERPG1 3,035 835
Damage
impact ERPG2 1,344 439
distance (m)
ERPG3 393 157
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Fig. 1 Hazard evaluation procedure for quantitative risk assessment
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Risk identification

<

Leak model

2Sg

Dispersion model

T

Consequence analysis

Fig. 2. Step of consequence analysis
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Table 3. Leak model

Classification Modeling method
Leak duration time Instantaneous leak, continuous leak
Vapor cloud density Light gas, heavy gas
Leak position Vessel leak, pipe leak
Material status Gas, liquid, 2—phase (liquid—vapor)
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Table 4. Dispersion model

Classification Continuous leak Instantaneous leak
Light gas Gaussian plume Gaussian Puff
heavy gas HMP model, BM model BM model
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Table 5. Guide of leak hole size for alternative case scenario

Actual pipe diameter (in) Alternative case leak diameter (in)*
2 2
3 2
4 2
5 2
6 2
8 2
10 2
12 2.4
16 3.2
18 3.6
20 4
2 4.4
24 4.8
50 10

*) Application criteria : 20% of pipe diameter. However, in the
following cases, the pipe diameter is selected as the diameter
of the actual leaking hole
(D When the pipe diameter of the largest connector is less than

50 mm. @ Special chemical facilities (operating temperature
is over 350°C or operating pressure is over 10 kg/cm®). @
In case of high probability of damage such as other tank lorry

fastening parts

18
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Benzene

&

Name and contents

—

Name Common name CAS No. Contents (%)
Benzene - 71—-43-2 99.87
Toluene - 108—-88-3 0.03 below

n—Hexane ; Hexane - 110—-54-3 0.13 below
Boiling point 80T Melting point 55T
Flash point -117T Ignition point 498C
Explosion range 1.2~8% specific gravity 0.88

Hazardous

H225 : Highly flammable liquid and vapor. H340 : May cause genetic defects. H350 : May cause
cancer. H370 Causes damage to organs through exposure. H372 : Causes damage to the
vascular system in the body through prolonged or repeated exposure.

First Aid Instructions

Inhalation

If exposed or concerned : Get medical advice/attention. Do not induce vomiting.
Remove to fresh air. If not breathing, give artificial respiration. If breathing is
difficult, give oxygen.

Skin contact

If on skin (or hair) : Take off all contaminated clothing. Rinse skin with
water/shower. If skin irritation occurs : Get medical advice/attention. Remove
contaminated clothing and shoes and isolate contaminated area. In case of burns,
immediately cool the affected area with cold water for as long as possible, and
do not remove clothing that adheres to the skin. Wash skin with soap and water.

Eye contact

If in eyes : Rinse cautiously with water for several minutes. Remove contact
lenses if possible. Continue washing. If eye irritation persists, get medical
advice/attention

Fig. 3 Benzene one page sheet
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Table 6. Benzene tank specification

Classification Data
Name of content Benzene
Diameter 27.43 m
Storage amount 5932.82 kg (¢F 5900+&)
Dike area 6400 m2
Max pipe diameter 12 inch
Temperature n G
Pressure Atmospheric pressure
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! WEATHER INFORMATION | KMABUSINESS | KMAINTRODUCTION
Earthquake / Tsunami/Volcano  Climate Information

Typhoon / Asian Dust
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Fig. 5 Weather information by Korea Meteorological Administration
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Table 7. Guide of leak hole size for alternative case scenario

Actual pipe diameter (in) Alternative case leak diameter (in)*
2 2
3 2
4 2
5 2
6 2
8 2
10 2
12 2.4
16 3.2
18 3.6
20 4
22 4.4
24 4.8
50 10

%) Source : KOSHA guide P—107-2020
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Table. 8 Atmospheric stability

Day

Wind Night

speed Radiation intensity

(m/s)

Strong Middle Weak Cloudy Sunny

S<2 A A—-B B F-G G
2<S=<3 A-B B C E F
3<S<5bH B B-C C D E
5=<S=6 & GB_D D D D

6=<S & D D D D

%) Source : KOSHA guide P—107—2020
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Preparation

Acquire data of location,
material, process

A 4

Occurrence of accident

|

Step 1. immediately
after the accident

After acquiring weather

\ 4

Using CA result (leak
amount/dispersion range)

information, CA reflecting
worst case
(storage amount/hole
size/leak duration time)

for emergency response
(resident publicity)

<&
<
y

Acquire leak hole
size, actual storage
amount ?

Step 2. After initial action

Initial action, acquirement
of addition information

Using revised CA result (leak
amount/dispersion range) for

A\ 4

CA reflecting “leak hole size”,

"actual storage amount”

emergency response

<
<
y

Acquire leak
duration time ?

Continuous
update for
information

Step 3. In action

Acquirement of addition
information

Using revised CA result (leak
amount/dispersion range) for

A\ 4

CA reflecting "leak
duration time"

emergency response

Fig. 6 Response model in case of an accident
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Process engineer

Acquire “weather
information”, other information
considering worst case criteria

v

Process engineer

Consequence analysis

v

Emergency Response
Headquarter

Using CA result

v

Accident occurrence team Publicity team

Remediation of accident site Resident publicity

v

External agency

Send of emergency text
message to resident people

Fig. 7 “Step 1. immediately after the accident” flow chart
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Accident occurrence team

Acquire additional information
such as “leak hole size” ,

"actual storage amount”

v

Process engineer

Consequence analysis

v

Emergency Response
Headquarter

Using CA result

v

Accident occurrence team

Publicity team

Remediation of accident site Information sharing with

external agency

Fig. 8 “Step 2. After initial action” flow chart
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Accident occurrence team

Acquire additional information

such as ‘“leak duration time"

v

Process engineer

Consequence analysis

v

Emergency Response
Headquarter

Using CA result

v

Accident occurrence team Publicity team

Remediation of accident site Resident publicity

v

External agency

Send of emergency text
message to resident people

Fig. 9 “Step 3. In action” flow chart
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Table. 9 Method for collecting accident information

Collecting time

Information Collecting method
@ ©) @
Accident (.:o.n.flrmatlon thro.ugh
. O initial report by field
time
operator
Actual Acqulrmg a.fter.conflrm%ng
field operation information
storage 0] 0]
Amount such as local level
gauge/DCS graphic
Arriving at the accident
site and visually checking
the accident point
Leak hol # .
sizeo i @) @) (However, if the leak point
1s an underground area, it
can be checked after
additional work)
Calculation of time until
the initial action is
Leak leted (plugging th
duration O O compretedy HEEINg e
time leak point or completing
the transfer of the
remaining stored material)
Calculation of tank level
change until initial
Leak .
amount 0] 0] response 1s completed or
using result of CA
program
Dispersion 0 0 Using result of CA
range program

* Note : @ In advance, @ Immediately after the accident,

@ After initial action, @ After accident action
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Table. 10 Result of CA for “Step 1. immediately after the accident”

Variable

Preparation
(worst case)

Step 1.
immediately after
the accident

Wind direction

N N
Wind
speed(m/s) 1.5 5 g
Temperature
Weather ¢ ) A0 iy
Conditi
o Pressure(atm) — _
Humidity (%) 50 >
Atmospheric
stability (A~D) F D
L 5
eak h.ole size I I,
(in)
Scenario Actual storage

5,932,828 (max)

5,932,828 (max)

amount
Leak duration Total leak with in
time (s) 600s 1200
Leak amount (kg) 5,932,828 1,083,097
Damage ERPG1 (50ppm) 14,420 3,035
impact ERPG2 (150ppm) 5,532 1,344
distance
(m) ERPG3 (1000ppm) 1,345 393

*) Note : The information collected at that step is colored gray

52



1,

2

7]

=

“Step 2.

vacuum car

=0

el shA/HE

A=z 22 A

A

s}
toh 7t~ = del7F 223k pointoll

)

il

o] whA oA

AAZE 7

p—
s

3 o
= a1

A&

A

-
-

2]

3}

]
™

SERE

| AF3L Bl 9] level

9|

AP A EL S control room Y DCS 1#3 S %

B

Al A AA AdEE ] 80%= AT

Al
=

A

o] 4,746,262kg =

o]

al
H

o

= point

5in olshE FAs, ALH 2T Abm ¥

p—
s

o 7]l
23] FEFe Aol 1ngl e A%

’

al

B

=3
=

S

A

A o] ol A

ol met ols 4

9]

43

Apo] 27}

<
o
o

Y
!

0
jant
i

APH Q= 1,344m

3A
ol

3

7} 5in — 2.4in — 2in — lin= TAagd we}l 3

=3
=

X
o
s
N

<

%
+
ol
0

o
ol

_GE
4

— 1,091m — 854m — 359m=

53



Table. 11 Result of CA for “Step 2. immediately after the accident”

Variable Step 2. immediately after the accident
Wind direction N
Wind
speed (m/s) 08
Temperature 54
Weather C Q) )
Condition Pressure (atm) —
Humidity (%) 12
Atmospheric D
stability (A~D)
Leak h.ole size 5 9.4 9 1
(in)
Scenario Adtual stoges 4,746,262
amount (kg)
Leal.i duration 12005
time (s)
Leak amount (kg) 175,005 | 40,612 | 28,222 7,063
D ERPG1 (50ppm) 3,035 2,405 1,833 708
amage
IMPACt | pepGo(150ppm) | 1,344 | 1,091 854 359
distance
M) | ERpG3(1000ppm) | 393 329 266 122

*) Note : The information collected at that step is colored gray
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Table. 12 Result of CA for “Step 3. in action”

Variable Step 3. 1n action
Wind direction N
Wind
speed(m/s) 0.8
Temperature 54
Weather C Q) :
Condition Pressure (atm) —
Humidity (%) 12
Atmospheric D
stability (A~D)
Leak hole size
. 1
(in)
Scenario Adtual stoges 4,746,262
amount (kg)
Leak giration SR 900s 600s
time (s)
Leak amount (kg) 7,063 5,298 3,632
Damage ERPG1 (50ppm) 708 590 458
IMPACt | pepG2(150ppm) 359 303 239
distance
(m) | BRPG3(1000ppm) 122 105 84

*) Note : The information collected at that step is colored gray
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Fig. 10 Damage impact distance — 1
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Table. 13 Result of CA by changing “leak duration time”

Alternative case

Al
Variable Worst . ternat (leak duration time
case ive case
change)
Wind N N N N
direction
Wind
speed (m/s) L5 3 3 3
T
emlo)erature 40 95 o5 o5
¢ O
Weather
L Pressure
Condition - - — -
(atm)
Humidity
(%) 50 50 50 50
Atmospheric
stability F D D D
(A~D)
ek ho 12 2.4 2.4 2.4
size (in)
Scenario Leak
duration® | otalleak | a5 I8 1800 | 3,600
; in 600s
time (s)
Leak amount (kg) 5,932,282 | 22,730 68,059 | 135,725
ERPG1
Damage (50ppm) 14,420 1,828 3,593 3,593
impact ERPG2
distance (150ppm) 5,632 852 1,563 1,563
(m) ERPG3
(1000ppm) 1,345 265 447 447

*) Note : The information changed is colored gray
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Table. 14 Result of CA by changing “Atmospheric stability”

Variable

Atmospheric stability

E

Weather
Condition

Wind
direction

N

Wind
speed (m/s)

Temperature
C~C)

25

25

25

Pressure
(atm)

Humidity
(%)

50

50

50

Atmospheric
stability
(A~D)

Scenario

Leak hole
size (in)

2.4

2.4

2.4

Leak
duration
time (s)

3,600

3,600

3,600

Leak amount (kg)

135,725

135,725

135,725

Damage
impact
distance

(m)

ERPG1
(50ppm)

3,593

8,002

12,012

ERPG2
(150ppm)

1,563

3,263

4,637

ERPG3

(1000ppm)

447

875

1,177

*) Note : The information changed is colored gray
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Table. 15 Result of CA by changing “wind speed”

Wind speed
Variable
3m/s 1m/s 6m/s
Wind N N N
direction
Wind
speed (m/s) e L ¢
Tem(?eg‘mre 25 25 25
Weather
.. Pressure
Condition - o -
(atm)
Humidity
(%) 50 50 50
Atmospheric
stability D D D
(A~D)
e 2.4 2.4 2.4
. size (in)
Scenario Leak duration
. 3,600 3,600 3,600
time (s)
Leak amount (kg) 135,725 135,725 135,725
ERPGI 3,593 4,372 3,183
Damage (50ppm)
impact ERPG2
distance (150ppm) 1,563 1,862 1,402
(m) ERPG3
(1000ppm) 447 o 19 408

*) Note : The information changed is colored gray
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Table. 16 Result of CA by changing “Temperature”

Temperature
Variable
25 °C 0°C 40°C
.qu N N N
direction
Wind
speed (m/s) 6 3 3
T
em(?e(r:e)lture 95 9 10
Weather
.. Pressure
Condition i _d _
(atm)
Humidity
(%) 8o 50 50
Atmospheric
stability D D D
(A~D)
Lgak hple M iy »
size (in)
Scenario Leak
duration 3,600 3,600 3,600
time (s)
Leak amount (kg) 135,725 135,725 135,725
ERPG1
Damage (50ppm) 3,183 3,351 3,738
impact ERPG2
distance | (150ppm) 1,402 1,468 1,619
(m) ERPG3
4 424 461
(1000ppm) 08

*) Note : The information changed is colored gray
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Table. 17 Result of CA by changing “Humidity”

Humidity
Variable
50% 30% 70%
.qu N N N
direction
Wind
speed (m/s) 3 3 3
Terrl(?e(r:e)lture T o5 o5
Weather
.. Pressure
Condition £ ¥ _
(atm)
Humidity
(%) 50 30 70
Atmospheric
stability D D D
(A~D)
Le'ak hple y Pt »
size (in)
Scenario Leak
duration 3,600 3,600 3,600
time (s)
Leak amount (kg) 135,725 135,725 135,725
ERPG1
Damage (SODDI’I’I) 3,593 3,593 3,593
impact ERPG2
distance | (150ppm) 1,563 1,563 1,563
(m) ERPG3
44
(1000ppm) 447 447 7

*) Note : The information changed is colored gray
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