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A Study on the Simplified Estimating Method of Off-site
Consequence Analysis by Concentration of Hydrochloric Acid
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Abstract : One of the most important elements of the management of chemical accident is threat zone estimation of fires,
explosions and toxic gas dispersion based on chemical releases. The threat zone estimation is going to be standard of emergency
response for the first defender and base line data of off-site risk assesment (hereinafter referred to as “ORA”) and risk
management plan (hereinafter referred to as “RMP”). Generally, ALOHA form EPA(U.S.) and Kora(from KOREA
MINISTRY OF ENVIRONMENT) has been used for the off-site consequence analysis in Korea. However it is hard to predict
accurate consequences rapidly in case of emergency. Hydrochloric acid is a multipurpose raw material used in many industrial
applications such as chemical, metal and food industries . It is usually treated in concentrations from 10 ~ 35 %, and release
accident have occurred frequently. In this study, we have developed a simplified estimating method and equation to calculate
threat zone easily in case of emergency due to release accident of hydrochloric acid.
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Table 1. Properties of Hydrochloric acid

Properties Boil‘ing Free;ing Vapor Density
Conc. 12‘3&“; ‘Z?é‘;t Fg;%“rg‘; (kg/n(25C))
10% 104.0 -11.0 0.007 1,045.6
15% 107.0 -29.0 0.050 1,070.5
20% 108.3 -57.0 0.320 1,095.7
25% 103.8 -86.0 2.345 1,121.2
30% 90.1 - 15.10 1,146.4
35% 65.6 -33.0 105.3 1,174.020C)
40% 33.1 - 515 1,1980((20°C)
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Table 2. The condition of each scenario

Condition Scenario Worst-Case Scenario Alternative Scenario
Endpoints (];];];Sr-nz)
Wind speed 1.5m/s 3m/s
Stability F D
Ambient Temperature 25T
Ambient Humidity 50 %
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Table 3. ALOHA Input Data

Condition Input Data
DAEJEON, KOREA
Site (Latitude: 36° 23 "N, Longitude: 127° 21 " E,

Elevation: 71 m)

Measurement Height 10m above ground

Ground Roughness

Open County / Urban(or Forest)

Cloud Cover Partly cloudy
Puddle(Pool Area(n’))
Source (Average depth of puddle: 3 m)

Ground type Concrete
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Table 4, Effect distance values according to pool area and
concentration at Worst—case scenario case(unit : m)

Effect distance
Pool
Area 25% 30% 35% 40%

2
(m)CUCUCUCUCUCUCU

FLRp R R R R 09 ) % 150 | 25 | 130 | 67 | 321 | 276

¥R R R DR R 130 | 12| 82 | 41 | 219 | 114 | 551 | 465

38 | 14 | 105 | 53 | 282 | 146 | 693 | 590

N | »n | W | =
*
*
*
*
*
*

s x| x x| v a5 |17 [123] 62 331 | 172 | 817 | 687

10 [ % * | % | *| * | *153]20|146| 73 | 395 | 205 | 959 | 805

20 | x| *| x| ¥ |15 * | 72| 27 | 203|102 | 470 | 291 |1,300]1,100
30 | | ¥ | ¥ | * | 18| * | 88 | 32 | 247|124 571 | 359 |1,500]1,300
40 | * | * | ¥ * 120 * | 100| 36 | 284|143 | 649 | 417 |1,700|1,400
S0 | | *| ¢ | * | 23| 11| 111| 40 | 317 | 160 | 731 | 469 |1,900]1,600
60 | * | | * | x| 25| 12| 121 | 43 | 347|174 800 | 677 |2,1001,700
70 | K| o*F | K| *| 27| 13(130| 47 |375|188| 862 | 723 {2,200 1,800
80 | * | * | *| *|28|14|139| 49 401|201 | 913 | 770 |2,300|2,000
90 | * | *| * | * | 30| 14|147| 52 | 425|213 | 974 | 813 |2,500{2,100
100 | * | * | 11| * | 31| 15| 154 | 55 | 448 | 226 |1,000| 852 |2,600]2,200

200 | * | * | 15| * | 4221|215 75 | 640 | 321 1,400 1,200 | 3,500 2,900

300 | * | *| 18| * | 51| 25|262| 91 | 793|397 1,700 1,400 4,100 3,500

400 | * | * 20| 11| 58| 29301 | 103 | 925 | 462 |1,900 | 1,600 |4,600| 3,900

500 | 11| 11| 23| 13| 65| 32| 336 | 115 |1,000 522 |2,100 | 1,700 | 5,100 | 4,300

C: Open country, U : Urban
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Table 5. Effect distance values according to pool area and
concentration at Alternative scenario case(unit : m)

Effect distance

25% 30% 35% 40%
cg|jcyujcjuycjyjc|jujc|uy|c U
Lo x| x| * | x| * ] %] x| * 11411 |38]29]| 109 | 81

Pool
Area

()

3 FpR R R R kxR 24 18 | 64 | 49 | 186 | 136
5 FopoR R Rk R E xR 130 122 | 83| 61 | 241 | 173
7 FpR R xRk QL R 36 | 27 | 97 | 72| 286 | 203

10 | * | * | % ) xp* 1030 * 142 1 31 | 116 | 85 | 343 | 241
2 | KRR R R X Q7] % | 58| 43 | 163 | 119 | 495 | 337
30 | K| xR KRR 12012 71 | 52 | 199|144 | 616 | 410
40 | xR kxR k230 141 81 | 59 | 230 | 164 | 721 | 473

50 | K| xR R x| R |25 15] 91 | 66 | 257|183 |1,200| 528
60 | K| xR k) xR 1281 16| 99 | 72 | 282|200 |1,300| 578
T0 [ K| R R R *F| ¥ 130 17107 | 77 | 306 | 215 | 1,400 | 624
80 | * | x| ¥ | K| k) * 31| 18| 114 | 82 | 327|230 |1,500| 667
90 | * | xR k) ¥ k1331191121 | 86 | 348|243 | 1,600 | 708
100 | * | * | x| k) % * 134120127 | 91 | 368 | 256 | 1,700 | 747
200 | | * | K| K |12 * | 47| 27| 180 | 126 | 532 | 358 | 2,400 | 2,000
300 | | * | R * |14 11| 57| 33221 | 153 | 664 | 437 | 2,800 | 2,400
400 | * | * | 11| 11| 16| 13| 66| 38| 255 | 175 | 779 | 504 |3,200 | 2,800
500 | 11| 11| 13| 13| 18| 14| 73| 41 | 287 | 195 | 883 | 563 | 3,600 | 3,100

C: Open country, U : Urban
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Table 6, Release quantity released(kg) and the release rate

b = 9] (i, 25 0)
s = olF|o] W AH(md) (kg/s) corresponding to each pool area
h = Qﬂiﬂ = 9] lr'Z‘O](QOl m) /I;":; ﬁiﬁfff‘}iﬁug 1(%21) (TotaerZIIZZZ r:xtse(ig/l% min)
(mz) 10% | 15% | 20% | 25% | 30% | 35% | 40% | 10% | 15% | 20% | 25% | 30% | 35% | 40%
Table 61: 25 C«] O\::VL]' _q:_g.q]j}o] IO_E_ %.L?l— J_[—«%Q 1| 105|107 | 110 | 112 [ 115 | 117 | 120 | 002 | 002 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02
01 —1':‘0] lcm—‘] O”X] = ; ‘36]}\6]_:‘_]—_]:]_:]—1 7]_781 f)j-])\-% ]IH Ql'q 3 314 | 321 | 329 | 336 | 344 | 352 | 359 | 0.05 | 0.05 | 0.05 | 0.06 | 0.06 | 0.06 | 0.06
- - - 5 | 523|535 | 548 | s61 | 573 | 587 | 599 | 009 | 0.09 | 009 | 0.09 | 010 | 0.10 | 0.10
EH‘Q/] 37] oﬂ E}% & }—T«%EO]: E"—l lF%é\TE %}‘——% EO:]% 7 | 72| 749 | 767 | 785 | 802 | 822 | 839 | 042 | 012 | 013 | 0.13 | 013 | 0.14 | 0.14
qﬁ Oﬂg 01 30% /ﬂ' _/'\49_0_]1401 X]EEEQIAi l_‘%o] 1 10 | 1046 | 107.0 | 1096 | 112.1 | 1146 | 1174 | 1198 | 017 | 0.18 | 0.18 | 0.19 | 0.19 | 020 | 020
cm94 50 m? QHEH;; A o}o:h—;}. '5]‘?1 oF 573 kg o 20 | 2090 | 2141 | 2190 | 2242 | 2293 | 2348 | 2396 | 035 | 036 | 037 | 037 | 038 | 039 | 0.40
/1\_1_ 2 ‘Q‘Ono] 096 kg/S—J _J_EE %Q ‘2111}51 _7;'\_ ;(éz:sjl. 30 | 3137 | 3211 | 3287 | 3364 | 3439 | 3522 | 3594 | 052 | 054 | 0.55 | 0.56 | 057 | 0.59 | 0.60
2 o] E]‘ 40 | 4182 | 4282 | 4383 | 4485 | 4586 | 4696 | 4792 | 070 | 0.71 | 073 | 0.75 | 076 | 0.78 | 0.80
T A1
50 | 5228 | 5352 | 5479 | 5606 | 5732 | 587.0 | 599.0 | 0.87 | 0.89 | 0.91 | 0.93 | 096 | 0.98 | 1.00
60 | 6273 | 6423 | 6574 | 6727 | 687.8 | 7044 | 7188 | 1.05 | 107 | 110 | 1.12 | 115 | 1.17 | 120
3.3. odt b <%:>k7'| El _7é<_|6=||- ?_I'Ol ﬂ'@ﬁ 70 | 7319 | 7493 | 7670 | 7849 | 802.5 | 821.8 | 8386 | 122 | 125 | 128 | 131 | 134 | 137 | 140
Table 4, 5, 62 £3lslo] ol =Xo = 80 | 8364 | 8564 | 8766 | 897.0 | 9171 | 9392 | 9584 | 139 | 143 | 146 | 149 | 153 | 157 | 1.60
O—H% 37]%1 06_01:74 ag}_ ol % 5_7] Oﬂ E]"C‘ _’_%%k% 90 | 9410 | 9634 | 986.1 [1,009.1{1,031.7|1,0566(1.0782| 157 | 161 | 164 | 168 | 172 | 176 | 180
]/l]- A ooll Za) 7 ]—O] /R]-XJ] iﬁ Tabl _Tl]- = 100 |1,045.6(1,070.5]1,095.7|1,121.2|1,1464|1,174.0( 1,198.0| 1.74 | 1.78 | 1.83 | 1.87 | 191 | 1.9 | 2.00
T MR oH aole & 200 |2091.1]2,141.0(2,191.4(2242.5|2,292.8|2,348.0(2,396.0| 349 | 357 | 3.65 | 3.74 | 382 | 391 | 399
O] 2(_!—/%] 6]'0)11:]3 300 [3,136.7|3,21153,287.1|3,363.7(3,439.1{3,522.0(3,594.0| 523 | 535 | 548 | 561 | 573 | 587 | 599
O] = ;J— 7]—0] /\]— 6] ;{-_% S '8‘]—?]; /1\_ ig—E ‘:7% ‘“?]i 400 [4,1822|4,282.0(4,382.8(4,485.0(4,585.5(4,696.0|4,7920| 697 | 7.14 | 730 | 747 | 764 | 7.83 | 7.99
Z:], HE;] oéfg:}] ﬂ 7_" E}. %]\ l:]— Oﬂ % _g___ 01’ 35% _L'._ 500 |5.227.8]5,3524|5478.5]5.606.2|5,7319/5,870.05,990.0| 8.71 | 892 | 9.13 | 934 | 955 | 9.78 | 9.98
Table 7. Total simplified estimate table
Pool Release quantity corresponding to the pool area (kg) Worst-case scenario condition Alternative scenario condition
Area 10% 15% 20% 25% 30% 35% 40% 10% 15% 20% 25% 30% 35% 40%
(mz) 10% | 15% | 20% | 25% | 30% | 35% | 40%
clu cuyciujcyuyg|jcyujc|u C U clu cucjyujcyujlcjujc|iu|c U
1] 105 | 107 | 110 | 112 | 115 | 117 | 120 | *| *| | =| *| | 19| *| 50| 25| 130 | 67 | 321 | 276 | *| *| *| =| *| = | *=| | 14| 11| 38| 29| 109 | 81
3| 314 | 321 | 329 | 336 | 344 | 352 | 359 | ¢| ¢| ¢| k| x| *| 30| 12| 82| 41| 219 | 114 | 551 [ 465 | *| *| x| x| x| k| x| x| 24| 18| 64| 49| 18 | 136
5 | 523 | 535 | 548 | 561 | 573 | 587 | 599 | ¢| x| ¢| x| x| | 38| 14| 105| 53| 282 | 146 | 693 | 590 | *| #| *¥| #| x| #| x| #| 30| 22| 8 | 61 |24 | I73
7 | 32| 749 | 767 | 785 | 802 | 822 | 839 | x| | ¢| x| x| x| 45| 17| 123] 62| 331 | 172 817 [ 687 | *| *| x| x| x| x| 11| *| 36| 27| 97| 72| 28 | 203
10 | 1046 | 1070 | 109.6 | 112.1 | 1146 | 1174 | 1198 | *| *| *| =| *| *| 53| 20| 146| 73| 395|205 | 959 | 805 | *| *| *| | *| = | 13| *| 42| 31 | 116| 85 | 343 | 241
20 | 209.1 | 214.1 | 219.1 | 2242 | 2293 | 234.8 | 239.6 | *| *| *| *| 15| *| 72| 27| 203| 102| 470 | 291 [1,300 | 1,100| *| <| *| x| x| = | 17| *| 58| 43 | 163 | 119| 495 | 337
30 | 3137 | 3211 | 3287 | 3364 | 3439 | 3522 | 3594 | *| *| x| *| 18] *| 88| 32| 247| 124| 571 | 359 [1,500| 1,300| *| *| x| < x| *| 20| 12| 71| 52| 19| 144 | 616 | 410
40 | 4182 | 4282 | 4383 | 448.5 | 4586 | 469.6 | 4792 | *| *| x| *| 20| * | 100| 36| 284| 143| 649 | 417 [ 1,700 | 1400 | *| *| *¥| #| x| = | 23| 14| 81 | 59 | 230 | 164| 721 | 473
50 | 522.8 | 5352 | 547.9 | 560.6 | 5732 | 587.0 | 5990 | *| *| *| *| 23| 11| 111| 40| 317| 160| 731 | 469 |1,900| 1,600| *| *| *| *| x| *| 25| 15| 91 | 66 | 257 | 183 |1200| 528
60 | 6273 | 6423 | 6574 | 6727 | 687.8 | 7044 | 7188 | *| *| *| *| 25| 12| 121| 43| 347| 174| 800 | 677 |2,100| 1,700 *| *| *| *| *| *| 28] 16| 99 | 72 | 282 | 200 |1300| 578
70 | 7319 | 7493 | 767.0 | 7849 | 802.5 | 821.8 | 8386 | *| *| *| *| 27| 13| 130 47| 375 188| 862 | 723 [2200| 1,800| *| *| x| *| x| | 30| 17| 107| 77 | 306 | 215 | 1400 | 624
80 | 836.4 | 8564 | 876.6 | 897.0 | 917.1 | 9392 | 9584 | *| *| *| *| 28| 14| 139| 49| 401| 201| 913 | 770 |2,300(2000| *| *| *| *| *| *| 31| 18| 114| 82 | 327 | 230 | 1,500 | 667
90 | 941.0 | 9634 | 986.1 [1,009.1|1,031.7(1,0566(1,0782| *| *| *| *| 30| 14| 147| 52| 425| 213| 974 | 813 |2,500|2,100| *| *| *| *| *| *| 33| 19| 121| 86 | 348 | 243 | 1,600 | 708
100 [1,045.6]1,070.5]1,095.7 | 1,121.2| 1,146.4 | 1,174.0 | 1,198.0| *| *| 11| *| 31| 15| 154| 55| 448| 226|1,000| 852 {2,600 |2200| *| *| *| *| *| | 34| 20| 127] 91 | 368 | 256 | 1,700 | 747
200 2,091.1(2,141.0(2,191.4(2,242.5(2,292.8 [2,348.0(2396.0| *| *| 15| *| 42| 21| 215| 75| 640| 321|1,400|1,200{3,500| 2,900 | *| *| *| *| 12| *| 47| 27| 180| 126 | 532 | 358 | 2,400 {2,000
300 |3,136.7]3,211.5|3,287.1|3,363.7|3,439.1|3,522.0(3,5940| *| *| 18| *| 51| 25| 262| 91| 793| 397|1,700|1,400|4,100(3,500| *| *| *| *| 14| 11| 57| 33| 221 | 153 | 664 | 437 | 2,800 |2,400
400 |4,1822(4,282.0(4,382.8(4,485.0(4,585.5(4,696.0(4,792.0( *| *| 20| 11| 58| 29| 301| 103| 925| 462| 1,900| 1,600|4,600 | 3900 | *| *| 11| 11| 16| 13| 66| 38| 255| 175 | 779 | 504 |3,200 |2,800
500 |5,227.8]5,352.4|5,478.5|5,606.2|5,731.9|5,870.05990.0| 11| 11| 23| 13| 65| 32| 336| 115/1,000 522|2,100|1,700|5,100|4,300| 11| 11| 13| 13| 18| 14| 73| 41| 287 | 195| 883 | 563 |3,600 |3,100
C: Open country, U : Urban
SHIORESHS| K|, X323 X235, 20174 55
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Fig. 1. Total estimating diagram at Worst—case scenario.
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Fig. 2. Total estimating diagram at Alternative scenario,

3.5. S HA T JS 2|9 AbzkEtA|

Table 7] &2 7to|3E2] HHAY],
T g FFA ] AAE &
APIAIYE] . 270X 9] s JFAE =
2 2RI A3} 7} FoA9] JFAe = 4] 33 T
o] FHA Q| bR YERoH ZF o Aol 4
T4 Table 81} 2-3-& RIS

EO32 f

2 lo

ermUolse]
WA Hoh 9 efere]

Dy=KxA” (4] 3)

7|4, De = 9&712l(m)

K = 93t
A = EHZ(m)
B = w4

56

Table 8, Values of ‘K’ and ‘B’ factor at each concentration

Conc. Input Conditions ‘K’ factor | ‘B’ factor I
Worst-case | Open county 3.87 0.45 0.9992
0% scenario Utban 1.80 046 | 0.9986
Alternative | Open county 1.15 0.44 0.9944
scenario Utban 0.73 048 | 09788
Worst-case | Open county | 18.16 047 | 09996
2 scenario Utban 7.07 044 | 09993
Alternative | Open county 4.54 0.44 0.9987
scenario Utban 267 044 | 09983
Worst-case | Open county | 47.82 049 | 0.9995
0% scenario Utban 23.89 049 | 09994
Alternative | Open county | 13.83 048 | 09997
scenario Urban 10.74 0.46 0.9998
Worst-case | Open county | 133.61 044 | 09979
350 scenario Utban 109.43 045 | 0.9980
Alternative | Open county | 36.36 050 | 0.9993
scenario Utban 28.53 047 | 0.9999
Table 82] A= P K factore= e} AL
Ayl ez 34 dEXy ‘B’ factor= 0.44~0.50

welol A vlma QHSHTHs S HelETh K factor
o AtmAUElest Ay zAdAe] AEAAe
Table 99} 7o Uiebyick

Table 9. ‘K’ factor derivation equation

Scenario/Grogn‘d Toughness ‘K’ factor derivation equation r
conditions

Worst-case | Open county K=(3%x107%) « ¢%% 0.9974

scenario Urban K=(4x107" ) < oM | 0.9945

Alternative | Open county | K =(1x10"°) . ¢*% 1.0000

scenario Urban K=(2x107°%) « % 0.9971
3.6. dilof| st Aetz] oS ZHo[A] R

Table 62] =% 9 FHZY kA 2|2} Table 79
SRR A A 9] K factorE 2 ‘5} ‘BZre HAs)
2 59 2t ALAG e AFEANA 1m’~500
m’9] EHA T} 20 %~35%2] HE %k 2RE JFA

Table 10. Derivation of the equation estimating a effect distance

Scenario/Ground roughness Estimate equation for HCI effect
conditions distance(DE)
Worst_case Open County DE: (3 x 10*8) . 0(5.23 e A 0.496*
scenario Urban D= (4% 1078) « gTi0, 40488
Alternative | Open county Dp=(1x10"%) « ¢*16. 40515
scenario Urban Dp=(2x107%) « CO6 . 4048

* 0.46 in case of more than 33%
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Table 11. Comparison of the result values between simplified estimating equation and Simplified estimating table

Pool Effect Distance(DE)
area Input Conditions 20 % 25 % 30 % 35 %
() Equation | Table | %RSD | Equation | Table | %RSD | Equation | Table | %RSD | Equation | Table | %RSD
Worst-case C * * * 48 53 7.0 150 146 19 360 395 6.6
10 scenario U & * * 24 20 12.9 93 73 17.0 293 205 25.0
Alternative C * * * 13 13 0.0 41 9 1.7 106 116 64
scenario U & * * & * * 35 31 8.6 98 85 10.0
Worst-case C 27 23 113 107 111 2.6 333 317 35 755 731 23
50 scenario U 9 11 14.1 49 40 14.3 189 160 11.8 592 469 164
Alternative C * * * 31 25 152 94 91 23 243 257 40
scenario U & * * 21 15 23.6 71 66 52 199 183 59
Worst-case c 38 31 143 151 154 14 469 448 32 1,039 | 1,002 26
100 scenario 18] 13 15 10.1 66 55 129 256 226 8.8 802 852 43
Alternative C * * * 44 34 18.1 135 127 43 348 368 40
scenario U & * * 29 20 26.0 97 91 4.5 269 256 35
Worst-case c 53 4 164 213 215 0.7 662 640 24 1429 | 1400 14
200 scenario 18] 17 21 14.9 90 75 129 347 321 55 1,086 1,200 7.1
Alternative c 16 12 202 63 47 20.6 192 180 46 497 532 48
scenario U & * * 39 27 25.7 131 126 2.8 364 358 1.2
Worst-case C 65 51 17.1 260 262 0.5 810 793 1.5 1,722 1,700 0.9
300 scenario 18] 21 25 12.3 108 91 12.1 415 397 3.1 1,298 1,400 53
Alternative c 20 14 25.0 77 57 21.1 237 21 49 613 664 56
scenario U 11 11 0.0 47 33 24.7 156 153 14 435 437 0.3
Worst-case C 75 58 18.1 300 301 02 934 925 0.7 1,966 1,900 24
400 scenario U 23 29 16.3 122 103 11.9 470 462 12 1,472 1,600 59
Alternative c 20 14 25.0 77 57 21.1 237 21 49 613 664 56
scenario 18] 11 11 0.0 47 33 24.7 156 153 1.4 435 437 03
Worst-case c 83 65 172 335 336 02 1,043 | 1,000 | 3.0 2,179 | 2,100 26
500 scenario U 26 32 14.6 135 115 11.3 519 522 04 1,623 1,700 33
Alternative C 25 18 23.0 100 73 2.1 287 287 0.0 797 883 72
scenario 18] 13 14 52 58 41 243 195 195 0.0 544 563 24
Avg. - - 14.5 - - 13.6 - - 39 - - 53
C: Open country, U : Urban
& gdA AET 5 s oA fEsklar 1 A 4. A=
IH= Table 103} 2t} 7ho]4l9] A& {zo]7] 95t
o] 1 HeHOIZ 20 %~35%= AFtalrk. H 915 ALOHA T2 8Hg3lo] 10 ~ 40 %
o] ATl Al N o ZHE] FRALE 0'9. 57171 20 o dAF FEE IAE HAITY FEHAA A=
ppmol] EEals GFAE(Dps GARs%(0)9] 6~7 Fits719 FFHAE A AST 5= A= 1FolB 7t
2o vl el HA] THAL] 0.4~0.6 % REEGES HhHe) disto] Attt 2k 2zoA FHAE o
AL o 2= 9tk FAY S APgste] T 7to] 4Pga 9 Flolk s
2 AABtelen 7k W 9 Augre] AHAE =
7. ZH0[Al ZAnigr AS Zoto] 7holAlE JWEstgit. 1 Ak ot A
- A [e]
Table 109] 7Fo]Al0 & AASH 2+ Table 72] 71o] 1) Gab $8M) Ferb =il HHO| 277} G
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