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Dispersion Modeling Methodology for Hazardous/Toxic Gas
Releases from Chemical Plant Facilities

D.M. Song
Dept. of Chem. Eng., University of Ulsan
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Table 1. The USEPA's Toxicity and Threshold Quantity for Cl; and NHa,

. Toxicity (ppm) Threshold Quantity
Chemical I~ e TioLH TERPG-2 | ERPG-3| LG lbs (kg)
Ammonia | 35 500 200 1,000 | 3,000/5min | 10,000 (4,540)
Chlorine 1 30 3 20 1,000/30min| 2,500 (1,135)

(STEL : 15 min, IDLH : 30 min, ERPG : 1 hr)
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BARAHE 83517 918t 23d HA (Screening Procedure) 2+
USEPA7} &3 TSCREEN RdE, Btk Audg 3|4 (Refined Abalysis)<
93lo] USEPA7F ¥¢3%les RdES A83% Arthur D. Little, Inc.9
SuperChems ™M(V.2) 2d-g& AMg-31ch.
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2-3-1. TSCREEN Model

F718Yg EAL 72 Q&FEolv #37E9 7%, TSCREEN 2d2
ZAA) T2 oA FFo] F3F5A E(Vertically-directed Jet)o]® RVD &
4% 7lgl & RE f389 %ZFd dlslA T Britter-McQuaid (B-M) 2d-&
ARSRT R, FEEo] FU1RY 7HE 7k disiMe TSCREEN Model
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2~3-2. SuperChems™ Model
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Table 3. User Defined Inputs for Dispersion Modeling in SuperChems™

SCENARIO Defined INPUT SOURCE TERM MODEL INPUT
- Duration of Scenario (hours) : 0.167, 0.5, 1.0 | TWO-PHASE FLOW
- Ambient temperature, (K) : 287 - Initial Temperalure (K) : 290
. émlblent pressaure (S;?) :Sé%IGOO - Initial Pressure (Pa) : 200000
- Relative humidity, (%
- Roughness length (m) : DISPERSION MODEL INPUT
- Wind speed, (m/s) : 214
- Wind speed reference height, (m) : 10 'NSTANTANEOUS HEAVY GAS
Stability class (A=O/B=1/C=2/D=3/E=4/F=5) 13 Release temp. (K) : 353.5
- Cloud cover, (%) : - Chemical vapor to liquid ratio : 0.5
- Vessel Inside dlameter (m) : 0.762 m - Initial height to radius ratio : 2
- Limiting concentration {ppm) : 1, 20, 30 - Water vapor lo liquid ratio : 0
- Averaging time (s) : 600 - Limiting concentration {ppm) : 1, 20, 30
- Receptor elevation (m) : 0.001 Upper cong. limit(ppm} : 1000
- Chemical Idennﬂcauon Number : 968 CONT'NUOUS HEAVY GAS
- Soluble in water? : \F}eleascta ‘?mﬂd (K)I 353(5 05
- - Vapor to liquid molar ratio : 0.
Selected SCENARIO Defined INPUT | paoor o /%8 o) 7100
- Discharge duration (s) : , 1800, 3600
SCENARIO 1 2 3 - Initial height to semi-width ratio : 2
Duration of Scenario (hours) | 0.167 | 0.5 1.0 - Water vapor to liquid molar ratio : 0
L|mmng concentration (ppm) 1 20 30 : lemng concentration (DDm) : 1, 20, 30

3.2+ 2 23

3-1. TSCREEN Model

SCENARIO 19 7%, d£5E&A -4 H7 JAUdAEE F=x= 45 3
m/s¥ u] F378 50 m AFHlA 26,200 ppm, £FEFA] 1-A17F BF U=
A 5+ £4 3 n/s¥ w] F35A48 50 m, 100 m A AFolA] z+z} 30,000 2
8,280 ppmo. 2 A& AT SCENARIO 29 7%, E£ 1 m/s, 7FF E24A3%
(A T8) W7 I¢AE 20M A45FFA] 1-AIZF Hd HOXEHE s F3)
A8 1123 m AFA 201.4435 ppm, & FEA 1-A1ZF HF JAAEE 55
= 538149 1123 m AFHANA 3,021,652 ppme. = &)

3-2. SuperChems™ Model

AR dEdE FAa7t FEHE 7ML AU ERE RdYHE £3)
g A= Table 4~Table 59 ek

EARd S A 29, 94 FFE 1 kmol T F719) E&E 0017141,
AFFre) AF D Ruls 2z 1116 kg D 07346 m®, =723 A% 2 »
M 24z}t 1946 kg B 2917 m® & A& =

& 943719 7l E@xapl #AA Hol £FHHEBAL  (Passive
Dispersion)o] doluvte Mol o] AFHUT ¢UATE D A5FE9 329
AAM FFHELR] doluds HolNHoMY & F23F7|9 dxe Z4Z
1.251 kg/m®, 1.257 kg/m® 22 JEH At (7)) W==1253 kg/m).
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Table 4. Modeling Results for Instantaneous Heavy Gas Dispersion

Scenario 1 Scenario 2 Scenario 3

ti(s) {C ppm) ! X (m) |R (m)| t(s) [C (ppm)|X (M) |R (mM)| t (s) {C (ppm)| X (m) | R (m)

Q 999900 0 3.226 0 999900 0 3.226 0 933900 0 3.226
246 | 117800 | 21.33 | 4251 | 246 | 117800 | 21.33 | 4251 | 246 | 117800 | 21.33 | 4251
4184 | 49006 | 3566 | 57.11 | 41.84 | 49296 | 3566 | 57.11 | 41.84 | 49296 | 3566 | 57.11
5153 | 30057 | 43.71 |64.44 | 51.53 | 30057 | 43.71 | 64.44 [ 5153 | 30057 | 43.71 | 64.44

59.94 | 20244 | 50.76 | 70.43 | 59.94 | 20244 | 50.76 | 70.43 | 59.94 | 20244 | 50.76 | 70.43
66.99 15054 5698 | 7496 | 66.99 | 15054 | 5698 | 74.96 | 66.99 | 15054 | 56.98 | 74.96
72.09 12357 | 61.69 [77.97 | 72.09 | 12357 | 61.69 | 77.97 | 7209 | 12357 | 61.69 | 77.97
7752 | 10145 | 669 (8096 | 77.52 | 10145 | 6690 | 80.96| 77.52 | 10145 | 66.90 | 80.96
83.31 8330 72.66 | 8393 | 83.31 8352 | 72.66 | 83.93 | 83.31 8352 7266 | 8393
83.31 8352 72.66 | 83.93 { 83.31 8330 | 7266 | 83.93 | 83.31 8330 7266 | 8393

800.4 152.6 1607 | 1547 | 258.1 | 4886 | 4468 |93.22 | 292.7 | 4316 | 5208 | 96.59
1517 | 4581 | 3142 2037|4329 | 3019 | 8209|9624 | 5022 | 2639 | 969 | 1020
2235 | 18.81 4676 |2418| 607.8 | 2176 | 1195 | 96.86 | 7116 | 179.9 | 1417 | 1047
2052 | 9571 | 6211 [2682| 7826 | 157.7 | 1569 | 9584 | 921 1222 | 1865 | 1056
3659 5.583 7745 12827 | 957.4 | 1144 | 1943 19339 | 1130 | 84.32 2314 | 1047
4386 3.57 9280 (28471 1132 | 84.06 | 2317 189.18 | 1340 | 59.84 2762 | 1014
5103 2438 | 10815 | 27261 1307 | 63.02 | 2691 | 8238 | 1549 | 4377 3210 | 9461
6820 | 1.748 | 12349 | 2428 | 1482 | 4825 | 3066 |71.58 | 1759 | 3292 | 3658 | g2.81
6537 | 1302 | 13884 | 1854 | 1657 | 37.70 | 3440 | 5370 | 1968 | 2539 | 4106 | 6245
7254 1 15418 0 1831 30.00 | 3814 0 2178 20 4554 0

Table 5. Modeling Results for Continuous Heavy Gas Dispersion

Scenario 1 Scenario 2 Scenario 3

1(s) {C (ppm)| X (m) W (m)| t(s) | Clpom) | X (m){w (m)| t (s} |C (ppm)| X (m) | W (m)

0 999800 0 1913 0 999800 0 1.913 0 999800 0 1.913
8079 | 41863 | 141.4 | 1433 [ 80.79| 41863 | 1414 | 1433 | 80.79 | 41863 | 1414 | 1433
1168 | 23084 | 1843 | 1862 [ 1168 23084 | 1843 | 186.2 | 1168 | 23084 | 184.3 | 186.2
1382 | 16208 | 2094 | 211.1 | 1382 16208 | 2094 | 211.1 | 138.2 | 16208 | 2094 | 211.1
157.1 | 11947 | 2327 | 2330 | 157.1 | 11947 | 232.7 | 2330 | 157.1 | 11947 | 232.7 233
1728 | 9334 | 2533 | 251.3 {1728 9334 | 2533 | 251.3 | 1728 | 9334 | 2533 | 2513
184.1 7846 | 2688 | 264.4 | 184.1 | 7846 | 268.8 | 2644 | 184.1 7846 2688 | 264.4
1962 | 6475 | 2860 | 2783 | 19621 6475 | 286.0 | 2783 | 196.2 | 6475 286 2783
202 5867 | 2953 | 2852 | 6428 | 769.1 | 941.1 | 3639 | 7706 | 644.7 1129 | 390.2
1083 | 4745 1587 | 413.1 | 1339 394 1962 | 458.2
1523 | 350.2 | 2233 | 451.7 | 1907 | 2795 | 2796 513
1963 | 2708 | 2879 | 4833 | 2475 | 2064 | 3629 | 559.3
2403 | 214.1 | 3525 | 509.7 | 3043 | 157.5 | 4463 | 599.2
2843 | 1726 | 4170 | 531.7 | 3611 | 123.9 | 5296 | 633.3
3284 | 1418 | 4816 | 5498 | 4179 | 9997 | 6130 | 661.9
3724 | 1185 | 5462 | 563.8 | 4747 | 8248 | 6963 | 684.6
4164 | 100.5 | 6108 | 5736 | 5315 | 6932 | 7797 | 701.2
4604 | 864 | 6754 | 578.7 | 5883 | 59.17 | 8630 | 711.2
5044 1 7514 | 7400 | 5788 | 6450 | 51.17 | 9464 | 7144
5484 | 66.02 | 8045 | 5734 | 7018 | 4475 10297 | 710.1
5924 | 58.51 | 8691 | 561.8 | 7586 | 3952 | 11130 | 697.7
6364 | 5227 | 9337 | 5434 | 8154 | 352 11964 | 676.3
6805 | 47.01 | 9983 | 5169 | 8722 | 3158 | 12797 | 6445
7245 | 4255 110629 | 480.6 | 9290 | 2853 | 13631 | 600.2
7685 | 38.72 | 11275] 431.8 | 9858 | 2591 | 14464 | 540
8125 | 3541 11921 3651 | 10426 | 2366 | 15298 | 457
8565 | 3253 | 12566 | 266.9 | 10994 | 21.71 | 16131 | 3344
9005 | 30.00 [13212] O 11562 20 16965 0

Table 48} Table 50 UEhd wupshzro) T%Z—-l—:% i«l Aole A%FZ 9
A= FEF 196 &, F3AE 286 m A FHNA, TEY A4 FEF
Z, F3tAd 72 m AFHNA wAstg oy, Tulg "S‘ = 242t 64747 ppm 2
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Fig. 1. Instantaneous heavy gas dispersion modeling results (stability : D).
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Fig. 2. Continuous heavy gas dispersion modeling results (stability : D).
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Fig. 3. Instantaneous heavy gas dispersion modeling results (LC : 20 ppm).
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