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Abstract — In this study, CALPUFF modeling was performed, using a real surface and upper air meterological data to
predict trustworthy modeling-results. Pollutant-releases from windscreen chambers of enclosed poultry farms, P1 and
P2, and from a open poultry farm, P3, and their diffusing behavior were modeled by CALPUFF modeling with volume
sources as well as by finally-adjusted CALPUFF modeling where a linear velocity of upward-exit gas averaged with the
weight of each directional-emitting area was applied as a model-linear velocity (u;‘,/’ ) at a stack, with point sources. In
addition, based upon the scenario of poultry farm-releasing odor and particulate matter (PM) removal efficiencies of 0,
20, 50 and 80% or their corresponding emission rates of 100, 80, 50 and 20%, respectively, CALPUFF modeling was
performed and concentrations of odor and PM were predicted at the region as a discrete receptor where civil complaints
had been frequently filed. The predicted concentrations of ammonia, hydrogen sulfide, PM, 5 and PM,, were compared
with those required to meet according to the offensive odor control law or the atmospheric environmental law. Subse-
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quently their required removal efficiencies at poultry farms of P1, P2 and P3 were estimated. As a result, a priori
assumption that pollutant concentrations at their discrete receptors are reduced by the same fraction as pollutant concen-
trations at P1, P2 and P3 as volume source or point source, were controlled and reduced, was proven applicable in this study. In
case of volume source-adopted CALPUFF modeling, its required removal efficiencies of P1 compared with those of point
source-adopted CALPUFF modeling, were predicted similar each other. However, In case of volume source-adopted CAL-
PUFF modeling, its required removal efficiencies of both ammonia and PM,, at not only P2 but also P3 were predicted higher
than those of point source-adopted CALPUFF modeling. Nonetheless, the volume source-adopted CALPUFF modeling
was preferred as a safe approach to resolve civil complaints. Accordingly, the required degrees of pollution prevention
against ammonia, hydrogen sulfide, PM, 5 and PM,; at P1 and P2, were estimated in a proper manner.

Key words: CALPUFF modeling, Odor, PM, 5, PM,,, Poultry farm, Volume source, Point source
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Fig. 1. Structure of CALPUFF modeling system.
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Table 1. Location and scale of main poultry farms in the area of Seongju

No. Area (m?) Type of poultry farm Number of birds UTM X UTM Y
Enclosed Open

Pl 6,392 O 210,000 44021742 3,973,138.78

P2 3,021 O 180,000 436,718.23 3,966,691.61

P3 2,815 O 90,000 433,518.64 3,977,533.55

AL AL (scaling factor)[351= 2 (2)¢} o] 1/5M X5 2 (power
law)S THETH33].

fit, t,)=(t,/0"* @

2] )2} - HtAIZF 2 AL AT (scaling factory= Bl o] Et
Foll CALPOSTOIM 214 Hytwol 2438 4= et wehr o
e A F2E SVl Frh33].

2-2, Yi71HEH JHQ

2-2-1. &9 FAF 9 CALPUFF RS 93t AARE 7=

o+ ko] FARALE 98 AR S T3] Slste] 45
2] O R 53 B AR Aol A o] 294 uiEAe] =ol, 3,
W&, w7 A 52 viEY AR Sielth. A4 0 Z Table 12}
2o] ovkr o] e diftE B AR (AAH 743 AlX P11t P2
4 7PEE AXF P3EE] FA (type), AFTTE 2 1A1E ARSI TH
st AT 2 Ot E T H AR A Ao Ao o
o EA 9 R0 vERE 2 FaiEd [20] W [14]0] AAE
HiEA TS vk ato], 242} Tables 29 33 o] 2+ AlALe] ¢Fay
o9} 34 Bl B viEAlGE APgste] AAgsksinh 2 A7t
P %1 A=A o] Ui R ARFEHE] o5 Bl 23] vjEe]| nE
th7] 292 CALPUFF 29 (Fig. 1)S A-&3F3it}h. ¥ CALPUFF
Ty AFEE AA 7R AFER Y 201632 A 3
A nlEdn) = Fig. 294 221, Tables 4-73 22 CALPUFF
29 A8x1S Agstel A vigb £ RS skl
CALPUFFR RIS 951, Ad5=7t2] ARFEC] YIXshs A 03224,
S0 2 30 km, BEWHE 30 kmE J9S A ow A
2R7Ee] 7HA 2 1 kmZ 3191, AFte] o3 W w210 Jg ot

Table 2. Determination of emission rates of ammonia and hydrogen
sulfide from a poultry farm (unit: g/s)[20]

Odorous compound Windowless farm Open farm

number of birds number of birds
umber of birds

Ammonia 5633 x

3x36x10 336x 107
Hyd ifide 68.52x number of birds number of birds
ydrogen sulfide 32362107 Y

Table 3. Determination of emission rates of particulate matters from
a poultry farm (unit: g/s)[14]

Particulate matters Emission rate (g/s)

11x number of birds o 1
PM, 5 : 333.33 86400

number of birds « 1
333.33 86400

PM,, 16 x

number of birds “ 1
333.33 86400

TSP 63 x

3 % T & e 1% %

Caims

3.36% JT5203 00 0 0T iy =y p S
S T 0-(m/s) R e )

Fig. 2. Annual and seasonal wind rose diagram of Seongju in 2016:
A. Annual; B. Spring; C. Summer; D. Fall; E. Winter.

2" gl 717k 2016 12956 1297FA 2 19Tt o]of] ufe}t
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=

source)
TR Y A T2 S Feetka, 73 A
2 a1 201 Fig, 33 0] A (groundyS 41913
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Table 4. Information of the model domain

Item Description
Grid origin X (Easting) 423,445.00 mE
(reference point) Y (Northing) 3,960,445.00 mN
Grid spacing (AX) 1 km
.. Nx(no.x grid Cells) 30
Domain size .
Ny(no. y grid Cells 30
No. of Vertical layers 10
. 0,20,40,80,160,300,600,1000,1500,
Cell face heights(m) 22003000
Time zone UTC+0900
Projection UTM (Unversal Transverse Mercator)
UTM zone 52(northern)
Modeling period 2016.01.05.1 am ~2016.12.29. 0 am
Continent/Ocean Asia
Geoid-Ellipsoid Korean Ge%ti/cthlé:_gzstem 1995:
Region South Korea
Datum WGS-84
Table 5. Terrain input data
Item File name Description
(GLAZAS) USGS Global

Land cover map eausgs2_Ola.img

for Eurasia-Asia

Terrain height N36E128.hgt SRTM3 (~90 m)
. _ 1432016.c14
Surface meterological 70 516 014 CDI144 Format

input data
810-2016.c14

Upper air meterological

input data 47138-2016.tdt

TD6201 Format

59 (i.e., front, rear, roof & 2 sides)®] WY FZEZ A Y
o], AAFS] S o 2 HE o) olste] SHulr]H ofF 4l 31
HO

_g
B
2

FAAoRE ZHEHS di= WY F2E 9 rear(A=rea
o8] gl 1, YA ZF Well 7] vkl o] Wk, =
7529 front(A=front A2 )ell A S o] =2k PRI -1
2] & sides(B=side W4 )ol| A Sz} 3l ok wiaka, Pz
252 roof(C=roof W 4])ollx] AW €] F=2Hako & 747} wijEFt).
ol9} o] o} gl Fxlo] ] WEFo R wiEE e 7Y A, A
A} A B A g9, skl g TS 7S getERl
Aeddd= ofF 9 X8 wiEF 87t o ¥ ofue} ofF W

,ﬂ
2
4 e o 2 rlo rlf

Table 6. Surface meterological input data

Fig. 3. A dust-proof screen chamber attached to the side wall equipped
with multi-ventilation fans, of enclosed poultry building: 1. Roof;
2. Rear of the dust-proof screen chamber facing the side
wall equipped with multi-ventilation fans; 3. Front; 4. Sides;
5. Ventilation fans; 6. Enclosed poultry building.

F-3] 2.1 o9t dx|s)
Ao ZA ] 7Y A
A9 WA 7253 7)4E AARS CALPUFF X2
- ol b 73 ARl A
o TEES] roofellA] el SR & wiEeE Ml 1RE, W
A G252 F vlEH A2 front, ¥ side?} roofe] F WA (e,
A2B+C)C.F vl iEatol A, MlEH A & THEA = S 4] vl 7]<]
Ht 55 BEll wiE A& (u))E Tl ol9h e el
WS AEER wf7|she At AR lETE 7= dnbERl
Ao o T 7153810 CALPUFF R2¥-S 8sla dAate] 7
9] 2.3 (volume source)] 7-$-¢] CALPUFF X.&5 438 A 7}9}
BTt FAke} o] AnbAQl Ho Ao e ol
AH 3 A1 e o] wijET-e] wiEH A o] B 2E
roof 2 KT} v 1A AAEE =), AAQ) 4 Aol wpid
T-ZE2] front AT} F side HO R, S XA} HPo 7 A|&H o7
-5 (momentum)S 7HA| 1L W EE = w7718 oFF] Wl HxlE
S5, 32 Ay} =20l e o] wiE o] wiE T F o
A stdattkar skt
2-2-2-1. F-1] 2. A ex o] BRIz} Akt
T35 AAFP1 2 p2o] WY F2E 2] dimension 247} 7
m(L)x16 m(W)x7 m(H)Z} 10 m(L)x20 m(W)x10 m(H)°] It} 71
W8 A P32 A= 6709] AALE G E =, ZF AlAS] A

File Station Name  Station Number UTM Coordinate Time zone Elevation Ht. Anemometer Ht.
(D) X (km) Y (km) (m) (m)
143-2016.c14 Daegu DG 143 465.400 3,971.076 UTC+0900 (-9) 58 10
279-2016.c14 Gumi GM 279 438.510 3,998.953 UTC+0900 (-9) 48 10
810-2016.c14 Seongju N 810 432.663 3,974.076 UTC+0900 (-9) 36 10
Modeling period : 2016.01.05.1 am ~2016.12.29. 0 am
Table 7. Upper air meterological input data
i UTM Coordinat
File Station Name Statlo?lg;l mber X (km) oor mi ikm) Time zone Elevation Ht. (m)
47138-2016.tdt Pohang PH 47138 534.534 3,987.714 UTC+0900 (-9) 4

Modeling period : 2016.01.05.1 am ~2016.12.29. 0 am

Korean Chem. Eng. Res., Vol. 57, No. 1, February, 2019
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Table 8. Volume source parameters and emission rates of odor (ammonia and hydrogen sulfide) and particulate matters (PM, s and PM,,) for
CALPUFF modeling from the major poultry farms in the area of Seongju

Name Zone X (km) Y (km) Effective Height (m) Base Elevation(m) o¢,(m) o.,(m) NH;(g/s) H,S(gls) PM,s(gs) PM,(gfs)
P1 52S 440217  3973.138 3.5 40 2.46 3.26 1.095 0.013 0.00802 0.117
P2 528 436.718  3966.691 5.0 56 3.29 4.65 0.938 0.011 0.00688 0.100
P3 528 433518  3977.533 1 51 5.70 0.93 0.328 0.001 0.00344 0.050

o], AE &, 9 AT B TR AAF Eedge) AFol ] A= 2-2-2-2-2. #F CALPUFF A& S 3t AlALe] AR} -5
Z47F 2 m, 28.26 m % 0.6 mo|3{rt. whebs] 7} Fu) e el o] el oA EAIRIARe] A @ A vjE-oll A1 €] w717k 9], Table 101

[

231 o, (initial sigma y)? o, (initial sigma z)°] k> LA
[36]2] W2 51l o, 71 FHES Table 801l YERAISIT =
st otH e A (e, FEYOHH o) 9 FX (e, PM, 52
PM, )] WiEAI5E 2+ Table 2 @ 33} 32o] F-&}ar, -8 il
ol Table 18] AXF & AR5 wato] AVE 71 i3] b2
Table 87} 2}

2-2-2-2. Aol A o] HERIA} At

71 AARIALZA AAF U FellA ] 9171 9 7)== 8]
L= 7)Y AHES 025 mis[37]0.2 dtod, T3 2o
1] CALPUFF 2233} 2% CALPUFF 22 9] 799 ndlel
A= AArslitt. oH] CALPUFF B 213 9] Z$-ofli= AAlollA =
7] f5Fo], wl7] fang 2] WlESEE A AoA] 52kl by
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ofln] AARJMAFZA, 743 AR SHu7] fFo] wiET-ollA
FAREEO 7 wE ] A Skal wiET WA fans0] AH|shE &
A0 2 = 7| RAAE SISITE 35 AAL P1 R p22] S o
AAE fan = 227 3070 L 3670692, ZF fans EEiRR= AR
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A N AAL P39] A= ARIT-S] 38 fans0] 7HEshE &
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Fo 27 EHE A5E 0.25 m/set FAEtka 7P skt ou)
CALPUFF R25-& f8to] 7343 AXF Pl p2s} /48 AxL
P34 Atz E Bl & AAIJIANE Table 99} 2o, o] & 7]
o7 gt F ou] 4 AQIAR= Table 107} 2T}

et viES R R A7 w7718 mjEE5 s, ould ARl
At o] oA wiET whAd R B wlETte] v A
 HET AS)S HFEARJAEA Table 113} o] =&
HUE 7|2 sl 48 AlellA Fig 33 -2 i x5
roof (C=roof 2ol A Aol FAREEO 2 vjEeh= w75,
W G229 front, &F side®) roofe] F WA (ie., A+2B+C0) O F
WS e Wi NS () )E Tl ol gk e mel wiE Al
&£ 2 W7]18H Ay =291 HjlETE 7= URkEel H oy
Qo7 5310 CALPUFF R3S =3)33itt A Ao 45
AR BT 229 front W F side WO R, &5 AWy
5% (momentumys 7| 3L vl &= 7|7t
20 o Wl FREEE, WY F2E2] roof W21 CH.L} vl
< AA AAEE HE CALPUFF 22 4] wl&7-9] vl & v
A YellA Fdsicha 2s1eint B e E a7 15 ek 743
AlAke] % CALPUFF Aol o] mel % A2 7
sk WS v At

T3 AALe] SHu)7 W (e, fan AXH)A L= F 17
F(Q)E, AAF U FdelA e 7] 9 uj7|H = 37)17e] .7 E =
th719] AEE )R] 0.25 my/s[37]0) I 32529 rear WAL A

;

Table 11. Design factors regarding the stack of point sources for finally
adjusted CALPUFF modeling from the major poultry farms
in the area of Seongju

Poultry farms Enclosed P1  Enclosed P2 Open P3
Ventilation rates (m>/min) 1,680 3,000 -
Exit velocity (u‘yw) (m/s) 0.03 0.028 0.02
Stack height (m) 3.50 5.00 1.00
Stack diameter (m) 34.34 47.89 73.5

Table 9. Design factors regarding the stack of point sources for preliminary CALPUFF modeling from the major poultry farms in the area of

Seongju
Poultry farms Enclosed P1 Enclosed P2 Open P3
Ventilation rates (m>/min) 1,680 3,000 -
Linear velocity of emitted air at the area occupied by fans (m/s) 0.41 1.39 N/A
Stack height (m) 3.50 5.00 1.00
Stack diameter (m) 9.3 6.8 20.8

Table 10. Point source parameters and emission rates of odor (ammonia and hydrogen sulfide) and particulate matters (PM, 5 and PM,,) for
preliminary CALPUFF modeling from the major poultry farms in the area of Seongju

Stack Ht. Base Elev. Stack Diam. Exit Velo. Exit Temp. NH; H,S PM, 5 PM,, TSP

Name  Zone X (km) Y (km) )™ ) m sy K @) @) @ @) (@)
P1 52S  440.217 3973.138 3.5 40 93 041 315.15 1.095 0.013 0.00802 0.11667 0.45938
P2 528  436.718 3966.691 5 56 6.8 1.39 315.15 0.938 0.011 0.00688 0.1 0.39375
P3 52S  433.518 3977.533 1 51 20.8 0.25 315.15 0.328 0.001 0.00344 0.05 0.19688
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where d denotes the diameter of a stack as a design parameter of
finally adjusted CALPUFF modeling.
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Table 12. Point source parameters and emission rates of odor (ammonia and hydrogen sulfide) and particulate matters (PM, 5 and PM,,) for
finally adjusted CALPUFF modeling from the major poultry farms in the area of Seongju

Name Zone X (km) Y (km) Stack Ht. Base Elev.

Stack Diam. Exit Velo. Exit Temp. NH; H,S

PM,s  PM,, TSP

(m) (m) (m) (m/s) &) (gs) (¢s) (M) (&) (&)
Pl 528 440217 3973.138 35 40 34.34 0.03 298 1.095 0.013  0.00802 0.11667  0.45938
P2 528 436718 3966.691 5 56 47.89 0.028 298 0938 0011 0.00688 0.10000  0.39375
P3 528 433518 3977533 1 51 73.5 0.02 298 0328 0.001 0.00344 0.05000  0.19688
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Fig. 4. Odor (ammonia(A) and hydrogen sulfide(B)) and particulate matter (PM, 5(C) and PM,,(D)) concentrations of 1% through 4™ ranking
at discrete receptors of P1, P2 and P3 in the year of 2016, predicted by preliminary CALPUFF modeling; 1IRANK (P1(7/9/22:00), P2
(8/3/22:00) and P3 (7/15/18:00)), 2RANK (P1(5/23/13:00), P2 (8/10/20:00) and P3 (9/17/14:00)), 3RANK (P1(7/30/08:00), P2 (8/3/04:00)
and P3 (5/4/16:00)), and 4RANK (P1(7/27/15:00), P2 (8/3/03:00) and P3 (9/4/16:00)).
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Fig. 5. Odor (ammonia(A) and hydrogen sulfide(B)) and particulate matter (PM, 5(C) and PM,,(D)) concentrations of 1% through 4™ ranking
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Table 13. Required removal efficiencies by the performance of pollution
control facilities according to the IRANK-result of point source-
CALPUFF modeling

Point source  Ammonia Hydrogen sulfide =~ PM, 5 PM,,
Pl 83.5 43.7 OK 79.2
P2 Border line OK OK OK
P3 OK OK OK OK

1. Border line denotes that pollution control facilities may be needed.
2. OK denotes no need of any pollution control facility.
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Fig. 6. 1° ranked-concentration of emitting gas from poultry farms
(P1(A), P2(B) and P3(C)), at a corresponding discrete receptor,
predicted by finally adjusted CALPUFF modeling, assuming
being treated by pollution control facilities with the removal
efficiencies of 0, 20, S0 and 80% corresponding to the pollutant
emission rates of 100, 80, S0 and 20%, respectively.
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Table 14. Required removal efficiencies by the performance of pollution
control facilities, based on the IRANK-result of point source-
CALPUFF modeling, assuming being treated by pollution
control facilities with the removal efficiencies of 0, 20, 50
and 80% corresponding to the pollutant emission rates of
100, 80, 50 and 20%, respectively.

Point source  Ammonia Hydrogen sulfide ~ PM, 5 PM,,
Pl 80 20~50 OK 80
P2 Border line OK OK OK
P3 OK OK OK OK

1. Border line denotes that pollution control facilities may be needed.
2. OK denotes no need of any pollution control facility.
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Fig. 7. Odor (ammonia(A) and hydrogen sulfide(B)) and particulate matter (PM, 5(C) and PM (D)) concentrations of 1 through 4™ ranking
at discrete receptors of P1, P2 and P3 in the year of 2016, predicted by volume source CALPUFF modeling; 1IRANK (P1(7/9/22:00), P2
(2/25/02:00) and P3 (6/23/02:00)), 2RANK (P1(7/28/03:00), P2 (3/28/02:00) and P3 (6/2/03:00)), 3RANK (P1(4/21/00:00), P2 (2/25/18:00)
and P3 (5/28/04:00)), and 4RANK (P1(10/5/22:00), P2 (10/9/03:00) and P3 (6/23/03:00)).

Table 15. Required removal efficiencies by the performance of pollution
control facilities according to the IRANK-result of volume
source-CALPUFF modeling

Volume source  Ammonia  Hydrogen sulfide ~ PM, 5 PM,,
P1 86 55 OK 83
P2 70 Border line OK 70
P3 42 OK OK 50

1. Border line denotes that pollution control facilities may be needed.
2. OK denotes no need of any pollution control facility.
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Fig. 8. 1*' ranked-concentrations of emitting gas from poultry farms
(P1(A), P2(B) and P3(C)), at a corresponding discrete recep-
tor, predicted by volume source CALPUFF modeling, assum-
ing being treated by pollution control facilities with the
removal efficiencies of 0, 20, 50 and 80% corresponding to
the pollutant emission rates of 100, 80, S0 and 20%, respec-
tively.

Table 16. Required removal efficiencies by the performance of pollution
control facilities, based on the 1RANK-result of volume
source-CALPUFF modeling, assuming being treated by
pollution control facilities with the removal efficiencies of 0,
20, 50 and 80% corresponding to the pollutant emission
rates of 100, 80, S0 and 20%, respectively.

Ammonia  Hydrogen sulfide PM, 5 PM,,

Volume source

Pl 80 20~50 OK 80
P2 80 Border line OK 50~80
P3 50 OK OK 50~80

1. Border line denotes that pollution control facilities may be needed.
2. OK denotes no need of any pollution control facility.
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: rear area of a dust-proof screen chamber [m?]

: side area of a dust-proof screen chamber [m?]

: roof area of a dust-proof screen chamber [m?]

: ground-level concentration [g/m?]

: diameter of a stack as a point source [m]

: distance from the puff center to the receptor in the along-wind
direction [m]

: distance from the puff center to the receptor in the cross-wind

direction [m]

t,) : Scaling factor

: vertical term of the Gaussian equation [m]

: effective height above the ground of the puff center [m]

: mixed-layer height [m]

: total flow rate of emitting gas by fans equipped at the rear wall
of a enclosed poultry farm [m?/s]

: pollutant mass in the puff [g]

: Averaging time of interest [min]

: Averaging time consistent with the dispersion rates used to
obtain the mean concentration [min]

: linear velocity of emitting gas through four planes of a dust-
proof screen chamber [m/s]

: required linear velocity of ventilated air in the center of a
enclosed windless poultry farm [m/s]

: model-linear velocity of emitting gas at the stack as a point source
in the finally-adjusted CALPUFF modeling [m/s]

: total area of windows [m?]

: standard deviation of the Gaussian distribution in the along-
wind direction [m]

: standard deviation of the Gaussian distribution in the cross-
wind direction [m]

: standard deviation of the Gaussian distribution in the vertical
direction [m]
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