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Abstract - Aqueous ammonia is widely used in household cleaners, fertilizers and denitrification process.
It is usually treated in concentrations from 10 % to 30 %, and release accidents have occurred frequently. In
this study, we developed a simplified estimating method and equation to calculate threat zone easily in case of
emergency due to release accident of aqueous ammonia. We calculated the consequence distance for toxic end-
points of aqueous ammonia(concentration 10 % ~ 30 %) at different puddle areas(1 m’ ~ 500 m%) using the
ALOHA program. Based on the result, we analyzed the relationship between concentration and puddle area
with the threat zone and created the equation.

Key words : aqueous ammonia, simplified estimating method, estimating equation, risk management
plan(RMP), off-site risk assessment(ORA)
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Table 1. Properties of aqueous Ammonia
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Table 2. The condition of each scenario

Properties 3 ) ) Scenario Worst-case Alternative-case
Boiling point | Vapor pressure | Density Condition Scenario Scenario
. () (Pa)  |(kgm’25T))
Concentrati Endpoints ERPG-2 (150 ppm)

10 % 69.4 12.7 956 Wind speed 1.5m/s 3m/s

15 % 58.4 215 934 Stability F D

20 % 472 352 920 Ambient 25

Temperature

25 % 36.2 56.2 910
Ambient 50 %

30 % 25.5 87.5 890 Humidity ’
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Table 3. ALOHA Input Data

Condition

Inputata

Site

DAEJEON, KOREA

21’ E, Elevation: 71 m)

(Latitude: 36° 23’ N, Longitude: 127°

Measurement Height

10 m above ground

Ground Roughness!)

Open County / Urban(or Forest)

Cloud Cover

Partly cloudy

Source

Puddle(Pool Area(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
P"‘Zhgrea 10 % 15 % 20 % 5% 30%
C U C 8] C U C 8) C U
1 56 29 77 39 105 54 149 78 265 138
3 94 47 128 66 175 90 249 129 451 235
5 119 60 162 83 222 115 317 164 581 303
7 139 70 190 97 260 135 373 194 687 359
10 164 83 224 115 309 160 444 231 821 431
20 227 115 313 161 433 224 627 326 1,200 614
30 276 139 381 196 529 274 772 401 1,400 755
40 316 160 439 226 612 316 897 465 1,700 873
50 353 179 490 252 686 355 1,000 523 1,900 979
60 386 196 537 276 753 389 1,100 575 2,100 1,100
70 417 211 580 298 816 421 1,200 624 2,200 1,200
80 445 225 621 319 876 452 1,300 670 2,400 1,250
90 472 239 659 338 932 481 1,400 714 2,600 1,300
100 498 252 697 357 985 508 1,500 756 2,700 1,400
200 708 357 1,000 512 1,400 736 2,200 1,100 4,200 2,000
300 876 442 1,300 636 1,800 919 2,800 1,400 5,400 2,500
400 1000 514 1,500 744 2,200 1,100 3,400 1,600 6,500 3,000
500 1200 579 1,700 841 2,500 1,200 4,000 1,900 7,600 3,400
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)
Pool Effect distance
Area 10 % 15% 20 % 25 % 30 %
() c U C U C U c U c U
1 19 14 25 19 34 26 48 36 82 61
3 30 22 41 31 56 42 80 60 138 102
5 38 28 52 39 71 53 101 75 177 129
7 44 33 61 45 83 62 119 88 208 150
10 52 39 72 53 99 73 140 103 248 178
20 72 53 99 73 137 100 196 142 351 246
30 87 64 120 88 166 121 239 171 433 298
40 100 73 138 100 191 138 276 196 503 342
50 111 80 154 111 213 153 308 217 565 381
60 121 88 168 121 233 166 337 237 623 415
70 130 94 181 130 252 179 365 254 677 447
80 139 100 193 138 269 190 390 271 728 477
90 147 105 204 146 285 201 414 286 777 505
100 154 111 215 154 301 211 438 301 823 531
200 216 152 304 212 428 293 631 418 1,200 747
300 265 184 373 257 529 356 786 509 1,500 916
400 306 211 433 294 616 407 921 585 1,800 1,100
500 343 234 487 327 695 454 1,000 653 2,100 1,200
C: Open country, U : Urban
KIGAS Vol. 20, No. 2, April, 2016 -5 -
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Table 6. Released quantity(kg) and the release rate(kg/s) of aqueous ammonia which are calculated based

on pool area

Pool Released quantity (kg) Release rate (kg/s)
Area (Height of pool = 1cm) (Total release time = 10 min)
(m’) 10 % 15 % 20 % 25 % 30 % 10 % 15 % 20 % 25 % 30 %
1 9.6 9.3 9.2 9.1 89 0.02 0.02 0.02 0.02 0.01
3 287 28.0 27.6 273 26.7 0.05 0.05 0.05 0.05 0.04
5 47.8 46.7 46.0 455 445 0.08 0.08 0.08 0.08 0.07
7 66.9 65.4 64.4 63.7 62.3 0.11 0.11 0.11 0.11 0.10
10 95.6 93.4 92.0 91.0 89.0 0.16 0.16 0.15 0.15 0.15
20 191.2 186.8 184.0 182.0 178.0 0.32 0.31 0.31 0.30 0.30
30 286.8 280.2 276.0 273.0 267.0 0.48 0.47 0.46 0.46 0.45
40 3824 373.6 368.0 364.0 356.0 0.64 0.62 0.61 0.61 0.59
50 478.0 467.0 460.0 455.0 445.0 0.80 0.78 0.77 0.76 0.74
60 573.6 560.4 552.0 546.0 534.0 0.96 0.93 0.92 091 0.89
70 669.2 653.8 644.0 637.0 623.0 1.12 1.09 1.07 1.06 1.04
80 764.8 7472 736.0 728.0 712.0 1.27 1.25 1.23 1.21 1.19
90 860.4 840.6 828.0 819.0 801.0 1.43 1.40 1.38 1.37 1.34
100 956.0 934.0 920.0 910.0 890.0 1.59 1.56 1.53 1.52 1.48
200 1912.0 1868.0 1840.0 1820.0 1780.0 3.19 3.11 3.07 3.03 297
300 2868.0 2802.0 2760.0 2730.0 2670.0 4.78 4.67 4.60 4.55 445
400 3824.0 3736.0 3680.0 3640.0 3560.0 6.37 6.23 6.13 6.07 5.93
500 4780.0 4670.0 4600.0 4550.0 4450.0 797 7.78 7.67 7.58 7.42
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Table 7. Total simplified estimate table

Pool
Area
()

Release quantity
corresponding to the
pool area (kg)

Worst-case scenario condition

Alternative scenario condition

10 % |15 %

20 %

25 %

30 %

10 %

15

%

20 %

25

% 30

%

10 %

15

%

20

%

25 %

30 %

9.6

9.3

9.2

9.1

89

56

29

77

39

105

54

149

78 | 265

138

19

14

25

34

26

48

36

82

61

28.7

28.0

27.6

273

26.7

94

47

128

66

175

90

249

129 | 451

235

30

22

41

31

56

42

80

60

138

102

47.8

46.7

46.0

45.5

445

119

162

83

222

115

317

164 | 581

303

38

28

52

39

71

53

101

75

177

129

66.9

65.4

64.4

63.7

62.3

139

70

190

97

260

135

373

194 | 687

359

44

33

61

45

83

62

119

88

208

150

10

95.6|93.4

92.0

91.0

89.0

164

83

224

115

309

444

231821

431

52

39

72

53

99

73

140

103

248

178

20

191.2|186.8

184.0

182.0

178.0

227

115

313

161

433

224

627

326 1,200

614

72

53

99

73

137

196

142

351

246

30

286.8/280.2

276.0,

273.0

267.0

276

139

381

196

529

274

772

401 {1,400

755

87

64

120

88

166

121

239

171

433

298

40

382.4|373.6

368.0

364.0

356.0

316

160

439

226

612

316

897

465 |1,700

873

73

138

100

191

138

276

196

503

342

50

478.0467.0

460.0

455.0

445.0

353

179

490

252

686

355

1,000

523 (1,900

979

111

80

154

111

213

153

308

217

565

381

60

573.6/560.4

552.0

546.0

534.0

386

196

537

276

753

389

1,100

575 [2,100

1,100

121

88

168

121

233

166

337

237

623

415

70

669.2/653.8

644.0)

637.0

623.0

417

211

580

298

816

421

1,200]

624 12,200

1,200]

130

94

181

130

252

179

365

254

677

447

80

764.8(747.2

736.0]

7280

712.0

445

225

621

319

876

452

1,300

670 (2,400

1,250

139

193

138

269

190

390

271

728

477

90

860.4(840.6

828.0)

819.0

801.0

472

239

659

338

932

481

1,400

714 2,600

1,300

147

105

204

146

285

201

414

286

777

505

100

956.01934.0

920.0

910.0

890.0

498

252

697

357

985

508

1,500

756 (2,700

1,400

154

111

215

154

301

211

438

301

823

531

200

1912.0|1868.0

18400

18200

17800

708

357

1,000

512

1,400

736

2,200

1,100[4,200

2,000

216

152

304

212

428

293

631

418

1,200

747

300

2868.0/2802.0

27600

27300

26700

876

442

1,300

636

1,800

919

2,300

1,400[5,400

2,500

265

184

373

257

529

356

786

509

1,500

400

3824.0|3736.0

36800,

36400

35600

1000]

514

1,500

744

2,200

1,100

3,400

1,600/6,500

3,000

306

211

433

294

616

407

921

585

1,800]

500

4780.0/4670.0

46000

45500

4500

1200

579

1,700

841

2,500

1,200

4,000

1,900|7,600

3,400

343

234

487

327

695

454

1,000

653

2,100

C: Open country, U : Urban
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Table 8. Values of ‘K’ and ‘B’ factor at each concentration

Conc. Input Conditions ‘K’ factor ‘B’ factor R’
Worst-case Open county 53.89 0.49 0.9989
0% scenario Urban 27.48 0.48 0.9993
10 %
Open county 1791 047 0.9993
Alternative scenario
Urban 13.58 0.46 0.9998
Worst-case Open county 72.13 0.50 0.9982
15 scenario Urban 37.37 0.49 0.9992
0
Open county 24.05 0.48 0.9995
Alternative scenario
Urban 18.58 0.46 0.9999
Worst-case Open county 97.28 0.51 0.9977
. scenario Urban 50.90 0.50 0.9989
20 %
Open county 3243 0.49 0.9993
Alternative scenario
Urban 25.30 0.46 0.9998
Worst-case Open county 134.44 0.53 0.9965
a5 scenario Urban 77.00 0.51 0.9984
0
Open county 45.64 0.49 0.9992
Alternative scenario
Urban 37.48 0.47 0.9998
Worst-case Open county 241.86 0.54 0.9965
. scenario Urban 132.68 0.51 0.9994
30 %
Open county 76.16 0.52 0.9984
Alternative scenario
Urban 59.24 0.48 0.9994
* R? = Coefficient of Determination
10000 10000
I —
—
"
— 25% 1

__—_'_-*—_-—__ﬁ
.0"/ ,_-‘-——1-5;—_‘
1000 Q// !,____._l"ﬁ—“. 1000

—_ .?.477777777777777 —_
E el E
[a] [a]
100 100
10 10
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
Liquid pool area {m?) Liquid pool area (m?)

Fig. 1. Total estimating diagram at Worst-case  Fig. 2. Total estimating diagram at Alternative-case
scenario. scenario.
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Table 9. Derivation of the equation estimating a effect distance

Scenario/Ground roughness conditions Estimate equation for NH;OH effect distance(Dg)
— (0,062 €)Y | 40.510%
Worst-case Open county Dy =(29.1¢ ) . 403107
scenario Urban Dy= (14.4£0-064<C)) | 40-496°%)
Open county D, = (9.56(0 062 % (')) o 048677
Alternative scenario
Urban D, = (7.1e (0.064 x 0)) o 40-167)

*(.527 in case of more than 23 %, * *0.520 in case of more than 23 %, **%*0.502 in case of more than 23 %

Table 10. Comparison of the result values between Simplified estimating equation and Simplified estima-

ting table
Pool Effect Distance(Dg)
area Input Conditions 10 % 15 % 20 % 25 %
(m’) Equation| Table | % RSD|Equation| Table | % RSD |Equation| Table | % RSD | Equation | Table | % RSD
Worst-case | Opencounty | 174 | 164 | 418 | 237 | 224 | 399 | 323 | 309 | 313 | 462 | 444 | 281
scenario Urban 86 83 251 118 115 1.82 162 160 | 0.88 | 236 231 1.51
10 Alternative sce- | Opencounty | 54 | 52 | 267 | 74 | 72 | 194 | 101 | 99 | 141 | 143 | 140 | 1.50
nario Urban 39 39 0.00 54 53 1.32 75 73 1.91 103 103 | 0.00
Worst-case | Opencounty | 393 | 353 | 758 | 536 | 490 | 634 | 731 | 686 | 4.49 | 1,078 | 1,000 | 531
scenario Urban 190 179 4.22 262 252 2.75 361 355 1.19 545 523 291
%0 Alternative sce- | Open county 119 111 | 492 162 154 | 3.58 | 220 213 | 229 | 320 308 | 2.70
nario Urban 84 80 3.45 115 111 2.50 159 153 2.72 219 217 0.65
Worst-case | Opencounty | 559 | 498 | 816 | 762 | 697 | 630 | 1,039 | 985 | 3.77 | 1,554 | 1,550 | 0.18
scenario Urban 268 252 | 435 | 369 357 | 2.34 | 508 508 | 0.00 | 782 756 | 2.39
100 Alternative sce- | Opencounty | 166 | 154 | 530 | 226 | 215 | 353 | 309 | 301 | 1.85 | 453 | 438 | 2.38
nario Urban 116 111 3.12 159 154 | 226 | 219 211 2.63 | 302 301 | 023
Worst-case | Opencounty | 794 | 708 | 8.10 | 1,083 | 1,000 | 5.64 | 1,447 | 1,400 | 2.33 | 2,239 | 2,200 | 1.24
scenario Urban 378 357 4.04 521 512 1.23 717 736 1.85 | 1,121 | 1,100 | 1.34
200 Alternative sce- | Opencounty | 233 | 216 | 535 | 317 | 304 | 296 | 432 | 428 | 066 | 642 | 631 | 122
nario Urban 160 152 3.63 220 212 2.62 303 293 237 418 418 0.00
Worst-case | Opencounty | 976 | 876 | 7.64 | 1,330 | 1,300 | 1.61 | 1,814 | 1,800 | 0.55 | 2,722 | 2,800 | 2.00
scenario Urban 462 442 | 313 | 637 636 | 0.11 877 919 | 331 | 1,385 | 1,400 | 0.76
300 Alternative sce- | Opencounty | 283 | 265 | 4.65 | 386 | 373 | 242 | 527 | 529 | 027 | 787 | 786 | 0.09
nario Urban 193 184 | 3.38 | 266 257 | 243 | 366 356 1.96 | 505 509 | 0.56
Worst-case | Opencounty | 1,129 | 1,000 | 8.57 | 1,539 | 1,500 | 1.81 | 2,099 | 2,200 | 3.32 | 3,266 | 3,400 | 2.84
400 scenario Urban 533 514 2.57 734 744 096 | 1,011 | 1,100 | 596 | 1,608 | 1,600 | 0.35
Alternative sce- | Opencounty | 326 | 306 | 4.48 | 444 | 433 | 177 | 606 | 616 | 1.16 | 909 | 921 | 0.93
nario Urban 221 211 327 304 294 2.36 419 407 2.05 577 585 0.97
Worst-case | Opencounty | 1,264 | 1,200 | 3.67 | 1,724 | 1,700 | 0.99 | 2,350 | 2,500 | 4.37 | 3,628 | 4,000 | 6.90
500 scenario Urban 596 579 | 2.05 | 820 841 1.79 | 1,130 | 1,200 | 4.25 | 1,806 | 1,900 | 3.59
Alternative sce- | Opencounty | 363 | 343 | 401 | 495 | 487 | 1.15 | 675 | 695 | 2.06 | 1,017 | 1,000 | 1.19
nario Urban 245 234 | 325 | 338 327 | 234 | 465 454 1.69 | 641 653 1.31
Avg. - - 4.37 - - 2.53 - - 2.30 - - 1.71
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