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Abstract — As hazardous chemicals are releasing in process industries such as chemical & petro-chemical plants, the
importance of initial responses has been always emphasized. However, little attention of quantitative analysis of the
consequence by different initial responses during releasing of the chemicals has been done. The main objective of current
paper is to investigate the effects of initial responses for the release accidents of hydrofluoric acid. For this, a simplified
equation that can easily calculate the effect distance by varying concentrations of hydrofluoric acid was firstly deduced. In
addition, a causal loops for the initial response steps using the system dynamics technique was constructed during release
of 50% hydrofluoric acid. The effect distances according to different scenarios of the initial actions were also
quantitatively analyzed by applying the simplified equation to the causal map. As a result, the highest reduction rate on the
maximum effect distance was obtained with 'start time of action after leak detection' being about 87% while the lowest
was 'arrival time of professional response team' being about 50%, as expected. It is expected that the results gained from
the current study can be helpful as of basics of the initial response to the workplace, dealing with the hydrofluoric acid.
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Table 1. The conditions of worst-case scenario considered in this study

Conditions Input Data
Concentrations of hydrofluoric acid (%) 40, 45, 50, 55, 60, 65, 65, 70

Wind Speed 1.5m/s

. Temperature 25°C

Atmospheric o

Humidity 50%

Stability F
Source Puddle
Cloud Cover Partly cloudy
Ground Roughness Open Country
Ground Type Concrete

Measurement Height
End Points

10 m above ground
EPRG-2 (20 ppm)
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Table 2. Initial response items

Symbols Items
nl Leak block
n2 Valve isolation
n3 Pump stop
n4 Watering equipment
nS Local exhaust system
né Neutralization
n7 Block around manhole
n8 Bypass to catchment facility
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Fig. 1. Causal loop diagrams of initial responses during releasing of hydrofluoric acid.

Table 3. Components applied to causal loops diagram

Type Component Name

Description

Stock  Pool Area

The liquid level formed due to the amount of leaks when leakage occurs due to accident

Flow  Leakrate

Amount of Hydrofluoric acid released Per Minute

Effect Distance

Density(%)

constant

Leak point (accident point)

Accidental measures of response specialists

ERPG-2 (20 ppm) end point distance according to pool area of hydrofluoric acid concentration
Density according to hydrofluoric acid concentration (Kg/m®)

Conditions in which the liquid level by EPA-RMP Gudie is formed as 1 cm (0.01)m

Point where leakage occurs and 150 kg per minute is leaked

The time when the professional response personnel proceeded and the action was completed

Time of Arrival on the Professional Response TeamThe time when a professional Response team arrives on site after receiving the report

Initial response start time atter leak detection
Adjustment result of initial response
Perform initial response
Auxiliary Automatic suppressor
Variable  Accessibility
nl
n2
n3
n4
n5
n6
n7
n8
Time

The time to check for leaks in the state where leaks have already occurred and to start initial response
Conversion of results of initial measures

Performance index of initial measures

Operation of Emergency Shutoff Valve, Watering equipment, etc.

Access indexes of on-site safety personnel and workers and professional response personnel
Approach leakage area to block leakage

(Leakage Valve Isolation) Locked adjacent valve of leaked valve

Stopping pump connected to storage tank and piping

Manual sprayer operation to prevent evaporation of hydrofluoric acid

Hydrofluoric acid is neutralized by calcium hydroxide

Operate local exhaust to discharge hydrofluoric acid vapor

If it is not possible to block, enter into the sewer manhole around the sewer to prevent sewage inflow.
If blocking is not possible, prevent sewage inflow and bypass sewage collection facilities with sand
Total response time (60 minutes)
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Table 4. Initial value or function for the simulation of SD model
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Type  Component Name Initial value or Function Unit
Stock  Pool Area Leak rate/("Density(%)"*constant ) m’
Flow Leak rate "Leak point (accident point)" kg/min
Effect Distance (Impact Factor by Concentration)*((4*Pool Area)/3.14)"0.5 m
Density(%) 50% kg/m®
constant 0.01 m
IF THEN ELSE

(Time < Initial response start time after leak detection, Concentration (%) Leakage)

(Time > Initial response start time after leak detection) : AND : Time < Time of

Leak point (accident point) Arrival on the Professional Response Team, Concentration (%) Leakage* Adjustment ke
result of initial response (Adjustment result of initial response < Accidental measures
of response specialists)
Auxiliary Accidental measures of response specialists IF THEN ELSE (Time > Time of Arrival on the Professional Response Team, %
Variable 0.8*(Accessibility/100), 0 )
Initial response start time after leak detection 1,5,10 min
Time of Arrival on the Professional Response Team 5, 10, 20 min
Adjustment result of initial response IF THEN ELSE (Perform initial response>1, 1, IF THEN ELSE (Perform initial )
response < 0, 0, Perform initial response ))
Perform initial response n1-n2/10-n3/100-n4/1000-n5/10000-n6/100000-n7/1e+06-n8/1e+07 -
Automatic suppressor 100 %
Accessibility Automatic suppressor(100) %
nl(Leak block) 0, 50, 100 %
TIME 60 min
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Table 5. Results of released mass and effect distance by varying concentrations of hydrofluoric acid at given pool areas

Pool Area Effect distance (m)
(m*) 40% 45% 50% 55% 60% 65% 70%
1 30 40 53 70 91 119 155
5 64 85 113 149 196 257 337
10 88 117 157 207 274 361 476
20 122 163 218 290 385 511 677
30 147 199 266 354 471 629 832
40 169 228 306 409 546 729 963
50 188 254 341 457 612 819 1100
60 205 278 374 501 672 900 1200
70 231 299 404 542 728 974 1300
80 236 320 432 581 782 1000 1400
90 250 339 458 617 931 1100 1500
100 263 357 483 652 879 1200 1500
200 370 506 691 938 1300 1700 2300
300 454 623 855 1200 1600 2100 2900
400 525 724 998 1400 1900 2500 3400
500 589 815 1100 1500 2100 2900 3900
800 746 1000 1400 2000 2800 3800 5200
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’ 45 38.51 0.49 0.9995
ARl wabs e H g R Ao BRI A, 2 T 50 50.88 0.50 0.9994
oM o] JEEAT = v A 13 2ol HEHA ] X5k VL 55 66.04 0.51 0.9987
W, ol A4 518,918 ATs} FYattt. 3k w2 T3 60 85.56 0.52 0.998
g7a] 710)AS Ae)sle] Ve ok o}a Table 83+ 2T}, 65 111.99 0.53 0.9986
70 145.83 0.54 0.9985
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Table 7. Comparison of the effect distance obtained by both simplified equation and simplified table

Effect distance (m)
P"?rln’%re“ 20%) %) 50%) 55(%) 60(%) 65%) 70%)

EQ. Table %RED EQ. Table %RED EQ. Table %RED EQ. Table %RED EQ. Table %RED EQ. Table %RED EQ. Table %RED
1 30 27 614 40 36 553 53 49 453 70 66 335 91 8 139 119 119 011 155 160 166
S 64 61 336 85 81 252 113 109 173 149 147 062 19 198 133 257 266 195 337 358 324
10 88 8 172 117 115 095 157 155 072 207 208 072 274 280 189 361 376 233 476 506 331
20 122 121 060 163 163 0.0 218 219 040 290 294 120 385 396 223 511 532 228 677 716 2.9
30 147 148 047 199 199 002 266 268 0.60 354 361 138 471 485 229 629 652 199 832 876 2.79
40 169 171 069 228 230 056 306 310 081 409 416 135 546 560 208 729 753 178 963 1012 2.66
SO 188 192 097 254 258 077 341 346 100 457 466 138 612 626 195 819 842 1.50 1100 1131 146
60 205 210 123 278 282 082 374 379 093 501 510 134 672 68 183 900 922 133 1200 1239 1.69
70 231 227 127 299 305 106 404 410 093 542 551 126 728 741 168 974 996 121 1300 1339 1.2
80 236 242 140 320 326 100 432 438 091 581 589 111 782 792 145 1000 1064 351 1400 1431 1.12
90 250 257 147 339 346 107 458 465 094 617 625 105 931 840 562 1100 1129 144 1500 1518 0.60
100 263 271 158 357 364 112 483 490 091 652 658 092 879 885 121 1200 1190 0.55 1500 1600 3.50
200 370 383 188 506 515 099 691 693 029 938 931 047 1300 1252 190 1700 1683 0.65 2300 2263 1.0
300 454 469 177 623 631 069 855 848 040 1200 1140 275 1600 1533 216 2100 2061 1.14 2900 2771 287
400 525 542 169 724 728 032 998 979 1.00 1400 1317 335 1900 1770 3.73 2500 2380 292 3400 3200 3.76
500 589 606 149 8IS 814 0.10 1100 1095 024 1500 1472 094 2100 1979 3.07 2900 2661 5.09 3900 3578 527
800 746 759 142 1000 1030 1.67 1400 1385 0.55 2000 1862 394 2800 2504 6.3 3800 3366 7.20 5200 4526 842
Ave - - 171 - - L4 - - 099 - - 160 - - 247 - - 218 - - 283

Table 8. Simplified equation of the impact distance according to the
area of each concentration

Simple equation by hydrofluoric acid concentration

40% d,(m) = 23.89 x /4_Xin(_m_22
45% d,(m) =32.24x F%“lz)
50% d,(m) = 43.55 /4117[(2‘_22
55% d,(m) = 58.85x /_Xi(_m_l
60% d,(m) = 79.75 x /_Xi(_m_l
65% d,(m) = 105.26 x /‘.‘.X..A;[@
70% d,(m) = 140.79 x /4__..__XAn(m2)
D,(m)=22x 009X CO) 4—><A(m2) )]
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