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Abstract-This study was performed to develop the dispersion modeling methodology
for quantitative prediction of the hazard distance or toxic buffer distance by comparing
10-min average, 30-min average, and 1-hr average maximum ground-level
concentration with Clz regultaion concentration, IDLH and ERPG-3 concentration for
hazardous toxic gas, Cl; releases from the storage tank of the chemical plant facilities.
For this dispersion modeling, the source term model, dispersion model, meteorological
and topographical data are incorporated into the SuperChems model, and then the
effects of the atmospheric stability, wind speed, and surface roughness length changes
on the maxum ground-level concentration were estimated.
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Table 1. The USEPA'’s toxicity and threshold quantity criteria for Cl; and NHj3 [1,3]

Chemical Toxicity (ppm) Threshold Quantity
STEL | IDLH | ERPG-1 | ERPG-2 | ERPG-3 LCso Ibs (kg)
Ammonia 35 500 25 200 1,000 3,000/5min 10,000 (4,540)
Chlorine 1 30 1 3 20 1,000/30min 2,500 (1,135)
(STEL : 15 min, IDLH : 30 min, ERPG : 1 hr)
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Table 2. The selection of the model used for TSCREEN model [6]

Continuous Release

Instantaneous Release

<Step 1> Bouyancy Check
p2/Pair > 1, Negative Bouyancy
(— Go to Steps 2. or 3.)
p2/Pair £ 1, Neutral or Positive Bouyancy
(— SCREEN Model)

<Step 1> Bouyancy Check

p2/Par > 1, Negative Bouyancy
(— Go to Steps 2. or 3.)
Po/Pair < 1, Neutral or Positive Bouyancy
(— PUFF Model)

<Step 2> Vertically-directed Jet
R; > 30 : Dense (— RVD Model)
Ri < 30 : Non-Dense (Passive)
(— SCREEN Model)

<Step 2> Vertically-directed Jet

Ri > 30 : Dense (— RVD Model)
R; < 30 : Non-Dense (Passive)
(— PUFF Model)

<Step 3> Other Relaese Mode
Ri < (1/6)° : Dense (— B-M E2d)
Ri> (1/6)° : Non-Dense (Passive)
(— SCREEN Model)

<Step 3> Other Release Mode

BM Criteria > 0.2 : Dense (~ B~-M Model)
BM Criteria < 0.2 : Non-Dense (Passive)
(— PUFF Model)

2.3.2. SuperChems Model
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%27]%29% (initial release density), doj =&
£9] &A (the presence of aerosols), T&%
E 2 $&% (release rate/quantity), ¥&713+
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71’84z 7 (prevailing atmospheric conditions),
375 = (limiting concentration), ¥ Y9 4
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terrain), ¥& 9 FZEA (source geometry) %
& £ 4 du45l
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3.1. TSCREEN Model

SCENARIO 1 8 7%, 9&5&A 1-A7
B AAEYE FEE FL 3 m/s o o F
3tAE 50 m A HAA 26200 ppm, =¥
Al 1-A1ZE 3 HYAREYE FEE 5 3
m/s ¥ o E3A48 50 m, 100 m ARAXN Z
Zt 30,000 2 8280 ppm 2& AEFH At
SCENARIO 2 o A%, 5 1 m/s, 7}% &
AAFT (A ) HVIUAE WA d&F
EA] 1-A17F Hd AgAEd 2 FiAY

1123 m A AdA 201.4435 ppm, £IHFEA
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3.2. SuperChems Model
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Table 3. User defined inputs for dispersion modeling in SuperChems model[4,5]

SCENARIO Defined INPUT

SOURCE 'IERM MODEL INPUT

- Duration of scenario (hours) : 0.167, 05, 1.0
- Ambient temperature (K) : 287

- Ambient pressure (Pa) : 101600

- Relative humidity (96) : 66.6

- Roughness length (m) : 1, 3

- 'Wind speed (my/s) 1214

- Wind speed reference height (m) ' 10

- Cloud cover (%) : 40

- Vessel length (m) : 75

- Vessel Inside diameter (m) : 0.762

- Limiting concentration (ppm) @ 1, 20, 30
- Averaging time (s) : 600

- Receptor elevation (m) : 0.001

- Chemical identification number @ 968

- Soluble in water? : N

- Stability class (A=0/B=1/C=2/D=3/E=4/F=5) : 3

TWO-PHASE FLOW

- Initial temperature (K) : 290

- Initial pressure (Pa) : 200000

DISPERSION MODEL INPUT

INSTANTANEOUS HEAVY GAS

- Release temperature (K) : 353.5

- Chemical vapor to liquid ratio : 0.5

- Initial mass of chemical (kg) : 1135

- Initial height to radius ratio : 2

- Water vapor to liquid ratio : 0

- Limiting concentration (ppm) : 1, 20, 30

- Upper concentration limit (ppm) : 1000

CONTINUOUS HEAVY GAS
- Release temperature (K) : 3535

Selected SCENARIO Defined INPUT

- Vapor to liquid molar ratio : 05
- Mass flow rate (kg/s) : 100

- Discharge duration (s) : 900, 1800, 3600
- Initial height to semi-width ratio @ 2

- Water vapor to liquid molar ratio : 0
- Limiting concentration (ppm) : 1, 20, 30

SCENARIO 1 2

Duration of scenario (hours) 0.167| 05

Limiting concentration (ppm) 1 |30
ZFE 1 kmol F 2719 &2 0017141, ¢
Az Az 2 BEHE 44 1116 kg ¥

[+}

7346 m, 718 Y 2 Ry: 7@z
946 kg 2 2917 m’ 2 A&HQPYG. =AY
e Fgs Ax, ¥& Jd2F79 drigy Ux
27t ZAA Hol %2 E4} (passive dispersion)
o] dojif= Ho|A A (transition)el 412 F3t
Ag 2 AFAFE7 AEHALH, o1& W
A =471F%%¢ IDLH B30 ppm) %2
ERPG-3 (20 ppm) X A3ste FsA=
7} AEEdy. sdy AnES 893y
Table 4 of YelAet.

Table 4 ol vebd uvie} Zo] #3%& %
A&z 0] S0 QotAl FEHEA] dof
e Ho|xFdMe F&E 4% UEE
zbzt 1251 kg/m’, 1.257 kg/m® &2 A& HA

Table 4. Modeling results for passive dispersion
transition and regulation concentration

Continuous | Instantaneous
Release Release
Passtve Dispersion Transition 3 )
- cloud density 1.225;6}(g/m 1.251kg/m’
. . m
- downwind distance 72 m
. ) 196 sec
- arrival time 64747 83 sec
- ground-level concentration ) 8329.6 ppm
ppm
Regulation Concentration
- IDLH (30 ppm) 13212 m 3Ri4 m
- ERPG-3 (20 ppm) 16965 m 4554 m

o (d7)9 WE=1.253 kg/m®). FEHEANO
29 Hele 45529 A%E ¥EF 196 =,
Z8lA7 286 m AFHAAN LI, Hol
Qe AFHFESEE 64747 ppm &2 U
Bl 8E, £A%Ee ALE £5FHEA
o029 Moy} ¥&F 83 %, EdAdY T2 m
A G R o, Mol P AEH
5 E 83296 ppm o2 UERgTh

A, WA EA471F5% IDLH € ERPG-3
22 Jelle EFaAgE d&5E9 3%
= 7ztz} 13212 m, 16965 m A @A VEbGO
o, &% Ee A= A7 3814 m, 4554 m
AAA dvetygrth AA2REH, £3FE9
A7t dEyEe A $o vdod Y #S
NI = g2 FAYNA nEE A
B 35E Vel $5H BN EEd
S ¢ Utk dEFE D £5xF EA
2dg A 3 Fs A d& F7TE
o xxBY 2 S¥EAM (Isopleth)S Fig.
1(a) ¢ Fig. 1(b) o) JeERAAT

w3 JAEE 2 AHzA ©E AEW
Exe Jue umFstr] 9o, dZIAAE,
24 9 FHAAY AolE W3AA IDLH %
ERPG-3 5o A3ss FAFEE Ze 74
2o Wsly £¥E L dEFEA FAL
7tae] BARd 2 S

ERPG-3 (20 ppm)ol A3sle $4A5%d A
Qo dd mdy ANEL FIFEY FE
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Fig. 1(a). Continuous heavy gas dispersion modeling results (stability : D).
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Fig. 1(b). Instantaneous heavy gas dispersion modeling results (stability : D).
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Fig. 2(a). Continuous heavy gas dispersion modeling results for stability variation.
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Fig. 2(b). Instantaneous heavy gas dispersion modeling results for stability variation
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Fig. 3(a). Continuous heavy gas dispersion modeling results for wind speed variation.
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Fig. 3(b). Instantaneous heavy gas dispersion modeling results for wind speed variation.
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Fig. 4(a). Continuous heavy gas dispersion modeling results for roughness length variation.
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Fig. 4(b). Instantaneous heavy gas dispersion modeling results for roughness length variation.
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