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Estimation of fugitive dust emission and impact assessment by
MECHANICAL and Fugitive Dust Model on a unpaved road

Kim, In-Sou* - Jang, Young-Kee®**
Rural Research Institute, KARICO*, Department of Environmental Engineering, Suwon University**

Abstract

This study is to investigate the methodology and applicability on emission control by both
MECHANICAL Model and Fugitive Dust Model (FDM) through the comparison of field
measurement data and calculated data.

Comparing to the method of AP-42 emission fector on the production of flying dust the
MECHANICAL Model was proved to be more applicable to the calculation emission rate on
the various dust emission conditions on a unpaved road.

The seperate caluculation on annual mean emission amount and a 24working hours amount
was undertaken for the easy management of fugitive dust. Dust concentration predicted by

FDM is similar with a measurement value.

Key words : MECHANICAL, fugitive dust
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Fig. 1. Flowchart about research process
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Fig. 3. Schematic of sampling site
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Fig. 4. Wind rose in the study area(1999. 9. 10 - 1999. 9. 20).
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Table 1. Classification of partical sizes

Particle size(um) Con.(ug/m3) Size range(%)
9.0 o] 4 6.5 36
58~90 6.5 36
47~58 6.5 36
33~47 190 10.6
2.1~33 190 10.6
1.1~2.1 262 14.6

0.65~1.1 334 18.6
043~0.65 622 348
Al 1793 100
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Table 2. The result of input variables on the classification of roads

Input variables A-ROAD B-ROAD C-ROAD D-ROAD E-ROAD
L 27 0](m) 700 300 350 330 150

42 (k) 40

W= (/YD) 212-284 143-167 104-124 92-102 65-114
a1 5 0H) 10

2247 (ton) 15

A4 FHUm’h) 036

Fol Btk 1ely At AT AlE 10
A B 15tonS E 3o 7+ AHE AHs A
AL AR APAFEFE] Wl Hls) mn]
ot FoZN FHSA] ek Eok ArHEE g
& ZAMAF 036L/m%/hE  ZALE L TH48,0001/
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Table 3. Comparison of the emission rate by MECHANICAL and AP-42

& E(9¢9)dl ©]Fo]x MECHANICALON A
=7t o =4 Yebgth

emission by MECHANICAL(g/s) emission by AP-42(g/s)

source uncontrolled - controlled ulj = A {F

Azt A v A A A Al (@) A A
annual worst annual worst H A1)
’991199 13 804782 13.79885 244506 5.56124 9.82339
A-ROAD 991394 14 646264 11.08089 1.09839 249826 7.88848
991394 15¢Y 8.65750 14.84422 247984 5.64033 10.56759
99139913 1.95970 336011 0.33829 0.76943 239206
B-ROAD ’991 399 14 1.86824 320331 021418 048715 228043
9939415Y 2.18180 3.74092 036749 0.83584 2.66316
’991194 13 1.87478 321451 0.26538 0.60359 2.28840
C-ROAD 991394 14 1.89002 3.24064 0.18789 042734 230701
99:39415Y 1.58518 271796 0.16627 037819 1.93491
’991 39913 132214 226695 0.13998 0.31839 1.61384
D-ROAD 991399 14 146585 2.51336 0.11987 027263 1.78926
991399 15¢ 145148 248872 0.14786 0.33630 1.77172
991394 13Y 0.56831 097443 0.05690 0.12942 0.69370
E-ROAD 991394 14 0.42460 0.72802 0.02213 0.05033 0.51828
99139915 0.74468 1.27684 0.08562 0.19475 0.90898

*2+ 2 : annual 7} worsts= MECHANICAL ] &2 & 2] © Z annual-& d

B, worsts FAMA] 1Y 2HA) 28 o) m) 3} 12
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CON (g/s)
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Fig. 5. Comparison of the emission rate by MECHANICAL and AP-42 (1999-9-13)
© MECH.(annual) = MECH.(worst) & AP-42
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Fig. 6. As shown in figure 5, except for 1999-9-14
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Fig. 7. As shown in figure 5, except for 1999-9-15
0 MECHANICAL Q21 & AMAZAT}-
—Unpaved—Control by Watering—
9% 13 A=A
Unpaved Road Emissions -- Metric Units
106  Mean Annual Days with Rain
300  Working Days per Year
8  Number of daylight working hours
89  Mean Annual Class A Pan Evaporation (inches)
95 % Vebhicle Travel During Daylight Hours
3 Average Road Width (m)
Length Speed Weight Silt ---- Emission Rate (g/s) --- ~ Watering Efficiency
Road Segment IDDaily VP (km) (kph) Wheels  (Mg) (%) Worst Case Annual  (L/m2/h) (percent)
Default Values 40 10 15 29 0.36
A-ROAD 264 0.7 40%* 10* 15% 20% 5561235 2445059 0.36 70
B-ROAD 150 03 40%* 10* 15% 20% 76943 3382884 0.36 83
C-ROAD 123 0.35 40%* 10* 15% 20% 6035923 2653761 0.36 86
D-ROAD 92 0.33 40%* 10* 15% 20% 3183867  .1399823 0.36 89
E-ROAD 87 0.15 40%* 10* 15% 20% 1294181  5.690013E-02 0.36 90

End of Input ... Summary Information Follows

Total Uncontrolled Worst-case and Annual Emission rates: 23.61485 13.77274 (g/s)

Total Controlled Worst-case and Annual Emission rates: 7.382063 3.245605 (g/s)
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0 MECHANICAL @124 3! MM

—Unpaved-Control by Watering—

99 149 454

Unpaved Road Emissions -- Metric Units

106  Mean Annual Days with Rain
300  Working Days per Year
8  Number of daylight working hours
62 Mean Annual Class A Pan Evaporation (inches)
95 % Vehicle Travel During Daylight Hours
3 Average Road Width (m)

Length Speed Weight Silt ---- Emission Rate (g/s) --- ~ Watering Efficiency
Road Segment IDDaily VP (km) (kph) Wheels  (Mg) (%) Worst Case Annual  (L/m2/h) (percent)
Default Values 40 10 15 29 0.36
A-ROAD 212 0.7 40%* 10%* 15% 29% 2498255  1.098385 0.36 83
B-ROAD 143 03 40%* 10%* 15% 29% A871473 2141798 0.36 89
C-ROAD 124 0.35 40%* 10%* 15% 20% 4273449 1878869 0.36 90
D-ROAD 102 0.33 40%* 10%* 15% 29% 2726349 1198669 0.36 92
E-ROAD 65 0.15 40%* 10%* 15% 29% 5.032513E-022.212601E-02 0.36 95

End of Input ... Summary Information Follows

Total Uncontrolled Worst-case and Annual Emission rates: 20.76622 12.11136 (g/s)
Total Controlled Worst-case and Annual Emission rates: 3.735708 1.642445 (g/s)

2. FDMa2dlof| o8t o|=Hn T27}F do] BAA o] Apgel &3k HikiA| el o
G ol BN YA S W)

MECHANICALZZ 1ol A] Al4kgh H]2HHZA] o]g7] wjZolt},
B FS FODMEY S o]&ate vatx] £47] wA FAME A e 298 26Y) SAHAE
A A, B, CX Ao gt ke oS3kt o WAFER AMELSIAS AF FdS A
25 Azl o)t AXHL FETFI) i Hbek (Table 4)& ASA9} AFX 9 FL7| H|s=g
of fjAste] FaFo] A AR YEIHCH, B 7480 2 Vet
PARSECE 3998~5419]4g/m CAAE 329~910ug/ 9Y 269 HFAAN(FFY) R(09:00~18:00)°l
mPe] s =r Aoz urg}ur/} Z49 A, B CX]@"] TR T =)

ol
AW A SRS e Aol S4E A

o W JSFEEE ‘Lf‘& A}J‘—’—o Atk o] F ASsEe v vse AFo R Yehal 9l

MATES FAME oFA ¥E 200¥26Y) 7 = TH Table 4. Fx). 12t AZA = 1786~3628ug

AR (A, B, CAR) Y] FHA 9 449 34 /mP | EX)E 14849~26869ug/m’E VER} A=

A(AAA) & F7HAY BASE HEadrh ol A gt EA 9] LTt tha Zol7F Y= AR
z|

© AFWHEAGH B, CAAAeld] Ax 2214 ettt 1 olfre wiAd s =l e Alolz 3
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—Unpaved—Control by Watering—

99 159 454

Unpaved Road Emissions -- Metric Units

106 Mean Annual Days with Rain
300  Working Days per Year
8  Number of daylight working hours
78 Mean Annual Class A Pan Evaporation (inches)
95 % Vehicle Travel During Daylight Hours
3 Average Road Width (m)

Length Speed Weight Silt ---- Emission Rate (g/s) --- ~ Watering Efficiency

Road Segment IDDaily VP (km) (kph) Wheels  (Mg) (%) Worst Case Annual  (L/m2/h) (percent)

Default Values 40 10 15 29 0.36

A-ROAD 284 0.7 40%* 10* 15% 29% 5640333 2479835 0.36 71
B-ROAD 167 03 40%* 10%* 15% 29% 835842 3674871 0.36 83
C-ROAD 104 0.35 40%* 10%* 15% 29% 3781853 .1662734 0.36 90
D-ROAD 101 0.33 40%* 10%* 15% 29% 3362997 1478579 0.36 90
E-ROAD 114 0.15 40%* 10%* 15% 29% 1947471 0856227 0.36 89

End of Input ... Summary Information Follows

Total Uncontrolled Worst-case and Annual Emission rates: 25.06866 14.62064 (g/s)
Total Controlled Worst-case and Annual Emission rates: 7.385407 3.247076 (g/s)

Table 4. Comparison of measured concentration with predicted one-1

(9] : pg/m?)

SOURCE Pred.(B) Background (A) A+B Meas.

’991399 13 00 1787 1852

A-POINT ’991199 14 00 178.7 178.7 186.2
99194154 00 178.7 180.3

991394 13¢ 4383 25833 3537

B-POINT 991199 14 39.98 2145 25448 3403
’991399 154 54.19 268.69 362.8

9994 13 394 149.14 180.2

C-POINT '9994 144 9.10 1452 1543 180.1
99194 15 329 148.49 178.6

*Pred.(B) : 29 = B EFLE 20| A 2] n] At 2] LAY o) w2 of
*Background(A) : FAFS 1A &=

*Meas.: AZS=5
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Table 4. Comparison of measured concentration with predicted one-1
(2] : pg/m)
SOURCE Pred.(B) Background (A) A+B Meas.
99139913 4383 1852 229.03 3537
B-POINT 991394 14 3998 186.2 226.18 3403
99119415 54.19 180.3 23449 362.8
9913913 394 1852 189.14 180.2
C-POINT 99139914 9.10 186.2 1953 180.1
99139915 329 180.3 183.59 178.6
*Pred.(B) : 2t T Bl Z AL 2o A o] u] Ak ] WA of] whE o 3
*Background(A) : FAS M A E(AAH SAEE)
*Meas A]er_l:
St MASER A48 SPAE 98 6A(F I AHES AQUA 2PN wost(FAA 1
Fe)ol FHAAANA SHE AEE 99 13, 14, A)e] S 0.72802~14.84422g/s2 A+ 5 o]
1593 sl FUEERS gh 8 /HEA  MECHANICALY] 9@ whel o 7 Ve
o] Ao|Z 99 13, 14, 1599 WA F R} B o L olfrE AP-429] wWiEAIFel o3 Wl
eds] w9l o s, HE TS gl 2e] 02 v )
a3 FAE AYY] FHAE MATER A %25 MECHANICALOME 18 5 917] o
S39E Aol A Table 5) WIFAA  Foltk meky B A7k AGE A7)99)7F
(98 26%) FYAT WAFER SRS A o] Wob Eol Az@ Aol o) %ol
RO BAYS tha FE7F W CAHS vk MECHANICALO|A 9] 2 o] AP-429] w7
Rl S A0 ST T olfE W ol S PwoR MY Aun wA vebyt
SR Aol2 F4E WAFE MM 2 o
A olg vanA ] JFE W)E W7 Aol wakElA W Y dHeR FE
FER AN B0 FEk vl 24890 AR AP-29) MiEAS €3 o] vs o
ool ok, &3t Fe e wiEdoME WiEF o] &0
g Zlos yeiyith 18y Mg A sRE
annual(1'd 1) 2 worst(FAM] 1) 22 o]
VL. 34 & W& Agste] Al7lel whE HAmA o] e
7b golabm olo thgk AT A=Al AR
B oAPE WF EPACIA AW wiaAe  3E ANG 5 Qo] $AGIE} 5 A
g eE A g 3ol MECHANICALZ H]AH ek AP A AL 71sE A0 Z Ve
Mz k= 2o FDMEY S AAstL 7] HjAbH ] it &R d el FDM(Fugitive dust
o W ASAske] AAE Bl - HES model) ol €3 FHA AL HAHHA] & 52
L2 R e I K s O ] Rl P = i | e FHAYGAA ASE g9 vg o
SHE AP-429] W& A gol 93 Wi o] 051828~ 2 Yyt

1056759g/s2 AP A 2w, MECHANICALSY
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